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Abstract
The prevalence of a range of DSM-IV psychiatric disorders in a sample of 119 4 – 16-year-old
children with Williams syndrome (WS) was assessed using a structured diagnostic interview with
their parents. Most children (80.7%) met criterion for at least one DSM-IV diagnosis. The most
prevalent diagnoses were attention deficit/hyperactivity disorder (ADHD; 64.7%) and specific
phobia (53.8%). There was a significant shift in predominant type of ADHD as a function of CA,
from Combined for the youngest group (ages 4 – 6 years) to Inattentive for the oldest group (ages
11 – 16 years). The prevalence of generalized anxiety disorder (GAD) increased significantly with
age. These findings are another step toward defining the behavioral phenotype of WS.
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Introduction
There is increasing evidence that many syndromes involving mental retardation are
associated with not only specific medical and cognitive phenotypes but also with particular
patterns of behavioral and psychiatric symptoms. These “behavioral phenotypes” often
include extreme manifestations of human traits, such as the gregarious nature of children
with Williams syndrome (WS) and even bear similarities to psychiatric disorders, such as
obsessive-compulsive features in Prader-Willi syndrome and anxiety in individuals with
WS. In the present study, we examine the psychiatric component of the behavioral
phenotype of WS in a large sample of children, using the DSM-IV criteria (APA, 2000).

WS is a neurodevelopmental disorder caused by a microdeletion of at least 25 genes on
chromosome 7q11.23 (Hillier and others 2003). It is associated with mild to moderate
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mental retardation or learning difficulties, a characteristic facies, heart disease (especially
supravalvar aortic stenosis), hypercalcemia, and failure to thrive in infancy (Morris, 2005).
The cognitive phenotype for WS includes relative strengths in verbal short-term memory
and language and extreme weakness in visuospatial construction, including writing,
drawing, and pattern construction (e.g., Mervis and others 2000). A number of studies have
considered the behavioral and emotional characteristics of individuals with WS (Cherniske
and others 2004; Dykens 2003; Einfeld and others 1997, 1999, 2001; Einfeld and Hall 1994;
Gosch and Pankau 1997; Klein-Tasman and Mervis 2003; Preus 1984; Sarimski 1997;
Switaj 2000; Tomc and others 1990; Tonge and Einfeld 2003; Udwin and Yule 1991). A
variety of problem behaviors (e.g., distractibility, restlessness) and personality
characteristics (e.g., social disinhibition, excessive talking, mood swings, anxiety) have been
identified.

In a study of the personality characteristics of children with WS, Klein-Tasman and Mervis
(2003) found that one aspect of the distinctive personality of these children is their tendency
toward anxiety. Klein-Tasman and Mervis used the Children's Behavior Questionnaire
(CBQ; Rothbart and Ahadi 1994) and Multidimensional Personality Questionnaire – Parent
Version (MPQ; Tellegen 1985) to compare personality characteristics of children with WS
age 8 – 10 years to those of a comparison group of children with developmental disabilities
(DD) of mixed etiologies matched for chronological age (CA) and IQ. The children with WS
were significantly less shy, more gregarious, less dominant, more empathic, more sensitive,
and more tense than the comparison group.

Einfeld and colleagues (Einfeld and others 1997, 1999, 2001; Tonge and Einfeld 2003) have
conducted the most extensive study of the behavioral characteristics of children and
adolescents with WS. This research group used the Developmental Behavior Checklist
(DBC; Einfeld and Tonge 1995), a parent-report instrument specifically designed to assess
behavioral and emotional disturbances in individuals who have mental retardation (MR), to
assess 70 children with WS (mean CA: 9.4 years). Comparisons were made to an
epidemiologically-derived control group; gender, CA, and level of MR were statistically
controlled. The WS group had a significantly higher Total Behavior Problems score.
Subscale analyses indicated that the WS group had significantly more problems on the
Communication Disturbance and Anxiety subscales. A significantly higher proportion of the
parents of children in the WS group endorsed the following items: tense or anxious,
overaffectionate, covers ears or avoids particular sounds, overactive, short attention, food
fads, obsessed/preoccupied with an idea or activity, overly attention seeking, doesn't mix
with own age group/prefers adult company, inappropriately happy or elated, wanders
aimlessly, and repeats words or phrases. Based on these findings, Einfeld and his colleagues
concluded that WS may have a distinct behavioral phenotype.

Results of two longitudinal comparisons were also reported. Einfeld and colleagues (1999,
2001) presented a 5-year follow-up (Time 2). Although the Total Behavior Problems score
for the WS group decreased, the difference was not significant. There was a significant
decrease for the WS group for one item (repeats words or phrases). Differences between the
WS group and the epidemiological control group remained significant for the Total
Behavior Problems score, the Anxiety and Communication Disturbance subscales, and for
all but two of the items listed above (overactive, and obsessed /preoccupied with an idea or
activity). An 8-year follow up (Time 3; Tonge and Einfeld 2003) indicated that the Total
Behavior Problems score decreased significantly in comparison to Time 1 (no comparisons
to Time 2 were reported), although it was still significantly higher than for the
epidemiological control group. Scores on 3 of the 5 subscales, Disruptive/Antisocial, Self-
absorbed, and Anxiety, decreased significantly. The WS group scored significantly higher
than the epidemiological control group on the Communication Disturbance subscale; scores
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for the two groups did not differ significantly for the other 4 subscales. These findings
suggested that behavioral problems in individuals with WS persist over time, although they
may become less severe with age.

