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ABSTRACT

Background Previous studies found associations
between childhood leukemia and surrogate indica-
tors of exposure to magnetic fields {the power-line
classification scheme known as "wire coding*), but
not between chiidhood leukemia and measurements
of 60-Hz residential magnetic fields.

Mcethods We enrolled 638 children with acute lym-
phobilastic leukemia (ALL} who were under 15 years
of age and were registered with the Children’s Cancer
Group and 620 controls in a study of residential expo-
sure to magnetic fields generated by nearby power
lines. In the subjects’ current and former homes, data
coliectors blinded to the subjects” health status meas-
ured magnetic fields for 24 hours in each child’s bed-
room and for 30 seconds in three or four other rooms
and outside the front door. A computer algorithm as-
signed wire-code categories, based on the distance
and configuration of nearby power lines, 10 the sub-
jects’ main residences {for 416 case patients and 416
controls) and to those where the family had lived dur-
ing the mother’s pregnancy with the subject (for 230
case patients and 230 controls).

Results  The risk of childhood ALL was not linked
to summary time-weighted average residential mag-
netic-field levels, categorized according to a priori
criteria, Th2 odds ratio for ALL was 1.24 (95 percent
confidence interval, 0.86 to 1.79) at exposures of 0.200
oT or greater as compared with less than 0.065 FIA N
The risk of ALL was not increased among children
whose main residences were in the highest wire-code
category {odds ratio as compared with the lowest
category, 0.88; 95 percent confidence interval, 0.48to
1.63). Furthermore, the risk was not significantly asso-
clated with either residential magnetic-field levels or
the wire codes of the homes mothers resided in
when pregnant with the subjects.

Conclusions Our results provide little evidence that
living in homes characterized by high measured time-
weighted average magnetic-field levels or by the high-
est wire-code categoty increases the risk of ALL in
children. (N Engl J Med 1997;337:1-7.)
©1997, Massachusetts Medical Society.

idential exposures to magnetic fields at 2
frequency of 50 to 60 Hz from nearby
power lines have been inconsistent.!® In a recent
comprehensive report,!® consistent two- to threefold
excesses of lenkemia among U.S. children were asso-
ciated with surrogare indicators of residential mag-
netic-field exposure,!35 such as the Wertheimer~
Lecper power-linc classification scheme 1321 hereafter
designated “wire coding.” These surrogate indicators
usc visual assessments of power lines near homes to
estimate magnetic-field measurements within the
homes. Wire coding includes characteristics of power
lines such as distance from the home and physical
configuration. An excess incidence of leukemia in
Swedish children was linked to estimated electrical
current flow, derived from historical records of power
companies and the configuration of high-voltage
power lines close 1o homes where the children lived
at the time of diagnosis.* However, the risk of child-
hood leukemia has not been correlated with residen-
tial measurements of magnetic fields made shortly af-
ter the time of diagnosis.3¢
'The shortcomings of earicr epidemiologic studies
have been extensively reviewed 191215 Inconsistent

ESULTS of investigations of a possible
link berween childhood leukemia and res-
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findings, discrepancies between results based on proxy
estimates and those based on direct magnetic-field
measurements, and the absence of supportive labo-
ratory evidence or a plausible biologic mechanism
of disease causation!®16 have resulted in uncertain-
ties abour the relation, if any, between childhood
leukemia and exposure to magnetic fields. Wide-
spread concern and the limitations of previous studies
led us w0 evaluate residential exposure to magnetic
fields in a comprehensive case~control study of acute
lymphoblastic leukemia (ALL) in childhood, con-
ducted by the Children’s Cancer Group.

