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acceptance of the children's difficulties as constitutional:
neither wilful nor parent engendered. In later life, many of
them had good work achievements and many married, but
their overall work adjustment, their heterosexual adjust-
ment, and their psychiatric state were worse than those of
other referred children grown up (S Wolff, to be published).

These children resembled the schizotypal children descri-
bed by Nagy and Szatmari,1° and their difficulties certainly
overlapped with those of the patients of Wing and Tantam.
But whether they too should be included in an 'autistic spec-
trum' will depend on the results of more definitive genetic
studies.

For this reason, the arguments put forward by Professor
Cox in this issue against a global diagnosis of autism,"1 12
and in defence of a distinct diagnostic category of Asperger's
syndrome, although based on Wing's rather narrow defini-
tion, are to be welcomed.

Dorothy Bishop, like other workers, considers Asperger's
syndrome to overlap both with autism and with specific
developmental language disorders, often diagnosed as con-
genital dysphasia. 3 A number of children with these disabi-
lities also have the social impairments of Asperger/schizoid
disorders. She suggests a two dimensional model for autistic
type disorders, with impaired meaningful verbal communi-
cation on one axis and impaired social relationships with cir-
cumscribed interest patterns on the other. Asperger's syn-
drome, on this model, would overlap both with autism and
with specific language disorders, but would be characterised
by low scores on the language disorder dimension and high
scores on the social impairment/circumscribed interests
dimension.
Work on the diagnosis of these disorders is of theoretical

interest, especially in disentangling the causal factors
involved. It is also of great clinical importance. Children
with severe forms of Asperger's syndrome will need the

same services as well functioning autistic children. The
more intelligent and less obviously handicapped Asperger/
schizoid children require above all to be identified as consti-
tutionally impaired.14 Their special make up needs to be
understood. They may also need special arrangements
made, particularly at school, in the knowledge that in later
life when pressures for conformity are less than during the
school years, many will be able to find their social niche,
and a few to develop their rather exceptional gifts.
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Possible aetiological factors in childhood leukaemia
Leukaemia accounts for over half of all cancers diagnosed in
children, with one in 2000 developing the disease before
their 15th birthday.1-3 Despite considerable improvements
in treatment over the last 20 years, about half of those who
develop childhood leukaemia die within five years of
diagnosis. Speculations about the causes of leukaemia in
children abound, and several new and exciting theories have
recently been suggested.

Ionising radiation
Exposure to ionising radiation is known to cause
leukaemia.4 5 Furthermore, the fetus and young child seem
to be more susceptible to the effects of ionising radiation
than the adult.9 The controversial suggestion of Stewart et
al, made in 1958, that prenatal exposure to x rays might
increase the risk of childhood leukaemia has taken several
decades to settle. It is now widely accepted that as much as
5% of all childhood leukaemias could be caused by diagnos-
tic radiography of the mother's abdomen while the child is
in utero.7-'0

Today, the possible contribution of natural radiation is a
controversial topic. Estimates of the proportion of all child-
hood leukaemias attributable to background radiation range
from a few percent to nearly all.7 1113 Assumptions about
the relative effects of external gamma radiation and internal
alpha particles on children of different ages and babies of
different gestations alter these estimates appreciably.7 11
Discussion has intensified recently after the report by Dr
Henshaw and his colleagues demonstrating a correlation

between indoor radon levels in different countries and the
incidence of leukaemia and other cancers in children.'2
They suggest that a sizable proportion of all childhood
leukaemias could be caused by exposure to radon gas in the
home. These issues are now being vigorously investigated,
but at this stage the aetiological relevance of natural back-
ground radiation is unclear.
More controversial still is the hypothesis that germ cell