Switaj (2000) examined anxiety-related behaviors and traits in children with WS and how
their manifestations may change over time. The 1500 members of the Williams Syndrome
Association who had children ages 6 – 18 years were invited to participate in a mail survey
study. Parents of 190 children (12.6%) completed the surveys. The following measures were
included: Child Behavior Checklist (CBCL; Achenbach, 1991), Behavior Assessment
System for Children (BASC; Reynolds and Kamphaus 1992), the Revised Children's
Manifest Anxiety Scale (RCMAS; Reynolds and Richmond 1985) and the Yale-Brown
Obsessive-Compulsive Symptom Checklist (Y-BOCS Goodman and others 1986). Results
were compared across the following age groups: 6-9, 10-13, and 14-18. The 14-18 group
received significantly higher scores on the Anxious/Depressed subscale of the CBCL than
the two younger groups. On the RCMAS, the scores for the three age groups were
significantly different. The youngest group received the lowest scores, the 10-13 group
received significantly higher scores than the 6-9 group, and the 14-18 group received
significantly higher scores than the 10-13 group. On the BASC, the 10-13 group received
significantly higher scores than the 6-9 group. No age differences were apparent in the
YBOCS scores. Overall, this study demonstrated an increase in anxiety-related symptoms
with age, in contrast to findings by Tonge and Einfeld (2003).

The studies discussed thus far used questionnaires and behavior rating scales to compare
children with WS to a contrast group. Although these measures provide quantifiable
information regarding the presence and severity of behaviors and traits, they typically do not
solicit information about their frequency, duration, associated impairment, the context in
which the behavior takes place, the nature and time of onset, course of illness, or other
variables that are essential for the diagnosis of psychiatric disorders (see Dykens 2000).
Additionally, the behaviors included in various scales can be arbitrary. For example,
subscales with the same names may provide different scores based on the set of items
comprising them. In contrast, structured and semi-structured interviews provide specific
diagnoses based on a diagnostic system such as the DSM or ICD. Thus, symptoms and
behaviors are grouped into diagnostically meaningful clusters and onset, impairment, and
other variables are taken into account.

Use of diagnostic interviews for individuals with DD raises the question of the applicability
of the existing diagnostic systems to these individuals. Cooper and colleagues (2003) argue
that individuals with MR are less likely to meet DSM criteria than individuals in the general
population. This is in part due to the lack of understanding of the relationship between DD
and psychopathology. Consistent with this concern, Reiss and colleagues (1982)
demonstrated that clinicians examining a person with MR often are unable to “see” anything
but the DD (“diagnostic overshadowing”). Their research suggested that reported prevalence
rates psychopathology may be an underestimate in populations with DD.

To address this question, Sovner and Hurley (1983) reviewed 25 reported cases of affective
disorders in individuals with mental retardation using the DSM-III criteria in order to assess
the validity of these diagnoses. The authors concluded that individuals with mild and
moderate mental retardation can be diagnosed with the full range of affective disorders using
DSM criteria. Overall, Sovner and Hurley (Sovner 1986; Sovner and Hurley 1982a; Sovner
and Hurley 1982b) suggested that adults with DD disorders have psychiatric disturbances
that are conceptually the same as DSM disorders, although they may be less likely to be
diagnosed. Brown and others (2004) argued that DSM-IV criteria are applicable to children
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and adolescents with mild or moderate MR. Additionally, Sager and O'Brien (2003) stated
that DSM-IV criteria for ADHD are appropriate for children with MR.

The first study to use a DSM-based interview to measure psychopathology in WS was
conducted by Dykens (2003) to address rates of anxiety disorders. Dykens used the
Diagnostic Interview Schedule for Children-Parent (DICA-R; Reich and others 1991), a
semistructured interview based on DSM-III-R (American Psychiatric Association, 1987)
criteria. The anxiety domain of the DICA-R was administered to caregivers of 51
individuals with WS ranging in age from 5 – 49 years (mean = 15.91 years, SD = 10.31).
The anxiety domain of the DICA-R includes separation anxiety disorder, avoidant disorder,
overanxious disorder, specific phobia, and obsessive-compulsive disorder (OCD). The
interview demonstrated 35% prevalence for specific phobia (mean CA = 15.08 years, SD =
7.37), 16% prevalence for overanxious/generalized anxiety disorder (mean CA = 16.24
years, SD = 8.49), and 4% and 2% prevalence for separation anxiety and OCD respectively.
Although this study provided valuable information regarding psychiatric disorders in WS, it
also had significant limitations. First, only the anxiety section of the DICA-R was used;
other disorders, such as ADHD and oppositional defiant disorder (ODD) were not assessed.
Second, this study used an interview based on DSM-III-R criteria. Finally, the study
included a very broad age range and utilized a child interview measure not only with
children but also with adults.

More data are needed to define the psychiatric phenotype of individuals with WS, based on
DSM-IV criteria and using a measure appropriate for the participants' ages. The present
study used a structured diagnostic interview, the Anxiety Disorders Interview Schedule for
DSM-IV Parent Interview Schedule (ADIS-IV Parent; Silverman and Albano 1996), to
determine prevalence rates of a broad range of DSM-IV diagnoses in 4 – 16-year-old
children with WS. Differences in prevalence rates as a function of age and sex were also
examined.

Materials And Methods
Participants

Participants were 128 children with WS. Of these children, 121 were consecutive
participants within the 4 – 16 year age range in an ongoing study of cognitive and language
development of individuals with WS at the University of Louisville and the University of
Nevada School of Medicine. As part of this study, the ADIS-P is administered to the parents
of all children ages 4 years and older. Seven additional children whose parents had
completed the ADIS as part of a similar study at the University of Wisconsin-Milwaukee
were also included. The WS diagnosis for all children was confirmed by means of a
fluorescence in situ hybridization (FISH) test. Nine children were excluded because they
met autism or autism spectrum criteria based on clinical judgment following evaluation
using the Autism Diagnostic Interview-Revised (Lord and others 1994) and the Autism
Diagnostic Observation Schedule (ADOS-G; Lord and others 2000).

