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Fragile X Syndrome and it’s Association with Autism
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Overiew

The fragile X syndrome is a recently discovered
form of X-linked mental retardation and its disco-
very has been bringing forth great interest among
researchers in terms of brain development. Its fre-
quency is close to that of Down’s syndrome, making

it the second most common chromosomal cause
of mental retardation(Miller 1980).

Chromosome is.a microscopic rod-shaped parti-
cle which can be found in the nucleus of the human
cell and contains genes, which convey hereditary
characteristics. Each nucleus normally contains 46
(23 pairs) chromosomes. Of the 46 chromosomes
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Fig. 1. Sturcture of the cell as seen with the light mic-
roscope.
2. schematic drawing of the fragile X chromo-
some arrow points to fragile site.

in the each human cell, females have two X-shaped
chromosomes and males have one X and Y chro-
mosome.

The marker X or fragile X(Fra(X)) chromoso-
mal abnormality is characterized in vitro by a site
of constriction near each tip of the long arm of
the X chromosome(figure 1). The constriction site
appears prone to breakage, causing chromosomal
lesion, hence the name “fragile X

The delay in recognition of this chromosomal
abnormality in the retarded population was the re-
sult of the need for specialized tissue culture media
for its detection. In fact because the fragility of the
X chromosome is not demonstrated in a regular
chromosomal analysis, the fragile X syndrome is
currently underdiagnosed (Hageman, McBogg 1983
a)

The unfolding fragile X story may have broad
implications. For example, persons afflicted with
fragile X retardation appear to be otherwise normal.
That is, they don’t suffer the facial deformities, un-
coordinated movements and other physical prob-
lems seen in certain types of retardation, which sug-
gests that the defective genes in fragile X chromo-
some affect nothing other than brain development

(Bishop 1982). Based on this suggestion recently
quite a few studies on the association among fragile
X chromosome and brain development delay have
started focusing on the association of fragile X syn-
drome with autism.

The clinical picture of the fragile X syndrome
includes unusual physical features, including large
or prominent ears and macroorchidism, behavioral
and emotional dysfunction, and characteristic
speech delay, the great deal of which can be widely
observed in the autistic population.

Another outstanding feature of fragile X synd-
rome is that there is an excess of incidence in males
in relation to the females. If a male inherits a defec-
tive X chromosome, he will suffer the consequences.
On the contrary, females are even far less subject
to the fragile X because they have inherited an X
chromosome from each parent : if one of the two
X’s is defective and the other is normal, the latter
can serve as a “backup”. Although a woman won't
overtly suffer a disease borne by a defective X chro-
mosome, there is a 50/50 chance that she will pass
the disease on to her male child.

The purpose of this paper is to review the histori-
cal aspects, clinical features of this common form
of X-linked mental retardation, its association of
with autism, and the treatment.

Historical Aspects

The discovery of fragile X chromosome represe-
nts a major advance in this field and its history
is a exciting saga of international contributions.

X-linked inheritance was not fully understood
until the 1920’s. However, the present era of active
interest in the diagnosis and the treatment of the
mentally retarded had its origin in the mid 19th
century, at which period the incidence of the mental
retardation may have been high at birth, but the
number of the mentally retarded individuals who
survived throughout the childhood was low. The
one major group that would be expected to survive
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is X-linked mental retardation because of their lack
of significant anomalies(Hageman, McBogg 1983b).
The eugenic movement, which was stemming from
Charles Darwin’s “the survival of the fittest” and
Sir Francis Galton’s “the unchecked fertility of the
unfit’, had a profound influence on the care of
the mentally retarded. From then to the 1950’s, there
were very few new gains in the area of mental retar-
dation. The first report, however, of sex-linked inhe-
ritance in association with severe mental retardation
in males was re;;orted by Martin and Bell in 1943
They described severe dementia in 11 males over
two generations without apparent unusual physical
features and described two mildly involved females
in the same kindred, one who appeared to be mildly
retarded and the other learning-disabled. They also
reported that unusual psychotic-like behaviors were
observed in two of the severely dysfuntional males
and that significant language delays associated with
extremely limited vocabulary and an inability to
speak in complete sentences was noted in all the
dysfuctional males. The authors emphasized the
lack of unusual physical features which can be ob-
served in many cases of mental retardation.

This first description of these mental diseases
provided the ground-of high degree of its associa-
tion with autism.