METHODS
Subjects

The methods of this study are described in detail elsewhere 1?
Briefly, a group of the 1914 children with ALL and the 1987
controls participating in a nationwide wlephone-interview study
conducted by the Children’s Cancer Group was eligible for the
assessment of residential exposure to magneric fields. Eligible case
children received a diagnosis of ALL before the age of 15 years,
between 1989 and 1994, and were registered with the Children’s
Cancer Group. Eligible controls were scleceed by random-digir
telephone dialing'® and were individually marched 1o the children
with ALL according to the first eight digits of the telephone nizm-
ber, age, and race. Eligibility for the assessment of magneric-field
exposure was restricted o the 851 case patients and the 825 con-
trols who participated in the initial relephone interview (repre-
senting 96 percent and 75 percent, respectively, of those who
were eligible) and who resided in one of nine states (Ilinois, In-
diana, Jowa, Michigan, Minnesora, New Jerscy, Ohio, Pennsylva-
nia, and Wisconsin) on the reference datz, defined as the date of
diagnosis of ALL for cach case patient. The same datc was as-
signed to the case patient’s matched control for the purpose of
detormining which children’s residences would have magnetic-
field assessments. Mothers of 98 percent of the children with ALL
(832 case patients) and 97 percent of the controls {n=801) who
responded to the telephone interview also provided lifetime resi-
dential histories for the subjects. Because we did not evaluate 65
of these case patients and 76 of the conmols further, once the
sample-size goals had been achieved, 767 case patients and 725
controls were eligible for measurcments of residential magnetic
fields 17

For cach child under the age of five years, we arempted to
measure magnetic fields in all the homes the subject had Lived in
for at least six months and required that at least 70 percent of the
childs life have been spent in the measured homes. For cach child
over the age of five, we measured onc or two homes, provided
that the child had lived in them for at keast 70 percent of the five
years immediately preceding the reference date. We chose the five-
year reference period closest to the date of diagnosis because of
hypothesized cancer-promoter cffects, since no evidence cxists
that the low strength of residential magnetic fields can induce
genotorxic effects e

QOvenll, 78 percent of the cligible patients parricipared (83 per-
€ent participation amnong the 767 casc patients eligible for resi-
dential measurements times 98 percent participation in the life-
tme residential history times 96 percent participation in the
inidal telephone interview), as did 63 percent of the controls (86
percent participation among the 725 cligiblc controls rimes 97
percent and 75 percent, respectively), resulting in a final srudy
population of 638 case paticnts and 620 controls. Reasons for
nonparticipation included refusal by the child’s parents, inability
o locate the child or too marny changes of residence, lack of ap-
proval by the hospital institutional review board for the magnetic-
field measuremnents, and refusal by the child’s physician {this was
a factor only for the children with cancer). Some subjects could
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not be included because the current occupants of subjects® former
bomes denied permission for the magnetic-ficld measurements.

We ascerrained the residential wire-code category for a sub-
group of the pairs of children with ALL and their controls who
were cligible for magnetic-field measurements. We restricted as-
sessment of wire codes to pairs in which both the case patient and
the matched control had “residential stability” — that is, both
paired members had lived in one home for at least 70 percent of
the reference period {this residence is hereafter designared the
“main residence™). Ameng the 428 such residentially stable pairs
identified, 12 pairs were excluded because the technician could
not locate the home or accurately diagram nearby power Lines at
onc of the residences. Technicians assessed most homes cligible
for wire-code classification even if they could not obwin permis-
sion t measure magnctic fields, since access to the residence or
the surrounding property was not necessary for wire coding. To
evaluate che sk of ALL assodated with the subject’s residential
wire code during the mother’s pregnancy with the subject, tech-
nicians evaluated residences in which the subject’s family had re-
sided for at least five months during the index pregnancy {“resi-
dence during pregnancy™) for all subjects under the age of three
years (151 matched case—control pairs) and for those whose
homes were asscssed as part of the wire coding of the main resi-
dence, for a total of 230 case—conwol pairs.

Mesasurement Protocol
Magnatic-Field Messuraments

Technidians blinded to the subjects” case or control status used
an Emdex-C meter (Elecric Field Measurcments, West Stock-
bridge, Mass.), which measures extremely-low-frequency magnet-
ic ficlds (40 to 300 Hz, a range that includes 50-Hz and 60-Hz
levels, frequencies evaluated in prior epidemiologic studies) with
2 threc-axis induction-coil sensor.’” Derived from two personal-
exposure studies - the standardized measurement protocol in-
cluded a 24-hour measurement in the child’s bedroom {with the
meter placed under or adjacent 1o the bed); 30-sccond measure-
ments in the center of the child’s bedroom, the family room, the
kitchen, and the room in which the mother slept during the index .
pregnancy; and a 30-second ourdoor measurement made within
0.9 m (3 &} of the font doort”