For the remaining 119 children, (54 boys and 65 girls), mean CA was 9.1 years (SD = 3.3
years, range = 4.01 – 16.9 years). Mean General Conceptual Ability Score (GCA; similar to
IQ) on the Differential Ability Scales (DAS; Elliott 1990a, b) was 59.5 (SD = 13.7, range =
<25 – 94). Based on GCA, 20% of the children had intellectual abilities in the normal range,
61% had mild mental retardation, 14% had moderate mental retardation, and 5% had severe
mental retardation. WS is associated with a specific cognitive profile involving relative
strength in verbal short-term memory and language and extreme weakness in visuospatial
construction (Mervis and others 2000). As such, GCA often provides an underestimate of
the verbal abilities of children with WS (Meyer-Lindenberg and others 2006). All of the
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children, including those with severe mental retardation, were verbal, and of the children 6
years or older, all but one spoke in sentences.

Instruments
ADIS-IV, Child/Parent version—The ADIS, Parent version (Silverman and Albano
1996), is a structured interview designed to diagnose anxiety disorders of childhood and
adolescence. It is based on DSM-IV criteria and is used both to determine the diagnosis and
its severity. It allows for differential diagnoses among all the DSM-IV anxiety and related
disorders and provides data regarding symptomatology, etiology, and the course of the
disorder (Silverman 1994). In addition to anxiety disorders, the ADIS assesses for attention
deficit/hyperactivity disorder (ADHD), oppositional defiant disorder (ODD), conduct
disorder, enuresis, sleep terror disorder, and selective mutism, as well as major depressive
disorder and dysthymia. Silverman and others (2001) have found excellent reliability for
separation anxiety disorder, social phobia, specific phobia, and GAD as well as excellent
test-retest reliability for the interview. Usually it is administered together with the Child
Schedule, however in the current study only the parent reports were analyzed, because
individuals with developmental disabilities may not be able to provide accurate reports of
experiences (Sovner 1986). Additionally, there is evidence suggesting that parents may be
able to provide more reliable information about children's psychological and emotional
states and behaviors than the children themselves (Edelbrock and others 1985, 1986).

While the validity of the ADIS-P with children with WS has not yet been established,
researchers (e.g., Brown and others 2004) have argued that DSM criteria may be used with
individuals with mild or moderate MR. Most individuals with WS have mild mental
retardation or borderline normal intelligence (Mervis and Klein-Tasman, 2000).
Additionally, when making the diagnoses in this sample, several factors beyond the DSM-
IV criteria were considered. For example, when assessing for presence of a specific phobia,
the child's developmental level was taken into consideration to differentiate between
pathological and developmentally appropriate fears. Similarly, the child's developmental
level was considered when making diagnoses of ADHD. Overall, the final diagnoses were
made based on DSM-IV criteria and judgment by an expert clinician.

Differential Ability Scales (DAS; Elliott 1990 a, b)—The DAS provides an
assessment of general intellectual functioning. This measure was designed to provide
specific information about an individual's strengths and weaknesses across a wide range of
intellectual activities.

There are two levels of the DAS: Preschool and School Age. Following the test author's
recommendation for children who are expected to have below average intelligence, the
Preschool Level was administered to all children who were 6 years 11 months or younger.
The School Age Level was administered to the remaining children unless they were very
low functioning; these children completed the Preschool Level and if necessary GCA was
calculated using the extended norms, which are available for the Preschool Level through
age 13 years 11 months. The GCA is based on performance on the core subtests and has a
mean of 100 and a standard deviation of 15.

Procedure
The ADIS-P was administered to the parents in person by a licensed clinical psychologist, a
board-certified developmental behavioral pediatrician, a board-certified pediatrician who
specializes in children with developmental disabilities, or a doctoral level clinical
psychology student who had passed reliability training on the instrument. The training
involved four consecutive matches on diagnosis and its severity. All student interviews were
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videotaped. The interview protocols were then reviewed with a licensed clinical
psychologist. In some cases, the videotapes of the interviews were observed. The
participants completed the DAS within a day of the ADIS interview.

Data Analyses
Chi-square tests were used to compare the prevalence rates among the three age groups and
between boys and girls. t- tests were used to compare the DAS GCA scores for children with
and without particular diagnoses.

Results
The prevalence rates of the diagnoses included in the ADIS-P were first calculated for the
entire sample. The sample was then divided into 3 age groups (4-6 years, 7-10 years, and
11-16 years), and the prevalence rates were compared across the groups.

Prevalence in the Entire Sample
The prevalence of each of the diagnoses in the entire sample is indicated in Table 1. The
most prevalent diagnosis was ADHD (64.7%). Of the children who met criteria, 68.8% had
the Predominantly Inattentive type, 25.9% had the Combined type (inattention plus
hyperactivity-impulsivity), and 3.9% had the Predominantly Hyperactive-Impulsive type. To
determine if there was a relation between the child's intellectual ability and diagnosis of
ADHD, we compared the DAS GCA scores for children with ADHD (mean = 59.4, SD =
14.1) and children without ADHD (mean = 59.7, SD = 13.1). The difference was not
significant [t (114) = 0.11, p=.91]. We also compared the DAS GCA between the children
who had the Predominantly Inattentive type of ADHD (mean = 59.6, SD = 14.5) and those
who had either the Predominantly Hyperactive-Impulsive or the Combined type (mean =
57.9, SD = 13.3). The difference was not significant [t (74) = .49, p = .62].

