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in participants with 18q deletion

S

MARGARET SEMRUD-CLIKEMAN,! NORA M. THOMPSON,? BECKY L. SCHAUB,?
ROBIN LEACH,* ANDREA HESTER,! DANIEL E. HALE,> AND JANNINE D. CODY?
'Department of Educational Psychology, University of Texas at Austin, University Station, Austin, Texas
2Disabled Student Services, University of Washington, Seattle, Washington
3Department of Pediatrics, University of Texas Health Science Center at San Antonio, San Antonio, Texas

4Department of Cellular and Molecular Biology, University of Texas Health Science Center at San Antonio, San Antonio, Texas
SDepartment of Pediatrics, University of Texas Health Science Center at San Antonio, San Antonio, Texas

(RECEIVED April 8, 2004; REVISED April 7, 2005; ACCEPTED April 18, 2005)

Abstract

One of the most common chromosomal deletions is a loss of genetic material from the long arm of chromosome 18.
Most individuals with this condition exhibit mental retardation (68%), yet previous attempts to link cognitive status
to deletion size have not shown an association, possibly because cases with additional genetic abnormalities were
included. We studied 46 participants ranging from 3 to 35 years of age who had a pure genetic abnormality by
excluding those with mosaicism or complex genetic rearrangements. Our patients had terminal deletions ranging
from a proximal breakpoint at 18q21.1 (greater genetic abnormality, larger deletion size) to a more distal breakpoint
at 18q23 characterized with molecular genetic techniques. Cognitive ability, assessed with the age-appropriate
measure (Bayley, 1993, Differential Ability Scale, Wechsler Scales), ranged from 1Q = 49 to 113, with a
predominance of mild and moderate mental retardation. Using multivariate regression, deletion size breakpoint rank
order was predicted by cognitive ability, age, and adaptive behavior (Vineland Adaptive Behavior Scales),
accounting for 36% of the variance in deletion size. However, lower cognitive ability (beta = .34, p = .032) and
younger age (beta = .296, p = .024) predicted a larger deletion size, but adaptive behavior (beta = .225, p = .15)
did not. An additional multivariate regression showed that cognitive ability and age together accounted for 33% of
the variance in deletion size, whereas univariate regression showed that cognitive ability accounted for 26% of the
variance and age accounted for 11% of the variance. These findings suggest that degree of cognitive impairment is
associated with genetic abnormality when a large sample of individuals with “pure” deletions of genetic material

from chromosome 18 is examined. (JINS, 2005, 11, 584-590.)
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INTRODUCTION

18g-, one of the most common chromosome deletions, is
caused by a loss of genetic material from the long arm of
chromosome 18. The diagnosis is made cytogenetically by
chromosome analysis. Clinical features vary widely in this
disorder. Participants with this condition may exhibit short
stature (77%), hearing impairment often associated with
atretic ear canals (26%), and a variety of dysmorphic fea-
tures (Cody et al., 1999; Strathdee et al., 1996). Growth
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hormone deficiency has been identified as a common cause
of growth failure in affected children (Ghidoni et al., 1997;
Hale et al., 2000), and incomplete cerebral myelination has
been linked to the absence of the gene for myelin basic
protein (Gay et al., 1997).

Although 68% to 93% of participants with 18q- deletion
are reported to be mentally retarded (Cody et al., 1999;
Strathdee et al., 1996), it is not clear whether deletion size
is related to the degree of cognitive impairment. The under-
standing of the psychological functioning of children with
18q- is based mainly on case studies, which report cogni-
tive abilities from severely impaired to below average (Schni-
zel, 1984). Although cognitive deficits found with 18q- have
been assumed to be related to chromosomal deletion size
(Mahr et al., 1996), no study has directly demonstrated this
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relationship (Kline et al., 1993; Mabhr et al., 1996) for a
variety of reasons.

Kline et al. (1993) studied seven individuals with 18q-
and proposed that the size of the deletion may be related to
the severity of the neurobehavioral phenotype, including
brain abnormalities and cognitive deficit. However, the basis
for concluding there was cognitive impairment was not clear
because only one of the seven participants had formal cog-
nitive evaluations and the sample size was small with no
formal statistical analysis performed. Furthermore, it is not
clear from the article whether participants were excluded
for more complex genetic abnormalities.

