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Abstract

Maladaptive behaviors among 65 people with Prader-Willi syndrome were assessed using the Reiss
Screen for maladaptive behaviors. Young adults in their twenties were more likely to display
aggressive behavior than adolescents and older adults. Differences in maladaptive behaviors between
the typical deletion and uniparental disomy (UPD) subtypes were evaluated. The typical deletion
subtype had higher self-injury and stealing scores than the UPD subtype. Subject characteristics were
differentially related to maladaptive behavior among the typical deletion and UPD subtypes.
Differences in maladaptive behavior were also examined between the typical deletion type | and type
Il subtypes. The type | deletion subtype had greater physical depression scores than the type Il
deletion subtype. The Reiss Screen cut-off scores were used to determine whether differences
occurred between the subtypes at a clinically significant level. These findings offer insight into the
health care needs of people with PWS.
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INTRODUCTION

Prader-Willi syndrome (PWS) is a developmental disorder that occurs in approximately 1 in
20,000 live births [Whittington et al., 2001]. It is caused by a chromosomal abnormality
consisting of a typical paternal deletion of the proximal long arm of chromosome 15q (15g11-
q13) in approximately 70% of the cases and maternal uniparental disomy (UPD) of
chromosome 15 in approximately 25% of the cases. Additionally, abnormalities in genetic
imprinting affecting paternal gene expression account for less than 5% of PWS cases [Butler
and Thompson, 2000;Nicholls and Knepper, 2001]. There is a reported 1:1 ratio of males to
females within the typical deletion and UPD genetic subtypes [Gillessen-Kaesbach et al.,
1995;Mitchell etal., 1996]; however, additional research suggests that there may be more males
than females with the UPD subtype [Mitchell et al., 1996]. People with PWS have high rates
of maladaptive behaviors compared to people with cognitive impairments due to other
etiologies [Clarke et al., 1996;Dykens and Kasari, 1997;Holland et al., 2003]. Problematic
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behaviors commonly found among people with PWS include temper tantrums, aggressive
behavior, stubbornness, skin picking, compulsivity, overeating, and hoarding [Dykens and
Cassidy, 1995;Dykens and Kasari, 1997].

People with typical deletion or UPD genetic subtypes may not exhibit maladaptive behaviors
with equivalent frequencies or severities. Previous studies suggest that the UPD subtype has
milder maladaptive behaviors than the typical deletion subtype. For example those with the
typical deletion subtype have greater rates of skin picking [Dykens et al., 1999;Symons et al.,
1999], symptom-related distress on the Yale-Brown Obsessive Compulsive Scale [Dykens et
al., 1999], mood-swings, stealing food [Webb et al., 2002] withdrawal, sulking, nail biting,
hoarding, and overeating [Dykens et al., 1999] than people with the UPD subtype. The few
areas for which those with a UPD are at greater risk include autistic characteristics, particularly
in childhood, psychosis, predominantly in young adulthood, and sleep disorders [Boer et al.,
2002;Wehb et al., 2002]. All of these findings are based on inventories structured for, and
normed on, typically developing children or unvalidated checklists of behaviors. The
legitimacy of these differences would be greatly supported through an assessment designed
and normed on individuals with mental retardation.

Subject Characteristic Risk Factors

Several subject characteristics correlate with maladaptive behaviors and may serve to identify
at risk subpopulations of people with PWS. There is a non-linear relationship between age and
maladaptive behaviors, with an increase in maladaptive behaviors such as skin picking,
compulsivity, and temper tantrums as children get older [Dykens and Kasari,
1997;Dimitropoulos et al., 2001;Dykens, 2004], with young adults showing the greatest
incidence of problems. However there are fewer maladaptive behaviors among older adults
than in young adults [Dykens, 2004]. Body mass index (BMI) is negatively correlated with
hoarding, psychosis, depression, skin picking, and dependent personality disorder, such that
people with PWS with greater BMIs demonstrate these problems less often [Dykens and
Cassidy, 1995;Dykens, 2004]. There is less clarity on the association between gender and
maladaptive behaviors. Some researchers report that males display greater externalizing
behaviors, aggression, and depression [Dykens and Cassidy, 1995;Dykens, 2004], and that
females demonstrate increased skin picking. However, other studies have not demonstrated
these gender differences [Dykens and Kasari, 1997;Einfeld et al., 1999;Symons et al., 1999].
The reported behavioral and emotional differences between the UPD and typical deletion
subtypes suggest that subject characteristics may be differentially associated with maladaptive
behaviors among these genetic subtypes.