Subsequent reports associating mental retardation
with a sex-linked inheritance and a lack of distinc-
tive physical features include those of Dunn et al
and Renpenning et al. Henry Dunn, a pediatric
neurologist in 1963, reported a very detailed descrip-
tion of an X-linked kindred with 20 affected males
spanning three generation who were living in Wes-
tern Canada. In the previous year of 1962, Renpen-
ning, who was the co-author of this study, published
another study of a family with X-linked mental re-
tardation, but unlike a kindred involving a Cana-
dian family with 20 retarded males which was repo-
rted with Henry Dunn in 1963, the family of his
study has been shown not to have the ‘fragile site.
Most of Renpenning’s cases were severely retarded

with microcephaly, which is not seen in the fragile
X syndrome.

A new wave of medical interest in mental retar-
dation began in 1956, when the human chromoso-
mes were first clearly seen and counted by micros-
copy. Two years later in 1958 the extra chromoso-
mes were discovered in Down Syndrome. In early
1960’s amino acid analysis of blood and urine allo-
wed recognition of metabolic errors associated with
intellectual handicaps, which introduced the bio-
chemical studies over behavioral and mental disor-
ders.

In 1966, Prader published the normal range of
testicular size according to chronological age.

This led to the development of the orchidometer
which later helped to identify the enlargement of
the testes as one of physical features observed in
the fragile X patients.

In 1969, a geneticist named Herbert A. Lubs!®
reported the first documenting the existence of the
marker X chormosome in a kindred involving four
retarded males over three generation. However at
the contemporary time scientists carefully have
avoided saying that the defective X chromosome
“caused the mental retardation, for they presumed
that the possibility exists that the chromosome de-
fect is a byproduct of another cause of the retarda-
tion and that the defect may be present in some
males who aren’t retarded. Several years later Lubs’
findings were confirmed in other countries such
as Australia and France.

Reports of the fragile X site associated with men-
tal retardation continued to appear in the literature,
particularly in Australia. In 1977, Grant R. Suther-
land, a young laboratory geneticist in Australia was
the first to recognize the tissue culture dependency
of the appearance of the fragile X site. He recultured
a case with known chromosomal fragility, and the
fragility disappeared in the enriched media which
was a kind of nutrient broth with folic acid and
high level of thymidine(Sutherland 1979). In 1978,
Gillian turner and his colleagues documented the
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association of the fragile X chromosome and mac-
roorchidism in certain males with sex-linked mental
retardation.

A signigicant portion of cases of mental retarda-
tion with X-linked inheritance are not only reported
to be associated with the fragile X chromosome,
but characteristic physical features are documented
by Herbst in 1980, Turner in 1989, Howard-Peebles
in 1979, Fishburn in 1983 and others.

In the 1980’s, many reserchers have started getting
more interested in the studies on the association
of the fragile X syndrome with autism, In 1982,
for the first time Brown and his colleagues of New
York State Institute for Basic Research underiook
to determine whether there is an association bet-
ween autism and the marker X chromosome and
also reported that autism was demonstrated in 4
males out of 16 fragile X positive males.

In the same year of 1982, David L. Meryash and
his colleagues in harvard medical school discussed
the possibility of a syndrome of autism occurring
in children with the fragile X syndrome in their
study involving a 6-year-old mentally retarded child.

Subsequent reports over the associations of fragile
X with autism include those of Levitas et al in 1983,
Randi J, Hagerman et al in 1986, August et al in
1984 and others. Currently many researches in this
area are being performed fervently and more posi-
tive results are expected.

Incidence

In 1980, Turner et al reported only 7 of 23 families
with the fragile X chromosome, but others have
found a higher incidence. For example, in 1979
Howard-Peeble and Stoddard reported three of th-
ree families, and in 1980 Jacobs et al reported six
of seven families. If these studies are averaged, it
appears that approximately 50% of families of X-
linked mental retardation carry the fragile X(Miller
1980). Herbst and Miller(Miller 1980) calculated
the frequency of X-linked mental retardation in bri-

tish columbia using the health surveillance registry
over a 20-year period. They found a frequency of
1.83 per 1000 males and using the 50% figure they
estimated the fragile X chromosome at 0.92 per 1000
male births. If this estimation is correct, the fragile
X syndrome is second only to Down’s syndrome
as an identifiable chromosomal cause of mental
retardation.