More recently, Mahr et al. (1996) presented cognitive
and behavioral data on 27 patients with 18q- ranging from 2
to 47 years of age. However, only 3 were 5 years old or
younger and only 15 of the total sample had formal cogni-
tive testing. These authors found no relationship between
deletion size and cognitive or behavioral outcome. They
also did not specify whether participants with additional
genetic abnormalities were excluded, and their description
of the genetic analysis does not include sufficient informa-
tion to determine if such genetic abnormalities (e.g., inter-
stitial deletions) could be identified. It is not clear in this
article what differences, if any, there were between the par-
ticipants who were cognitively tested and those who were
not. Thus, it is not possible to separately evaluate the
findings.

Although each of these studies has different limitations,
the most obvious limitations are the likely inclusion of par-
ticipants with additional genetic abnormalities, including
mosaicism, which may mask a relationship between cogni-
tive ability and genetic abnormality. The molecular analy-
ses were not clearly delineated, and the breakpoint rank
order points were limited, with 6 rank orders for Kline et al.
(1993) and 16 for Mahr et al. (1996). Finally, the sample
sizes were small and formal cognitive testing was limited.
In addition, previous studies have not assessed the relation-
ship between adaptive ability and deletion size, which is
important because cognitive ability is only one measure of
a child’s ability to function.

Therefore, our study measured cognitive ability and adap-
tive function in participants with “pure” terminal 18q- dele-
tion, with the goal of determining if cognitive ability as
assessed by tests of psychometric intelligence, adaptive
behavior as assessed by the Vineland Adaptive Behavior
Scales, and age predicted deletion size. We hypothesized
that the inclusion of individuals with pure deletions would
provide a more powerful test of these relationships, while
increasing the sample size would increase statistical power
and potentially increase the range of breakpoint rank orders.

METHOD

Research Participants

Sixty-six individuals were available for this study from par-
ticipation in a larger study of individuals with chromosome

https://doi.org/10.1017/51355617705050691 Published online by Cambridge University Press

585

18 abnormalities. Informed consent was obtained from each
affected adult and from each child’s parent prior to partici-
pation in the study. The study was approved by the Institu-
tional Review Boards at The University of Texas Health
Science Center and at the University of Texas at Austin.
The participants were referred from the Chromosome 18
Registry and Research Society or by a physician. Our most
successful participant recruitment has been through the lay
advocacy group, which tends to be predominately Cauca-
sian and middle class. Despite efforts to recruit participants
through geneticists and other health professionals, we have
received very few referrals in that manner. Although there
is no reason to believe that there are any racial bases in the
incidence of 18q-, there is an ascertainment bias in this
sample, such that in the final sample of 46, 3 were Hispanic
and 43 were non-Hispanic Caucasians.

Cytogenetic test reports were obtained from the clinical
laboratory responsible for the initial diagnosis. Confirma-
tion of the loss of material from the long arm of chromo-
some 18 was performed in our laboratory using molecular
techniques as previously described (Cody et al., 1997). Dele-
tions ranged from a proximal breakpoint at 18q21.1 to a
more distal breakpoint at 18q23. The molecular techniques
utilized in this study are similar to previous studies except
that we emphasized the identification of mosaicism and/or
interstitial deletions. Previous studies have not provided
sufficient information regarding this issue.

We included only participants aged three years and older
because estimates of cognitive ability below age three are
not considered generally reliable (Bayley, 1993). To be
included in our analysis, participants were required to have
complete clinical, cognitive, and adaptive behavior data
obtained by a member of our research team, and a blood
sample to permit detailed genetic analysis. Participants who
were unable to complete the cognitive measure appropriate
for their age range were excluded from the study. These
participants were multiply handicapped and were fre-
quently unable to be tested because of severe problems with
behavior or sensory handicaps (blind and deaf). There were
15 participants excluded for this reason. Sixty-six partici-
pants met these inclusion criteria.

Based on the molecular analysis, five participants exhib-
ited mosaicism, six had more complicated genetic rearrange-
ments, and five had interstitial deletions. Four had incomplete
clinical data. These 20 participants were excluded from the
study, resulting in a sample of 46, which ranged in age from
2 years 6 months to 35 years. There were 30 females and 16
males and 32 participants had hearing impairment suffi-
cient to require hearing aids, which is common with 18q-
deletions. No participant was included in this sample who
was unable to speak or who communicated solely through
the use of sign language.

