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Regular Revziew

Severe mental handicap: pathogenesis, treatment, and
prevention

M D'A CRAWFURD

Severe mental handicap is mostly characterised by micro-
cephaly or other gross brain abnormalities and is, therefore,
generally considered to be due to specific environmental or
genetic factors. This view is reinforced by two observations:
severely handicapped children usually have parents of normal
intelligence, and their siblings show a clear segregation
between normal and affected. Estimates of prevalence vary
between about 0.3% and 0-4% of the childhood population.

Despite the many individual environmental and genetic
causes that have been identified in individual patients, a
substantial proportion of cases remain of unknown aetiology.
The respective contributions of environmental, chromosomal,
single gene, and unknown causes were discussed in a leading
article in the BMJ in January of last year.' Among the
difficulties of estimating the size of these different aetiological
groups are the differing age groups studied, differing
ascertainment biases in institutional as opposed to com-
munity-based surveys, and differing criteria for assignment of
patients to particular categories.

Institutional studies may be based on hospitals, such as
Penrose's pioneering Colchester survey2 and the more recent
study of Angeli and Kirman at Queen Mary's Hospital,
Carshalton,3 or on assessment centres, such as that of Opitz
and his colleagues in Wisconsin,4 the latter having the
advantage of greater diagnostic precision; but inevitably they
suffer from bias in the selection of patients referred to them.
The results ofAngeli and Kirman3 and of Optiz and colleagues4
agree on the distribution of the main groups, despite the fact
that the former study was limited to children aged under 16
while the latter covered referrals of all ages. The average of
the two studies showed that around 20% of patients had
environmental causes; 14% had chromosomal abnormalities,
mostly Down's syndrome; 8% had single gene disorders;
and in 6000 the handicap was of unknown aetiology. The
unknown group included pure mental handicap, specific
syndromes, and handicap associated with neurological
disorders of unknown cause such as cerebral palsy and
epilepsy.
Community-based studies are generally more representative

of the total population of severely handicapped people, but
they do not usually achieve diagnostic precision and lack
family data. An attempt to ascertain cases in the community
and then to complete their investigation and family history
was made by Laxova and her colleagues in Hertfordshire.5
They classified 146 children born between the beginning of
1965 and the end of 1967 into 400 with environmental causes,
330/ chromosomal (all but one with Down's syndrome), 14%
with defects due to single genes, and 4900 "multifactorial" or

of unknown aetiology. Other community studies6 7 have
produced similar low proportions with clearly environmental
and single gene defects and between about a quarter and a
third with chromosomal defects. Apart from Gustavson and
co-workers,7 all have been forced to assign half or more of
the total to the category "no specific cause."

All studies have found an excess ofboys. This led Lehrke8-'0
to postulate a specific X-linked gene for mental handicap and
verbal disability accounting for this excess and for 20% or
more of all male mental handicap. Clare Davison reached
similar conclusions from the findings of her Oxfordshire
survey,'1 as did Turner from her Australian studies.'2 13 Other
groups have reported individual families in which mental
handicap in males appeared to be inherited in an X-linked
recessive manner, either with a non-specific clinical picture14-'6
or with features subsequently recognised as constituting
specific syndromes.'7-20 During the 1970s several reports
appeared of X-linked mental retardation associated with
macro-orchidism and other more variable phenotypic
features.4 21 24 Earlier Lubs had observed a marker X chromo-
some in patients from a family with X-linked mental
handicap.25 This marker has subsequently been shown to
carry a heritable fragile site near the tip of the long arm.26
Turner and her colleagues found in a study of 16 families
with mental handicap that the fragile X chromosome was
present in six of these families and was consistently associated
with macro-orchidism in the males.27
The frequency of the gene for the fragile X chromosome

and mental retardation probably varies among populations,
and no reliable population studies have been published. A
male birth incidence ofnearly one per 1000 has been estimated,
with the suggestion that about half of all X-linked mental
retardation is due to this gene.28 Since the much better known
Down's syndrome has a birth incidence of one in 600, clearly
the fragile-X syndrome makes a substantial contribution to
the numbers of patients with severe and moderate mental
handicap. If looked for in future population studies it will
substantially reduce the proportion of cases of unknown
aetiology.