Wire Coding

Technicians (who were unaware of whether a case patient or a
control currently or formerly hved in each residence evaluated)
drew diagrams and recorded systematically the distance from the
home of any overhead power lines within 46 m (150 &) of the res-
idence, including transmission lines, thick and thin three-phase
primary-distribution lines (which carry electric power from substa-
tions to surrounding neighborhoods), any open (with scparated
wires) or spun (with wires bound together) secondary distribution
lincs, and first-span sccondary distribution lines!? On the basis
of the diagrams, 2 compurer algorithm assigned 2 wire code to
cach rosidence acconding to the five-category Wertheimer—Leeper
classification?*! and the modified three-category Kaune-Savitz
scheme.?t As in earlier studies,?5 we found that measured magnet-
ic-field levels (i.z., the arithmetic means of 24-hour measurements
from 858 residences) rose with increasing Wertheimer—Leeperiait
and Kaune~Savitz2! wire-code categories (unpublished datz).

Statistical Analysis

Magnetic-Field Measurements

For cach eligible residence, a summary magnegic-ficld fevel was
cakeulated from a weighted average of the room measurements. The
weights were derived from the personai-exposure study and based
on the estimated time spent by children according to age. 72920 If
meRsUrEments were not obtiined in all ooms, then the weighted
averapge was based on 2 standardized hicrerchy of measurements.!”
The primary measure of exposure for cach subject was an average
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of the stummary level for ali the eligible measured homes, weighted
according to the duration of residence, We used odds ratios and 95
percent confidence intervals to estimate the risk of ALL.2 Before
underaking any case—conuwl comparisons, we identified four ex-
postre categories for residential magnetic-ficld levels (<0.065 T
[the reference group], 0.065 to 8.099 4T, 0.100 to 0199 1T, and
=0.200 T}, based on the distribution of measurements in the
control homes. These catcgorics were similar to those used in ear-
fier investigations 34 We calculated results using unmatched analy-
sis 2s well 25 apalysis of matched case—ontrol pairs.@

We used stratified and logistic-regression analyses o explore
the effects of age at the reference date, sex, race {though the very
small number of nonwhites imited this evaluztion), socioeco-
nomic status (indicated by family income, the mothers and fa-
ther’s educational level and occupation, home ownership, and
family size), remporal factors {year, scason, and time of day when
the measurements were made), demographic charactenstics (de-
gree of urbanization and type of msidence), and dose—response
relations using continuous measurements.? We also evaluated
birth order, birth weight, the mother’s age at the child’s delivery,
and medical x-ray studies during pregnancy as potential confound-
ing factors, We excluded ninc case patients and one control who
had Down’s syndrome, since this disorder has been linked to 10-
to-40-fold increases in the risk of acute leukemia.?® We included
629 case patients and 619 controls in the final unmatched anal-
ysis, and 463 case—conwol pairs in the matched analysis.

Wire Coding

Because the relation between power-line configumations and
magnetic-ficld strength may vary geographically, 5 we retained the
matched design of the inital nadonwide phase of the snady for the
wire coding of the main residence. The Wertheimer—Lecper wire-
code categories used in the analysis include underground (buried)
power lines plus very-low-current configuration (the reference
group), ordinary low-current configuration, ordinary high-cur-
rent configuration, and very-high-current configuration M3 The
modified Kaune—Savitz wirc-code categories were as follows: low
(the reference group), medinm, and high.?t We used matched-pairs
analysts to evaluate the risk of ALL in relation to the wire-code
category of the main residence (including 408 casc—control pairs,
after the exclusion of subjecs with Down’s syndrome) and the
residence during pregnancy (a total of 225 pairs, induding 149
pairs of subjects under the age of three, afier the exclusion of sub-
jects with Down’s syndrome); conditional logistic regression was
used to control for socioeconomic and demographic factors and
other potential confounders.22

RESULTS
Characteristics of the Subjects

The controls were similar to the case patients {Ta-
ble 1), except for their higher total family income
{P<0.001}). ALL was not associated with the moth-
er’s age at delivery of the subject, the number of
children in the family, the birth order of the subject
(dara not shown), the type of residence, the degree
of urbanization, home ownership, or the interval be-
tween the reference date and the date of the meas-
urements (data not shown). All estumates of risk
have been adjusted for the age of the subject at the
reference date, the subject’s sex, the mother’s educa-
tional level, and family income.