Measures of cognitive ability

Evaluation of cognitive function and adaptive behavior was
performed by a pediatric neuropsychologist or a doctoral
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student trained and supervised by the neuropsychologist.
The age-appropriate ability measure [Bayley Scales of Infant
Behavior-II (Bayley, 1993)]; Wechsler Intelligence Scale
for Children—Revised [(WISC-R) Wechsler, 1981]; Wech-
sler Adult Intelligence Scale III [( WAIS IIT) Wechsler, 1997]
or Differential Abilities Scale [(DAS) Elliott, 1990)] was
administered as a measure of cognitive ability. Twenty-six
children below age 42 months were given the Bayley, 14
children aged 42 months to 6 years were given the DAS, 3
between the age of 6 and 16 years of age were given the
WISC-R because they were tested prior to 1991, and 3
above age 16 were given the WAIS-III. All of these mea-
sures yielded a measure of cognitive ability with a mean of
100 and a standard deviation of 15. The Performance 1Q
from the WISC-R and WAIS III and the Nonverbal Rea-
soning Cluster from the DAS were utilized to minimize the
influence of hearing difficulties. The correlation between
the Wechsler Performance 1Q and the DAS Nonverbal Rea-
soning Ability score ranges from 0.72 to 0.75 (Elliott, 1990).
In contrast to the other measures, the Bayley Scales of Infant
Development 2nd Edition (Bayley, 1993) is not separated
into a verbal and nonverbal section. This instrument
provides measures of mental development (Mental Devel-
opment Index) and motor skill development (Motor Devel-
opment Index) for children from birth through 42 months
of age. The Mental Development Scale includes items that
cover a wide range of skill areas, including language,
perception, social knowledge, and problem solving. The
Mental Development Index was used in this analysis as an
estimate of cognitive ability. For young children, the pre-
ponderance of items are nonverbal in nature, and the man-
ual reports that items are selected that are similar in difficulty
for each age, which would make the assessment of verbal
skills across this age range difficult. Despite these differ-
ences between the Bayley and other tests used in this study,
longitudinal studies on children with medical conditions
have shown that Bayley scores at 12 months predict scores
on the Wechsler Preschool and Primary Intelligence Scale
at 41/2 years of age (Crowe et al., 1987), suggesting a
reasonable degree of comparability between the Bayley and
the Wechsler scales. Table 1 provides means, standard devi-
ations, and ranges of the cognitive scores for each age group
separately.

M. Semrud-Clikeman et al.

Adaptive skills

Adaptive skills for all participants were measured using the
Vineland Adaptive Behavior Scales (VABS) Interview Edi-
tion (Sparrow et al., 1984), which assesses development of
communication, daily living skills, socialization, and motor
skills through an interview. For the children and adoles-
cents, the main caretaker completed the interview, whereas
the adult participants answered the questions themselves.
The composite score was utilized with a mean of 100 and a
standard deviation of 15, similar to cognitive ability mea-
sures. Individual domain scores were also analyzed.

Molecular genetic analysis

To estimate the size of the deletion for each patient, multi-
ple methods of analysis were performed. Molecular analy-
sis to confirm the loss of material from the long arm of
chromosome 18 was performed on all patients using poly-
merase chain reaction (PCR)-based polymorphic markers.
In this analysis, peripheral blood samples were used as the
source of DNA. DNA samples were obtained from all patients
and both parents, if available. A detailed description of this
method has previously been published (Cody et al., 1997).
In a few cases, somatic cell hybrids separating the abnor-
mal chromosome 18 from the normal chromosome 18 were
constructed using patient samples. These hybrids were used
to further define the breakpoint when polymorphic markers
were uninformative (Cody et al., 1997). When the most
distal markers (D18S70 and D18S497) were not informa-
tive, fluorescence in situ hybridization (FISH) was used to
distinguish between interstitial and terminal deletions. This
method was described by Brkanac et al. (1998).

