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Do the data really support ordering fragile X testing
as a first-tier test without clinical features?
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Purpose: Current guidelines recommend first-tier chromosome
microarray analysis (CMA) and fragile X syndrome (FX) testing for
males with isolated intellectual disabilities/learning delay (ID/LD)
and autism spectrum disorders (ASDs).

Methods: Males in our clinic with ID/LD or ASD (310) were
analyzed for positive results from CMA and/or FX testing.

Results: CMA detected abnormalities in 29% of males with ID/LD
and only 9% of males with ASD (including variants of uncertain
significance and absence of heterozygosity). When males with
ID/LD were tested for FX, the detection rate was 2.5% (2 of 80).
Both patients had dysmorphic features and maternal family history.
No males with ASD had positive FX test results.

INTRODUCTION

Intellectual disability (ID) and autism spectrum disorders
(ASDs) are relatively common and have a significant impact
on the patient and their family. For this reason, identifying
their possible genetic and environmental causes is important.
ID has a prevalence of 3%!? in the United States, with
etiologies ranging from trauma to genetic disorders. A genetic
basis has been demonstrated in multiple studies, and has been
shown to be due to chromosome abnormalities, single genes,
copy-number variants (CNVs) and multifactorial inheritance.
The prevalence of ASD is 1 in 68 children or approximately
1.47% in 2012 per the Centers for Disease Control and
Prevention (CDC).> The heterogeneous phenotype of ASD
includes autistic disorder, Asperger syndrome, and pervasive
developmental disorder not otherwise specified (PDD-NOS)
and occurs in all racial, ethnic, and social groups. It is
characterized by impairments in social interaction, commu-
nication and language development, and rigid and repetitive
behaviors? with an onset before 3 years of age.> The etiology
for ASD in most cases is unknown, but in approximately
20-25% of patients it is found to be related to genetic changes
or risks.® The reported incidence of ID has increased
significantly, while that of ASD has roughly tripled over the
past 12 years,’ leading to an increased number of referrals to
genetic clinics to attempt to find an etiology.’

Fragile X syndrome (FX) is considered the most common
inherited cause of ID worldwide.” In addition, FX is identified

Conclusions: The detection rate of CMA in males with isolated
ID/LD in this study was higher than in the literature (10-20%).
CMA results for males with ASD (9%) and FX testing for males
with ID/LD (2.5%) overlap with the literature (7-10% and 2%,
respectively). The yield of FX testing for patients with ASD was
zero, which is close to that of the literature (0.5-2%). These results
suggest that FX testing as a first-tier test may not be necessary,
unless other criteria suggest FX.
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in 0.5-2% of ASD cases*®° and 20% of boys with FX have a
diagnosis of ASD.1*!! FX is an X-linked disorder that in 99%
of cases is due to a CGG-repeat expansion (>200 repeats) in
the FMRI gene resulting in a penetrance of 100% in males.
The main and most consistent feature of FX is ID, while
physical and behavioral features vary with age and gender.'?
The prevalence of males with a full mutation is ~1/4,000 to
1/7,000 in the total population,'>!* and all ethnic groups and
races appear to be susceptible to the expansion of the FMRI
CGG region. FX testing has a diagnostic yield of ~2% in
males and females with ID'® and ~ 0.46-5% for ASD. The FX
test is unlikely to miscategorize an individual with a sensitivity
of >99% and 100% specificity.

Chromosomal abnormalities are another common cause of
ID/developmental delay (DD). Chromosomal microarray
(CMA) provides a higher diagnostic yield*!> for genetic
testing of patients with unexplained nondysmorphic ID/DD
(10-20%) and ASD (~7-10%) than a G-banded karyotype
(3%)'5,16

Therefore, CMA and FX testing are recommended by the
American College of Medical Genetics and Genomics
(ACMG) and the American Academy of Pediatrics as first-
tier tests for individuals with ID or learning delay (LD) and
ASD 45.17,18

In our experience, FX is not as common in either ID/LD or
ASD male populations as reported in the literature. Positive
results were noted only in male patients with FX facial
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features and/or a family history of FX in siblings or a
premutation mother (CGG repeats of 55-200). We hypothe-
sized that the yield of FX testing is low and that CMA is a
more sensitive test to provide a molecular diagnosis for such
male patients, unless other criteria, including physical and
psychological features and/or family history, are strongly
suggestive of FX.