The fragile X chromosome has been also found
in a variety of ethnic and racial groups. In a survey
of moderately mentally retarded brothers of Austra-
lia in 1983, Fishburn et al reported the incidence
of the fragile X was 1.9 per 10,000 normal males.
In 1982, Blomquist et al reported a 6% incidence
of fragile X in severely mentally retarded males in
a northern Swedish county.

Clinical Features

A. physical features

Macroorchidism The major physical finding of the
fragile X syndrome is macroorchidism or large tes-
ticles. This finding is most consistent after puberty
and is seen in approximately 80% of patients(Tur-
ner 1980). Testicular enlargement has been variou-
sly reported from two to four times the normal adult
volume(upper limit of normal is 25ml1) unilaterally
or bilaterally, to only mild increase in size(Prader
1966). An orchidometer can be used to measure
the volume by comparison to similar ellipsoid sha-
pes. Alternatively the volume can be calculated
using the formular V=3.14/6(length) (width) (Canty
1976).

Facial features Other physical features, occuring
with variable incidence in the fragile X syndrome,
include : large or prominent ears, a large head cir-
cumference, a high or prominent forehead, elonga-
ted face with heavy features, mild hypoplasia of
the middle third of the face, high arched palate,
and a prominent chin(Turner et al 1980)(Jacobs
et al 1980). Most of these features occur in less
than 50% of patients. But the large or prominent
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ears are the most common and obvious facial fea-
ture in the fragile X syndrome and are seen in the
majority of patients : over 80% in most studies"
This feature is considered to be more frequent than
macroorchidism. In fragile X adults, the pinnae le-
ngth is often 7cm or longer. The ears are rarely
low set or rotated but often protrude more than
30 degrees from the side of the head(Mcritt 1947).

Growth Parameters On the contrary to these phy-
sical features, the growth percentiles demonstrate
usually normal height and birth weight is also nor-
mal but it is often larger than in nonfragile X sibli-
ngs(Yurner et al 1980).

B. Speech and language dysfunction

The fragile X patient exhibits language dysfunc-
tion ranging from nonverbal to verbal speech with
moderate to severe expressive language delays.
These characteristics include echolalia, persevera-
tion, dysfluency, unusual speech melody, poor gra-
mmar closure, and the inability to maintain conver-
sation and share information. The speech pattern
has been described as jocular, narrative, staccato
and repetitive(Turner et al 1980) (McEritt 1947).

The language presentation of fragile X patients
is helpful in suggesting the diagnosis. The original
report by Martin and Bell in 1949 of fragile X patie-
nts emphasized their verbal disability®. Lehrke also
emphasized the verbal disability found in sex-linked
mental retardation in general and postulated the
presence of major genes related to language and
intelligence on the X chromosome(Lehrke 1972).

The fragile X patients also demonstrate speech
characteristically associated with autistic children
in terms of perseveration on a word, phrase or
thought, immediate echolalia, and palilalia(Kethy
et al 1983) Many researchers and theorists believe
that the production of immediate echolalia, which
has been defined as the meaningless repetition of
a word or word group just spoken by another per-
son, may be explained as a coping strategy or as
a primitive attempt to maintain social interaction
(Prizant 1983).

Palilalia, reiteration of his/her own words and
phrases in a perseverative manner, has been descri-
bed in detail in the literature by Ferguson and Bol-
ler as “compulsive repetition of words and phra-
ses* reiterated with increasing rapidity and with
a decrescendo of voice volume(Ferguson and Boller
1977).” Most of the palilalia of the fragile X patients
occurs at the end of a phase or sentence without
accompanying behaviors such as eye blinking or
tension around the mouth.

When listening to the speech of the fragile X
patients, noticeable and unusual prosody and into-
nation patterns could be observed. Prosody is the
melody of speech including changes in pitch, qua-
lity, strength, duration and rhythm. These patients
had a characteristic rhythmic intonation to their
speech which turner et al 1980 described ad “litany”
speech!?.

Auditory memory ability, which is the ability to
recall a series of test digits, syllables, words or sente-
nces, was reported not to increase as mental age
increased(Kethy et al 1983) whereas these skills are
considered to increase normally with age and intel-
ligence. When responding to ‘wh’ questions or des-
cribing pictures, the patients usually provide appro-
priate answers. However, there are frequent instan-
ces when they provide a related but out-of-context
response instead of an appropriate answer owing
to disturbed processing of auditory information.