Specific phobia was the second most prevalent diagnosis (53.8%). The types of specific
phobias are listed in Table 2. The most common type of specific phobia was phobia of loud
noises (27.7%; actually, hypersensitivity to specific sounds). Types of sounds that caused
this type of phobia included startling loud sounds (e.g., fire drills, sirens, thunder), motor
sounds (e.g., lawn mowers, weed whackers, vacuum cleaners, blenders), noisy settings (e.g.,
concerts, ballgames), fireworks, crying, and screaming. Other common types of specific
phobia were phobia of blood tests or shots (15.9%) and of doctors or dentists (8.4%). The
majority of the children who had hypersensitivity to specific sounds also had at least one
other specific phobia (60.6%). To determine if there was a relation between the child's
intellectual level and specific phobia, we compared the DAS GCA scores for children with
specific phobia (mean = 57.4, SD = 12.8) and children without specific phobia (mean =
61.8, SD = 14.4). The difference was not significant [t (114) = 1.76, p=.08], and the effect
size was small (d = .29).

We also considered the comorbidity of diagnoses in children with WS. Twenty-six children
(21.8%) had no diagnosis, 37 (31.1%) had one diagnosis, 36 (36.4%) had two diagnoses, 19
(15.9%) had three diagnoses, and 1 (0.8%) had four diagnoses. The two most prevalent
diagnoses, ADHD and specific phobia, had the highest co-morbidity rate; 38.7% of the
group had both ADHD and specific phobia. To determine if there was a relation between the
child's intellectual level and the presence of any psychiatric diagnosis, we compared the
DAS GCA scores for children with any diagnosis (mean = 59.2, SD = 13.6) and children
without a diagnosis (mean = 60.4, SD = 14.2). The difference was not significant [t (114) =
0.38, p=.71].

Leyfer et al. Page 6

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



To address the possibility of sex differences in the prevalence rates of the DSM-IV disorders
that were common in the sample (ADHD, separation anxiety, specific phobia, GAD), we
compared the proportions of boys and girls who met DSM-IV criteria for each of these
disorders. These results are presented in Table 3. No significant difference was found in the
prevalence of these disorders as a function of sex.

Stability and Change as a Function of Chronological Age
To determine if the pattern of psychiatric diagnoses for children with WS changes with age,
we compared the prevalence rates of the diagnoses across the three age groups (Table 4). A
significant difference was found in the prevalence rates of ADHD as a function of age.
Examination of the standardized residuals demonstrated that the prevalence rate for the 7-10
group was significantly higher than expected relative to the prevalence for either the 4-6 or
the 11-16 groups.

To address the question of whether there were any age group differences in the distribution
of the types of ADHD, we combined the Hyperactive-Impulsive type and Combined type, as
only 3 individuals had received a diagnosis of ADHD, Hyperactive-Impulsive type. As
indicated in Table 4, a significant difference was found in the distribution of the types of
ADHD as a function of age. Examination of the standardized residuals demonstrated that
children in the 4-6 group who were diagnosed with ADHD of any type had a significantly
higher rate of diagnosis of ADHD, Combined or ADHD, Hyperactive-Impulsive type than
expected relative to the prevalence for children in the 11-16 group who were diagnosed with
ADHD of any type. Children in the 11-16 group who were diagnosed with ADHD of any
type had a significantly higher rate of ADHD, Inattentive type than expected relative to the
prevalence for children in the 4-6 group who were diagnosed with ADHD of any type.

No significant difference was found in the prevalence rate of specific phobia as a function of
age. When the specific phobia of loud noise was removed from the analyses, the difference
remained non-significant [χ2(2) = 2.24, p=.33]. Further, no difference was found in the
prevalence of specific phobia of loud noise as a function of age group [χ2(2) = 1.78, p=.41].

The prevalence of GAD differed significantly among the three age groups. Examination of
the standardized residuals indicated that the youngest group had a significantly lower rate of
GAD than expected and the oldest group had a significantly higher rate of GAD than
expected.

The prevalence rates of any diagnosis changed significantly with age. However, although
the 7-10 group appeared to have more children with diagnoses than the other two groups,
examination of the standardized residuals indicated that none of the differences between
pairs of age groups was significant.

Discussion
This is the first study to use a DSM-IV-based diagnostic instrument to assess
psychopathology in children with WS. The ADIS-P was administered to the children's
parents. Only parental reports were obtained because of the concern that children with WS
may not be able to describe their states and feelings accurately. The applicability of DSM-IV
criteria to populations with DD has been widely discussed in the literature, with researchers
suggesting that they can be utilized to diagnose psychopathology in individuals with mild
and moderate levels of intellectual disability (Brown and others 2004). A small proportion
(5%) of the sample in this study fell in the severe range of intellectual disability. However,
in contrast to most children with severe MR, the children with severe MR in this sample
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were verbal and all but one spoke in sentences. The results are discussed in the order of
prevalence of the diagnoses in this sample: ADHD, specific phobia, and GAD.

ADHD
ADHD was the most frequent diagnosis in this sample of 119 children with WS. The
prevalence rate (64.7%) was far higher than the 3 – 7% prevalence rate for the general
population (APA 2000). Myers and Pueschel (1991) reported a prevalence rate (6.1%)
similar to that for the general population for a sample of children and adolescents with
Down syndrome, using psychiatric and psychological evaluations. Studies of other
syndromes or mixed-etiology samples have consistently reported much higher rates. Dekker
and Koot (2003) reported 18.9% prevalence of ADHD in a sample of children with mild to
moderate MR, using DSM-IV criteria. Hardan and Sahl (1997) reported ADHD in 42% of
their sample of children and adults with MR or DD, based on the DSM-III-R criteria. In
boys with fragile X syndrome, the prevalence of ADHD has been found to be as high as
72% (Backes and others 2000) as assessed by a structured psychiatric interview, providing
diagnoses based both on ICD-10 and DSM-IV criteria.