This study compares the molecular diagnostic yields of
CMA and FX testing in two pediatric populations: males with
ID/LD without ASD and males with ASD.

MATERIALS AND METHODS

Data pertaining to all patient visits to the Children’s National
Health System Genetics Department from 1 July 2013 to 19
February 2015 were collected, based on data from the billing
department. This amounted to 10,757 charges. Of these, visits
for patients with identifiable genetic syndromes, gross
chromosomal differences (trisomies), and metabolic disorders
were eliminated from the analysis, as were all charges for
female patients.

These studies focused on two populations of male pediatric
patients: (i) patients with isolated ID/LD (without ASD) and
(ii) patients with ASD. Ages ranged from 14 months to 19
years. Males were chosen to increase the yield of possible
positive testing results due to the X-linked nature of FX. All
patients provided consent for their genetic testing, per
institutional protocol.

Patients with isolated ID/LD

First, we identified 10,757 male patients with isolated ID who
had undergone CMA and/or FX testing. Only those billed
with at least one of the following International Classification
of Diseases, 9th revision (ICD-9), codes were retained: under
315 (except 315.4 (coordination disorder)) for DD and 317
(mild ID), 318 (moderate ID), 318.1 (severe ID), 318.2
(profound ID) or 319 (mental retardation)). This left 1,760
charges in the pool. Among these, visits that were also
charged with ICD-9 codes corresponding to metabolic
disorders, trisomies, and neurofibromatosis were removed,
leaving 1,476 charges of interest. Of these, those billed with
the ICD-9 code 299.0 (autism disorder and PDD-NOS) were
removed, leaving 1,317 charges of interest. Some of these
charges corresponded to several visits of the same patient and
duplicate charges were removed, leaving 1,115 patients of
interest. Female patients were removed from that group,
leaving 675 male patients. Of these, 202 were tested with
CMA and/or FX testing. Figure 1 illustrates this selection
process.

Patients with ASD

To identify male patients with ASD who had undergone CMA
and/or FX testing, the following approach was taken
(Figure 2). From the 10,757 charges obtained from the
billing department, only those billed for males were retained,
leaving 5,928 charges. Among these 5,928 charges, those with
the ICD-9 code 299.00 (autism disorder and PDD-NQOS) were
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Figure 1 Selection of pediatric male patients with ID/LD (and no
diagnosis of ASD) who were tested by CMA and/or FX analysis.
ASD, autism spectrum disorder; CMA, chromosome microarray analysis;
FX, fragile X; ICD, International Classification of Diseases, 9th revision; 1D/
LD, intellectual disabilities/learning delay; NF, no finding.

retained. Visits that had also been charged with ICD-9 codes
corresponding to metabolic disorders, trisomies, and neurofi-
bromatosis were removed, leaving 317 charges. Some of the
remaining charges corresponded to several visits of the same
patient. Duplicate charges were removed, leaving 270 patients
of interest. Of these, 108 were tested with CMA and/or FX
testing. Figure 2 illustrates this selection process.

Clinical testing (CMA and FX testing)

The test results were collected and analyzed. The clinical notes
from the geneticists who had evaluated the patients and
ordered testing were reviewed for all patients whose CMA
results were of uncertain significance or included areas of
homozygosity. The photographs of the two patients diagnosed
with FX were observed for clinical features.

CMA and FX testing were performed at the Children’s
National Molecular Diagnostics Laboratory. For CMA, total
genomic DNA isolated from peripheral leukocytes was
analyzed for CNV and areas of homozygosity (AOH) by
Affymetrix CytoScan Dx single-nucleotide polymorphism-
based chromosomal microarray using the GeneChip System
3000Dx and by Chromosome Analysis Suite Dx Software
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Figure 2 Selection of pediatric male patients with ASD who were
tested by CMA and/or FX analysis. ASD, autism spectrum disorder;
CMA, chromosome microarray analysis; FX, fragile X; NF, no finding.

