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Purpose: Patients with one of the 22q11.2 deletion syndromes provide a unique opportunity to research the

interface between genetics and brain-behavior relationships. This study investigates the neuropsychological

characteristics and behavioral phenotype of children with this deletion syndrome. Methods: We report updated

findings from descriptive and nonparametric analyses of neuropsychological data from 80 children with the

22q11.2 deletion. Results: The subjects showed higher verbal than nonverbal IQ scores, assets in verbal memory,

and deficits in the areas of attention, story memory, visuospatial memory, arithmetic performance relative to other

areas of achievement, and psychosocial functioning. Conclusion: Children with 22q11.2 deletion syndromes

exhibit a behavioral phenotype reflective of nonverbal learning disabilities, concomitant language deficits, and

social-emotional concerns. Genetics in Medicine, 2001:3(1):34–39.
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Over the past several decades, there has been a marked in-
crease in the integration of behavioral genetics with neuropsy-
chological lines of inquiry. By engaging in such research, it is
hoped that greater specificity will be gained in the attempt to
establish links between particular genetic or chromosomal dis-
orders and corresponding distinct neurocognitive and behav-
ioral characteristics expressed by affected individuals. Through
such efforts, increasingly “pure” behavioral phenotypes have
been constructed for well-known genetic disorders such as
neurofibromatosis, Type I1,2 (NF-1) and Williams syndrome
(WS).3–5 Each of these disorders has a fairly long history of
inquiry. NF-1 was first described in the late 1800s6 and the
identification of WS occurred between 1952 and 1961.7–9 In
contrast, only recently has it been determined that both the
velocardiofacial syndrome (VCFS) and the DiGeorge anoma-
lad result from a submicroscopic hemizygous deletion at chro-
mosome 22q11.2.10 –13 As such, while initial attempts at iden-
tifying a behavioral phenotype for this group have occurred, a
comparatively smaller body of research has focused upon the
neuropsychological characteristics of children and adolescents
with the 22q11.2 deletion.14 –17 The purpose of this report is to
present updated and expanded findings that will contribute

toward the further delineation of a behavioral phenotype for
this disorder. Our aim is to increase awareness by providing
clinical benchmarks for reference and use when consulting
with or counseling patients with chromosome 22q11.2 dele-
tion syndromes.

The 22q11.2 deletion syndrome is an increasingly common
genetic disorder affecting at least 1 in 4,000 – 4,500 live births.18

The phenotypic expression of VCFS is quite varied.19,20 Medi-
cal conditions associated with the disorder include over 180
clinical features such as hypocalcemia, conotruncal cardiac
anomaly, velopharyngeal incompetence, cleft palate, T cell ab-
normalities (immunodeficiencies), and characteristic facies.18

In addition, central nervous system (CNS) deficits and brain
morphologic changes have also been identified within this
group.21–24 Findings such as this are likely related to reports of
mild cognitive impairment, learning disorders, nonverbal
learning disabilities, moderate to mild mental retardation,
speech and language deficits, and behavior and mood disor-
ders within the group.14,25,26

Examinations into the behavioral and psychiatric profile of
individuals with the 22q11.2 deletion have yielded mixed re-
sults. Disorders identified in this population include attention-
deficit/hyperactivity disorder (ADHD),27,28 oppositional defi-
ant disorder, separation anxiety disorder, specific phobias,
generalized anxiety disorder, depressive disorders,28 bipolar
mood disorders,27,29 schizophrenia,30 obsessive-compulsive
features,27,31 and occasional reports of autism.32 Within the
pediatric population, limited information33,34 is available re-
garding their psychosocial profile as assessed through parent
behavioral ratings. While externalizing characteristics such as
aggression and conduct problems have not arisen as a primary
feature of those in this group, the research has indicated that
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children with the 22q11.2 deletion are at-risk for developing
internalizing characteristics such as anxiety, depression, with-
drawal, obsessions, compulsions, and socialization deficits.

Through the work of three major research groups,14,25,26,35 a
prototypical cognitive and educational pattern for children
and adolescents with the 22q11.2 deletion has been identified
and replicated. Specifically, the test pattern delineated involves
full-scale IQ scores for the group that range from moderately
deficient to average, with a significant difference noted in favor
of verbal IQ over nonverbal or performance IQ. In addition, it
has been noted across researchers that the 22q11.2 group also
evidences basic reading and spelling skills that are superior to
arithmetic skills.