Management

Considerable advances have been made in the treatment
and management of the mentally handicapped in recent years,
both in non-specific management in mental hospitals and the
community and in specific treatment of particular disorders.
Advances in treatment aimed at maintaining normality in
people who would otherwise become handicapped have
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largely been confined to endocrine disorders and inborn errors

of metabolism. Neonatal screening for congenital hypo-
thyroidism, which has a birth incidence of about one in
4000,29-32 has led to a successful programme of hormone-
replacement treatment and has proved one of the most
effective screening procedures yet introduced.33-35 Infants
treated before the onset of clinical signs have a normal
distribution of intelligence35; and since virtually all affected
infants are now being detected early enough the screening
programme is now preventing handicap in approaching one

in 4000 infants. The exceptions are infants in whom thyroid
tissue is totally absent, who have signs of hypothyroidism at
birth. Even these children are helped by early treatment.

Advances in inborn errors of metabolism were the subject
of a symposium held last September at the Medical Research
Council's Clinical Research Centre.36 The most effective
treatments have been achieved in those diseases amenable to
dietary manipulation. The prototype is classic phenylke-
tonuria, for which neonatal screening has been established
for longer than for congenital hypothyroidism. The effective-
ness of a low phenylalanine diet has been proved in long-term
studies with treatment starting within eight weeks of birth.37 38

How long the diet needs to be maintained is still disputed
but so long as it is maintained intellectual development is
within the normal range. Phenylketonuric mothers not having
dietary treatment during early pregnancy are liable to have
severely damaged infants with intrauterine growth retardation,
microcephaly, and various congenital malformations,
especially of the heart.39 Over 9000 of infants born to such
mothers show mental handicap.40 Even dietary treatment of
the mother from the fifth week after conception fails to
protect the fetus from damage,41 though treatment established
before conception does appear to afford such protection.42
As increasing numbers of phenylketonuric girls successfully
treated throughout childhood reach reproductive age it is
going to be vital to impress on them the importance of
temporarily resuming dietary treatment before conception
and during early pregnancy. Some two dozen other inborn
errors are responsive to treatment by diet or with oral
vitamins.43 These include galactosaemia and several amino-
acidurias.

A variation of dietary treatment is continuous replacement
ofproducts by frequent drinks during the day and an intranasal
gastric drip by night. This approach has been used successfully
for giving glucose to patients with type I glycogen storage
disease (von Gierke's disease) and for fructose-1,6-diphospha-
tase deficiency and with phosphate administration in X-linked
hypophosphataemia.44 Enzyme replacement is an attractive
but still largely experimental approach to the treatment of
inborn errors of metabolism. Some methods of delivering
enzymes to tissues are still at the stage of animal studies, such
as using red-cell ghosts as enzyme carriers, using artificial
cells, or linking enzymes to albumin to form a polymer that
can be targeted to a specific tissue. Other methods that have
been subjected to preliminary clinical trials include simple
infusion of purified enzyme, which may produce transient

reversal of metabolic abnormalities but with effects that are

too short lived to be of clinical value; and fibroblast trans-
plantation, which also failed to produce any clear clinical
improvement in children with Hurler's disease, a mucopoly-
saccharidosis with progressive mental handicap.45 This
apparent lack of clinical benefit is probably due to insufficient
enzyme reaching the sites where it is needed. Some improve-
ment in adult Gaucher's disease has been reported using
enzyme entrapped in liposomes.46
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Bone marrow transplantation (usually preceded by chemo-
therapy with or without irradiation to destroy host stem cells)
has been used for the past quarter of a century for the treat-
ment of leukaemia and other severe blood diseases. In these
disorders successes are frequent enough for the risks to be
acceptable, though the prolonged period in hospital with
isolation in a sterile tent is still an ordeal, especially for a
young child. Since the donor cells repopulate the patient's
marrow substantial numbers of proliferating donor cells can
be established and might supply a missing gene product. This
approach has been championed by J R Hobbs, who has
reviewed its potential in some detail.47 A trial in a boy with
Hurler's disease has given sufficiently encouraging initial
results48 for further trials of individual children to be started.
This patient and others will need to be followed up for several
years before a proper assessment can be made of the value
of bone marrow transplantation in inborn errors.
A more speculative recent suggestion is that of Jerome

Lejeune that folic acid treatment may be beneficial in X-linked
mental retardation with a fragile X chromosome.49 He and
his colleagues have observed reduced expression of the
fragile X in cultured cells from patients and an improvement
in the symptoms of seven out of eight patients with behaviour
disorders.50 51 More time is needed to assess any effect of
folic acid treatment on their intellectual state.

