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AHLBOM A. A review of the epidemiologic literature on magnetic fields and cancer. Scand J Work En­
viron Health 14(1988) 337-343. Since 1979several studies have been published that suggest that residen­
tial exposure to electromagnetic fields could increase the risk of childhood cancer. Such stud ies have also
been published for adults . In addition there are several studies suggesting that people in "electr ical" oc­
cupations are at an increased risk of cancer. The objective of th is review was to determ ine whether the
role of electromagnetic fields in the origin of cancer can be established from the epidemiologic literature.
Several of the studies suffer from methodological or other short comings, but it is not clear whether these
problems are likely to explain the results. No conclusion can be drawn about the role of electromagnetic
fields in the origin of cancer on the basis of current data. The existing literature, however, strongly sug­
gests that research in this area should be pursued.
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Since 1979several studies have appeared that indicate
that children living in homes near power lines or oth­
er electric transmission facilities or in homes with mea­
sured elevated magnetic fields ha ve an increased risk
of cancer. There are also studies on adults showing the
same phenomenon. Several stud ies have also shown
that " electrical workers" might be at increased risk.
The objective of the present article was to review this
body of epidemiologic literature to determine wheth­
er magnetic fields have an etiologic role in the develop­
ment of cancer in humans. The studies on occupational
exposure have been reviewed tho roughly by others (7,
23). The emphasis, therefore, is on a critical review
of the stud ies based on resident ial exposure .

Residential exposure

Currently, information is available from nine studies
based on residential exposure (5,9, 14, 18,24,25,31,
33, 35). A summary of some of the characteristics of
the nine studies is given in table I.

A review of these studies must emphasize the poten­
tial systematic errors that might be present due to the
design or conduct of the investigations. It is essential,
therefore, to recognize the two possible effects that a
systematic error can have, ie, they can (i) give rise to
a spurious effect (ie, make a stud y show an effect that
does not exist in reality) and (ii) mask a true effect so
that it does not appear as an effect in the study. An
investigation showing a low relative risk should not be
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criticized on the basis of systematic errors of the first
type; similarly , a study showing an elevated relat ive
risk should not be criticized on the basis of systematic
errors of the second type.

Research in this area has frequently been criticized
for using methods too crude for exposure assessment.
Basically, the following three approaches have been
employed: (i) identification and coding of nearby wires,
transformers and substations, in some instances com­
bined with a calculation of the resulting magnetic field;
(ii) actual field measurements; and (iii) identification
of nearby transmission facilities and measurements of
the distance to the home . For information on the ap­
proach used in each of the studies , refer to table 1.

The first app roach, wire coding , has been criticized
for two reasons. (See references, eg, 3, 17). First, wire
coding does not take into account magnetic fields
generated by sources other than the transmission fa­
cilities, such as unbalanced return currents or currents
used for appliances. Second, it has been claimed that
the wire coding systems are much too simplistic and
thus generate results with poor correlations to the ac­
tual fields generated by the power lines or by other
transmission facilities. However, the two latest studies
employed both wire coding and actual field measure­
ments and, thus , produced enough information to al­
low for a comparison of the two methods with respect
to exposure assessment (24, 25). This comparison
showed that there was indeed room for a refinement
of the original wire coding method, and such an at­
tempt was included in one of the studies (25). Neverthe­
less, it was demon strated that the original wire cod­
ing scheme did predict the measured field so that , for
instance, the median of the measured fields increased
monotonically with the exposure categories as derived
from the wire coding (22).
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Table 1. Characteristics of studies on residential exposure to electromagnetic fields and cancer.