A unique contribution was offered by Moss and his col-
leagues14 –16,35 who also determined that, although the verbal
intellectual abilities were an area of relative strength for those
with the 22q11.2 deletion, group performance on more spe-
cific measures of receptive and expressive language skills was
significantly (P # 0.001) lower than verbal IQ. These findings
were present even when patients with mental retardation were
excluded from the data pool, indicating that this was not sim-
ply a function of reduced intellectual capacity.

The data reviewed above have indicated that patients with
the 22q11.2 deletion display a distinctive and complex neuro-
psychological pattern of performance that includes deficits in
visual-spatial processing, arithmetic performance, and lan-
guage functions. Subsequent analyses have also identified
weaknesses in the areas of language,14,36 attention, working
memory, and executive functioning,16 visual-spatial memo-
ry,37 arithmetic and visuospatial short-term memory,15 and
psychosocial functioning.33,34 Assets have also been indicated
to occur within the areas of verbal ability, rote processing, ver-
bal memory, reading, and spelling. Such a profile composes
many of the benchmark characteristics of what is termed the
syndrome of nonverbal learning disabilities (NLD).38 This syn-
drome has subsequently been used to characterize and map the
neurocognitive profiles of children with other genetic and de-
velopmental disorders such as Asperger’s syndrome, de Lange
syndrome, Turner’s syndrome, and Sotos syndrome. Rourke38

hypothesized that children with the 22q11.2 deletion may
manifest the NLD syndrome as a result of white matter irreg-
ularities. Although they noted that “there is currently no hard
evidence of white matter pathology in VCFS,” the authors of-
fered the conjecture that disruptions may occur during the
early period of cellular proliferation and migration. Since the
cardiac and ocular defects that occur in this syndrome are
thought to arise from the abnormal migration of the neural
crest, white matter pathology may also arise in those with the
22q11.2 microdeletion as a result of this same phenomenon.
To this end, Moss and his colleagues14 asserted that the IQ and
academic profile approximated NLD and that similar learning
problems in arithmetic manifest in many reports on children
with developmental learning disabilities thought to arise from
right hemispheric dysfunction.

While findings reviewed have been helpful in initiating in-
ferences about specific brain-behavior relationships, the IQ

and achievement measures generally used are gross composites
of a variety of cognitive abilities. As such, it is difficult to elu-
cidate upon the differential involvement and/or impairment of
particular neural circuits or specific brain regions within the
22q11.2 population. However, recent neuroimaging studies
have documented morphological changes in specific brain re-
gions of patients with 22q11.2 deletions. Moreover, the results
from these studies seem to offer some support for the white
matter hypothesis and may serve to further elucidate the spe-
cific brain-behavior relationships underlying this genetic syn-
drome. Initial neuroradiological findings within a limited sam-
ple from this population included agenesis of the corpus
callosum, an undersized cerebellum, small pituitary gland, and
periventricular white matter abnormalities.21,22 Later research
documented enlargement of the Sylvian fissure and opercular
underdevelopment in infants with the 22q11.2 microdele-
tion.23 In addition, results from a volumetric MRI study24 re-
vealed a decrease in overall brain volume due to an attenuation
in both gray and white matter volumes, enlargement of the
frontal lobe relative to overall brain volume reduction, a de-
crease in left parietal lobe tissue volume, a decrease in right
cerebellar tissue, and higher rates of microcephaly. Moreover,
Kates and colleagues39 also documented significantly reduced
posterior brain volume for VCFS patients relative to normal
controls, with white matter loss more significantly implicated
in the left occipital (19.3%) and left parietal (13.9%) regions
than in the frontal lobe (under 5%) when compared to an age-
and gender-matched control cohort. Many of these changes in
brain structure can be postulated to relate to the specific cog-
nitive deficits exhibited by the group in the areas of executive
function, working memory, visuospatial skill, language, spe-
cific forms of memory, and math performance. However, as
Eliez and his associates24 note, while such studies add incre-
mental knowledge to the body of research in this area, limita-
tions to generalization are posed due to small group size and
multiple statistical comparisons. With further research, greater
associations between such morphological indices and brain-
behavior relationships may be ascertained.