The breakpoint was rank-ordered from the most proxi-
mal (a rank of 1) to most distal breakpoint (a rank of 33),
with the most proximal breakpoint reflecting the greatest
amount of missing genetic material. In several instances,
different individuals were assigned the same rank because
their breakpoints were the same. Breakpoint rank order was
utilized instead of the physical deletion size itself because
the method used to determine the breakpoint is performed
by progressively narrowing the region between markers,
one that is present and one that is deleted. This procedure

Table 1. Results from the different cognitive ability measures for the sample

Age range
Measure /Group Mean (SD) Range Median (months)
Bayley Mental Scale (n = 26) 60.5 (17.3) 49-110 52 30-42
DAS Nonverbal Reasoning Cluster (n = 14) 75.2 (14.2) 52-101 77.5 56-168
WISC-R Performance 1Q (n = 3) 74 (31.1) 52-96 52 66-103
WAIS-III Performance 1Q (n = 3) 77.3 (14.1) 64-98 81 235-421
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generates breakpoint regions and not nucleotide specific
breakpoints. Since the genes are not evenly spaced along
the chromosome, a physical distance does not correlate with
the number of genes and therefore is not any more informa-
tive with regard to the number of genes deleted than rank
order of breakpoint. While this procedure is similar to that
utilized by Kline et al. (1993) and Mabhr et al. (1996), our
study differs from previous studies in that we excluded par-
ticipants with interstitial deletions and mosaicism that were
detected because of the higher resolution of our genetic
analysis. In addition, our sample was larger and provided
more rank order breakpoints [34 different breakpoint regions
as opposed to 6 (Kline et al., 1993) and 16 (Mabhr et al.,
1996) in the previous studies].

RESULTS

Cognitive Ability

As can be seen in Tables 1 and 2, cognitive ability varied
widely within and across the different age groups. Twenty-
nine participants (63%) had cognitive scores between 49
and 69, 8 (17.4%) had scores between 70 and 84, and 9
(19.6%) had scores in the average range (89-98).

The measures of cognitive ability were not significantly
correlated with age (r = .139; p = .36) and were not signif-
icantly different between males and females (F(1,44) =
0.108, p = .74). However, the Bayley mental score was
significantly lower than the DAS nonverbal reasoning score
(F(1,39) = 6.93, p = .01). There were too few participants
with WISC-R or WAIS III data for statistical comparison,
but the means reported in Table 1 are similar.

Adaptive SKkills

Adaptive skill development ranged from 19 to 86, indica-
tive of severe delays compared to average levels of func-
tioning. As seen in Table 2, the mean Adaptive Behavior
Composite of 66.8 is similar to the mean cognitive ability,
and the correlation between the two measures was signifi-

Table 2. Demographic, cognitive, and adaptive behavior
measures for the entire sample (N = 46)

Measure Mean (SD) Range  Median
Age (months) 85.3(77.8) 36-421 65
Cognitive ability 66.8(19.4)  49-110 61
Adaptive behavior composite  66.8(17.8)  34-113 69
Adaptive behavior domains
Communication 69.4(19.3) 26-121 71
Daily living 70.1(19.6)  20-107 72
Socialization 76.8(16.4)  47-103 78
Motor 63.6(18.5) 20-97 67
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cant (r = .61; p <.0001). There were no significant gender
differences for the Adaptive Behavior Composite score or
for any of the domain scores (p > .05).

Relationship of Cognitive Ability, Age, and
Adaptive Behavior to the Deletion Size

A multivariate regression analysis was utilized to deter-
mine if the measures of cognitive ability, adaptive behav-
ior, and age predicted the deletion size of the breakpoint
rank order. This combination of predictors accounted for
36% of the variance in deletion size breakpoint rank order
(F(3,42) = 11.57, p < .0001). In this multivariate analysis,
lower cognitive ability (beta = .34, p = .032) and younger
age (beta = .296, p = .024) were significant predictors of a
larger deletion size, whereas the Adaptive Behavior Com-
posite was not (beta = .225, p = .15). Poorer cognitive
ability and younger age predicted greater genetic abnormal-
ity. Figure 1 illustrates the relationship between poorer cog-
nitive ability and more proximal breakpoint (larger deletion
size and greater genetic abnormality).