Summary Measures of Residential Magnetic-Fieid
Exposures

Risk estimates based on the summary residential
magnetic-field exposures for a priori measurement

categorics did not differ significantly from unity ei-
ther for all the subjects (629 case patients and 619
controls) or for the 463 matched pairs (Table 2),
nor did risk increase significantly with increasing
summary magnectic-field levels (P for trend=0.22
for the unmatched analyses and 0.12 for the matched
analyses). Risk was higher with estimated summary
exposures of 0.300 uT or more (odds ratio, 1.72;
95 percent confidence interval, 1.03 to 2.86; 45
case patients and 28 controls); however, risk did
not increase significantly with increasing exposure
when exposure was evaluated as a continuous vari-
able (P for trend=0.15 for the unmatched analysis
and (.09 for the matched analysis).

When the analysis was restricted to subjects who
lived in a single home during the study period or to
those who lived for the entire reference period in
homes for which we obtained 24-hour bedroom
measurcments, the risks differed litte from those
shown in Table 2 (dara not shown). The results were
also virtually unchanged if a partial time-weighted
average bedroom measurement for less than 24 hours
(i.c., 4 p.m. to 6 a.m. or 10 p.m. to 6 a.m.} was sub-
stituted for the full 24-hour average to reflect more
accurately the specific period of time subjects spent
in their bedrooms. Also, risk estimates were similar
after adjustment for differences between case pa-
tients and controls in the calendar year, season, or
time of day of the mecasurements. We found no con-
sistent pattern in the reladon of summary residendal
magnetic-field levels to the risk of ALL according to
family income, parental educational level or occupa-
tion, birth order, or other socioeconomic or residen-
tial characteristics.

Main-Residence Wire-Code Patterns

For the main residence, we found no association
berween the risk of ALL and residence in a home clas-
sified in the highest wire-code category according to
either wire-code classification (Table 3). There were
no positive or statistically significant dose—response
trends, and results were not materially changed when
adjusted for potentially confounding variables.

Magnetic-Fieid Levels and Wire Codes of Residences
during Pregnancy

As regards the homes resided in during pregnancy
by the mothers of 257 case patients and 239 controls,
the odds ratio for ALL was 0.75 (95 percent confi-
dence interval, 0.45 to 1.24) for a magnetic-ficld level
of 0.065 to 0.099 nT, as compared with the reference
category {<0.065 uT); 1.32 (95 percent confidence
interval, 0.81 to 2.15) for a level of 0.100 to 0.199
uT; and 1.24 (95 percent confidence interval, 0.69 to
2.23) for a level of 0.200 uT or higher (P for
trend =0.25). Among the 225 matched pairs whose
mothers’ residences during pregnancy were wire-cod-
ed, the odds ratios for ALL were 1.20 (95 percent
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TaBLE 1. CHARACTERISTICS OF 629 CHILDREN WITH ACUTE LYMPHOBLASTIC LEUXEMIA
{Case PATIENTS) AND 619 CONTROLS WITH MEASUREMENTS OF 60-Fiz RESIDENTIAL
MAGNETIC-FIELD LEVELS AND 408 MATCHED CASE-CONTROL PAIRS
Of CHILDREN WiTH STABLE RESIDENCES AND WIRE-CODING DATA.

