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ABSTRACT

The Fragile X syndrome (fra X) is one
of the most frequently encountered in-
herited forms of mental retardation.
Cytogenetic research and clinical studies
provide an understanding of the individual
with fra X. Health professionals need to
have a sound understanding of all aspects
of this syndrome so the individuals af-
fected can be properly diagnosed and
referred to appropriate sources for func-
tional/rehabilitational assistance. In op-
tometry, the behaviorally oriented
practitioner can serve a valuable role as
part of the rehabilitation team. Children
with fra X exhibit moderate to high refrac-
tive errors, amblyopia, numerous
oculomotor dysfunctions, visual percep-
tual/perceptual motor disorders, and learn-
ing disabilities. This paper is a review of
the fra X syndrome; its physical, sensory
and developmental deficits, as well as its
visual and ocular sequelae,
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ragile X syndrome (fra X) is the

most commonly inherited form
of mental retardation and is second only to
Down syndrome in frequency of occur-
rence.! Every year approximately 3,000
babies are affected, with no predilection
for race or ethnicity. Behavioral op-
tometrists are increasingly becoming an
integral part of the fra X rehabilitation
team. Qur ability to provide appropriate
services is enhanced when we understand
all aspects of this syndrome. Moderate to
high refractive errors, strabismus and nys-
tagmus are associated conditions of this
syndrome. Anomalies of visual develop-
ment, visual perception, and perceptual
motor function are also frequently present,
as are accompanying learning disabilities.
These vision and visual perceptual disor-
ders should be diagnosed and treated at an
early age before additional problems
develop. Because the X chromosome is
involved, more males (1/1,250) than
fernales (1/2,000) are affected.® Studies
have revealed that fra X syndrome makes
up 30-50% of all forms of X-linked mental
retardation.' Individuals can exhibit mild
to severe physical traits, learning dis-
abilities, mental retardation, hyperac-
tivity, or behavioral problems.

FRAGILE (X

) SYNDROME:
| ]

S OCULO-VISUAL,
DEVELOPMENTAL,
AND PHYSICAL
CHARACTERISTICS

Research has enabled a fra X profile
to be created and permits commonly as-
sociated conditions to be disclosed. This
paper surveys the current literature and
presents a comprehensive review of the
Fragile X syndrome.

FRAGILE X SYNDROME
BACKGROUND

In 1943, Martin and Bell first iden-
tified a link between mental retardation
and the X chromosome.” However, only
in the last 20 years has X-linked mental
retardation been extensively researched.
Recent studies and reevaluation of the
original pedigree studied by Martin and
Bell have elicited a characteristic
phenotype (long face, large ears, and en-
larged testes), along with other clinical
features. In recognition of the first pub-
lished study, mental retardation in associa-
tion with the X chromosome became
known as the Martin-Bell syndrome.
Today the Martin-Bell syndrome is also
known as the Fragile X syndrome. Fra X
is the preferred term, and refers to the
characteristic cytogenetic marker found
on the X chromosome.

In general, males are more severely
affected than females in all aspects of the
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Figure 1. Fra X Gene
Photo courtesy of the Medical Genetics
Dept., The Children'’s Hospital, Denver, CO.

syndrome (mentally, physically, and be-
haviorally). The primary reason is because
of the XY genetic makeup. The one X
chromosome leaves males more vul-
nerable to X-linked genetic mutations.

The female, on the other hand, is bel-
ter protected from such mutations because
of her two X chromosomes. When af-
fected, she is considered "hetero-zygous.”
This term refers to the fact that one X
chromosome is affected cytogenetically,
while the other is normal. The female is
less severely atfected than the male, but
the expression is more variable.

The fragile X site is located on the
long arm of the X chromosome (see Figure
1). The locus is generally thought to be at
q27.3. This fragile site is not seen on all X
chromosomes of fra X individuals and
only some cells may be found to be af-
fected. For males, a total of 100 cells must
be analyzed and scored. Fra X cells must
occur at a frequency level of greater than
3%.* More cells must be analyzed from
females (approximately 150) because the
affected cells are more difficult to detect.
For females, the fra X cells must occur at
a frequency greater than 20.*

In general, the fra X site appears as a
gap or break within one or both
chromalids specifically located in the q27
region. This appearance can vary and is
directly dependent on the length of the
chromosome. For example, with condensed
chromosomes, the fra X gap appears less
distinet, while in less condensed
chromosomes the gap is well delineated.
The inherited fragile X sites on
chromosomes have specific criteria which
define the sites. These criteria were estab-
lished in 1979 by Sutherland® and are as
follows:

1. they are non-random achromatic
lesions bridging one or both chromatids
of a chromosome arm;
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2. theyare usually present in only a portion
of cells analyzed, but when expressed,
are present ar exactly the same
chromosome position in all cellsfroman
individual or kindred:;

3. that fragile sites are indeed fragile as
evidenced by deletion of the
chromosome fragment distal to the

Jragile site or by the formation of tri-
radial type figures; and

4. that the fragile site tendency in a
chromosome is herituble and segregates
in a mendelian co-dominant fashion
through families.