(ChAS DX Software), approved by the US Food and Drug
Administration.

For FX, a three-primer PCR amplification strategy (triplet-
primed PCR) was performed to amplify the CGG repeat
region in the 5'untranslated region of FMRI. Fragment
analysis was then performed on an ABI 3130xl to determine
the size of each allele’s repeat region. The fragment size was
converted to number of repeats, which were reported using
the ACMG Standards and Guidelines for Clinical Genetics
Laboratories.

RESULTS
CMA results of male patients with isolated ID/LD
Of the 202 male patients with ID/LD considered, 192 were
tested by CMA; 56 had an abnormal CMA result with the
potential to have caused the patients’ findings (28 of these had
yet to undergo confirmatory testing). Twenty-eight (15%) of
the 192 patients tested harbored pathogenic or likely
pathogenic CNVs associated with their phenotype.

Of the 28 cases with abnormalities that were not pathogenic
and required further evaluation, two patients harbored a likely
pathogenic CNV (but it was unknown whether the CNV
correlated with these patients’ phenotypes), and eight other
patients harbored AOH (the autosomal recessive genes
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Table 1 Summary of chromosome microarray analysis
results in males with intellectual disability (no autism)

Description n (%)
Total male patients with ID/LD 192
Pathologic or likely pathologic CNV 28 (15)
Likely pathologic CNV but unknown in this phenotype 2 (1)
AOH, no sequencing completed on the autosomal recessive 8 (4)
genes in this region

VUS; no parental testing 16 (8)

VUS and AOH; no parental testing, and sequencing not
informative

AOH, absence of heterozygosity; CNV, copy-number variant; ID/LD, intellectual
disabilities/learning delay; VUS, variant of uncertain significance.

Table 2 Summary of chromosome microarray analysis
results in males with ASD

Description n (%)
Total male ASD patients 96
Pathogenic or likely pathogenic CNVs 5(5)
AOCH, but autosomal recessive genes in this region not 2(2)
sequenced

CNVs that were VUS; no parental testing done 2(2)

ASD, autism spectrum disorder, AOH, absence of heterozygosity; CNV, copy-
number variant; VUS, variant of uncertain significance.

located in these areas had not yet been sequenced). Sixteen
patients harbored CNVs categorized as variants of unknown
clinical significance (VUS) and neither parent has been tested
for their child’s VUS, limiting our ability to further interpret
these variants. Two patients harbored CNVs categorized as
VUS and had AOH with yet to be completed parental testing,
making the interpretation of these VUS not possible.
Sequencing performed on the autosomal recessive genes of
the AOH was uninformative. Data are summarized in
Table 1, which shows that the CMA sensitivity for 192
males diagnosed with ID/LD ranged from 15% (28/192) to
29% (56/192).

Of note, there were two patients who harbored AOH but
were eventually diagnosed by another genetic test unrelated to
CMA or FX testing. Two other patients, who are not listed in
the table, harbored AOH, but sequencing of the autosomal
recessive genes in these areas was negative.

CMA results of patients with ASD

Of the 108 male patients with ASD considered, 96 were tested
by CMA. Five of these (5%) harbored pathogenic or likely
pathogenic CNVs associated with their phenotype. Two
harbored AOH. The autosomal recessive genes located in
these areas were not sequenced. Two further patients
harbored CNVs categorized as VUS. Since no parental testing
was completed, further interpretation of these VUS was not
possible. It is possible that further investigation of these four
cases would lead to a molecular diagnosis. The results are
summarized in Table 2.
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Table 3 Comparison of CMA and Fragile X test results
between patients with isolated ID/LD and patients with ASD

Population CMA sensitivity Fragile X test

sensitivity
ID/LD (no ASD) 14.5-29% (28/192-56/192) 2.5% (2/80)
ASD 5-9.5% (5/96-9/96) 0% (0/75)

Total 11.5-22.5% (33/288-65/288) 1.5% (2/155)

ASD, autism spectrum disorder; CMA, chromosome microarray analysis; ID/LD,
intellectual disabilities/learning delay.

