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SUMMARY
Prader-Willi Syndrome (PWS) is a rare, genetics, neurodevelopmental disorder 
caused by lack of expression of paternally inherited genes in the 15q11.2-q13 
region, due to three main genetic mechanisms: paternal microdeletion, maternal 
uniparental disomy (mUPD), and imprinting defect. It is characterized by a great 
phenotypic variability and major endocrine, neurological, cognitive, behavioural/
psychiatric disorders. Over the last years, several studies have paid attention to 
the impact of genetic abnormalities on neuropsychiatric phenotype. The aim of 
the present study was to examine differences in intellectual and behavioural func-
tioning in subjects with Prader-Willi Syndrome due to a paternal deletion versus 
maternal uniparental disomy (mUPD) of chromosome. In each participant the 
cognitive profile was evaluated using the Wechsler Intelligence Scale for Children 
(WISC III), while the behavioural evaluation was obtained by the administration 
of the Vineland Adaptive Behavior Scales (VABS), the K-SADS-PL and the Aberrant 
Behavior Checklist (ABC). The results show that the cognitive and behavioral pro-
files are different between the two genetic groups, with deletion patients having 
worse outcomes than non-deletion patients.

riassunto
La Sindrome di Prader Willi (PWS) è una rara patologia genetica dello sviluppo 
neurologico causata dalla mancata espressione dei geni paterni nella regione 
15q11.2-q13 a causa di tre principali meccanismi genetici: microdelezione pa-
terna, disomia uniparentale materna (mUPD) e difetti del centro dell’imprinting. 
La sindrome è caratterizzata da una grande variabilità fenotipica e da disturbi 
maggiori di tipo endocrino, neurologico, cognitivo, comportamentale/psichiatrico. 
Negli ultimi anni, diversi studi hanno focalizzato la loro attenzione sull’importanza 
che le anomalie genetiche hanno nel determinare il fenotipo neuropsichiatrico. Lo 
scopo del presente studio è esaminare le differenze nell’espressione del fenotipo 
cognitivo-comportamentale tra i soggetti affetti da Sindrome di Prader-Willi dovuta 
a delezione paterna e quelli in cui la sindrome è causata da disomia uniparentale 
materna. In ogni partecipante il profilo cognitivo è stato valutato con l’ausilio della 
Wechsler Intelligence Scale for Children (WISC III), mentre per la valutazione 
comportamentale sono state somministrate la Vineland Adaptive Behavior Scales 
(VABS), la K-SADS-PL e l’Aberrant Behavior Checklist (ABC). I risultati mostrano 
significative differenze tra i due gruppi genetici ed in particolare, i soggetti con 
delezione hanno presentato un profilo cognitivo-comportamentale più compromes-
so rispetto ai non deleti.
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INTRODUCTION

Mental retardation is one of the characteristics of 
Prader Willi Syndrome. The cause of mental retarda-
tion in the syndrome appears to be due to a genetic 
error, copying or deletion involving the chromosome 
15 of paternal origin 1. According to the Prader Willi 
Association the IQ average of 70 of these patients 
can vary in a range between 40 and 100. It is not 
clear correlation between Q.I. and chronological 
age, while some authors suggest a regression of IQ 
between 6 and 10 years 2 others argue that it is main-
tained stable over time 3.
Mental retardation does not affect uniformly all areas 
of intellectual functioning. Several studies have shown 
a difference between Verbal IQ (Q.I.V.) and Perfor-
mance IQ (Q.I.P.): one of this it was found that the 
39% of the subjects, as assessed by the level scale 
WISC-R, obtained a highest score in the performance 
scale, while 11% of subjects obtained a higher score 
on the verbal scale. In particular, in the scale perfor-
mance, high scores were recorded in the drawing 
with blocks and in cipher; areas of weakness were 
instead the tests of arithmetic and digit span 4. Other 
studies have confirmed this trend, however, some au-
thors believe that the discrepancy between the level of 
verbal and visual-spatial intelligence is not correlated 
to neuropsychological organization common to all 
persons affected by the syndrome, but there would 
be the effect of a strong individual variability over the 
competition of environmental factors. Other authors, 
however, have suggested that the variability of intel-
lectual abilities is closely related to genotype 5-7. Indi-
viduals with paternal deletion would have the classic 
phenotype of Prader-Willi and would show a greater 
cognitive impairment compared to patients with ma-
ternal uniparental disomy. To confirm this Dykens et 
al. 8 found a Q.I. report significantly higher in subjects 
with uniparental disomy than deleted. In addition, 
they pointed out that the uniparental disomy group 
obtained significantly higher scores in four verbal sub 
tests: Arithmetic (measure the capacity of attention and 
calculation), Vocabulary, Information and Understand-
ing (measure of the ability of understanding the mean-
ing of words, practical knowledge and judgment / 
social reasoning); in the group with deletion how-