Most cytogenetic studies of children
and adults have used peripheral blood lym-
phocytes. Pre-natal testing, using chorionic
villi, amniotic fluid, and peripheral umbili-
cal blood, yielded consistently unreliable
results. A high-false negative (missed diag-
nosis) rate demonstrated the necessity fora
more refined and accurate method. Ironical-
ly, even when a positive pre-natal fra X
diagnosis had been accurately made, there
was no way of predicting the clinical status
of the fetus because of variable expressivity.

Anew test for fetuses and newboms has
been developed. It utilizes a special DNA
probe that reliably and accurately detects
abnormal genetic malerial on the affected X
chromosome.” This method’s ability to test
during the pre- and post-natal periods allows
the diagnosis of fra X babies to be determined
at an earlier period of time. This can enable
the parents to prepare for the special needs
that the infant is going to require. The test has
also proven o be useful in detecting and
confirming fragile X cells in an
asymptomatic woman with a family history
of fra X.” By diagnosing the fra X carrier
accurately, genetic counselors will be able
to work closely with prospective parents and
families with a positive fra X history. This
method is continuing to be invesligated so
that standard laboratory procedures can be
determined.® It should be available for
general use in the near future, and will
soon replace the cytogenetic testing being
utilized today.

FRAGILE X MALE

The fra X male can be described by
characteristic physical and behavioral
anomalies. The physical attributes include
a long narrow face, prominent ears, and
macroorchidism (see Figures 2 and 3). (Fra
X females are affected by many of the
same anomalies, but to a lesser degree.
The fra X female will be described in

Figure 2. A 3 [12-year-old boy affected
with fra X. Long face and large ears are
apparent.

Figure 3. His brother, a 7-month-old
infunt, is also diagnosed with fra X.
However, characteristic features are
less apparent.

further detail later.) The prominent ears
can be long or wide. AL times, cosmetic
surgery may be recommended when the
ear size is 100 dramatic. Butler et al. found
that ear width rather than length proved to
be more accurate in the identification of
fraX palients.7

OCULO-VISUAL
CHARACTERISTICS

Only two studies have been con-
ducted that have evaluated the ophthalmic
features associated with fra X. Strabismus
appears to be one of the most prevalent
findings in fra X individuals, with
esotropia predominating. The studies of
Maino et al.* and Storm et al.” determined
that 30% and 40% respectively of their
subjects were strabismic.

The most prevalent refractive condi-
tion found was hyperopia, followed by
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astigmatism and myopia. Maino et al®
and Storm et al ° concluded that moderate
to high refractive errors can be expected
in the fra X individual. Other ocular find-
ings infrequently include prominent
epicanthal folds, blepharitis, mild vessel
tortuosity, nystagmus, and ptosis. At this
time we may only speculate why the oculo-
visual abnormalities are present in fra X.
However, ... "it has been suggested that the
connective tissue dysplasia which occurs
in this syndrome may result in the develop-
ment of moderate to high refractive error
and strabismus."® Because of the ocular
anomalies associated with fra X, we believe
itis imperative that these individuals under-
£0 an optometric examination at an early
age and then on an annual basis.

AUDITORY SYSTEM

Children with fra X are affected by
frequent middle ear infections. Recurrent
otitis media may cause hearing impair-
ments which can lead to deficits in the
child’s language and articulation abilities.”
This can further reduce the child’s already
deficient language and cognitive skills,
Many fra X children are often treated
prophylactically with antibiotics.

ORTHOPEDIC

Musculoskeletal manifestations such
as flexible pes planus (flat feet), excessive
joint laxity, and scoliosis are common.’
No pain or disability is associated with any
of these conditions, but many of the
children do seek the care of an orthopedist.
Treatment consists of orthopedic shoes or
foot orthosis (an orthopedic appliance or
apparatus used to support, align, prevent,
or correct deformities or to improve func-
tion). Other musculoskeletal conditions
include double-jointed thumbs and joint
laxity. Despite these conditions, joint dis-
locations are not prevalent.

OTHER FINDINGS

Mitral valve prolapse is common in
the fra X population but is usually benign,
Special precautions, however, must be
made with dental procedures or other in-
vasive surgical procedures. These
prophylactic measures are necessary (o
prevent bacterial contamination of blood
and subacule bacterial endocarditis.