The majority of the children with WS who received a diagnosis of ADHD (68.8%) were
diagnosed with the Predominantly Inattentive type, 25.9% with the Combined type, and
3.9% with the Predominantly Hyperactive-Impulsive type. In children with typical
development, the Predominantly Inattentive type of ADHD is also more common than the
Combined and Hyperactive-Impulsive types (Graetz and others 2001); the Hyperactive-
Impulsive type is rare (Dunn and Kronenberger 2003).

There was no significant difference in prevalence rates of ADHD between males and
females in this sample of children with WS. For children with typical development, the
findings have varied. Some studies suggest that ADHD is diagnosed significantly more
frequently in males than in females (e.g., Graetz and others, 2001). The DSM-IV-TR (APA
2000) reports a male to female ratio ranging from 2:1 to 9:1 depending on setting and type
of ADHD. Others suggest that ADHD may become more prevalent in girls in adolescence
(Nigg and Casey 2005).

In the present sample of children with WS, there was also no significant difference in
prevalence rates of ADHD types as a function of gender. In contrast, for children with
typical development, the Predominantly Inattentive type of ADHD is more common in girls,
whereas the Combined type is more frequently diagnosed in boys (Dunn and Kronenberger
2003; Hartung and others 2002; Lahey and others 1994).

The prevalence of ADHD differed significantly as a function of age; the 7-10 group had a
higher proportion of children receiving a diagnosis of ADHD than expected relative to the
4-6 and 11-16 groups. This pattern is similar to that found in the general population (e.g.,
Pineda and others 1999). A significant difference was also found in the distribution of the
types of ADHD as a function of age, with a higher proportion of children in the 4-6 group
receiving a diagnosis of the combined type of ADHD than children in the other two groups.
This pattern is also similar to that found in the general population (e.g., Lahey and others
1994).

Specific Phobia
Specific phobias are highly prevalent in children with WS. This study showed a somewhat
higher prevalence of clinical specific phobias (53.8%) than the 35% reported by Dykens
(2003) for a WS sample with a considerably higher mean CA. However, the rate in the
present study is similar to that reported by Cherniske and colleagues (2004) for a group of
20 adults with WS (50%). The prevalence rates in all three studies are much higher than
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those previously reported for individuals with MR of other etiologies. For example, using
the ICD-10 criteria, Cooper (1997) found specific phobias in only 6.8% of their sample of
adults with MR. Myers and Pueschel (1991) reported phobias in only 1.5% of their sample
of children and adolescents with Down syndrome. Dekker and Koot (2003) reported 17.5%
prevalence in their sample of children with mild to moderate MR. Emerson (2005) reported
specific phobia in 1.9% of children with DD.

The most prevalent phobias in the WS sample were those of loud noises, shots and/or blood
tests, and doctors/dentists unrelated to shots and blood tests. The fear of doctors and blood
tests/shots may be related to the physical problems frequently associated with WS and hence
more frequent exposure to these situations.

The highly prevalent fear of loud noises was expected based on previous findings regarding
hypersensitivity to sound in individuals with WS (Einfeld and others 1997; Johnson and
others 2001; Levitin and others 2005; Marler and others 2005; Van Borsel and others 1997).
For example, in the study by Levitin and colleagues (2005), hypersensitivity to loudness of
sounds (odynacusis) was found in 79.8% of their group with WS, as reported by parents on a
researcher-designed questionnaire. Furthermore, 90.6% of the parents of children with WS
reported that their children had auditory aversions. Hypersensitivity to certain sounds is also
often found in other developmental disorders, including autism (Sinha and others 2004) and
fragile X syndrome (Reiss and Freund 1992).

It is possible that the hypersensitivity to sounds in WS is related to sensorineural hearing
loss, a condition associated with damage to the inner ear or neural pathways from the inner
ear to the brain (Johnson and others 2001; Marler and others 2005). Johnson and colleagues
administered audiologic testing to 9 individuals with WS in the age range of 9-25 years,
finding sensorineural hearing loss in 3 of them. Marler and colleagues (2005) have reported
sensorineural hearing loss in 78% of 18 school-aged children with WS (median age 11.4
years). Cherniske and colleagues (2004) reported sensorineural hearing loss in 75% of 20
adults with WS (mean age 38.8 years).

GAD
Approximately 12% of the present sample was diagnosed with GAD. This rate is similar to
that reported by Dykens (2003) for overanxious disorder in a study using DSM-III-R
criteria. In contrast, studies using DSM-III or DSM-III-R criteria have found a much lower
rate of GAD in children with typical development (2-4%; Achenbach and others 1989;
Anderson and others 1987; Bowen and others 1990). Studies of children with MR/DD have
also shown a much lower rate of GAD. For example, in Dekker and Koot (2003), no child
was diagnosed with GAD, and in Emerson (2005) only 1.5% of the children with DD were
reported to have GAD. In the present study, the prevalence of GAD was significantly higher
than expected in the oldest WS group (ages 11 – 16) relative to the youngest group. This
finding is consistent with the results obtained by Switaj (2000) using anxiety rating scales
and checklists. It also is similar to the pattern found in the general population, where the
mean onset of GAD has been reported to be between 10 and 13 years of age (Last and others
1987; Strauss and others 1988).

The context of worries and their manifestation in individuals with WS is different from that
for individuals with typical development. In general, our clinical experience has been that a
large proportion of children with WS worry in anticipation of a variety of events, but that
once the events begin, the worry dissipates. Furthermore, this anticipatory worry is not
limited to events or activities they dislike (such as a doctor's visit), but also pertains to
enjoyable events or activities and is perseverative in nature. The quality of the anticipation is
such that some parents resist the term “worry” to describe their child's anticipation. The
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anxiety may be manifested through asking repeated questions about the upcoming activity.
The behavior appears to lie at the intersection of worry and obsessiveness. While this
anxiety oftentimes takes up a significant amount of time and parents consistently report it as
impairing, it is not captured by the GAD criteria.