A multivariate regression analysis was utilized to deter-
mine if the measures of cognitive ability and age together
were predictive of breakpoint, and this combination of pre-
dictors accounted for 32.9% of the variance in deletion size
breakpoint rank order (F(2,43) = 10.56, p = .0002). In this
multivariate analysis, lower cognitive ability (beta = .47,
p = .0006) and younger age (beta = .263, p = .043) were
significant predictors of a larger deletion size. Univariate
analyses indicated that the cognitive ability measure was a
more significant predictor of breakpoint and accounted for
26% of the variance, whereas age accounted for only 11%
of the variance. To more directly illustrate the relationship
between age and breakpoint, we computed the median break-
point (18.5), and found that the youngest group comprised
50% of those who were below the median breakpoint and
5% of those above the median breakpoint. The mean break-
point for the youngest group was 13.87 (SD = 7.1) and for
all other groups it was 19.3 (SD = 6.9). There was a signif-
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Fig. 1. Regression plot of cognitive ability (IQ) versus break-
point using Bayley, DAS, and Wechsler Scales as measures of
cognitive ability.
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icant difference between age and rank order, with the youn-
gest showing a larger rank order breakpoint [F(1,44) =
103.4, p = <.0001]. Therefore, the youngest group had the
greatest genetic abnormality.

Two exploratory univariate regression analyses were con-
ducted to determine if the relationship between cognitive
ability and breakpoint rank order was different when using
the Bayley Index, which does not separate verbal and non-
verbal abilities, than the DAS/Wechsler Scales, for which
we used the nonverbal or Performance IQ rather than Ver-
bal IQ. This reanalysis reduced the power significantly for
the study and should be viewed as suggestive, especially
because any differences in this relationship could be related
to using two tests of cognitive ability or the fact that the two
tests were administered to two different groups, one of which
had greater genetic abnormality. Both the Bayley Mental
Development Score [F(1,24) = 3.58, p = .07], and the
DAS/Wechsler 1Q scores [F(1,15) = 3.75, p = .07] mar-
ginally predicted breakpoint rank order.

Although the Bayley findings reported here suggest that
the relationship between cognitive ability and genetic abnor-
mality is not dependent on using strictly nonverbal mea-
sures (as was done for the DAS and Wechsler scales), we
assessed the relationship between verbal cognitive ability
and genetic abnormality. This was done by assessing the
relationship between the verbal scales of the Wechsler/
DAS and breakpoint rank order. Of the original sample, 20
participants had a verbal score that was considered clini-
cally valid by their examiner, despite hearing impairment in
14. The age range for this group was between 4.7 and 35.1
years. Fifteen participants completed the DAS, two the
WISC-R, and three the WAIS III. The mean IQ for the
verbal subtests was 77.0 (SD = 20.7) and for the nonverbal
subtests it was 74.5 (SD = 15.3). The univariate regression
analysis showed that verbal ability predicted breakpoint rank
order [F(1,18) = 6.12, p = .024], which is similar to the
findings using nonverbal cognitive ability in the complete
sample.

DISCUSSION

This is the first study to find that degree of cognitive impair-
ment is related to the amount of missing genetic material in
individuals with 18g- deletions. A broad range of cognitive
ability and adaptive skills levels were present in this study.
Measures of cognitive ability correlated significantly with
breakpoint rank order but not with age or gender. Those
participants with the most missing genetic material obtained
the lowest cognitive ability scores compared to participants
with less missing genetic material, and they also tended to
be the youngest.

The relationship of breakpoint rank order to neuroantom-
ical differences is just beginning to be explored in the 18g-
deletion population. A high incidence (approximately 95%)
of children with 18q- deletions have dysmyelination (Cody
et al., 1999). Dysmyelination occurs when the myelin has
never formed, in comparison to demyelination, in which
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the myelin was present and has deteriorated. Dysmyelinat-
ion has been linked to mental retardation (Kline et al., 1993;
Miller et al., 1990). A significant majority of children with
18g- have dysmyelination and also have a deletion of a
specific 2-megabase region of 18q. This region has been
found to contain the gene of myelin basic protein (MBP),
which is hypothesized to be linked to dysmyelination (Gay
et al., 1997). One of the first studies to evaluate the rela-
tionship between neuroanatomical differences and 18q- dele-
tions was recently conducted by Kochunov et al. (2005).
The corpus callosum in children with 18q- deletions, all
with deletion of the MBP region, was analyzed and com-
pared to age-matched typically developing children aged
4.5 years to 12. Findings indicated significant global and
regional differences in the corpus callosum size with an
overall smaller corpus callosum was found in children with
18q- even after correction for differences in brain size. The
posterior portions of the corpus callosum were most signif-
icantly affected and were 25% smaller compared to the typ-
ically developing children. Although this study did not
examine the relationship between these anatomical abnor-
malities and cognitive deficits, it suggests that our findings
may be mediated by demyelination. Clearly, the underlying
neural basis for this association requires direct study.