HETEROZYGOUS FEMALE

There are two classifications of the
heterozygous female. The first type is the
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affected heterozygote, who demonstrates
leaming, cognitive, or physical deficits.
The second type is the non-affected
heterozygote, who is typically symptom
free. She may be affected by the deficits
previously discussed but to a significantly
lesser degree. " Although the two types are
distinguished in the medical literature, the
presence of specific leaming disabilities
and significantly emotional dysfunction in
some of the non-relarded heterozygous
females suggests the possibility of more
subtle effects from the fra X chromosome
on the cognitive developmem of the
heterozygous female.” ' There is a dis-
linct correlation between the degree of fra
X expression and the presentation of clini-
cal symptoms and intellectual impatr-
ment. Heterozygous fra X females who
have a normal IQ demonstrate few, if any,
clinical symptoms and are cytogenetically
low or non-expressing. On the other hand,
the heterozygous fra X female who is
mentally impaired has notable clinical
symptoms and exhibits high cytogenetic
expression.

There is still much not known about
fra X expression in females. [t is apparent
that phenotypic, emotional and cognitive
characteristics will be dependent on
whether the female is an affected or non-
affected heterozygote. Common features
include prominent ears, a long face, hy-
perextensible fmger joints and voluntary
thumb dislocation. Twenty percent of the
non- affected heterozygotes also
demonstrated these features. Other
reported findings for the fra X female in-
clude poor muscle tone, mitral valve
prolapse and fiat feet. As with the fra X
male, a connective tissue dysplasia is
thought to be responsible for many of the
clinical features described abave.

Approximately 40-50% of all
heterozygotes are fra X negative
cylogenetically.7 Three-quarters of these
have impaired learning and menital
abilities.” The perceptual and behavioral
disabilities observed in affected fra X
females include auditory memory, atten-
tion span, and hyperactivity. There have
also been deficiencies noted in visual
space and visual motor coordination,
Heterozygous females with a normal 1Q
are commonly affected by learning dis-
abilities.

The affected heterozygous female ex-
periences a wide spectrum of emotional
dysfunction that is very similar to that

exhibited by fra X males. Some emotional
dysfunctions noted have been feelings of
isolation, decreased self-esteem, difficul-
ties experiencing and expressing feelings,
and depression. Some heterozygotes ex-
perience either intermitient depressive
disorders or recurrem/chromc major
depressive disorders. " The typical presen-
tation of an affected heterozygote is hy-
peractivity, attention deficiency, and
impulsive behavior. They are most often
viewed as disciplinary problems. A num-
ber of strengths have also been observed
in these patients, including creativity, high
energy levels, an ability to elncu structure,
and an interest in people. i Socially, the
affected heterozygote experiences
anxiety, passivity, a sense of helplessness,
and extreme social sensitivity.,

OTHER DEFICITS OF FRA X
INDIVIDUALS

Young fra X males demonstrate poor
motor tone (hypotonia) because of central
nervous system dysfunction. As a result,
joint stability, fine and gross motor coor-
dination, as well as_sensory integration,
may be impaired.7 Early optometric
and/or occupational or physical therapy
interventions can ameliorate many of
these motor deficits. Cerebral palsy has
been occasionally found associated with
the fra X male. When it is present,
unilateral spasticity or spastic diplegia are
common. Infants with fra X appear to have
an abnormally high incidence of sudden
infant death syndrome.’ Hypotonia is
noted in 89 of fra X males and 4% of the
females.” For most fra X children the
hypotonia decreases with age.

Fra X syndrome has been associated
with seizures as well. These seizures typi-
cally begin in childhood or adolescence,
but are outgrown by adulthood.” During
childhood, they are controlled with anti-
convulsants (most often carbamazepine
[legretol]).7 Nearly 17% of males are af-
fected, while 7.8% of heterozygous adult
fermales and 5% of heterozygous young
girls are affected.’ Although there have
been many theories to the etiology of the
seizures, no known definitive cause has
been found.

Fra X males demonstrate a classic
behavioral type that can aid in the diag-
nosis of the syndrome, This is very impor-
tant in males who do not possess the
characteristic phenotype. These children
are often brought to their pediatricians
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because of delayed speech development
and behavioral abnormalities, such as
tantrums, hyperactivity, irritability, and
preservatlon in speech and motor ac-
tivities. They typically demonstrate poor
eye contact, hand flapping and biting. 7

Some fra X males demonstrate hyper-
activity, decreased concentration and at-
tentional defu.m regardless of functioning
level or IQ. Heterozygotes also appear to
have these same attentional deficits and
hyperactivity to a lesser degree. The hy-
peractivity and associated conditions have
been found to decrease with age. Einfeld
et al. claim that the association of fra X
with hyperactivity has not been adequate-
ly researched.'” Their study compared fra
X individuals and their hyperactive be-
havior disturbances with non-specific
mentally retarded individuals. They were
not able to demonstrate any significant
difference in the degree of hyperactivity
and associated deficits between the two
groups. Einfeld concluded that in-
dividuals affected by mental retardation,
despite the cause, all demonstrated a cer-
tain degree of hyperactivity.