Conclusion—The present study is the first to examine a broad range of psychiatric
disorders in WS using a categorical diagnostic instrument based on the DSM-IV criteria.
Our results indicate that specific phobias and ADHD are a part of the psychiatric phenotype
of WS and suggest the need either to modify the definition of GAD or create a new category
of anxiety to capture the “anticipatory” anxiety evidenced by a large proportion of children
with WS. Toward this goal, systematic description of this type of anxiety is critical.

Acknowledgments
This research was supported by grant # R01 NS35102 from the National Institute of Neurological Disorders and
Stroke and grant # R37 HD29957 from the National Institute of Child Health and Human Development to CBM.
We thank the children and their families for their enthusiastic participation in our research. Melissa Rowe and Ella
Peregrine administered some of the intellectual assessments and the members of Janet Woodruff-Borden's anxiety
research group and Colleen A. Morris, M.D. administered several of the ADIS interviews. Doris Kistler provided
statistical consultation. Joanie Robertson designed the database for this study and supervised data entry.

References
Achenbach, TM. Child behavior checklist/4-18. Burlington, VT: University of Vermont; 1991.
Achenbach TM, Conners CK, Quay HC, Verhulst FC, Howell CT. Replication of empirically derived

syndromes as a basis for taxonomy of child/adolescent psychopathology. J Abnorm Child Psychol.
1989; 17:299–323. [PubMed: 2754115]

American Psychiatric Association. Diagnostic and statistical manual of mental disorders, 3rd edition,
revised (DSM-III-R). Washington, DC: American Psychiatric Association; 1987.

American Psychiatric Association. Diagnostic and statistical manual of mental disorders, 4th Edition,
Text Revision (DSM-IV-TR). Washington, D.C.: American Psychiatric Association; 2000.

Anderson JC, Williams S, McGee R, Silva PA. DSM-III disorders in preadolescent children:
prevalence in a large sample from the general population. Arch Gen Psychiatry. 1987; 44:69–76.
[PubMed: 2432848]

Backes M, Genc B, Schreck J, Doerfler W, Lehmkuhl G, von Gontard A. Cognitive and behavioral
profile of fragile X boys: correlations to molecular data. Am J Med Genet A. 2000; 95:150–156.

Bowen RC, Offord DR, Boyle MH. The prevalence of overanxious disorder and separation anxiety
disorder: results from the Ontario Child Health Study. J Am Acad Child Adolesc Psychiatry. 1990;
29:753–8. [PubMed: 2228929]

Brown EC, Aman MG, Lecavalier L. Empirical classification of behavioral and psychiatric problems
in children and adolescents with mental retardation. Am J Ment Retard. 2004; 109:445–55.
[PubMed: 15471511]

Cherniske EM, Carpenter TO, Klaiman C, Young E, Bregman J, Insogna K, Schultz RT, Pober BR.
Multisystem study of 20 older adults with Williams syndrome. Am J Med Genet A. 2004; 131:255–
64. [PubMed: 15534874]

Cooper SA, Melville CA, Einfeld SL. Psychiatric diagnosis, intellectual disabilities and diagnostic
criteria for psychiatric disorders for use with adults with learning disabilities/mental retardation
(DC-LD). J Intellect Dev Disabil. 2003 1:3–15.

Dekker MC, Koot HM. DSM-IV disorders in children with borderline to moderate intellectual
disability. I: prevalence and impact. J Am Acad Child Adolesc Psychiatry. 2003; 42:915–22.
[PubMed: 12874493]

Dunn DW, Kronenberger WG. Attention-deficit/hyperactivity disorder in children and adolescents.
Neurol Clin. 2003; 21:933–40. [PubMed: 14743657]

Dykens EM. Psychopathology in children with intellectual disability. J Child Psychol Psychiatry.
2000; 41:407–17. [PubMed: 10836671]

Leyfer et al. Page 10

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Dykens EM. Anxiety, fears, and phobias in persons with Williams syndrome. Dev Neuropsychol.
2003; 23:291–316. [PubMed: 12730029]

Edelbrock C, Costello AJ, Dulcan MK, Conover NC, Kala R. Parent-child agreement on child
psychiatric symptoms assessed via structured interview. J Child Psychol Psychiatry. 1986;
27:181–90. [PubMed: 3958075]

Edelbrock C, Costello AJ, Dulcan MK, Kalas R, Conover NC. Age differences in the reliability of the
psychiatric interview of the child. Child Dev. 1985; 56:265–75. [PubMed: 3987406]

Einfeld S, Tonge B, Florio T. Behavioral and emotional disturbance in individuals with Williams
syndrome. Am J Ment Retard. 1997; 102:45–53. [PubMed: 9241407]

Einfeld S, Tonge B, Rees V. Longitudinal course of behavioral and emotional problems in Williams
syndrome. Am J Ment Retard. 2001; 106:73–81. [PubMed: 11246715]

Einfeld S, Tonge B, Turner G, Parmenter T, Smith A. Longitudinal course of behavioural and
emotional problems of young persons with Prader-Willi, Fragile X, Williams and Down
syndromes. J Intellect Dev Disabil. 1999; 24:349–354.

Einfeld SL, Hall W. Recent developments in the study of behaviour phenotypes. Aust N Z J Dev
Disabil. 1994; 19:275–279.

