
mechanisms there is no doubt that an important thrombotic
mechanism has now been defined.
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Electromagnetic fields and childhood cancer

No causal relation has been established

The possibility that exposure to electromagnetic fields causes
cancers, including childhood cancers, is one of continuing
public concern and scientific debate. The subject has been
reviewed on several occasions, most recently and compre-
hensively by an advisory group set up by Britain's National
Radiological Protection Board (NRPB).' This group con-
sidered four types of exposure: occupational; residential
exposure from electrical power lines and domestic wiring
(including eight case-control studies of childhood cancer);
exposure from electrical appliances (including two case-
control studies of childhood cancer); and paternal occu-
pational exposure in relation to cancer in the offspring (six
case-control studies-three of central nervous system
tumours and three ofneuroblastoma).
For the two studies relating to electrical appliances the

NRPB group concluded that "these results are incapable of
interpretation" (because of the possibility of recall bias and
uncertainty about whether the controls were representative).
For the studies ofparental exposure they concluded that those
relating to neuroblastoma did not suggest any relation to
parental exposure and that though such a relation might exist
in the case of central nervous system tumours, no definite
conclusion could be reached.
The eight case-control studies concerned with a possible

relation between childhood cancer and residential exposure
from power lines and domestic wiring varied greatly in
methodology and, particularly, the measure of exposure used:
direct measurements of magnetic fields were available for only
three of these studies; some based assessments of exposure on
classification of electrical wiring configurations. The NRPB
group commented that "wire configurations have shown a
stronger relationship to childhood cancer than other measures
of electromagnetic field exposure."

It suggested that the explanation for this relation might be
that these measures provide a better assessment of long term
exposure but that, alternatively, types of wiring configuration
might be associated with other characteristics of the house
concerned and the apparent association with cancer might be
an indirect one-that is, might be due to confounding. Jones
et al have suggested that such an association might arise
through selection bias as between cases and controls rather
than through confounding.2 For these eight case-control

studies the NRPB report concluded that "taken at face value
they appear to provide some weak evidence in support of the
postulated association, which is less weak for brain cancer
than for leukaemia." The advisory group commented on the
difficulty of accepting the evidence in view of the problems
with selection of control subjects.

Since the NRPB report three further studies of this type
have appeared. Two of these, from Denmark (p 891)3 and
Finland (p 895)4 appear in this issue of the BMJ and a third,
from Sweden,5 has apparently not yet been published in a
readily accessible form. (Of the eight earlier studies, seven are
listed by Olsen et al (their references 1-7) and the eighth
appears to be available only as an abstract.6)
Do the three new studies give reason to modify the

"extreme caution" advocated by the NRPB group in assessing
the previous studies? All three studies use calculations of
magnetic fields and the two case-control studies use carefully
selected controls3 5; the third is a cohort study,4 so the problem
of control selection does not arise. The two case-control
studies show some positive relations between exposure to
magnetic fields and the incidence of childhood cancer, though
the numbers of exposed cases are small. The findings of the
cohort study are essentially negative, particularly when
allowance is made for the fact that the one positive finding is
partly accounted for by the occurrence of three tumours in a
boy with neurofibromatosis.

In the Danish case-control study the strongest effect is
found in relation to a grouping of exposure categories chosen
after examination of the data, though the analysis is adjusted
for this.3 In addition, as the authors point out, it is puzzling
that the effect is significant when average exposure for periods
of residence close to the power lines is used but not when
cumulative dose is used. In the Swedish study' there is some
evidence for a relation with childhood leukaemia but no
association was found for brain tumours, the type of child-
hood tumour for which the NRPB group previously found the
evidence least weak.
The possibility that magnetic fields associated with elec-

tricity transmission may cause some cases of childhood cancer
cannot be dismissed, but the lack of consistency among
published studies, and the absence of an accepted biological
explanation for such a relation, means that we have to
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conclude that at present no causal relation has been estab-
lished. Results from the large case-control studies of child-
hood cancer currently in progress will be awaited with great
interest.
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Free radicals and vascular disease: how much do we know?