C. Behavior dysfunction

Significant behavioral dysfunctions are frequently
observeci in patients with the fragile X syndrome.
The spectrum of behavioral dysfunction is wide,
ranging from severely selfabusive behavior to plea-
sant social interaction marred only by subtle lack
of eye contact(Levitas et al 1983). Although early
reports emphasized sociable behavior in the fragile
X, occasional dysfunctions such as hyperactivity,
self-injury, schizophrenia and autism were also re-
ported(Martin and Bell 1943)(Turner et al 19
80).
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The association with autism

individuals are being carefully studied, the asso-
ciation of the fragile X syndrome and autism has
become more-pronounced. Brown et al 1982 were
the first to identify an association between autism
and the fragile X syndrome'®. This association was
also confirmed by Levitas et al(1983)!” who perfo-
rmed behavioral evaluations on 10 fragile X patients
diagnosed at the child development unit of the chil-
dren’s hospital, denver, colorado and reported that
60% of the fragile X patients met sufficient DSM-
IIT criteria for the diagnosis of infantile autism or
infantile autism residual state.

The extended studies of the same research team,
on all 23 fragile X patients diagnosed at the same
child development unit demonstrated a 69% incide-
nce of of autism(Levitas et al 1983). There was
a clearly a spectrum of autism ranging from mild
to severe among those patients.

The overall congitive, language and perceptual
dysfunctions which can be easily observed in the
fragile X syndrome influence the behavioral dysfu-
nction which may involve a spectrum of autistic
features(Levitas et al 1983).

In 1986 the same research team(Hagerman, Jack-
son, Levitas, Rimland, and Braden) performed ano-
ther extended study on an analysis of autism in
50 males with the fragile X syndrome identified
by a chromosomal analysis. These 50 males were
evaluated for autism using the following three crite-
ria . 1) The DSM-III diagnostic criteria for autism
(APA 1980), 2) The autism behavioral checklist
(ABC) of the autism screening instrument of edu-
cational planning (ASIEP) (Kurg et al), and 3) The
diagnostic checklist for behavior disturbed children,
form E2 by Rrimland(1984)3%,

Sixteen percent of patients fulfuilled all of DSM-
III criteria for infantile autism and an additional
30% ﬁlllﬁlled‘criteria for infantile autism residual
state. Thirty-one percent of patients had autism

using the ABC checklist but none of the patients
fit the classical kanner syndrome as described by
the E2 questionnaire. Some autistic traits were seen
in almost all of the 50 fragile X patients, including
eye avoidance in 90%, hand stereotypies in 88%,
and echolalia speech in 96%. A pervasive lack of
responsiveness was seen in 18% at their present
age and in 4% in earlier childhood only. On the
basis of their study findings that autistic symptoms
are common in the fragile X syndrome, they recom-
mended any patient with developmental delays and
autism or autistic manifestations should have a ch-
romosomal analysis, including the fragile X exami-
nation.

Current tendency is that two issues are to be ana-
lyzed : 1) the incidence of autism among patients
with the fragile X syndrome who are ascertained
completely and in an unbiased manner: 2) the
incidence of the fragile X syndrome among autistic
patients. Most of reports has focused on the first
issue . the incidenc of the autism among patients
with the fragile X syndrome. The second question
has been also studied in a limited number of autis-
tic patients. Goldfine et al(1985) found no fragile
X positive individuals in 30 autistic males studied
and venter et al(1984) found the same in 40 autistic
patients. Both of these recent reports have questio-
ned the association of autism and the fragile X
syndrome after cytogenetically studying a small
number of autistic children who did not demonst-
rate the fragile site. However, McGillivray et al
(1984) demonstrated the fragile X chromosome in
3 0f 40(7.5%) autistic institutionalized males. Wat-
son et al(1984) screened 76 autistic males and
found a 53% incidence of the fragile Xsite. Alarger
multicenter swedish study(Blomquist et al, 1984)
demonstrated the fragile X site in 13(16%) of 83
males with autism. Fisch et al(1985) reported cyto-
genic studies of 134 autistic patients demonstrated
19(14%) with the fragile X site. The trend of the
studies about the association between the fragile
X and autism menifests that larger screening endea-
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vors are identifying a greater association(Hagerman
et 1986). ,

Treatment

Treatment for the fragile X patients consists of
intervention from numerous disciplines. Adequate
intervention requires a team involving pareﬁts, edu-
cators, speech pathologists, occupational and physi-
cal therapists, behavior and mental health speciali-
sts and physicians. A comprehensive program could
be successful if team members communicate fre-
quently and plan for common goals. In this writing
I will focus mostly on the medical management.