The present study was undertaken to replicate and further
extend the work detailed above in order to gain greater speci-
ficity regarding the emerging behavioral phenotype of children
and adolescents with confirmed 22q11.2 microdeletions along
more discrete domains of neuropsychological functioning. We
sought to replicate and extend previous cognitive and neuro-
psychological findings during the present study that would
confirm the presence of an NLD profile in this sample. In ad-
dition, consistent with the NLD syndrome, we hypothesized
that deficits would be exhibited in the areas of executive func-
tioning and working memory. It was also anticipated that
memory performance for this group would be characterized by
better developed rote verbal memory capability in contrast to
poorer visual-spatial memory. Moreover, while rote verbal
memory was expected to be strong, we hypothesized that the
group would exhibit deficits when engaged in a more complex
verbal memory test requiring greater attention, synthesis, and
language integration skills. Finally, since limited informa-
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tion33,34 is available regarding the psychosocial profile the pe-
diatric population as assessed through parent behavioral rat-
ings, we sought to confirm the presence of social-emotional
deficits and hypothesized a greater occurrence of attention,
social, and internalizing concerns with minimal group eleva-
tions in the areas of externalizing problems.

METHODS

All participants were recruited as part of a larger multidisci-
plinary study of the developmental, neurobehavioral, and
medical characteristics of the 22q11.2 microdeletion. Confir-
mation of the genetic diagnosis was made through fluores-
cence in situ hybridization (FISH) studies. Eighty-one consec-
utively referred patients were administered a comprehensive
neuropsychological examination by a pediatric neuropsychol-
ogist. Whole group analyses were conducted for broad esti-
mates of intellectual ability. A subset of 50 subjects who were
6 –17 years in age underwent a more complete neuropsycho-
logical and psychosocial assessment for domain-specific anal-
yses. Descriptive data for the full cohort and school-aged sub-
set are presented in Table 1. Sex was evenly distributed across
both samples with no significant differences noted controlling
for sex in any of the analyses conducted. In addition, previous
research23 has indicated that over two-thirds of the 22q11.2
patients received special educational assistance. Our findings
confirmed this estimate and provide further data regarding the
percentages of individuals receiving full- or part-time special
educational assistance and full time regular education. These
results are also fully represented in Table 1.

The primary measures utilized assessed intelligence, aca-
demic achievement, executive function, working memory,
memory, and psychosocial functioning. All participants were
administered the age-appropriate Wechsler intelligence test
battery: the Wechsler Intelligence Scale for Children—Third
Edition, WISC-III40 (for those aged 6 through 16 years, 11
months), the Wechsler Preschool and Primary Scales of Intel-
ligence—Revised, WPPSI-R41 (for children up to 6 years of
age), and the Wechsler Adult Intelligence Scale, WAIS42 (for
ages 17 years and older). These tests generate full-scale IQ,

verbal IQ, and performance or nonverbal IQ estimates. Partic-
ipants were also given measures of broad reading, spelling, and
mathematics achievement. For those aged 6 through 19, the
Wechsler Individual Achievement Test43 was utilized, while
those who were 20 years or older were given the Woodcock-
Johnson Tests of Achievement—Revised.44 Executive function
and working memory was assessed through administration of
the Trail-Making Test, Forms A and B,45 and the Freedom
from Distractibility Index from the WISC-III. To examine spe-
cific memory performance, participants aged 5 through 17
years, 11 months, were administered the Verbal Learning,
Story Memory, and Design Memory subtests of the Wide
Range Assessment of Memory Learning, WRAML.46 Psycho-
social functioning was examined through administration of
the Achenbach Child Behavior Checklist, CBCL,47 an objective
survey of behavior and mood completed by mothers of partic-
ipants aged 6 through 17.

Descriptive and nonparametric procedures (Wilcoxon
signed ranks) were used for statistical analyses, with a required
probability of P # 0.05 required for all planned comparisons.
For consistency of presentation, all cognitive, neuropsycholog-
ical and educational scores will be reported in Standard Score
format (mean 5 100; SD 5 15) and psychosocial scores will be
reported in T-score format (mean 5 50; SD 5 10).

RESULTS
Intelligence/cognitive ability

Overall, both the full cohort and school-aged sample evi-
denced full-scale IQ scores ranging from moderately mentally
deficient to average. However, full-scale IQ is an estimate
based upon their combined verbal and performance IQ scores.
For both of our groups, significant differences were noted be-
tween these two indices (both at P # 0.000) and across the full
range of intelligence, with verbal IQ in the low average range
and performance IQ within the borderline range. To specify
the pattern of neuropsychological results across one school-
aged sample, all further analyses were conducted with the sub-
set of 50 participants. IQ scores are presented in Table 2. The
number of children exhibiting verbal.performance discrep-
ancies within our sample is greater than would be expected in
the general population.