Thus, the CMA yield for 96 males diagnosed with autism
ranged from 5 to 9%.

Of note, an additional patient harbored a pathogenic CNV;
however, this was not known to be associated with autism or
autistic features. Two other patients harbored AOHs and
sequencing of the autosomal recessive genes located in these
regions did not provide a diagnosis. Finally, two other patients
harbored CNVs categorized as VUS but inherited from
unaffected parents (one maternally, the other paternally),
thereby decreasing the chance that these CNV's were causative
of the patients’ autism.

Fragile X results of males with isolated ID/LD

Of the 202 male patients with ID/LD considered, 80 were
tested for FX. Two (2.5%) were positive, identified with fully
expanded alleles. Both patients had physical findings and
family histories concerning for FX.

The clinical characteristics of these two patients as indicated
in their genetic clinic notes are reviewed below.

Patient 1 was first evaluated at 40 months when FX testing
was recommended. At that time, he had frontal bossing, up-
slanting palpebral fissures, long eyelashes of the upper and
lower eyelids, bilateral epicanthal folds, large ears, DD, and
autistic features (including repetitive behaviors, delayed
nonverbal/problem-solving skills, and a history of social
impairment, such as a lack of interest in playing with other
children (although during the developmental assessment he
showed moderate social interest)). He had not received a
formal diagnosis of ASD. His maternal 7-year-old half-sister
and a maternal uncle had been diagnosed with autism. His
testing identified one fully expanded allele with more than 200
CGG repeats.

Patient 2 was first evaluated at 14 months of age when FX
testing was recommended. He had slight frontal bossing with
a recessed hairline, very large and fleshy ears with slight
overfolded and squared-off helices, axial and peripheral
hypotonia, and global DD. He was nonverbal and he had a
tendency to propel himself out of caregivers’ arms and throw
his body around the room, including onto the floor when
unhappy. His family history showed mild learning differences
in the males on the maternal side of his family. He was found
to have size mosaicism for FX with more than 200 CGG
repeats and a premutation size of 146 CGG repeats.
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Fragile X test results of patients with ASD
Of the 108 male patients with ASD considered, 75 were tested
for FX. All had a negative result.

DISCUSSION

In summary, the yield of CMA measured by this study in
pediatric males with ID/LD of 15-29% is slightly higher than
that reported in the literature of 10-20% (Table 3). The yield
of CMA measured by this study in pediatric males with ASD
of 5-9% overlaps that reported in the literature of 7-10%. The
yield of FX testing measured by this study in pediatric males
with LD/ID of 2.5% is close to that in the literature of 2%. The
yield of FX testing measured by this study in pediatric males
with ASD of 0% is lower than that reported in the literature of
0.5-2% (Table 3). Here, we demonstrate that CMA provides
more diagnoses than FX testing in males with ID/DD or ASD.
Moreover, in the two patients with positive FX testing, there
was a strong suspicion of FX before molecular testing, based
on their facial features and family history of DD/LD/autism in
several individuals on the maternal side of the family. This
brings to question whether FX testing should be done as a
first-tier test for DD/ID and in the absence of physical
findings or a family history, or rather if it should be a second-
tier test.