Study Type of
Exposure Number of

Study design cancer Locat ion assessment eligible
diagnosed cases

Childhood cancer
Wertheimer & Leeper (33) Case- All Colorado, Wire coding 344

referent United States
Fulton et al (9) Case- Leukemia Rhode Island , Wire coding 119

referent United States
Myers et al (18) Case- All Yorkshire, Calculated 376

referent United Kingdom fields
Tomenius (31) Case- All Stockholm, Measured fields, 716

referent Sweden distance
Savitz et al (24) Case- All Colorado, Measured fields, 356

referent United States wire coding

Adult cancer
Wertheimer & Leeper (35) Case- All Colorado, Wire coding 1 179

referent United States
Coleman et al (5) Case- Leukemia London, Distance 811

referent United Kingdom
McDowall (14) Cohort All East Anglia, Distance 213

United Kingdom
Severson et al (25) Case- Leukemia Seattle, Measured fields, 114

referent United States wire coding

Furthermore, a general result of epidemiologic the­
ory is relevant in this instance . When the limitations
of exposure assessment affect cases and noncases simi­
larly, ie, with the same sensitivity and specificity, the
estimated relative risk will be biased towards unity.
(See, eg, reference 2.) This phenomenon is commonly
referred to as nondifferential misclassification. In ef­
fect, as long as the wire coding system is applied in
the same way to cases and noncases, any exposure mis­
classification can only mask a true effect; it cannot give
rise to a spurious effect". Therefore, limitations of the
ability of the wire coding scheme to predict magnetic
fields does not seem to be of relevance in the context
of explaining the findings of the studies indicating an
association between magnetic fields and cancer.

The second approach, actual measurements, has its
drawbacks because of the variation over time of the
magnetic fields, which in turn is a consequence of the
variation in the use of appliances, heating, etc. It ap­
pears that both short- and long-term field variations
might be considerable. This possibility also exists for
variations between different locations within the
homes; fields increase in the proximity of appliances
but level off rapidly as the distance from the appli­
ances increases. In general, -however, this phenome­
non again tends to result in an exposure misclassifica­
tion with the ability of masking a true effect but not
of generating a spurious one.

The third approach, using the distance between a
home and an identified transmission or distribution
facility as a proxy for exposure, may be viewed sim­
ply as a crude variant of wire coding using only one
category for all kinds of transmission facilities.

In addition to the aforementioned problem, Wer­
theimer & Leeper, in their two studies (33, 35), used
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a design for data collection whereby the person who
drew the map to be used for the wire coding knew
whether the house belonged to a case or a referent.
This potential source of bias, unlike the one discussed
earlier, could give rise to spurious effects. The authors
have made some attempts to evaluate the magnitude
of this possible bias, but the importance remains un­
clear. One common feature of case-referent studies is,
however, that interviews cannot be performed blind­
ly, and exposure assessment in a case-referent study
is therefore generally performed with the interviewer
being aware of the case-referent status of the subjects.
To date, only little is known as to the importance of
this possible systematic error, usually referred to as
recall bias (19). Therefore, it does not seem justified
to discard the Wertheimer & Leeper studies because
of lack of blindness in the exposure assessment, al­
though differential exposure misclassification does re­
main a concern.

In several of the investigations, the homes, rather
than the individuals, constituted the units of study (9,
31,33,35). These investigations were all case-refer­
ent in nature; indeed, in a cohort study it would be
obvious that, if homes were used as study units, every­
one who had lived in more than one home would, mis­
takenly , be counted more than once. Given the ration­
ale behind the case-referent design, the use of homes
rather than individuals is no more justified in such
studies than in cohort investigations (2). The question
remains , however, of the impact of using homes rath­
er than individuals on the results. It seems reasonable
to assume that the point estimates of the relative risks
are not biased in any predictable direction, but that
the confidence limits are tighter than they should be,
since the study sizesare apparently too big. Fortunate-



Iy, all reports except one also give sufficient informa­
tion to allow for the calculation of some individually
based results (9).