CHARACTERISTIC Magnenc-FIELD MEASUREMENTS® Wine Cotang
CASE PATIENTS CONTROLS CASE PATIENTS  CONTROLS
(=629} {(H=619) (N=408)  (n=408)
number (percent)
Age at diagnosis or reference date
ot
<2 65 (10.3) 81 {13.1) 52{12.7) &8 (167}
2-4 304 (48.3) 273 (44.1) 184 (45.1) 165 (40.4)
5-9 169 (26.9) 182 (20.4) 110 (27.0) 116 (28.4)
=10 91 (14.5) 831134 62 (15.2) 59 {14.5)
Sex
Male 329 {(52.3) 323 (52.1) 204 (50,03 218 {53.4)
Female 300 {47.7) 296 {47 .8) 204 (50.0) 190 (46.6)
Morher’s education
<iZyr 43 (6.8) 23 (3.7 32(7.8) 16 (3.9)
High-school graduate 204 (32.4) 218 (35.2) 132 (32.4) 164 (40.2)
Some college o post—high-school 218 {34.2) 197 {31.8) 133 (32.6) 112 (27.5)
education
#College graduare 167 (26.6) 181 (29.2) 111 (272) 116 (28.4)
Annual family income ()
<20,000 96 {15.4) 71 (1L.5) 63 (15.6) 42(10.4)
20,000-29999 117 {18.8) 83 (13.5) 65 (160} 51 {12.6)
30,000-39,999 141 {22.6) 105 (17.1) 90 (22.2y 75(18.5)
40,000--49.999 102 (16.3) 111 (18.0) 62 (15.3) 75 (18.5)
50,000 168 (26.9) 245 {39.8) 125 (30.9) 162 (40.0)
Mother’s age at birth of subject (yr)
<25 178 (23.3) 154 (24.9) 106 {26.0) 102 {25.0)
25-29 25) {39.9) 257 {41.5) 162 {39.7) 165 {40.4)
=30 200 (31.8) 208 (33.5) 140 (34.3) 141 (34.6)
No. of children in fumily
I 20 {14.3) 67 (10.8) 56 (13.7} 41 (10.0)
2 280 (44.5) 265 (42.8) 190 (46.6) 184 (45.1)
=3 259 (41.2) 287 (46.4) 162 (39.7) 183 (44.9)
Type of residence
Single-family home 509 {83.2) 485 (31.8) 326 (83.2) 3219 {82.2)
Apartment 24 (39) 25 (4.2} 17 (4.3) 16 (4.1)
Other 79 (12.9) 83 (14.0) 49 (12.5) 53 (13.7)
Homc-owncrship status
Owned home 486 (80.2) 499 (84.5) 325 {83.5) 335 (86.8)
Rented home 101 (16.7) 77 (13.0) S8 (14.9) 45 {11.7)
Other 19(3.1) 14 (2.4} 6{1.5) &(16)
Degree of wrbanization
Urban 152 {24.2) 126 (20.4) 117 (287) 89 (21.9)
Suburban 278 (44.2) 289 (46.8) 161 (39.5) 192 (47.2)
Rural 199 {31.6) 203 (32.8) 130 {31.9) 126 (31.5)

*Daaa were missing on tacome for 5 case paticnts and 4 controls, on type of residence for 17 case

patients and 26 conmrols, on home ownership for 23

casc paticnts and 29 controks, and on degree of

urbanization for 1 contol. Percentages are of subjocrs with daa available. Sce the rext for details of

tic-fickd %

&

Dara were missing on income for 3 tase patients and 3 controls, on type of residence for 16 case

paticnts and 20 conrols, on home ownership for 19

case pasents and 22 controls, and on degree of

urbanization for | control. Porcentages are of subjects with dat: available. See the text for details of

wire coding.

{The reference date for cach control was defined as the date of diagnosis in the corresponding

maeched casc paticnt.

confidence interval, 0.74 to 1.95) for the Wert-
heimer—Leeper code-configuration category of “ordi-
nary low”; 1.07 (95 percent confidence interval, 0.61
to 1.86) for “ordinary high”; and 1.49 {95 percent
confidence interval, 0.66 o 3.37) for “very high,” as
compared with the reference category of “under-
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ground plus very low” (P for rend =0.07). For chil-
dren under the age of three whose mothers’ homes
during pregnancy were wire-coded (149 matched
pairs), the odds ratios were not significantly elevated
and the risks did not increase significantly with higher
wire-code categories (P for trend =0.19),
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Tasie 2, Risx OF CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA ACCORDING T TiMe-WEIGHTED
AVEBAGE SUMMARY LEVELS OF 60-Hz RESIDENTIAL MAGNETIC FIELDS IN THE UINMATCHED
AND MATCHED ANALYSIS.*

Level (o) UNMATCHED ANaLys:s MATCHED Asadysist
HO. OF CASE NO. OF NO. OF CASE NO. OF
PATIENTS contwols  OR (95% CISY PATIENTS coNTROLS  OR (95% Chgl
<0.065 267 285 1.60 206 215 1.00
0.065-0.099 123 117 1.10 {0.31-1.50) 92 98 0.96 (0.65~1.40)
0.100-0.19% 151 143 1.10 (0.43-1.48) 167 106 1.15 (0.79--1.65)
=»0.200 83~ 70" 124 (0.36-1.79) ¢ 53¢ 44** 1,53 (091-2.56) t
0.200-0.299 38 L7 0.92 (0.57-1.48) 29 26 1.31 (0.68-2.51}
0.300-0.399 P 17 1.39 (0.72~2.72) 14 11 1.46 (D.61-3.50)
0.400~-0.499 14 5 328 (1.15-9.39) 10 2 6.41 (1.30-31.73)
#0.500 ] 6 141 (0.49-4.09) 5 5 1.01 {0.26-3.99)
*The analysis used a cforuchsﬁtémtdm:wzsbaxdmthcﬁmcnmighmdmngcmmmmm}uaforﬂch