The increased number of ID/LD and ASD diagnoses has led
to higher demand for CMA and FX testing, both of which are
recommended by the CDC, American Academy of Pediatrics
and ACMG as first-tier evaluations.!® There is no recent
publication regarding the diagnostic yield of FX testing for
patients with ID and/or ASD. Since the yield of FX testing is
low, we suggest screening potential candidates for FX before
ordering the test, as opposed to systematically ordering FX
testing as a first-tier test. Future research could include
establishing a pre-test checklist to predict the possibility of a
positive FX result. As previously reported in the literature, the
use of physical and psychological checklists by a geneticist or
dysmorphologist to select patients with a high probability of
FX may reduce the number of individuals who are submitted
for molecular evaluation by 60-80%.!° Age-appropriate
(pre- versus postpubertal) checklists could include a family
history of ID or ASD, an elongated face, large ears,
hyperextensible finger joints, large testes, a plantar crease,
hand biting, hand flapping, tactile defensiveness, poor eye
contact, brain anomalies, and others.!> Since this study was
done in our genetics clinic, clinicians are comfortable
with identifying physical findings consistent with FX, which
may have influenced the testing selection. Checklists may
assist the nongeneticist in determining whether this testing is
indicated.

Since genetic testing is expensive and, from our experience,
insurance may cover only one test, CMA should have
precedence over FX testing, unless further clues point to FX.
As always, good history taking, including family history and
physical exam, are the cornerstone of making a diagnosis in
these patients.
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In our study, the diagnostic yield of CMA for male patients
with isolated ID/LD was higher than previously reported. This
may be related to the fact that our population was all male
and there is a higher prevalence of ID/LD in males. According
to the CDC, males have twice the prevalence of any DD than
females and, more specifically, have a higher prevalence of
attention deficit hyperactivity disorder, autism, learning
disabilities, stuttering/stammering, and other DDs. This
discrepancy is probably also related to the nature of our
practice (nonreference testing with a large cadre of geneticists)
and to the fact that VUS were not excluded.

FX testing is relatively inexpensive and there are currently
no clinically available therapies, in contrast to some disorders
diagnosed by chromosomal microarray and whole-exome
sequencing. Whole-exome sequencing has a growing role in
genetic evaluation, but CMA is also important.?! Regardless
of the ultimate diagnosis and testing regimen, inappropriate
selection of testing can lead to a diagnostic odyssey, which can
be expensive and frustrating. Although there are no clinically
available interventions for individuals with FX, there are
several ongoing trials for therapies; therefore, since FX testing
is relatively inexpensive, even with a lower yield compared
with CMA and whole-exome sequencing, there continues to
be a role for it in appropriately selected patients, especially
because diagnosis is also important for reproductive counsel-
ing, neurological and endocrine follow-up, and treatment for
female carriers due to the increased risk of primary ovarian
insufficiency.

We grant that there are several limitations of this study, For
example, we relied on ICD-9 codes for the selection of our
patient population. The ICD-9 codes were assigned by a
number of geneticists at the Children’s National Health
System. The consistency of selection of the ICD-9 codes
between providers was not checked. At least one patient who
did not have ASD but did have delay was assigned the 299.0
ICD-9 code for autism. This error was noticed while exploring
the results. That patient was removed from the autism group
and counted as a patient with cognitive impairment. It is
possible that other errors passed unnoticed. We aimed to limit
our studies to males with isolated ID/LD or ASD by using
selected ICD-9 codes. In addition, we could not guarantee that
those within the isolated ID/LD groups did not have
syndromic features due to our approach. Therefore, it is
possible that males with additional phenotype findings were
included in the study.

In conclusion, early genetic diagnosis in males with ID/LD
and ASD is important as it may give them access to earlier
interventions (e.g., special educational services) and conse-
quently improves outcome. Additionally, it enables providers
to explain recurrence risks to the family beyond those of
multifactorial inheritance, while sparing the family the burden
of a costly diagnostic odyssey. As genetic test coverage by
insurance is limited, it is important to select first-tier tests
with the highest diagnostic yield. The results of this study
align with those reported in the literature regarding the
considerably higher yield of CMA compared with FX testing
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for males with ID/LD or ASD. Further studies need to be done
to verify these results; however, we suggest that unless other
criteria are considered in addition to ID/LD or ASD,
performing FX testing as a first-tier test in males may not
be necessary; rather, it is better suited in this situation as a
second-tier test. We also suggest the use of pretest, age-
dependent algorithms to help screen patients who should
undergo FX testing, to avoid missing patients.
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