Einfeld SL, Tonge BJ. The Developmental Behavior Checklist: The development and validation of an
instrument to assess behavioral and emotional disturbance in children and adolescents with mental
retardation. J Autism Dev Disord. 1995; 25:81–104. [PubMed: 7559289]

Elliott, CD. Differential Ability Scales. San Antonio TX: The Psychological Corporation; 1990a.
Elliott, CD. Differential Ability Scales: Introductory and Technical Handbook. San Antonio TX: The

Psychological Corporation; 1990b.
Emerson E. Prevalence of psychiatric disorders in children and adolescents with and without

intellectual disability. J Intellect Disabil Res. 2003; 47:51–58. [PubMed: 12558695]
Goodman, WK.; Rasmussen, SA.; Price, LH.; Rapoport, JL. Children's Yale-Brown obsessive-

compulsive scale. Gainesville, FL: University of Florida; 1986.
Gosch A, Pankau R. Personality characteristics and behaviour problems in individuals of different ages

with Williams syndrome. Dev Med Child Neurol. 1997; 39:527–533. [PubMed: 9295848]
Graetz BW, Sawyer MG, Hazell PL, Arney F, Baghurst P. Validity of DSM-IVADHD subtypes in a

nationally representative sample of Australian children and adolescents. J Am Acad Child Adolesc
Psychiatry. 2001; 40:1410–7. [PubMed: 11765286]

Hardan A, Sahl R. Psychopathology in children and adolescents with developmental disorders. Res
Dev Disabil. 1997; 18:369–82. [PubMed: 9292930]

Hartung CM, Willcutt EG, Lahey BB, Pelham WE, Loney J, Stein MA, Keenan K. Sex differences in
young children who meet criteria for attention deficit hyperactivity disorder. J Clin Child Adolesc
Psychol. 2002; 31:453–64. [PubMed: 12402565]

Hillier LW, Fulton RS, Fulton LA, Graves TA, Pepin KH, Wagner-McPherson C, Layman D, Maas J,
Jaeger S, Walker R, et al. The DNA sequence of human chromosome 7. Nature. 2003; 424:157–
64. [PubMed: 12853948]

Johnson LB, Comeau M, Clarke KD. Hyperacusis in Williams syndrome. J Otolaryngol. 2001; 30:90–
2. [PubMed: 11770962]

Klein-Tasman BP, Mervis CB. Distinctive personality characteristics of 8-, 9-, and 10-year-olds with
Williams syndrome. Dev Neuropsychol. 2003; 23:269–90. [PubMed: 12730028]

Last CG, Strauss CC, Francis G. Comorbidity among childhood anxiety disorders. J Nerv Ment Dis.
1987; 175:726–30. [PubMed: 3681285]

Lahey BB, Applegate B, McBurnett K, Biederman J, Greenhill L, Hynd GW, Barkley RA, Newcorn J,
Jensen P, Richters J, et al. DSM-IV field trials for attention deficit hyperactivity disorder in
children and adolescents. Am J Psychiatry. 1994; 151:1673–85. [PubMed: 7943460]

Levitin DJ, Cole K, Lincoln A, Bellugi U. Aversion, awareness, and attraction: investigating claims of
hyperacusis in the Williams syndrome phenotype. J Child Psychol Psychiatry. 2005; 46:514–23.
[PubMed: 15845131]

Lord C, Risi S, Lambrecht L, Cook E, Leventhal B, DiValore P, Pickles A, Rutter M. The Autism
Diagnostic Observation Schedule-Generic: a standard measure of social and communication

Leyfer et al. Page 11

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



deficits associated with the spectrum of autism. J Autism Dev Disord. 2000; 30:205–223.
[PubMed: 11055457]

Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised version of a
diagnostic interview for caregivers of individuals with possible pervasive developmental disorders.
J Autism Dev Disord. 1994; 24:659–85. [PubMed: 7814313]

Marler JA, Elfenbein JL, Ryals BM, Urban Z, Netzloff ML. Sensorineural hearing loss in children and
adults with Williams syndrome. Am J Med Genet A. 2005; 138:318–27. [PubMed: 16222677]

Mervis CB, Robinson BF, Bertrand J, Morris CA, Klein-Tasman BP, Armstrong SC. The Williams
syndrome cognitive profile. Brain Cogn. 2000; 44:604–28. [PubMed: 11104544]

Meyer-Lindenberg A, Mervis CB, Berman KF. Neural mechanisms in Williams syndrome: a unique
window to mechanisms of human cognition and behaviour. Nat Rev Neurosci. 2006 In press.

Morris, CA. Williams syndrome. In: Cassidy, SB.; Allanson, JE., editors. Management of genetic
syndromes. 2nd. 2005. p. 655-667.

Myers BA, Pueschel SM. Psychiatric disorders in persons with Down syndrome. J Nerv Ment Dis.
1991; 179:609–613. [PubMed: 1833506]

Nigg JT, Casey BJ. An integrative theory of attention-deficit/hyperactivity disorder based on the
cognitive and affective neurosciences. Dev Psychopathol. 2005; 17:785–806. [PubMed:
16262992]

Pineda D, Ardila A, Rosselli M, Arias BE, Henao GC, Gomez LF, Mejia SE, Miranda ML. Prevalence
of attention-deficit/hyperactivity disorder symptoms in 4- to 17-year-old children in the general
population. J Abnorm Child Psychol. 1999; 27:455–62. [PubMed: 10821627]

Preus M. The Williams syndrome: objective definition and diagnosis. Clin Genet. 1984; 25:422–8.
[PubMed: 6723102]

Reich, W.; Shayka, JJ.; Taibelson, C. Diagnostic Interview Schedule for Children and Adolescents,
parent version. St. Louis, MO: Washington University; 1991.

Reiss AL, Freund L. Behavioral phenotype of fragile X syndrome: DSM-III-R autistic behavior in
male children. Am J Med Genet. 1992; 43:35–46. [PubMed: 1605210]

Reiss S, Levitan GW, Szyszko J. Emotional disturbance and mental retardation: diagnostic
overshadowing. Am J Ment Def. 1982; 86:567–74.