Searching for correlates of maladaptive behavior separately among the genetic subtypes may
provide a more fine-grained identification of characteristics related to problematic behavior
and help explain the lack of consistency in previous research.

Deletion Type | and Type ll

Recently, an additional distinction among the genetic subtypes of PWS has emerged through
advances in molecular genetics. The typical deletion subtype seen in PWS involving the 15q11-
q13 region can be further grouped into two separate classes of deletions. The proximal
breakpoint of the typical 15q11-gq13 deletion may occur at two different sites within one of the
two large duplicons centromeric to locus MKRN3, allowing for the identification of two
deletion subtypes [Nicholls and Knepper, 2001]. People with the class or type | deletion have
a breakpoint that is proximal to the D155541/S1035 loci, whereas those with the class or type
Il deletion have a breakpoint between loci D155541/S1035 and D15S543 [Ungaro et al.,
2001]. Approximately, 40% of the typical deletions are classified as type | while about 60%
are type Il [Christian et al., 1995;Butler et al., 2004]. As a result, people with the larger type |
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deletion have approximately 500 kb less genetic material than people with the smaller type 1l
deletion (Fig. 1). The ratio of males to females with a type | and type Il deletion is unknown;
however, Butler etal. [2004] found a 1:1 ratio among both deletion types in their study subjects.
The greater loss of genetic material among type | deletions may translate into important
phenotypic disparities among people with deletion type I or type Il. In the only study of its
kind, Butler et al. [2004] found that people with type I deletion (n = 12) had more compulsive
behavior, more impairment in visual perception, poorer academic performance, and poorer
daily living skills than people with type 1l deletion (n = 14).

Present Study

Using a scale developed for and normed on adults with mental retardation, the present study
attempts to further define significant differences in maladaptive behaviors among the typical
deletion and UPD subtypes, and to determine if subject characteristics (gender, age, 1Q, and
BMI) are significant correlates of maladaptive behaviors within the deletion and UPD subtypes.
Finally, we assess whether people with a type | deletion have more severe maladaptive
behaviors than with a type Il deletion.

MATERIALS AND METHODS

Population Assessed

Sixty-five individuals with PWS aged 12-45 year (M = 23.81, SD = 8.87) participated in the
study. Forty-seven subjects were evaluated between 1995-1999 at the John F. Kennedy Center,
Vanderbilt University, Nashville, Tennessee and 18 subjects with PWS were evaluated
between 2000-2003 at the University of Kansas Medical Center (KUMC). All individuals
agreed to informed consent approved by institutional review boards. Full Scale 1Qs ranging
from 45-83 (M = 63.02, SD = 8.87) and BMI ranging from 19.46 to 58.28 (M = 34.64, SD had
=9.05). Forty individuals (16 male, 24 female) the typical 15911-q13 deletion, 23 individuals
(11 male, 12 female) had maternal UPD of chromosome 15, and 2 individuals (2 male) had an
imprinting defect. A chi-square test indicated that the percentage of participants with the typical
deletion (62%), UPD (35%), and imprinting defects (3%) did not significantly differ from the
expected percentages of these genetic subtypes among people with PWS [Butler and
Thompson, 2000;Nicholls and Knepper, 2001]. A chi-square indicated that the ratio of males
to females in both the deletion and UPD subtype did not significantly differ from the 1:1 ratio
found in previous research [Gillessen-Kaesbach et al., 1995;Mitchell et al., 1996]. Within the
typical deletion subtype, 14 participants (6 male, 8 female) had type I deletion and 20 (7 male,
13 female) had type Il deletion. The ratio of people classified with a type I to type Il deletion
is consistent with past findings [Christian et al., 1995;Butler et al., 2004]. A chisquare indicated
that the ratio of males to females for both type | and type 11 deletion did not differ significantly
from the 1:1 ratio found in previous research [Butler et al., 2004].