The influence of folic acid on the fragile X chro-
mosome in vitro suggested the possibility of a posi-
tive effect in vivo. The history of clinical use of
folate therapy began with anecdotal reports. The
treatment of the fragile X patients with high doses
of folic acid was first reported by lejeune(1981)
in France. The next year of 1982, lejeune found sig-
nificant improvements were noted in seven of eight
psychotic-like patients. At that time the patients
were treated with intramuscular(LM.) 5-formyltet-
rahydrofolate at doses around 0.5 mg/kg/day. Three
out of eight patients were described as “almost fully
recovered” from their psychotic symptoms. Lejeune
also reported the use of oral folic acid in a dose
of 1mg/kg/day in the treatment of an 18-month-old
fragile X patient. The patient’s motor coordination
and developmental progress were said to have imp-
roved remarkably.

In 1982, another anecdotal report by Harpey in
France described three fragile X patients who imp-
roved in “comportment” and in learning ability as
well as behavior after treatment with oral intramus-
cular doses of folic acid.

Brown et al (1982) also documented improve-
ment in attention span and activity level in two
fragile X males, ages 10 and 18 years, who were
treated with folic acid on the basis of the finding
that the improvement in the activity level and atten-

tion span disappeared when the folic acid was dis-
continued.

The exciting potential of treatment of common
cause of mental retardation as well as a number
of cases of autistic traits has stimulated researchers
to organize carefully controlled studies of treatment
with high” dose of folic acid.

The folic acid is a relatively benign drug even
in large doses. However folic acid can be toxic to
epilepic patients because some types of seizure acti-
vity can worsen on high level(Reynolds 1967).

In 1982, further supportive evidence(Lejeune et
al 1982) for the role of folate in the development
of the fragile X patients is found in the report by
lejeune of a fragile X child who deteriorated in
psychomotor development after taking trimethop-
rim/sulfamethoxazole called Bactrim or Septra. This
is an antibiotic which interferes with two steps in
folate metabolism. This unusual response in the
fragile X child is most probably related to the effect
of the medication on folate metabolism. Therefore
it is recommended that any medication which inter-
feres with folate metabolism including INH, nitro-
furatoin, Phenyton, Trimethoprim, and sulfametho-
xazole, should be avoided in the fragile X patient.

In 1987, Rimland suggested in a fragile X founda-
tion newsletter that in the case of the patients who
did not improve under folic acid treatment, they
probably should need extra amounts not only of
folic acid, but of vitamin C, B1, B2, B6, etc, perhaps
the minerals zinc, magnesium, manganeses, etc. For
in such cases folic acid alone could be expected
to produce only limited effects.

Currently limited information concerning the role
of folic acid in the central nervous system has been
introduced. In 1979 Botez and Reynolds reported
that S5-methyltetrahydrofolate donates a methyl
group to methionine which is eventually used in
the metabolic pathways(via S-adenosyl methionine)
of at least 3 neurotransmitters including norepine-
phrine, serotonin and dopamine. It was also repor-
ted that since a metabolic block has not been desc-
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ribed in the fragile X syndrome, folic acid is not
known to overcome or circumvent such a block
Instead folic acid was reported to perhaps simply
effect the balance among neurotransmitters which
may be beneficial in developmental progress and
" behavior. In has been suggested by many resear-
chers such as Geller et al(1982), Ritvo et at (1970),
Boullin et al (1970), Yuwiler et al (1971), etc., that
autistic children should have higher level of seroto-
nin than the normal group. Also it was suggested
by Geller et al that imbalance of neurotransmitters
may be associated with autistic symptoms in hyper-
serotonemic patients. It must be left to future inves-
tigations to delineate the specific functions of folate
in the central nervous system or perhaps to find
a more direct metabolic treatment for the fragile
X syndrome as well as to find the effectiveness of
folic acid in improving the fragility at the DNA
level and in improving the clinical picture at both
the behavioral and cognitive level.