Only in the two latest studies did the available in­
formation allow for control of confounding from fac­
tors other than some basic demographic variables (24,
25). It has been suggested that, for example, a so­
cioeconomic gradient in childhood cancer incidenceto­
gether with a difference in the socioeconomic distri­
bution between neighborhoods near power lines and
other neighborhoods could explain the observed as­
sociations. Several other confounders have been pro­
posed as well. Both of the two latest studies included
information on major potential confounders, but in
neither case did the result change as an effect of at­
tempts to control for confounding from these varia­
bles (24, 25). According to unpublished results by Dr
Savitz, a control of confounding from traffic density
did not affect the results in any significant way either.

The possibilityof confounding as an explanation for
the results cannot be ruled out, but it seems unlikely
that such a confounder would be a previously known
risk factor. Indeed, for the cancers considered in this
context, the etiology is basically unknown, and it is
questionable whether any of the few known risk fac­
tors is likelyto be associated with the exposure in ques-

tion. One might, indeed, argue that the validity of a
study should not be criticized on the bases of con­
founding unless a conceivable confounder can be
shown to exist. This argument implies, of course, that
the interpretation of existing data might change as a
consequence of increasing knowledge.

Figures I through 4 summarize the results from the
nine reported studies. For all the studies, the relative
risks and 95 0J0 confidence limits are given for certain
exposure categorizations. For some of the studies,
results based on more than one such categorization are
given. In studies in which the relative risk or the con­
fidence interval was not given, they have been calcu­
lated from absolute numbers presented in the reports
by use of the test-based principle (2). The open-ended
bars indicate that the calculations were based on resi­
dences rather than individuals. (Seethe preceding text.)

Figure I summarizes the results from available
studies for all childhood cancers together, regardless
of site or histopathology. In most instances, the pre­
cision is limited, as shown by the wide confidence
limits, and the range of the point estimates is wide,
but none of the estimates is below unity. In fact, giv­
en the different study designs, time periods, and
locales, the findings of the different studies do appear
to be rather consistent.
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Figure 1. Results of four studies on all cases of childhood
cancer and residential exposure to electromagnetic fields.
(1 = high current configuration (HCC) accord ing to wire code,
2=calculated field , 3 =measured field , 4 =distance to 220-kV
line , RR= relative risk)

Figure 2. Results of five studies on cases of childhood leuke­
mia and residential exposure to electromagnetic fields. The
open-ended bars indicate that the calculations have been
based on homes rather than individuals. (1 = high current con­
figuration (HCC) according to wire code, 2 = calculated field,
3 =measured field , 4 =distance to 22Q-kV line, RR=relative
risk)
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Figure 3. Results of three studies on cases of central nervous
system tumors among children and residential exposure to
electromagnetic fields. The open-ended bars indicate that the
calculations have been based on homes rather than individu­
als. C= high current configuration (HCC) according to wire
code, 2 = measured field, 3 = distance to 220-kV line, RR= rela­
tive risk)

For childhood leukemia and its smaller numbers, the
randomness is more predominant, and the findings are
less consistent, as seen in figure 2. The study by Ful­
ton et al (9) gave a point estimate very close to unity,
and the study by Tomenius (31) even indicates a
preventive effect.

The findings concerning childhood tumors of the
central nervous system are summarized in figure 3.
Only three studies provide information on these
tumors, and the numbers of cases are small. Neverthe­
less, all three studies indicate elevations in relative risk.

For adult cancers (figure 4) only two of the studies
indicate an effect, and one of them has a wide confi­
dence interval. There is little evidence of an effect when
these studies are combined.

Some of the studies deserve further comment. The
Wertheimer & Leeper study of childhood cancer (33)
was the investigation which triggered interest in this
area of research. Their study may be justifiably criti­
cized for the use of homes rather than individuals, for
crude exposure assessment, and for the lack of ap­
propriate analyses. No one, however, has been able
to point out a flaw in the study which is likely to ex­
plain the findings. One major difficulty with this study
is the poor organization of the report, which prevents
a detailed review of design, selection, measurements,
and analysis. One observation is the exceptionally high
degree of internal consistency between different results

340

Figure 4. Results of four studies on all adult tumors and cases
of adult leukemia and residential exposure to electromagnet­
ic fields. (1= high (or very high) current configuration accord­
ing to wire code, 2 = distance to electrical transmission facil­
ity, 3 = measured field, 4 = calculated field, RR= relative risk)

in the report. This consistency rules out the possibili­
ty of chance as an explanation.