Academic achievement

In the area of academic achievement, findings revealed a
significant difference (Z 5 25.329, P # 0.000) for the group
between their nearly average performance in the area of broad
reading and borderline functioning in the area of broad math.
Table 2 includes the mean scores that the group achieved in
these areas and the specific pattern of academic functioning is
depicted in Figure 1. Patients showed significantly better de-
veloped (Z 5 22.991, P # 0.003) word reading skills in com-
parison to reading comprehension abilities but evidenced no
significant differences between tasks of paper-and-pencil
arithmetic and math reasoning. Spelling abilities were within
the low average range, similar to broad reading skills.

Table 1
Sample descriptive characteristics

Full cohort
School-age

sample

Sample size (n) 81 50

Age 10.6 6 3.7 10.3 6 3.2

Male 41 (51.0%) 24 (48.0%)

Female 40 (49.0%) 26 (52.0%)

FT special education 32 (39.5%) 15 (30.0%)

PT special education 34 (42.0%) 25 (50.0%)

Regular education 15 (18.5%) 10 (20.0%)

FT, full-time; PT, part-time.
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Executive function and working memory

Scores for performance in this area are presented in Table 2.
As a group, the 22q11.2 school-aged sample evidenced average
ability on Trails A, a test of brief, focused attention. However, a
significant difference (Z 5 23.539, P # 0.000) was noted be-
tween their better ability on this measure and that involving
Trails B, a similar task that also requires them to shift attention
and exhibit cognitive flexibility in order to meet its competing
demands. In addition, relative to pure verbal cognitive ability
as measured through the WISC-III Verbal Comprehension in-
dex, the group performed significantly (Z 5 21.930, P # 0.05)
more poorly on tasks of verbal attention and working memory
as indicated by the lower group mean attained on the WISC-III
Freedom From Distractibility index.

Memory

Memory results are presented in Table 2. Rote verbal mem-
ory was an area of relative strength for the school-aged 22q11.2
group, as they exhibited average performance on the Verbal
Learning subtest of the WRAML. In this subtest, the patient is
instructed to learn a list of 16 unrelated words over four learn-
ing trials, after which a long-delay recall trial is also given.
Sample scores ranged from moderately deficient to superior. It
is remarkable to note that while 62% of this sample attained IQ
estimates within the borderline to moderately mentally defi-
cient range, a full 72% of the same group scored within the low
average to very superior range in the area of verbal memory. As
such, this is an area of remarkable strength for most individuals
within the group. While patients performed well on this task of
rote verbal learning and memory, there was a significant dis-
crepancy (Z 5 22.525, P # 0.01) between their average score
in this area and their low average score on the visual-spatial
design memory subtest of the WRAML. Further analysis of
their verbal memory indicated that, although they fared with
the average range on the long delay portion of the rote verbal
learning task, when contrasted against a more complex and
meaningful task of delayed story memory from the WRAML,
they performed within the borderline range. This difference
was statistically significant (Z 5 23.611, P # 0.000). Thus,
rote verbal learning and memory is an area of strength for this
group, while visual-spatial memory and more complex forms
of verbal recall are areas of relative weakness. A comparison of
memory scores for the sample is presented in Figure 1.

Psychosocial functioning

We examined the Achenbach Child Behavior Checklist
(CBCL) profiles completed by the parents of the children and
adolescents within the subset of school-aged children. At-risk
elevations (at or above a T-score of 60) were revealed for the
group mean Total Composite (63 6 9.97) and Internalizing
Problems Composite (63 6 12.12). There were also at-risk
elevations on specific clinical subscales assessing behaviors as-
sociated with withdrawal (60 6 8.9), somatic complaints (63 6
11.67), anxiety/depression (62 6 9.5), social problems (65 6
11.35), thought problems (63 6 10.12), and attention prob-
lems (67 6 10.18). Clinical scales for aggression and delin-
quency were within normal limits. Results of nonparametric
Wilcoxon Signed Ranks test indicated significantly higher
scores (Z 5 24.882, P , 0.000) in the broad area of internal-
izing problems (i.e., anxiety/depression, withdrawal, somatic
complaints) versus externalizing problems (i.e., aggression
and delinquency). The profile of psychosocial functioning for
this sample is presented in Figure 2.

DISCUSSION

The 22q11.2 deletion syndromes are characterized by an
atypical neuropsychological profile across multiple domains,
and they ultimately display a cognitive profile characterized by
significantly higher verbal IQ than performance or nonverbal

Fig. 1 Profile of memory scores (N 5 50).