There are several possible explanations for our positive
findings relative to other studies, including examining only
participants with pure deletions, based on a high-resolution
molecular technique that enabled us to detect mosaicism or
complex genetic rearrangements. Our statistical power was
also greater because we used a larger sample with 34 dif-
ferent breakpoints, compared to a significantly smaller num-
ber of breakpoint groups in previous studies by Kline et al.
(1993; 6 groups) or Mahr et al. (1996; 16 groups). In addi-
tion, we formally assessed cognitive ability with valid and
reliable tests that reflect a broader range of cognitive func-
tioning, and we used a broader age range with heavy rep-
resentation of individuals in the youngest age group (below
age 6), who in our sample had the greatest evidence of
genetic abnormality.

The finding that age was related to the deletion size of
the breakpoint is intriguing. However, when age was covar-
ied in the multivariate regression formula, cognitive ability
remained significantly related to breakpoint rank order. Thus,
the relationship of age to breakpoint is not the sole expla-
nation for the prediction of breakpoint from cognitive abil-
ity. Children who were younger in this study also had the
greatest amount of missing genetic material. This finding
may be partially explained by the notion that the children
who are more severely affected may be identified at an
earlier age. In addition, our results may underestimate this
effect, because individuals who were unable to complete
the cognitive measures were excluded from the study, which
restricted the range of cognitive ability assessed and poten-
tially the range of the breakpoints. Fifteen were unable to
be evaluated due to insufficient floor of the Bayley, Wech-
sler, or DAS tests, and more were excluded (N = 9) who
were in the age range for the Bayley, than the DAS or Wech-
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sler tests (N = 6). None of these tests allow for measures
below 40 and thus those with severe or profound mental
retardation were excluded. Our finding may have been more
pronounced if these children had been included in the study.
Future work will examine the distribution of breakpoints
across the age range to determine if our finding of greater
genetic abnormality in the younger participants is confirmed.

One weakness of the current study is that three different
measures of cognitive ability were used. In part, this diffi-
culty reflects the age range of our sample (3 to 35 years)
and, in part, the range of developmental delay exhibited by
the participants (from average cognitive ability to signifi-
cant mental retardation). Given the age range of this sam-
ple, various measures of cognitive ability were necessary.
The tests administered ranged from the Bayley Scales of
Infant Development to the Wechsler Adult Intelligence Scale
III. Similar to studies of low incidence disorders, problems
with instrumentation cloud the interpretation of the find-
ings. However, the Wechsler and DAS measures are highly
correlated and some have argued that the variance intro-
duced using these two different measures should not sub-
stantially alter these findings (Sattler, 2002). Moreover,
exploratory analyses showed that there were trends (p =
.07) supporting the initial finding of a relationship between
breakpoint rank and mental scale separately for the children
who were assessed either with the Bayley or the DAS. Fur-
ther study is currently under way in our center to replicate
these findings using a larger cohort.

As noted in the introduction, the ability of the Bayley to
predict future scores on major intelligence tests is limited
for typically developing children. However, our sample is
comparable to children with medical conditions who show
similar scores at 12 months using the Bayley and 4.5 years
of age using the WPPSI (Crowe et al., 1987; Farrar & Har-
bor, 1989). Our finding that the relationship between cog-
nitive ability and genetic abnormality was similar when the
Bayley and the DAS/Wechsler scales were examined sep-
arately suggests that the findings were not specific to one
cognitive instrument or one age group. Ideally, future
research will examine these relationships using a single
instrument if larger cohorts within a smaller age range can
be obtained and studied longitudinally.

In summary, we found that cognitive ability and age pre-
dicted genetic abnormality in a group of individuals with
terminal deletion of chromosome 18q, but cognitive ability
was not related to age or gender. Studies are ongoing to
identify specific genetic regions associated with the more
significant mental retardation found in the participants with
the most proximal deletions. The intriguing finding of the
relationship between dysmyelination, deletion of the MBP
region of the 18th chromosome, and possible links to cog-
nitive ability, as found in our study, is an important linkage
of these three aspects of this disorder that requires further
study. Our findings also suggest that higher resolution analy-
sis of genetic breakpoints can provide a more sensitive mea-
sure of the relationship between breakpoint and cognitive
ability.
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