Sixty participants were Caucasian, two were Hispanic and three were African-American.
Typical deletion and UPD individuals did not differ on BMI, age, or Full Scale 1Q; however,
UPD individuals had significantly higher verbal 1Qs. There was no difference in use of
psychiatric medications or insulin between the typical deletion and UPD subtypes. Six
participants were currently being treated with growth hormone and three had received such
treatment in the past. Nineteen participants lived ata PWS group home, 5 lived at a group home
not specific to PWS, and 41 lived independently, semi-independently, or with their family.
There was notasignificant difference in place of residence or income level reported by parents/
guardians between the typical deletion and UPD subtypes or between the type | and type 1l
deletion subtypes.
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Genetic Classification

Genetic subtypes were confirmed through the use of high-resolution chromosome analysis,
fluorescent in situ hybridization, and DNA microsatellite analysis to confirm the typical
deletion or UPD genetic subtype status [Muralidhar and Butler, 1998;Butler et al., 2002].
Microsatellite markers proximal to D15S541/S1035 loci and between D155541/51035 and
D15S543 were used to identify type | and type |1 deletions. The presence of a second breakpoint,
between D15S56 and D15S165, on 15gq11-q13 was confirmed in all deletion participants
through molecular genetic testing. Classifications of type | and type Il deletions were based
on microsatellite analysis of parental DNA isolated from peripheral blood. Confirmation of
classifications was achieved through guantitative PCR using established protocols [Ungaro et
al., 2001;Butler et al., 2002]. Type | deletion classifications were made based on the absence
of the paternal D155541/S1035 loci and classification of type 11 deletions were based on the
presence of the D155541/S1035 loci.

Behavioral Measures

The Reiss Screen for maladaptive behavior [Reiss, 1988] is a 38-item inventory in which
informants rate the degree to which each symptom is “No Problem,” “Problem,” or “Major
Problem.” The Reiss Screen was chosen to assess psychopathology because this scale was
designed for and normed on adults with mental retardation and assesses a wide range of
maladaptive behaviors. The Reiss Screen results in eight scale scores (aggressive behavior,
autism, psychosis, paranoia, avoidant, depression (behavioral), depression (physical), and
dependent personality disorder) each including five items, six maladaptive behavior single item
scores (drug/alcohol abuse, overactive, self-injury, sexual problem, suicidal tendencies,
stealing), and a 26-item total score indicative of severity of mental health problems. Cut-off
scores indicative of a problem likely to be in need of mental health services were used to
determine clinically significant psychopathology [Reiss, 1988]. The cutoffs for seven of the
eight scale scores were located at two standard deviations above the norms for individuals with
mental retardation rated as having no comorbid diagnoses. The cutoff for the Autism scale
score was located slightly higher than the mean obtained from a group of individuals with
mental retardation diagnosed with autism. The cutoffs for the maladaptive behavior items were
based on a priori considerations that an item rated as major problem constituted a problem
needing professional evaluation. The cutoff for the 26-item total score was established as the
mid-point between the average score for a group of individuals with mental retardation with
no comorbid diagnoses and groups with a comorbid diagnosis. The Reiss Screen has been
shown to have adequate reliability, internal consistency, and concurrent validity [Reiss,
1988;Walsh and Shenouda, 1999].

When possible, two parents or guardians completed the Reiss Screen and the average score
from these two ratings was used. When only one parent or guardian completed the Reiss Screen,
this score was used. 1Q was assessed through Wechsler scales (WAIS-R or WISC-III;
Wechsler, 1981,1991) and BMI was calculated [weight in kilos/(height in meters)?] for all
participants. Age, gender, and ethnicity were reported by parents or guardians of participants.

RESULTS

Deletion Versus UPD

Possible differences in maladaptive behavior between the typical deletion and UPD subtypes
were assessed using independent-samples t-tests and Mann-Whitney U-tests. Independent-
samples t-tests indicated no significant difference between the typical deletion and UPD
subtypes on the eight Reiss scale scores or the 26-item total Reiss score. Mann-Whitney U-
tests indicated that the deletion subtype had significantly higher Reiss self-injury scores (U=
294.00, P = 0.011 [one-tailed]) than the UPD subtype. The typical deletion subtype also had
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significantly higher Reiss stealing scores (U = 311.50, P = 0.033 [one-tailed]) than the UPD
subtype. To determine whether = differences existed in clinically significant psychological
problems, a chi-square was used to compare the number of deletion and UPD participants at
or above the clinically significant cut-off scores (Tables I and I1). Results indicated that there
were significantly more people with the typical deletion subtype with clinically significant self-
injury than with the UPD subtype, ¥ (1, 93) 4.48, P = 0.044 (one-tailed). In addition, there
were significantly more people with the typical deletion subtype with clinically significant
stealing than with the UPD subtype, ¥2 (1, 66) = 7.78, P = 0.005 (one-tailed).