Although fra X individuals are no
more hyperactive than these other groups,
the fact remains that they are hyperactive.
Certain patients can be helped with tradi-
tional treatment; for instance, they be-
come ecasier managed by teachers, less
distracted and more attentive. Studies
have shown that close to 75% of fra X
children have been successfully treated
with stimulant medications. Hagerman et
al. concluded that treatment can improve
a child’s sense of being under control,
which can enhance his self-image and
feelings of competence.]

There have been inconsistent find-
ings in studies comparing fra X and
autism.” These inconsistencies might be
attributed to differences in interpretation
of pertinent criteria by researchers. The
diagnostic guidelines utilized by most
studies have been taken from the American
Psychiatric Association. Levitas et al.’
were the first to suggest that fra X in-
dividuals should be classified as a sub-
group for autism. In many ways, fra X
behavior imitates that of autistic individuals.
However, notable distinctions can be
made between the two. For instance, fra X
individuals demonstrate not only a higher
cognitive and functional ability, but also
the capacity to interact socially.

Severely mentally retarded fra X
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males are most likely to exhibit autism.
Usually their behaviors meet the DSM-III
(Diagnostic and Statistical Manual, Third
Edition, 1980} criteria. Fra X males who
are less severely handicapped
demonstrate variable autistic charac-
teristics. These characteristics include
hand flapping, hand biting, poor eye con-
tact, shyness, tactile defensweness
echolalic and perseverative speech Al-
though fra X individuals may not meet all
the criteria for a definitive diagnosis of
autism, they often demonstrate a charac-
teristic profile that is consistent with the
definition of a pervasive development dis-
order. Pervasive developmental disorder
is a term used to describe a spectrum of
dysfunctions with the most severe being
autism.

Approximately 49 of fra X affected
females are autistic. Consequently, itis not
acommeon finding and represents the most
severe end of the spectrum of social
anxiety and withdrawal.” In general, if a
child has autism of an unknewn etiology,
cytogenic testing for fra X is highly
recommended. This is especially impor-
tant since the most commonly known
genetic etiology for autism is fra x.!

The diagnosis of fra X syndrome is
one of careful evaluation and ultimately of
cytogenetic testing. Despite the syndrome
possessing several distinct features, there
are many X-linked syndromes with
similar physical characteristics for which
it may be mistaken. These syndromes in-
clude Coffin-Lowry (prominent ears,
coarse features, hypotonia), Lujan (Mar-
fanoid Habitus, macrocephaly), and Atkin
syndromes (large ears, macroorchidism).
Furthermore, it is not uncommon to find
fra X patients initially misdiagnosed as
some other non X-linked syndrome. Com-
mon misdiagnoses include Soto (hyper-
telorism, acromegaly, abnormal excessive
growtlé) Asperger (poor coordina-
tlon), Prader Willi (bhOI’t stature, mus-
cular hypotonia, obesity) > and Pierre
Robin (birdlike facial expressmn flat base
nose, high arched palate) syndromes.

Lastly, many individuals with fra X
have been misdiagnosed because of their
most obvious handicap. Labels, such as
hyperactive, learning-disabled, autistic,
nonspecific X-linked mentally retarded,
or pervasive developmental disorder have
been given to fra X affected individuals,
while the true diagnosis goes undetected.,
In order to decrease the chance of future

TABLE 1

A 15-item checklist for screening
mentally retarded males for Fragile X
. Mental retardation
. Large ears
. Large tesies
. Plantar crease
. Hyperactivity
. Family history of mental retardation

or autism
. Short attention span

. Tactile defensive

. Hyper extensible finger joints
10. Perseverative speech

11. Hand flapping

12. Pale blue eyes

13. Hand biting

14. Poor eye contact

15. Simian crease or Sydney line

Oh h B ) B e
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Scoring:

A score of two is given for each of
the 15 items definitely present.

A score of one is given if the item
was present in the past, ques-
tionable, or borderline present.

A score of 0 if the item was never
present.

If the total score is greater than 16,
the patient has a high probability of
having fra X.

Butler’s modified checklist.”

misdiagnosis, a checklist for males has
been compiled as a screening device (see
Table 1 )'5 The mostprominent behavior and
physical features are included. The score
received depends on whether ornot the child
has the listed features. A score greater than
16 indicates a positive fra X identification.
Although the checklist has been able to ac-
curately diagnosis fra X individuals, the
most accurate method of detection is still by
cytogenetic/DINA testing.

CLINICAL MANAGEMENT

The optometrist might not initially
suspect the patient of being affected with
fra X. Therefore, it is essential that a care-
ful case history with emphasis on family
history and associated mental retardation
be taken. Pertinent questions conceming
perceptual, leaming, and developmental
delays or disabilities should also be asked.
Furthermore, physical, behavioral, and
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