Far more speculative is the prospect of treatment based on
genetic engineering-gene rather than enzyme repJacement.
Genetic transformation of mammalian cells by donor DNA
incorporated in a suitable vector can be performed in vitro,
albeit with rather low efficiency.52 To obtain similar results
in vivo with the required gene introduced into the right cells
in sufficient quantities is still a distant aim and has not even
been achieved in studies on living animals beyond the fertilised
ovum stage, let alone man.

Prevention

Prevention of mental handicap can be envisaged at several
different levels: prevention of the conception of affected
embryos or of development of disease in the fetus; prevention
of manifestation of the disease in an infant with an established
defect; and prevention of the birth of an affected baby-that is,
termination of pregnancy after prenatal diagnosis.

Prevention of the conception of an embryo destined to
become a mentally handicapped child can be a byproduct of
genetic counselling. When parents are advised that they run a
high risk of having a severely handicapped child most will
decide not to take that risk. This is especially so for disorders
for which prenatal diagnosis is not available. Such advice,
however valuable to the individual family, seems unfortunately
unlikely to have much effect on the incidence of specific
genetic diseases in the community as a whole.
The value of dietary treatment of women with phenyl-

ketonuria before conception and during pregnancy has already
been discussed. Analogous problems may arise in other
metabolic diseases and these require study. For example,
women with untreated Wilson's disease abort spontaneously,53
but we do not know the outcome of pregnancy in women at
an early stage of treatment. Early trials of vitamin prophylaxis
before conception for the primary prevention of neural-tube
defect have given encouraging results54 and, if these are
confirmed, may help to reduce the prevalence of mental
handicap secondary to hydrocephalus in spina bifida. The
precise vitamin or other substance that confers protection
remains to be identified.
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Another very successful programme of prevention has
been the reduction in the numbers of infants affected by
maternofetal incompatibility for the rhesus blood groups.55 56

In addition to preventing perinatal death and immediate
morbidity some long-term mental handicap from kernicterus
must also have been avoided, though how much is difficult to
judge. Estimates of the prevalence of handicap due to rhesus
incompatibility among patients in mental handicap hospitals
vary from one in 32657 to one in 106.58
The prevention of manifestation of an established defect

in the fetus has already been discussed in relation to early
detection and treatment of congenital hypothyroidism,
phenylketonuria, and other inborn errors of metabolism.
Another way in which this can be done is through antenatal
diagnosis in the last trimester with a view to immediate
treatment at birth. Unfortunately only a few disorders lend
themselves to this approach. The best known example is
adrenal hyperplasia with 21-hydroxylase deficiency detected
by assay of 17-hydroxyprogesterone in amniotic fluid.59
Other examples include diagnosis of life-threatening but
surgically correctable birth defects by ultrasound scan. These
include exomphalos60 and possibly even certain types of
congenital heart defect.61

Early prenatal diagnosis with termination when the fetus
is shown to be affected is unacceptable to those who object to
termination on religious or conscientious grounds, but for
most people in Britain termination is preferable to running
the risk of having a handicapped child or to refrain from
having a family at all. The subject is too large to review in
detail here so attention will be focused on recent developments
of particular relevance to the avoidance of mental handicap.
The principal established methods for prenatal diagnosis

are amniocentesis, fetoscopy with or without sampling of
fetal blood or tissue, and fetal ultrasound scanning. By using
one or more of these methods it is now possible to make a

prenatal diagnosis in mid-trimester of neural-tube defect;
several other congenital malformations, either as single
malformations or as components of a dysmorphic syndrome;
various inborn errors of metabolism, haemoglobin disorders,
and coagulation defects; and any chromosome abnormality
detectable by standard karyotyping methods.
Mental handicap may develop in spina bifida cystica