Subject Characteristics and Maladaptive Behaviors for Typical Deletion and UPD

To determine whether young adolescents with PWS had higher rates of maladaptive behaviors
than adolescents and older adults, three age groups (12-19, 20-29, and 30-45 years old) were
formed. A one-way analysis of variance indicated a significant difference among the three age
groups in aggressive behavior, F (2, 45) = 4.38, P = 0.018. Student-Newman Keuls post-hocs
revealed that 20-29 year olds (M = 4.60, SD = 2.87) had significantly higher aggressive
behavior scores than 12-19 year olds (M = 2.60, SD = 2.53) and 30-45 years old (M = 1.92,
SD = 1.98). Bonferroni-corrected independent samples t-tests indicated no significant
differences between the age groups for the Reiss maladaptive behavior items. To determine
whether 20-29 years old had higher rates of maladaptive behaviors when the deletion and UPD
subtypes were examined separately, one-way ANOVAs and Bonferroni-corrected independent
samples t-tests were conducted. Analyses indicated no significant differences among the three
age groups on any of the Reiss scores for either the typical deletion or UPD subtype.

The relationship between gender, BMI, and full scale 1Q and maladaptive behaviors for the
deletion and UPD subtypes were assessed through correlations. Table 111 shows the correlations
between subject characteristics and the Reiss Screen. In the typical deletion subtype, point
biserial correlations indicated that gender was significantly related to aggression (r=-0.39, P
=0.014), Reiss depression (physical signs) (r = -0.34, P = 0.030), dependent PD (r=-0.49, P
0.001), and 26-item total scores (r =-0.35, P = 0.025), suggesting that males are at greater risk
for these problems. Point Biserial and Kendall’s Tau C correlations indicated that gender was
not significantly related to any of the Reiss scale scores or maladaptive behavior items in the
UPD subtype. Pearson correlations indicated that BMI was significantly negatively related to
Reiss aggressive behavior (r = -0.30, P = 0.042) and Reiss Paranoia (r = -0.37, P = 0.018) and
significantly positively related to Reiss depression (physical signs) (r=-0.42, P =0.041) among
the deletion subtype. BMI was significantly negatively related to aggressive behavior (r=-0.68,
P =0.001) in the UPD subtype. Kendall Tau C correlations indicated that 1Q was positively
related to Reiss stealing (r = 0.45, P = 0.025) and Reiss selfinjury (r = 0.53, P = 0.020) in the
UPD subtype but was not significantly related to the maladaptive behavior items in the deletion
subtype.

Deletion Type | Versus Deletion Type Il

Possible differences between the deletion type I and Il in maladaptive behavior were assessed
using independent-samples t-tests and Mann-Whitney U-tests. Independent samples t-tests
revealed that people with type | had significantly higher Reiss depression (physical signs)
scores than the deletion type I, t (32) = 1.95, P = 0.030 (one-tailed). There were no other
significant differences between the two deletion types in Reiss scale scores or the 26-item total
score. Mann-Whitney U-tests indicated no significant differences between the two-deletion
types in the Reiss maladaptive behavior items. To determine whether differences existed in
clinically significant maladaptive behavior, a chi-square was used to compare the number of
participants with type I and type Il deletions at or above the clinically significant cut-off scores
(Fig. 2). Analyses indicated no significant differences in clinically significant problems
between the two deletion types.
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DISCUSSION

A scale developed for and normed on adults with mental retardation was used to examine
maladaptive behavior among people with PWS. For the most part the study confirms the
characteristics described by previous observational studies and those that used instruments
normed on typically developing children. Maladaptive behaviors are exceedingly common in
those with PWS. Furthermore, the frequencies of those maladaptive behaviors vary among
causal subtype of PWS. Both the typical deletion and UPD subtype were found to exhibit
similar types of problematic behaviors, with the greatest problems for both subtypes occurring
in aggressive behavior and physical signs of depression (e.g., low energy, sleep difficulties,
and deteriorated hygiene/unkempt appearance). In addition to identifying maladaptive
behaviors among people with PWS, the present study addresses the need for mental health
services to deal with these behaviors. The present study also demonstrates that the differences
between the typical deletion and UPD subtypes are not only statistically significant, but reflect
meaningful differences in the percentage of people with severe difficulties requiring
professional intervention. The typical deletion subtype had significantly greater self-injury and
stealing than the UPD subtype and these differences remained at the clinically significant level,
suggesting that the deletion subtype has greater need of mental health services for these
problems. It remains unknown whether stealing relates to food or non-food items. However,
previous research suggests this may primarily relate to food items [Webb et al., 2002].