cligible home (inciuding measurenents in the child’s bedroom, family room, and kitchen or ousside the front door,
weighted according to the age of subject); these values were weighted according o the number of years the subject spent

living in cach residence. 163929

Five casc patients and four controls for whom information on confounders was missing arc excluded.
$The controls were matched to the case patents sccording to age = the reference date, race, and telephone number

(Brst eighe digies).
SOR demotes odds ratio, and CI confidence interval.

$Odds ratics have been adjusted for age at the roference darz, sex, mother’s educational level, and Gmily income.
JOdds ratios have been adjusted for scx, mother’s educational fevel, and family income,

**The numbers of case patients and controls are based on four exposure casegorics.

1 The isk estimates arc based on four cxposure caregorics scleced a prior.

DISCUSSION

We found no significant excess risk of childhood
ALL assodated with time-weighted average sumumary
residendal magnetic-field levels of 0.200 uT or great-
er, nor did we observe any significant dose-response
trends. There was a tendency for the risk to be
higher among subjects with summary exposure lev-
els of 0.300 uT or more, but the number of chil-
dren with such high levels was small. The risk of
childhood ALL was not associated with high wire
codes for either the subject’s main residence or the
mother’s residence during pregnancy. Adjustment
for socioeconomic, demographic, or other poten-
tially confounding variables had litde effect on the risk.

In contrast to three earlicr US. smudies!35 we
found no association berween the highest wire-code
category and an clevated risk of childhood ALL.
Our data demonstrated a significant correlation be-
tween measured magnetic fields and wire codes {(un-
published data), as was found in previous stud-
ies.2+26 The lack of association between childhood
ALL and wire-code categories is partcularly note-
worthy since public concern’® has been driven pri-
marily by the excess risks linked with surrogate or
historical estimates of residential magnetic-field ex-
posure. 1358

Taste 3. Risk oF CHILDHOOD ACUTE
LYMPHOBLASTIC LEUKEMIA AMONG 408 MATCHED
Palrs OF CHILDREN WITH STABLE
RESIDENCES, ACCORDING TO THE WERTHEIMER—
LEEPER AHD MODIFIED KAUNE-SAVITZ Wire-Cobe
CLASSIFICATIONS OF THE MAIN REsiDENCE.*

No. oF
Wre-Cone Case No. oF
CATEGORY Pamenrs Contnors  OR {95% Cii3
Wertheimer-Leeper
UG+VYLCC 175 175 1.00
OLCC 116 114 107 (0.74~1.54)
OHCC 87 87 0.99 (0.67-1.48)
VHCC 24 26  0.88 (0.483-1.63)
Kaunc-Savicz
we 237 249 1.00
MWC 114 105 122 (0.85-1.75}
HWC 51 48  1.04 (0.65-1.66)

*Because of missing data for some vartables, the numbers
of subjects do not toral 408 in cach group.

UG denotes undergronnd or buried power lines, VLCC
very-low-curment configuration, OLCC ordinary low-current
configuration, OHCC ordinary high-current configuration,
VHCC very-high-current configuration, EWC low wire code,
MWC medium wire code, and HWC high wire code.

$OR denotes odds ratio, and CI confidence interval.
Thexe odds ratios have been adjusted for sex, mother’s cdu-
cational lovel, and family income.
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The results of our measurements of magnetic-
ficld levels, like those of four carlier investigations,>6
also show no significant increase in the risk of ALL
among children whose residences had measured mag-
netic-field levels of 0.200 pT or higher, based on
a priori categories. The small increasc in risk at esti-
mated exposures of 0.300 uT or more derived from
a significant excess incidence of ALL at the interme-
diate level of 0.400 to 0.499 pT, but the odds ratios
were close to unity for estimated exposure levels of
0.500 uT or greater, and the P value for rend was
not significant. We cannot exclude the possibility of
a small increase in risk among children in homes with
very high magnetic-ficld levels, as suggested in stud-
ies using historical esumates of residential magnetic-
field exposure.+67