The study by Fulton et al (9) specifically addressed
childhood leukemia and resulted in a relative risk near
unity, although the relative risk was not calculated in
the report. It has been criticized for the selection of
referents and also for the use of the wire coding sys­
tem, developed for the Denver area, without differ­
ences in the power distribution systems being taken into
account (34). These alleged difficulties in the study
could mask a real effect.

The first childhood cancer study with actual mea­
surements in this area of research was the one by
Tomenius (31); it was done in Stockholm, Sweden.
This study may be criticized for reasons similar to those
stated for the Wertheimer & Leeper study (33), but
again no one has been able to point out flaws which
are likely to explain the findings. A closer look at the
results reveals certain inconsistencies. For example,
those people living within 200 m of a 220-kV line have
a higher risk of cancer when the magnetic field is be­
low 0.3 IlT than when it is above this value.

The most recent of the childhood cancer studies is
that by Savitz et al (24). The purpose was to repeat
the Wertheimer & Leeper investigation (33) with cer­
tain refinements, and this study was also done in Den­
ver, Colorado, in the United States. It is of major in­
terest since it was done with up-to-date methodology



and under the supervision of a panel of independent
experts and since it supported the major findings of
the previous studies (1). All the exposure assessments
were made without knowledge of whether a particu­
lar residence was a case or a reference home. The mea­
surements were taken under high-power conditions,
with lights and appliances turned on, and under low­
power conditions, with as much as possible of the elec­
tricity in the houses turned off. The purpose of the
measurement under low-power conditions was to de­
termine the external contribution to the magnetic field
in the house .

In addition it is also important to note that the study
of Savitz et al (24) was designed as a population-based
case-referent study in the sense that the eligible cases
included all cases in the defined population and that
the reference group was selected according to a prin­
ciple ensuring that it can be considered a random sam­
ple of the population. Therefore, except for problems
due to registration, location, and nonresponse , the va­
lidity of the case series and the reference series does
not need to be questioned.

On the other hand , one major difficulty with the
study is the limited response rate . Mainly, since a con­
siderable proportion of the families had moved after
the time of diagnosis, it was not possible to obtain
measurements from more than 36 070 of the case
homes . On the other hand , wire coding could be done
without access to the house, and such codes were ob­
tained for 90 % of the case homes and 93 % of the
reference homes. Of the cases, 71 % of the persons
concerned were interviewed, while the corresponding
rate for the referents was 80 %.

There was no overlapping between the Wertheimer
& Leeper study (33) and the Savitz et al study (24) with
respect to either study period or the subjects in the
studies .

Low-power magnetic field measurements at the time
of the diagnosis and wire codes showed some associa­
tion with cancer risk, and the association was the most
pronounced for leukemia.

The wire coding categorization yielded higher rela­
tive risk estimates than did the actual measurements.
One explanation for this result might be that the wire
coding, after all, is a better predictor of past exposure,
exposure categorization based on spot measurements
being inevitably susceptible to nondifferential misclas­
sification due to field variations over time. High-power
magnetic fields or electric fields did not show any as­
sociation with cancer incidence, nor did any exposure
characterization at the time of birth. The fact that only
exposure near the time of diagnosis showed an associ­
ation with the disease could indicate that the magnet­
ic field is, if anything, a late-acting cause, ie, a pro­
motor.

As for the adult cancer studies, the Wertheimer &
Leeper study (35)was basically designed as their child­
hood cancer study (33), and it shares the merits and
problems of that study. The main focus of the analy-

sis of this study was on total cancer, and the total num­
ber of cases was large enough to provide a precise es­
timate. It is worth noting that leukemia was not among
the cancer sites contributing to the elevation in risk.