Reynolds, CR.; Kamphaus, RW. Behavior Assessment System for Children. Circle Pines, MN:
American Guidance Service, Inc.; 1992.

Reynolds, CR.; Richmond, BO. Revised Children's Manifest Anxiety Scale. Los Angeles: Western
Psychological Services; 1985.

Rothbart MK, Ahadi SA. Temperament and the development of personality. J Abnorm Psychol. 1994;
103:55–66. [PubMed: 8040481]

Sarimski K. Behavioural phenotypes and family stress in three mental retardation syndromes. Eur
Child Adolesc Psychiatry. 1997; 6:26–31. [PubMed: 9112044]

Seager MC, O'Brien G. Attention deficit hyperactivity disorder: review of ADHD in learning
disability: the Diagnostic Criteria for Psychiatric Disorders for Use with Adults with Learning
Disabilities/Mental Retardation [DC-LD] criteria for diagnosis. J Intellect Dev Disabil. 2003 1:26–
31.

Silverman, WK. Structured diagnostic interviews. In: Ollendick, TH.; King, NJ.; Yule, W., editors.
International handbook of phobic and anxiety disorders in children and adolescents Issues in
clinical child psychology. New York: Plenum Press; 1994. p. 293-315.

Silverman, WK.; Albano, AM. The Anxiety disorders interview schedule for DSM-IV: Parent
interview schedule. San Antonio, TX: Graywind Publications, a Division of the Psychological
Corporation; 1996.

Silverman WK, Saavedra LM, Pina AA. Test-retest reliability of anxiety symptoms and diagnoses with
the Anxiety disorders interview schedule for DSM-IV: child and parent versions. J Am Acad Child
Adolesc Psychiatry. 2001; 40:937–44. [PubMed: 11501694]

Sinha Y, Silove N, Wheeler D, Williams K. Auditory integration training and other sound therapies for
autism spectrum disorders. Cochrane Database Syst Rev. 2004 CD003681.

Leyfer et al. Page 12

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Sovner R. Limiting factors in the use of DSM-III criteria with mentally ill/mentally retarded persons.
Psychopharmacol Bull. 1986; 22:1055–1059. [PubMed: 3809370]

Sovner R, Hurley AD. Do the mentally retarded suffer from affective illness? Arch Gen Psychiatry.
1983; 40:61–7. [PubMed: 6849621]

Sovner R, Hurley AD. Diagnosing depression in the mentally retarded. Psych Aspects Ment Retard.
1982a; 1:1–4.

Sovner R, Hurley AD. Diagnosing mania in the mentally retarded. Psych Aspects Ment Retard. 1982b;
1:10–12.

Strauss CC, Lease CA, Last CG, Francis G. Overanxious disorder: an examination of developmental
differences. J Abnorm Child Psychol. 1988; 16:433–43. [PubMed: 3221032]

Sturmey P. Diagnostic-based pharmacological treatment of behavior disorders in persons with
developmental disabilities: a review and a decision-making typology. Res Dev Disabil. 1995a;
16:235–252. [PubMed: 7480954]

Sturmey P. DSM-IIIR and people with dual diagnoses: conceptual issues and strategies for future
research. J Intellect Disabil Res. 1995b; 39:357–64. [PubMed: 8555711]

Switaj, DM. Identification and measurement of anxiety and obsessive-compulsive tendencies in the
Williams syndrome behavioral phenotype. Philadelphia: Temple University; 2000.

Tellegen, A. Structures of mood and personality and their relevance to assessing anxiety, with an
emphasis on self-report. In: Tuma, AH.; Maser, JD., editors. Anxiety and the anxiety disorders.
Hillsdale, NJ: Lawrence Erlbaum Associates, Inc.; 1985. p. 681-716.

Tomc SA, Williamson NK, Pauli RM. Temperament in Williams syndrome. Am J Med Genet. 1990;
36:345–52. [PubMed: 2363436]

Tonge, B.; Einfeld, S. Psychopathology and intellectual disability: The Australian Child to Adult
Longitudinal Study. In: Glidden, LM., editor. International review of research in mental
retardation. San Diego, CA: Elsevier Science; 2003. p. 61-91.

Udwin O, Yule W. A cognitive and behavioural phenotype in Williams syndrome. J Clin Exp
Neuropsychol. 1991; 13:232–44. [PubMed: 1864913]

Van Borsel J, Curfs LM, Fryns JP. Hyperacusis in Williams syndrome: a sample survey study. Genet
Couns. 1997; 8:121–6. [PubMed: 9219010]

Leyfer et al. Page 13

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Leyfer et al. Page 14

Table 1

Prevalence of psychopathology in children with WS (N=119)

Diagnosis N %

ADHD 77 64.7

 Inattentive 53 68.8

 Combined 20 25.9

 Hyperactive-Impulsive 3 3.9

Separation anxiety 8 6.7

Social phobia 2 1.7

Specific phobia 64 53.8

Panic disorder w/Agoraphobia 1 0.8

GAD 14 11.8

OCD 3 2.5

PTSD 1 0.8

ODD 4 3.4

No diagnosis 26 21.8
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Table 2

Types of specific phobia present in the sample (N=119)

Type of phobia N %

Blood-Injection-Injury Type

Blood tests/shots 19 15.9

Sight of blood 1 0.8

Animal Type

Animals or Insects 7 5.9

Natural Environment Type

Heights 6 5.0

Thunderstorms 5 6.3

Darkness 3 2.5

Water 1 0.9

Situational Type

Elevator/Escalator 1 0.8

Doctor/dentist 10 8.4

Other

Loud noises 33 27.7

Choking 1 0.8

Vomiting 4 3.4

Bicycles 1 0.8

Washing hair 1 0.8

Costumed characters 1 0.8
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