mutations induced by ionising radiation might increase the
risk of leukaemia in the progeny of those exposed. This sug-
gestion comes from the investigations of Professor Gardner
and his colleagues of the raised incidence of childhood
leukaemia near the Sellafield reprocessing plant in West
Cumbria. 4 They found that exposure of fathers at work to
comparatively low doses of external ionising radiation was
associated with an increased risk of leukaemia in their
offspring. The main finding of a sixfold to eightfold excess
in the children of those most heavily exposed is, however,
based on only four cases. As well as exposure of fathers at
work to ionising radiation, other explanations are
possible.""'8 For example, external gamma radiation may
not be the relevant exposure and exposure at work to other
harmful agents may be involved. In particular, it has been
hypothesised that radionuclides may accumulate in the male
reproductive organs. Such a mechanism could explain both
the high mortality from prostatic cancer found in highly
exposed nuclear workers, and the increased incidence of
leukaemia in the offspring of radiation workers at
Sellafield.'6 17 Mothers' exposure to radiation before and
during pregnancy may also be important, and could occur if
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contaminated clothing or equipment were brought home
from the place of work.'14-8 Two studies, similar to that of
Gardner et al, of leukaemia and non-Hodgkin's lymphoma
in the vicinity of nuclear establishments are in progress in
the United Kingdom. One is taking place around the United
Kingdom Atomic Authority plant of Dounreay and the
other around Atomic Weapons Establishments at Aldermas-
ton and Burghfield. These should help to clarify the relation
between childhood leukaemia and parental employment in
the nuclear industry.

Infectious disease
There has been considerable speculation about the possible
aetiological role of infectious diseases.4 5 Initially, after the
identification of leukaemogenic viruses in animals, similar
human viruses were sought. Despite intensive investiga-
tions, no specific human virus has been identified and
interest has shifted to the possible effects of common vi-
ruses. The suggestion is that childhood leukaemia results as
a rare response to a common, possibly sublinical, infec-
tion.1 2 More specifically, Greaves has hypothesised that
the immune response itself promotes the development of
leukaemia by inducing proliferative stress in bone marrow
lymphocyte precursors, thus increasing the risk of sponta-
neous mutations.'9 20 Indirect support for the involvement
of infectious agents comes from the characteristically sharp
peak in incidence of the common childhood form of acute
lymphoblastic leukaemia that occurs at around 3 years of
age. This is the age when many children first begin to attend
playgroup and school, and for some children this would
result in their first significant exposure to infection. Reports
that childhood leukaemia may be more common in higher
social classes and in first or only children suggests that sus-
ceptibility may be similar to the polio model.4 5 19 20 Kinlen
has further hypothesised that isolation and migration might
be important, and has suggested that children living in iso-
lated rural communities who come into contact with indi-
viduals from more urban areas might be at increased risk.2'
Despite its appeal there is still no direct evidence to support
the infectious disease hypothesis in humans, but this topic
continues to be the subject of intensive research.

Drugs
Apart from ionising radiation, chemotherapy is the only
other established cause of leukaemia. Its contribution to the
total amount of childhood disease is, however, small as it
has been shown to increase the risk of acute myeloid
leukaemia only, which is rare in children.4 5 Other drugs
recently mooted to cause childhood leukaemia include the
antibiotic chloramphenicol22 and more recently in utero
exposure to marijuana.23

Other chemical and physical exposures
Exposure of parents both at work and at home to a number
of potentially toxic chemicals have been suggested as risk
factors for childhood leukaemia. Most epidemiological
investigations of parental exposure have, however, been
based on small numbers and on information collected rou-
tinely at death or cancer registration. To date, the evidence
supporting an association between childhood leukaemia and
compounds such as benzene and lead is weak and
contradictory.22 24

Non-ionising electromagnetic radiation has also been sus-
pected as increasing the risk of leukaemia and other cancers.
Particular concern has been expressed about residence near
power lines and use of electric blankets.25 26 Again, the epi-
demiological evidence is inconsistent and the data are diffi-

cult to interpret, mainly because of the lack of reliable mea-
sures of exposure.

Chromosomal anomalies
About 3% of all childhood leukaemias are associated with
recognisable chromosomal disorders, such as Down's syn-
drome, Klinefelter's syndrome, and Fanconi's anaemia.4'5
In these congenital or hereditary syndromes, the chromoso-
mal abnormality appears to place the individual at increased
risk of disease. For the majority of leukaemias, however, the
significance of the chromosomal abnormalities found in all
leukaemic cells is unclear.

Conclusion
Leukaemia is the major paediatric malignancy of developed
countries. Recent advances in the treatment of childhood
leukaemia have not been matched by similar advances in the
understanding of its aetiology. At present, ionising radiation
and chemotherapy are the only established causes of
leukaemia, although many other plausible hypotheses
remain.
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