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Abstract

Standards (95th, 50th, and 5th percentiles) in fragile X syndrome for weight, height, head
circumference, ear length, and testicular volume are reported. For comparison with fragile X
syndrome standardized curves, normal control data from the literature were similarly plotted and
curves produced. These standards reflect the physical parameters that are frequently abnormal in
males with the fragile X syndrome and should be useful in the medical management of patients
with this syndrome. The standards may also be used to help identify those individuals, particularly
the younger males, for chromosome studies to confirm the clinical impression of the fragile X
syndrome.

The fragile X'syndrome is characterized by mental retardation, large ears, an elongated face,
macroorchidism, mild connective tissue dysplasia, and expression of the xq27.3 fragile site
in folate-deficient culture conditions.! The Xq27.3 fragile site is a cytogenetic marker for the
gene(s) responsible for features recognized in the fragile X' syndrome and is diagnostic if
seen in at least 4% of male and 2% of female cells.1~> Recently, DNA sequences which
appear to be unstable have been located at the fragile site and characterization of the
molecular structure is under way.2# After Down syndrome, the fragile X syndrome is the
most common genetic cause of mental retardation and usually affects males, but females can
also be affected. The fragile X' syndrome accounts for 30% to 50% of families with male
mental retardation.

Recently, Hagerman et al.® reported that the presence of large ears, macroorchidism, and
hand calluses in mentally retarded males would yield positive fragile X chromosome results
in 50% of these patients. Butler et al.%7 also reported that certain physical characteristics
(eg, ear width, testicular volume, bizygomatic diameter, head breadth, plantar crease,
hyperflexibility) could be used to correctly classify fragile X syndrome in 97% of mentally
retarded males. However, only a few studies have been reported on the linear growth patterns
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in individuals with the fragile X syndrome.8-14 There is a paucity of anthropometric
standards in fragile X'syndrome.

Here, we report standardized curves for males with the fragile X' syndrome on five physical
measurements frequently obtained in the evaluation of males suspected to have the fragile X
syndrome. The standards were developed from 185 males with fragile X syndrome and
include weight, height, head circumference, ear length, and testicular volume. These
standardized curves should be useful in the clinical setting in the evaluation of males
suspected to have the fragile X' syndrome and their comparison with other similarly affected
males.

MATERIALS AND METHODS

RESULTS

The 185 white males between the ages of 0 and 26 years (average age, 11.1 years + 7.3
[SD]) included in this study had the fragile X syndrome with an average fragile X
chromosome expression of 21% + 12% (range, 4% to 58%). They were ascertained from
males with learning disabilities, mental retardation, hyperactivity, or autism presenting to
development centers and/or genetics clinics. The anthropometric measurements consisted of
weight, height, head circumference, ear length, and testicular volume. Up to the age of 2
years, length was measured using a horizontal calibrated board, with the subject in a supine
position; thereafter, height measurements were taken. Head circumference was measured to
the nearest millimeter with a steel or fiber tape. Weight and height were obtained with a
balanced beam scale and anthropometer, respectively. Ear length was measured to the
nearest millimeter with a ruler, and testicular volume was estimated by the use of a Prader
orchidometer (if greater than 25 mL, the length and width were measured with either a
sliding caliper or fiber tape, and volume was calculated by the use of the equation 1t/6 x L x
W2),

Curves for the fragile X syndrome were developed according to standards of reliability and
precision previously described.1>-17 The first criterion is a sample size of five or more per
age interval. To meet this criterion for our study, males with the fragile X' syndrome were
grouped at 1-year age intervals with an average of approximately seven individuals per age
interval. The second criterion states that the coefficient of variation, ie, the standard
deviation expressed as a percentage of the mean, should be less than 25%. The means and
standard deviations were calculated for each age interval, and standardized curves from 0 to
26 years of age for weight, height, and head circumference and from 1 to 26 years of age for
ear length and testicular volume were produced after meeting the above two criteria by
plotting the mean (or 50th percentile), 5th, and 95th percentiles for each age interval for
males with the fragile X' syndrome. For comparison with fragile X syndrome curves, normal
control anthropometric data were similarly collected!®-21 and plotted and then standards
(95th, 50th, and 5th percentiles) produced.

Figures 1 through 5 show standardized curves of anthropometric variables for males with the
fragile X'syndrome and for normal individuals. For weight in males with fragile X
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syndrome, the 95th, 50th, and 5th percentiles closely approximate the normal 95th, 50th, and
5th percentiles until about 12 years of age, when the fragile X percentiles were above the
normal percentiles, but they begin to fall below the normal percentiles at about 20 years of
age and older. For height in males with fragile X syndrome, the 95th, 50th, and 5th
percentiles approximate the normal 95th, 50th, and 5th percentiles until 15 years of age and
older, when they fall below the normal percentiles. For head circumference in males with
fragile X syndrome, the 95th, 50th, and 5th percentiles were consistently above the
respective normal percentiles, with the greatest increase between 6 months and 6 years. For
ear length in males with fragile X 'syndrome, the 95th, 50th, and 5th percentiles were
consistently above the respective normal percentiles for all ages, with the 50th percentile
approximating the normal 95th percentile and the 5th percentile approximating the normal
50th percentile. For testicular volume in males with fragile X syndrome, the 95th, 50th, and
5th percentiles were consistently above the respective normal percentile for all ages. The
50th percentile approximates the normal 95th percentile until 6 years of age, when a
substantial increase in testicular volume occurred in males with fragile X syndrome and both
the 50th and 95th percentiles were markedly above the normal 95th percentile.

DISCUSSION

There are several abnormal physical parameters in males with the fragile X syndrome,
particularly large ears and testicles, but frequently individuals with this syndrome are also
reported to be obese and have a relatively large head size before puberty. These abnormal
parameters can readily be appreciated after comparing our fragile X syndrome standards
with the standardized curves developed from measurements of unaffected males.
Specifically, the large ear length and testicular volume for all ages, proneness to obesity
between 12 and 20 years of age, and a large-appearing head between 6 months and 6 years
can be observed after analyzing the standardized curves.

Anthropometric standards have been developed for several syndromes!”-22:23 and have been
used successfully in the medical management of patients. The use of standards has become
routine in most clinical genetics centers for monitoring growth and development of patients
with specific, previously diagnosed syndromes, but they may also help in establishing the
diagnosis in suspected individuals, particularly in younger patients. As for the fragile X
syndrome, these standards may assist in identifying those males for fragile X chromosome
analysis who may have the fragile X syndrome with or without a family history of mental
retardation. We encourage the use of these standards in the evaluation of the fragile X
syndrome in males and the comparison of these patients with other similarly affected
individuals.
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Standardized curves for weight of males with fragile X syndrome (solid line) and normal

individuals (broken line).
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Fig 2.

Standardized curves for height of males with fragile X syndrome (solid line) and normal
individuals (broken line).
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Standardized curves for head circumference of males with fragile X syndrome (solid line)
and normal individuals (broken line).
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Standardized curves for ear length of males with fragile X'syndrome (solid line) and normal

individuals (broken line).
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Standardized curves for testicular volume of males with fragile X' syndrome (solid line) and

normal individuals (broken line).
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