ever, the best performance was obtained in subtest 
Rebuilding performance objects as expression of the 
strong ability visual-perceptual. At similar results came 
Whittington and colleagues  9 that have shown that 
individuals with m-UPD had a verbal IQ (QIV) greater 
than deleted, but poorer coding skills. In addition, 
individuals with deletion of type I had significantly 
lower scores in math and reading when compared to 
those with deletion of type II. Finally, another research 
group come at different conclusions based on the evi-
dence of a neuropsychological profile characterized 
by a developmental disharmony that allow to identify 
weaknesses and strengths typical of the syndrome. 
Strengths are the ability to organize and visual per-
ception  10 11, simultaneous processing of information, 
the integration of spatial stimuli and the capacity in 
completing games of patience as puzzles. In this 
regard, while previous research had emphasized the 
strength in visuospatial abilities evaluated through the 
ability to compose puzzles, recent studies have shown 
that in fact this ability did not depend from visuospatial 
processes, even sicker than people with other nature 
intellectual disabilities, especially in those with m-UPD. 
In contrast weaknesses are documented as the execu-
tion of tasks involving the short-term memory, execu-
tive functions, the interpretation of social information 
and sequential processing. The individuals with the 
syndrome have difficulty in processing information in 
a gradual manner when the stimuli are proposed in 
linear or temporal order especially in tasks involving 
short-term auditory memory rather than visual-motor 
one. It is reported in the literature a high prevalence 
of hyperactive disorder from attention deficit  12 with 
greater hearing impaired attention than the visual. 
The aim of the present study is to examine differences 
in intellectual and behavioural functioning in subjects 
with Prader-Willi Syndrome due to a paternal deletion 
versus maternal uniparental disomy (mUPD) of chromo-
some 15.

PATIENTS AND METHODS

At the functional areas of pediatric diabetology and 
genetics of the Department of Pediatrics, University of 
Naples Federico II, fifteen patients with Prader-Willi 
Syndrome are periodically evaluated. Neuropsychi-
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47.3 ± 8.9 in the deletion group and 66.7 ± 10.7 
in the UPD one. Subjects with UPD had higher verbal 
(51.2  ±  8.0 versus 67.7  ±  9.0) and performance 
(54.8  ±  8.4 versus 74.7  ±  9.3) IQ scores than 
those with deletion. The Q.I.V was always lower 
than Q.I.P in both groups. Observing I.Q. distribution 
by intellective functioning classes we can notice an 
almost Gaussian distribution; in particular, our results 
point out that 50% of subjects with deletion and even 
66.7% of those with maternal uniparental disomy can 
be placed in the minor mental retardation range. The 
remaining 50% of deletions can be distributed as fol-
lows: 33.3% shows a moderate retardation (I.Q. 35-
49), while 16.7% a major retardation (I.Q.  < 35). 
33.3% of subjects with disomy presents a borderline 
intellective functioning (I.Q. 70-89), that is close to 
the inferior limits of the norm. None of the participants 
has an I.Q. falling into the standard of the reference 
population. Moreover, we analyzed in detail the pro-
file WISC III in the two subgroups in order to identify 
the presence of areas of strength and areas of specific 
fall. In the verbal area, even though the weighted 
scores of the various subtests were significantly higher 
in subjects with mUPD, the profiles can be partly over-
lapped. In fact, both subjects with deletion than those 
with maternal uniparental disomy were found to fall 
in the specific subtests measuring arithmetic reasoning 
and memory of numbers. This can be explained if we 
consider that the first subtest expresses the ability of 
calculation and sustained attention, while the second 
reflects short-term memory; both of these abilities of 
verbal information processing are greatly compro-
mised in patients with Prader -Willi syndrome. On the 
contrary, observing profiles related to performance, 
in subjects with deletion we noticed a key strength 
represented by subtest reconstruction of objects, which 
expresses visual-perceptual ability. In patients with di-
somy however, there are two fall areas in the subtests 
cipher and search for symbols that reflect a diminished 
grapho-motor ability.