Differences in the relationship between subject characteristics and maladaptive behavior were
found among the genetic subtypes of PWS. Within the combined PWS group, young adults in
their twenties were at greater risk for aggressive behavior than adolescents and older adults.
This finding is consistent with recent work suggesting that maladaptive behaviors are highest
among young adults with PWS [Dykens, 2004]. The lack of association between age and
maladaptive behaviors when the typical deletion and UPD subtypes were analyzed separately
may be due to limited power to detect differences.

Gender was significantly related to maladaptive behavior for the typical deletion subtype but
not the UPD subtype. Specifically males with the typical deletion subtype are at greater risk
for aggressive behavior, depression (physical signs), dependent personality disorder, and
overall severity of psychopathology than females with the typical deletion subtype. The
apparent inconsistencies between studies reporting heightened rates of maladaptive behaviors
among males [Dykens and Cassidy, 1996;Dykens, 2004] and studies reporting no significant
gender differences [Dykens and Kasari, 1997;Einfeld et al., 1999;Symons et al., 1999] may be
resolved when genetic subtypes are taken into account. The present study suggests gender may
only be a significant risk factor for problematic behaviors among the typical deletion subtype.

In line with past research, BMI was significantly negatively related to aggressive behavior in
both the typical deletion and UPD subtypes, and significantly negatively related to symptoms
of paranoia in the typical deletion subtype. This suggests that thinner individuals are at an
increased risk for these problematic behaviors. Hence, obesity may be a factor that influences
psychopathology. However, further research is needed to determine whether weight
management strategies used by obese individuals, including those with PWS, may evoke
aggression and paranoia. BMI was positively related to physical signs of depression within the
typical deletion subtype, suggesting that obesity is associated with body stress, eating
problems, low energy, and regressive behavior. This association may be reflective of the
overlap in symptoms of obesity and physical signs of depression, and not signify a true
relationship between BMI and depression. In support of this, there was a trend for BMI to be
negatively related to depression (behavioral signs) among the typical deletion subtype.
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Unexpectedly, 1Q was significantly positively associated with stealing and self-injury among
the UPD subtype. A possible reason for the discrepancy between the current finding and past
reports of a lack of relationship between intelligence and maladaptive behaviors may be that
past methods of combining the PWS genetic subtypes may have obscured this relationship.
Further research is necessary to explain these findings.

Individuals with a type | deletion had significantly greater Reiss depression (physical signs)
scores than individuals with a type Il deletion. However, this difference did not remain
significant when examining rates of clinically significant depression (physical signs). This
suggests that the additional loss of 500 kb of genetic material incurred by the deletion type |
subtype influences the prevalence of physical symptoms of depression but may not affect rates
of individuals in need of clinical services. This finding parallels work by Butler et al. [2004]
that the type | subtype have more severe pathology and impaired functioning than the type Il
subtype.

The identification of the interrelationship among etiological subtypes of PWS, subject
characteristics, and psychopathology is not meant for diagnostic purposes. Diagnosis of PWS
etiologic subtype can only be determined by genetic methods. Differences in psychopathology
between the genetic subtypes of PWS have important implications for understanding the
genetic basis of the subtypes of PWS and for mental health care of people with PWS. The
present study provides insight into the overall need for mental health care among the genetic
subtypes of PWS. The findings suggest that there is a great need for mental health services
among people with PWS, and the percentages of people requiring professional care are
particularly high among those with a typical deletion. The interrelationship between the
etiologic subtypes of PWS and subject characteristics may help identify the subpopulation of
people with PWS most likely to require services.
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Fig 1.

Human chromosome 15q11-g13 region. Deletion type | spans from breakpoint 1 (BP1) to
breakpoint 3 (BP3) whereas deletion type 11 spans from breakpoint 2 (BP2) to breakpoint 3.
IC represents the location of the imprinting center. “Ordered according to the UCSC Genome
Browser, May 2004 Assembly http://genome.ucsc.edu/.
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Fig 2.

Mean Reiss scale scores and 26-item total score for deletion type | and deletion type Il, and
median Reiss maladaptive behavior items for deletion type I and deletion type 1. Note: Means
are used for the eight scale scores and 26-item total score and medians are used for the six
maladaptive behavior items.
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