We designed our investigation to address the lim-
itations of earlier studies, particularly the lengthy in-
tervals (typically years or decades) between the diag-
nosis of ALL and measurements of magnetic fields.
In our study magnetic fields were usually measured
within 24 months after the date of diagnosis in the
children with ALL."? Previous studies also included
fewer cases of childhood leukemia, measured fields
during a smaller proportion of the reference period
or lacked a standardized reference interval for the
evaluation of magnetic ficlds, and evalnated fewer
potential confounding variables. Some of the earlier
studies selected controls who moved less frequently
than the case paticnts or failed to blind data collec-
tors to the case or control status of the subjects liv-
ing in each residence evaluated. 104215 We measured
residendal magnetic-field levels for nearly four times
the numbers of case patients and conwols in the
largest previous investigation.$ An important strength
of our study was that magnetic-field measurements
covered more than 95 percent of the reference pe-
riod for 77 percent of subjects and morc than 90
percent of the reference period for 83 percent of
subjects.?

We made a major cffort to achieve a high rate of
partcipation in the study, despite the substantial bue-
den for families {an average of three hours for inter-
views and measurements). Overall, 78 percent of
eligible case patents and 63 percent of eligible con-
trols participated. Many of the reasons for not par-
ticipating were unrelated to refusal by the subjects
or their parents; they included refusals of permission
for testing by current occupants of former residences
or the failure of subjects to meet eligibility require-
ments (such as residential stabiliry).

To address concern about possible response bi-
as,*”2% we instructed the technicians to diagram the
homes of 119 children who were identified during
random-digit dialing as potential controls but whose
parents declined permission for participation; we
found thar the proportion of these homes assigned
by the computer algorithm to the highest wire-code
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category was similar to that among the subjects in
our study.”” Moreover, the technicians diagrammed
virtually all eligible residences of subjects whose fam-
ilies refused permission for magnetic-field measure-
ments, since neither residential nor property access
was necessary for assigning wire codes to residences.
Residential mobility was similar for casc patients and
controls in this study, in contrast to an carlier inves-
tgation,’ which has been criticized because the case
patients changed residences considerably more often
than the controls.101215 Additional strengths of our
investigation included the collection of the expo-
sure data on a blinded basis; the personal-exposure
studies to develop’® and evaluate®® the measurement
protocol; the routine calibration of all magnetic-field
(Emdex) meters; the lengthy initial training, retrain-
ing, and site visits of measurcment staff: the inde-
pendent rediagramming of a substantial proportion
of residences, which showed good concordance of
assigned wire codes (unpublished data); and the reg-
ular review of all measurements, with detailed inves-
tigation of potental errors.l”

A limitation of our investigation and all previous
studies is the absence of measurements for individual
residences in the years preceding the diagnosis of
cancer. It is not known how well a single 24-hour
measurcment characterizes contemporary exposure,
much less magnetic-field exposure years earlier. Very
limited data suggest a moderate correlation between
repeated spot measurements taken in the same resi-
dential location several years after the initial meas-
urernents.® To examine the reproducibility and sea-
sonal variaton of magnetic-field measurements, we
initiated a detailed longitudinal study of 50 homes
in Detroit and Minneapolis. The preliminary results
suggest good reproducibility and relatively little sea-
sonal variation over a one-year period {Banks R, et
al.: unpublished dama). Repeated measurements in a
large sample of homes over a longer period would
help to resolve this issue. The selection of controls
by random-digit dialing has known weaknesses,?”
but the use of alternative control groups was not fea-
sible.!” The only major difference between the case
patients and the controls — a higher family income
among controls — was probably duc to the use of
controls obtained by random-digit dialing,?” but this
difference did not confound the relation between
magnetic-field exposure and childhood ALL.

In summary, our comprehensive case—control in-
vestigation did not find significantly increased risks
of ALL associated with time-weighted average sum-
mary residential magnetic-field measurements or
with residence in homes characterized by a high
wire-code category during the five years immediately
preceding the diagnosis of ALL or during the index
pregnancy. The finding of a tendency for risk to be
higher at measured magnetic-field levels of 0.300
#T or greater was based on small numbers and was
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not characterized by a consistent pattern or a signif-
icant trend. Our results provide little support for the
hypothesis that living in homes with high time-
weighted average magnc jc-field levels or in homes
close to clectrical transmission or distribution lines

is related to the risk of childhood ALL.
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