Table 2
Intelligence, achievement, memory, and executive function means and

standard deviations (N 5 50)

Measure Mean SD

Full Scale IQ 76 12.70

Verbal IQ 83 14.12

Performance IQ 73 12.42

Verbal Comprehension Index 85 14.28

Perceptual Organization Index 73 12.42

Freedom From Distractibility Index 81 14.56

Broad Reading 88 12.75

Broad Math 79 12.91

Spelling 89 12.20

Design Memory—Delayed Recall 87 14.56

Verbal Learning—Total Score 97 15.81

Verbal Learning—Delayed Recall 94 15.90

Story Memory—Delayed Recall 81 13.45

Trails A 90 27.02

Trails B 69 32.67
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IQ scores. In addition, they exhibit assets or relative strengths
in the areas of verbal skills, rote verbal learning and memory,
reading decoding, and spelling. Deficits, however, are found in
areas of nonverbal processing, visual-spatial skills, complex
verbal memory, attention, working memory, visual-spatial
memory, and mathematics. As such, they evidence a profile
that closely approximates NLD and suggests either right hemi-
spheric dysfunction, white matter anomalies, and/or possible
involvement of specific brain regions as elucidated through
current neuroimaging efforts.

Our data indicate that individuals with 22q11.2 deletions
demonstrate NLD characteristics, but that their “disability” is
not limited to “nonverbal” functions. Verbal abilities as mea-
sured through IQ tests such as the WISC-III represent the
formed or “crystallized” products of schooled or taught knowl-
edge the child has gained through their rote learning and/or
repeated cultural experiences and interactions at home or
through the classroom. These include knowledge of words,
factual information, the ability to draw associations between
two words, and their understanding of practical situations. In-
dividuals from this population show a unique strength in their
ability to learn and retain such verbal information that is pre-
sented over repeated occasions. In contrast, more fluid abilities
such as executive functions and complex language processes
involve the ability to efficiently and automatically understand,
structure, and synthesize information. As such, while rote abil-
ities are an area of strength, difficulties with attention and
more complex forms of information are likely tied to deficits in
the ability to engage in tasks involving story memory or more
intricate forms of verbal processing.

Moreover, difficulties arising from the nonverbal deficits
that were exhibited by this sample are often associated with
and/or exacerbate psychosocial difficulties. Within the present
sample, clinical elevations were detected in the areas of overall
behavior, internalizing problems, anxiety/depression, thought
problems, attention problems, withdrawal, somatic com-
plaints, and social problems. However, clinical scales for exter-
nalizing behaviors such as conduct problems and aggression

were within normal limits. Since prior studies of adults and
children with 22q11.2 deletion syndromes have documented a
markedly increased frequency of psychiatric disorders, moni-
toring levels of concern in these psychosocial areas is
paramount.

It is important to note that while these patterns of perfor-
mance represent an emergent neuropsychological profile and
behavioral phenotype, one of the most salient features of the
22q11.2 deletion syndrome is the substantial scatter and wide
variability exhibited by each individual within the group. This
variability is generally greater than would be found in most
children. By conducting research such as this, we gain greater
specificity in describing and documenting the particular set of
assets and deficits that should be expected in working with
those who have the 22q11.2 microdeletion.

In turn, this information has led to greater precision in pre-
scribing educational, psychological, and psychiatric interven-
tions and treatments.52,53 For instance, classroom accommo-
dations for visual-spatial difficulties can be made, and
strategies can be implemented to help automatize, script, and
structure their learning so that verbal assets can be accentu-
ated. Findings from this research may also be used to forward
utilization of specific published curriculum in the areas of
reading and math and contribute to seminal efforts in the area
of program development and interventions for children with
NLD.38

To offer greater specificity regarding the neuropsychological
profile of those with the 22q11.2 deletion and offer targeted
remedial and psychosocial interventions discrete functions
should continue to be examined within this population. In
addition, efforts must continue to associate findings from neu-
roimaging studies with the neuropsychological deficits and the
brain-behavior relationships demonstrated, which impact
learning and school performance. Such information regarding
their cognitive and social-emotional profile will help to drive
development of school techniques. Furthermore, as suggested
by those involved with behavioral genetics and behavioral
phenotyping,48 –51 to construct a behavioral phenotype from
which inferences can be made about the unique and homoge-
neously distinctive nature of the 22q11.2 syndromes, efforts
should be begun to compare the performance of those from
this population against that of nonaffected siblings and/or
other groups of children and adolescents who display a pattern
approximating a nonverbal learning disability.
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