secondary to hydrocephalus but is not a dominant feature of
this birth defect. Nor is neural-tube defect an important
contributor to the total prevalence of mental handicap.
Prenatal diagnosis based on assay of alpha-fetoprotein in
amniotic fluid is now well established, with false-positive and
false-negative rates of about 0 5° and 2.0% respectively.62
Currently the assay of alpha-fetoprotein is usually comple-
mented by an independent test, such as acetylcholinesterase
electrophoresis, which substantially reduces the number of
false-positive diagnoses.63 High-risk mothers can be selected
for amniocentesis in a maternal serum alpha-fetoprotein
screening programme. Two studies in Britain indicate that
about 80% of cases of open spina bifida will be detected in
such a programme, after retesting serum and ultrasonography,
with a false-positive rate of about 2% .64 65 Up to 9000 of the
population of pregnant women could be screened at a cost
of£5 54 per woman at November 1978 prices (Black Report).66
Since the publication of the Black Report several papers have
thrown doubt on the value of maternal serum screening in

populations with a low incidence of neural-tube defect.67 68

At the same time preliminary assessment of fetal ultrasono-
graphy with diagnosis of spina bifida has given encouraging
results,69 and when a fuller assessment becomes available a
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reappraisal of methods of screening may become necessary
with consideration of ultrasonography as the primary screening
procedure rather than just as an adjunct to other methods.
Another possibility is that vitamin prophylaxis before con-
ception may prove an effective method of primary prevention
and thereby render prenatal diagnosis either unnecessary or
no longer cost effective. Whichever direction these develop-
ments take, a small reduction in mental handicap is inevitable
owing to fewer babies with neural-tube defect being born.
Whether for the reasons discussed above or other unknown
reasons, a fall in incidence has already been observed in
England and Wales.70

Other types of congenital malformation may be diagnosable
by fetoscopy,7' fetal ultrasonography,72 or a combination of
the two methods. Single malformations are not usually
associated with mental handicap, but it is a feature of many
dysmorphic syndromes with multiple birth defects. Many of
these syndromes are sporadic in occurrence. Others, such for
example as Smith-Lemli-Opitz syndrome, are potentially
detectable prenatally, are simply inherited, and carry a risk
of recurrence within families. Their prenatal detection would
make a small contribution to the prevention of the births of
mentally handicapped children. An examination of the
inherited syndromes listed by Opitz and colleagues in their
review of patients with mental retardation and multiple
congenital anomaly seen in Wisconsin4 suggests that perhaps
about 1% of mental handicap might be avoidable in this way,
but this is a very crude estimate and may well be overoptimistic.

Recent years have seen a rapid expansion of facilities for
the early prenatal diagnosis of inborn errors of metabolism.
There are now laboratories in six cities in Britain undertaking
assays on a supraregional or national basis for about 50
different inborn errors, DNA repair defects, immune-deficiency
disorders, and coagulation defects.73 Many of the inborn errors
are associated with progressive mental handicap. As many
metabolic defects show genetic heterogeneity the essential
first step in their prenatal diagnosis is precise definition of the
biochemical abnormality in the individual family. Commonly,
this will require enzyme assay on the first affected child, or,
if he is not available, on the parents to establish heterozygous
levels of the enzyme to be assayed prenatally. When the
index patient represents a sporadic case of an X-linked
disorder a biochemical assay will be needed to determine
whether or not the mother is a heterozygote. It is this necessity
for preliminary biochemical studies (and often for further
heterozygote detection within such families for genetic
counselling purposes) that dictates that laboratories undertaking
biochemical prenatal diagnosis should be the ones that also
undertake postnatal diagnosis. For the same reason biochemical
prenatal diagnosis requires careful planning and precise
timing, and this in turn depends on close liaison between the
clinicians looking after the patient, clinical geneticists, and
the laboratories. This liaison is fostered when the laboratories
concerned are part of, or closely associated with, a -regional
genetics centre.
The haemoglobin disorders provide a model for the

direction of future development in biochemical diagnosis.
Established methods of prenatal diagnosis of these disorders
are based on the analysis of the types and rates of synthesis
of haemoglobin chains in fetal blood obtained at fetoscopy.
Recently molecular genetic techniques using cultured amniotic
fluid cells have been reported. These techniques depend on