Discussion

The fragile X syndrome is relatively common
cause of X-linked mental retardation associated
with unusual physical features, such as macroorchi-
dism, prominent ears, significant behavioral and
emotional dysfunction, and language delays. Rece-
ntly as considerable similarities between the fragile
X syndrome and autism have been reported conti-
nuously, the focus of many studies have been on
the association of the fragile X site with autism.
Actually autism represents a final common pathway
in behavioral dysfunction for a small number of
patients with a variety of organic disorders(Hager-
man et al 1986). The incidence of autism in mental
retardation is approximately 2.3% (Loffer 1978) and
in congenital rubella approximately 7.4% (Chess
1977). Besides, problems such as Rett syndrome
(Holm, 1985), hyparrhythmia(Taft and Cohen,
1971), chromosome abnormalities(Mariner et al,
1985), congenital infections (Rutter and Lockyer,

1967), phenylketonuria (DeMeyer et al, 1981), tube-
rous sclerosis(Lotter 1974), and Willams syndrome
(Reiss et al, 1985) have been associated with autism.
These disorders cause global cerebral dysfunction
but usually fewer than 10% of patients in each dia-
guostic category develop autism,

On the contrary, many studies have demonstrated
autism mostly in more than 10% of the fragile X
patients. Furthermore, autistic-like characteristics
such as hand stereotypies or echolalic and perseve-
rative speech are seen in 90% of fragile X males
(Hagerman et 1986). Since the fragile X chromo-
some is seen in 5.3% (Watson et al, 1984) to 16%
(Blomquist et al, 1985) of large population studies
of autistic male, any male with autism or autistic-
like traité should have a chromosome evaluation
for the fraile X site(Levitas et al 1983)(Hagernam
et al 1986).

An explicit definition of autism has been needed
because of the heterogeneous nature of disorders
which can lead to autism. In order to facilitate com-
parisons between studies concerning autism, a uni-
fied definition eventually culminated in DSM-III
criteria (APA, 1980). The definition has tried to
clarify the boundaries of autism that have varied
in the past according to differences in the emphasis
of individual researchers. However, one must exa-
mine critically the purpose of a definition because
a unified theme of autism is the search for the cause
of the syndrome of autism. A narrow definition
of autism defines a more homogeneous group of
patients that can be compared from one study to
another(Hagernan et al 1986).

Many similarities between autism and fragile X
in terms of the clinical behavioral or linguistic cha-
rateristics suggest that they represent a subgroup
of autism which perhaps is related to a common
neurophysiological dysfunction associated with the
specific chromosomal anomaly of the(Levites et al
1983) fragile X. So a careful evaluation of the neu-
robiological or neurophysiological dysfunction in
the fragile X syndrome holds promise for understa-
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nding autism. The possibility of an effective treat-
ment to modify the underlying neurophysiological
dysfunction in the fragile X syndrome is an exciting
prospect. However, although there have been pro-
mising anecdotal reports of the effectiveness of high-
dose folic acid in the fragile X syndrome, the results
of carefully controlled study are not yet available.
Therefore the biochemical connection between fra-
gility at the DNA level and disturbed neurophysio-
logical development has yet to be made.
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FRAGILE X SYNDROME AND IT'S ASSOCIATION WITH AUTISM

Moon Bong Yang, M.A.
Director, New England Institutes for Autistic Behavior Research

The fragile X syndrome, which is considered to be synonymous with the Martin-Bell
syndrome, is a relatively common form of X-linked mental retardation. The syndrome
seems to occure in many different ethnic groups and its prevalence among mentally
retarded males has been estimated to be in the order of 2 to 6%. The karyotypic hallmark
of the syndrome is made up with a pronounced constriction near each tip of the long
arm of the X chromosome(fragile site), shown in vitro only under conditions in which
thymidylate production is blocked(lowered folate levels). Special culture media are needed
to demonstrate this constriction site. Major clinical features associated with the syndrome
include macroorchidism, large or prominent ears, significant emotional and behavioral
dysfunctions such as hyperactivity, self-injury, lack of eye contact and social interaction,
schizophrenia, autism, etc., and speech and language dysfunctions ranging from nonverbal
to verbal speech with moderate to severe expressive language delays. Some have minor
clinical features in common such as an increase in birth weight, high forehead, progna-
thism, increased head circumference in infancy and childhood which did not persist
into adult life.

The recent research findings have shown that the fragile X syndrome is associated
with infantile autism. Many patients with the fragile X syndrome fulfill the diagnostic
criteria for infantile autism. Therefore it is recommendable that any patient with develop-
mental delays and autism or autistic manifestations should have a chromosomal analysis,
including fragile X examination.

In the present review, historical aspects, incidence, and clinical features are presented.
Recent anecdotal reports of the association with autism and the clinical improvement
following high dose folic acid treatment will be discussed.

KEY WORD : fragile X Syndrome * Autism.

- 157 —