They have a role in thefunction ofthe normal endothelium and in atherosclerosis

The vascular endothelium is a selectively permeable barrier
between the blood and the vessel walls. It is not a passive
barrier, however: endothelial cells play an important part in
controlling vessel tone, vascular permeability, platelet aggre-
gation, and the adherence of phagocytes such as neutrophils
and monocytes. At sites of inflammation neutrophils adhere
to the endothelium before entering the inflamed tissue and the
endothelial permeability increases. The vascular endothelium
can release many products including prostacyclin, adenosine,
endothelins, and platelet activating factor.'
The vascular endothelium also secretes a free radical, nitric

oxide (NO), the endothelium derived relaxing factor.2 (A
free radical, denoted by a superscript dot, is an atom or
molecule with one or more unpaired electrons; an unpaired
electron is a lone electron in an orbital.) NO inhibits platelet
aggregation and adherence of neutrophils and is a powerful
vasodilator. Endothelial cells also generate another radical,
superoxide (02'-), in vitro.3 Whether endothelial cells release
superoxide all the time in vivo, or whether only after an insult
(such as ischaemia and reperfusion) is unknown.
When two free radicals meet they can join their unpaired

electrons and form a non-radical. Superoxide and NO react
quickly to form ONOO-.4 As a result, superoxide antagonises
the vasodilatory action of NO and adding superoxide
dismutase (an enzyme that scavenges superoxide) prolongs
the life of NO. Indeed, it has been suggested that vascular
over-production of superoxide might be one cause of hyper-
tension.5 A further suggestion is that the ONOO (peroxy-
nitrite) produced by the reaction between superoxide and
NO is itself cytotoxic.6 Hence, the generation of superoxide
by vascular endothelium and its interaction with NO both
warrant further investigation.

Endothelial cells can be killed by high concentrations of
hydrogen peroxide by mechanisms that involve damage to
DNA and proteins caused by free radicals as well as an
increased concentration of intracellular free calcium ions.78
Low concentrations of hydrogen peroxide are, however,
efficiently dealt with by catalase and glutathione peroxidase,
enzymes that metabolise hydrogen peroxide in the endo-
thelium.9 Indeed, sublethal exposure of endothelium to
hydrogen peroxide (for example, produced by neutrophils
adhering to endothelium) might contribute to the increases in
vascular permeability, the synthesis of platelet activating
factor and tissue plasminogen activator, and the adhesion of
more neutrophils to the endothelium.'°

Endothelial cells can also be injured by high concentrations
of organic peroxides, such as the lipid peroxides produced
when free radicals attack polyunsaturated fatty acid side
chains and cholesterol in membranes and lipoproteins.

Fortunately, the lipid peroxide concentration in plasma from
healthy humans is submicromolar."I Concentrations are, how-
ever, higher in hyperlipidaemic patients, even during treat-
ment with lipid lowering drugs, although whether concentra-
tions are high enough to injure the endothelium is unknown.

Injury to endothelium by chemical or mechanical means
or by infection with' certain viruses may lead to athero-
sclerosis.'2 13 Evidence is accumulating that reactions involv-
ing free radicals, especially peroxidation of low density
lipoproteins in vessel walls, are major contributors to the
development of atherosclerosis."3 Thus low density lipo-
protein in the early stages ofperoxidation promotes adherence
of monocytes to endothelium.'4 Monocytes develop into
macrophages within the vessel wall: both cell types can
generate superoxide and hydrogen peroxide, and macro-
phages may also generate NO. Extensively peroxidised low
density lipoprotein can be taken up by macrophages to form
"foam cells" laden with lipid, which are present even in early
atherosclerotic lesions.'2 Smoking aggravates atherosclerosis
and imposes a powerful stress due to free radicals on the
human body. 15 An adequate dietary intake of vitamin E seems
protective against vascular disease, perhaps because vitamin
E inhibits peroxidation of lipids."3 How much is adequate is
another unanswered question; despite recent enthusiasm for
dietary supplementation with "antioxidant" nutrients (such
as vitamins E and C and the carotenoids) we do not know what
dietary intakes are optimal.

In the early days of research into free radicals scientists
concentrated on their damaging effects. Indeed, they
are damaging in excess (even too much NO is cytotoxic,
destroying mitochondrial iron-sulphur proteins). But now we
know that free radicals are often useful in small amounts-
for example, as important agents killing foreign organisms
ingested by phagocytes and as mediators ofsome of the effects
of acute inflammation.'0 1214 An important clinical question is
the extent to which antioxidants could prevent or treat the
devastating effects of advanced atherosclerosis.'2 13 16
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