recognising DNA polymorphisms closely linked to the mutant

gene74 and on the direct detection of deletions75 or of base
substitutions within the gene itself that affect a restriction
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endonuclease cleavage site.76 Similar techniques are currently
under development in several different laboratories for the
prenatal diagnosis of inborn errors of metabolism. These will
be especially valuable in those disorders due to deficiencies of
enzymes not expressed in amniotic fluid cells, such as phenyl-
ketonuria,77 or those in which the interpretation of enzyme
assays is not always clear cut, as in heterozygote detection
for X-linked disorders.
A further recent advance which will be of value in this

subject, and possibly other areas ofprenatal diagnosis including
cytogenetic diagnosis, is the development of biopsy techniques
for the chorionic villi. This has the dual advantages of employ-
ing the less invasive transcervical route for sampling and
being applicable at an earlier stage of pregnancy, six to 12
weeks, than amniocentesis.78 79
Down's syndrome is the most common single known cause

of mental handicap. Most cases are due to primary non-
disjunction during gametogenesis in one or other parent.
Since we do not know the cause of non-disjunction, or the
reasons for the increasing incidence of trisomy 21 and other
trisomies with maternal age, primary prevention is not at
present possible. Secondary prevention through prenatal
diagnosis is the only feasible approach. This can be offered
in the relatively small proportion of high-risk pregnancies
such as those where one parent has a balanced translocation
affecting chromosome 21 or is mosaic for normal and 21
trisomic cells. In most patients referred for prenatal diagnoses
for chromosome abnormality the risk is moderate, as when
there has been a previous child with Down's syndrome born
to a mother then aged under 30 or where the mother is aged
37 or over. Many centres in Britain and the United States
run a screening programme for Down's syndrome based on
the offer of amniocentesis to older pregnant women. The
cut-off age varies from 35 to 40. The overall population
incidence of major chromosomal abnormality at birth is
about 0-500 but at ages 35-39 is about one in 64 and at ages
40-44 is about one in 40.80 Nevertheless, since the peak age
for having children is in the 20s fewer than half of all infants
with Down's syndrome are born to mothers over the age of 35.
Alberman and colleagues estimated that by 1979 nearly half
of all mothers aged 40 or more were being seen for prenatal
diagnosis in their region, with about 7000 (and so 3500 of all
mothers of 40 or more years) accepting the offer.81 In another

British region, however, only about 16% of such mothers
were obtaining amniocentesis.82

Children with Down's syndrome are brachycephalic, and
this is so at birth. Measurement of the biparietal diameter
of the fetal head in mid-trimester is a routine ultrasound
procedure. Measurement of the anteroposterior diameter is
technically more difficult, but in skilled hands it is perfectly
feasible. Thus it is possible to measure the fetal cephalic
index and if this is increased in early mid-trimester, as it is at
birth, then ultrasound may provide a means of screening all
pregnancies for Down's syndrome and, of course, other fetal
abnormalities. A single case of prenatal diagnosis of Down's
syndrome by this means has already been reported,83 and an
assessment of this method is in progress. If it should prove
sensitive and specific enough then an important new way of
preventing the birth of mentally handicapped children would
become practicable.
The other common chromosomal cause of mental handicap,

X-linked mental retardation with a fragile X chromosome,
was not at first thouzght to be amenable to prenatal diagnosis
because, while the fragile,X was readily detectable in peripheral
blood lymphocytes, it could not be induced in cultured
fibroblasts. Late last year this problem was reported as having
been circumvented by a positive prenatal diagnosis on fetal
blood obtained at fetoscopy.84 Shortly afterwards technical
advances that permit detection of the fragile X in fibroblast
cultures were reported as having been successfully applied
to prospective prenatal diagnosis on cultured amniotic fluid
cells.85 Present techniques would probably not permit its
detection on routine amniotic fluid cell culture, though this
may eventually become possible.
No reliable estimate can be made of the proportion of

mental handicap that is preventable by existing methods of
primary and secondary prevention. At a very crude guess it is
unlikely to be less than 10-15% of the total handicap that
would occur but for these measures. Our hope must be that
this meagre figure can be built upon in the future.

M D'A CRAWFURD
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