Like the Savitz et al study (24), the study by Sever­
son et al (25) was performed according to prevailing
epidemiologic standards and under the supervision of
the same panel of experts. Although some point esti­
mates are elevated in the report, they are very erratic,
and the most reasonable interpretation seemsto be that
the study does not indicate an association between
magnetic fields and leukemia in adults.

Occupational exposure

Several reports based on census information or some
other kind of routinely collected register information
have indicated that people employed in "electrical"
occupations are at increased risk of developing leuke­
mia. Some of them have appeared as letters to the edi­
tor in The Lancet (6,13,16,21,36) and The New En­
gland Journal of Medicine (4, 15), and others have
been published elsewhere (11, 20, 30, 32). The occu­
pations considered "electrical" include a wide varie­
ty of occupations, such as telegraph and radio opera­
tors, power and telephone linemen, station operators,
electrical and electronic engineers, and electronic as­
semblers.

Due to the nature of the data sources of these
reports, the information about the study subjects is
limited to basic demographic data and job title. There­
fore, little is known about actual exposure to magnet­
ic fields, as wellas to possible confounders such as sol­
dering fumes, solvents, and other chemical substances.
This lack of data holds true for both the specific in­
dividuals included in these studies and the occupational
groups as a whole. The wide variety of occupations
considered indicates, however, that the nature, in terms
of frequency and intensity, of possible magnetic fields
must differ considerably between the groups. It is
worth noting in this context that, although little is
known about occupational exposures to magnetic fields
in general, it seems clear that some occupations yield
exposure to fields that are orders of magnitude higher
than the exposure of other groups or exposure in the
residential setting (28).

There are also some case-referent studies on leuke­
mia which have utilized information other than cen­
sus data and have found a relationship with presumed
occupational exposure to magnetic fields (8, 10, 27).
Although none of these studies used actual magnetic
field measurements, the exposure information was
more specific than in the studies using only job titles,
and it was also possible to control for some potential
confounding from other risk factors, including other
occupational risk factors .

Some studies also exist that show an association
between presumed occupational magnetic field ex-
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posure and brain tumors (12, 29), and one study found
an association between childhood neuroblastoma and
presumed parental occupational exposure to magnet­
ic fields (26).

Despite the obvious limitations ofthese studies and
the somewhat erratic findings, it is difficult to avoid
the conclusions that there is a certain consistency be­
tween the results and that it seems likely that these oc­
cupations are in fact at an increased risk of leukemia.
It does not seem likely that one single confounder ex­
plains the associations for all the involved occupations,
but of course it is tenable that different confounders
operate and that the explanations differ between the
occupations. However, exposure to magnetic fields re­
mains one of the candidates to explain the elevations
in cancer risk.

Concluding remarks

Even before the presentation of the study by Savitz
et al (24), available information indicated that children
living near power transmission facilities or in homes
with elevated magnetic fields might be at increased risk
of cancer. However, so many methodological and the­
oretical concerns were raised against these studies that
the findings had to be considered highly uncertain. The
results of Savitz et al support, although not strongly,
the findings of previous studies. It thereby adds to the
credibility of the hypothesis that exposure to magnet­
ic fields might be of importance to the origin of child­
hood cancer.

The results of studies on adult cancer and residen­
tial exposure, when combined, do not provide much
evidence for an association with all cancers together
or with leukemia, but of course the possibility of such
an association is not ruled out. Adults are likely to
spend less time at home than children and, therefore,
the effects might be more "diluted." Furthermore, the
studies on residential exposure should be considered
in tandem with the studies on occupational exposure,
and when their results are combined, indeed, an as­
sociation cannot be disproved.

It is not possible, from the available information,
to conclude whether or not exposure to magnetic fields
increases the risk of cancer. The information does,
however, strongly suggest that research in this area
should be pursued.
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