Behavioural evaluation
The administration of the questionnaire for the assess-
ment of adaptive behavior VINELAND ADAPTIVE BE-
HAVIOR SCALES showed that subjects with a deletion 
present an adaptive quotient (A.Q.) lower than those 

atric evaluation is integral part of the multidisciplinary 
management, so specialistic counselling has been 
done at the Unit of Child Neuropsychiatry of the 
same Department. In order to standardize our sample, 
patients younger than six years old have been ex-
cluded. Nine patients (7 males and 2 females) were 
enrolled, aged between six years and sixteen years 
and ten months. All the participants had a diagnosis 
of PWS confirmed by methylation analysis of 15q11-
q13 region; genotype typing was identified by FISH 
(fluorescent in situ hybridation) to detect deletion 
cases and if negative, PCR microsatellite analysis of 
15q11-q13 to detect maternal uniparental disomy. 
A kariotype analysis was also necessary in order to 
exclude chromosomal rearrangements. In our sample 
there were three subject with mUPD (2 males and 1 
female; average age 13 years and 6 months) and six 
with paternal deletion (5 males and 1 female; aver-
age age 11 years and 4 months). Upon evaluation all 
of the patients were treated with genotropin miniquick, 
except for one patient who was administered topi-
ramato for behavioral problems management, while 
another underwent bariatric surgery (biliary pancreatic 
diversion). 
Protocol required an in-depth psychodiagnostic exami-
nation, which included the following clinical evalua-
tions:
•	 Talks	with	childrens’	parents;
•	 Intellective	assessment	(WISC	III);
•	 Behavioural	 evaluation	 (CBCL, K-SADS-PL, VINE-

LAND ADAPTIVE BEHAVIOR SCALES, ABC-Aber-
rant Behavior Checklist-community).

RESULTS

Data elaboration consequent to the carrying out of 
tests was conducted through a descriptive statistic. The 
results were analyzed through continuous comparison 
between the two genetic subtypes (deletion and ma-
ternal uniparental disomy) with the purpose of gather-
ing the more meaningful differences on a phenotypic 
cognitive-behavioral basis.

Intellective assessment
The results were that the mean±standard deviation 
(SD) WISC-III cognitive scale total quotient (Q.I.T) was 



24

R.I. Ferrentino et al.

disomy (66.6%) have obsessions related to the need 
for symmetry / exactness. As for compulsions, in 
the first group the most frequent are collecting / ac-
cumulating (50%) keys, key chains, coins and cards, 
in addition to food. Following there are compulsions 
related to control, ordering / arranging, planning 
activities, repeating / redoing (16.7%). Instead, two 
of three subjects (66.6%) in the group with disomy has 
compulsions related to ordering / fixing, repeating / 
redoing. 
In addition to the typical symptoms of obsessive-
compulsive disorder, also symptoms of other psy-
chopathological disorders emerged differently in the 
two genetic subclasses. In deleted patients symptoms 
referable to the conduct disorder are present in almost 
70% of cases, while in 50% of cases have emerged 
symptoms attributed to ADHD and oppositional defi-
ant disorder, also often present in comorbidity. 33% 
of patients have also symptoms of manic disorder 
while in 17% of subjects were found depressive symp-
toms and social phobia-avoidance. However, despite 
the evidence of these problematic areas, none of the 
cases has met the necessary criteria for a diagnosis 
of specific psychopathological disorder. In subjects 
with uniparental disomy instead, there was a higher 
frequency (67% of cases) of symptoms connected to 
depressive disorder and social phobia-avoidance. 
In addition, in one subject, given the fulfillment of 
the criterion threshold for both of these disorders, we 
proceeded to the administration of the supplement, 
which showed the presence of anhedonia and apa-
thy, recurrent thoughts of death, reduced social con-
tacts, fear of social situations. In this same subject are 
also present symptoms related to generalized anxiety 
disorder. 
Finally, we analyzed data regarding the ABC. In 
general, individuals with deletion have a greater 
number of behavioral disorders. Specifically, this test 
also showed differences in the two genetic subgroups, 
partly concurring with the previous test. The deleted 
showed most problematic areas in relation to two 
scales: scale 1 (irritability, agitation and crying) and 
scale 4 (hyperactivity, lack of compliance). While in 
patients with disomy the highest scores are expressed 
in scales 2 (social withdrawal, lethargy), scale 3 
(stereotypical behavior) and scale 5 (inappropriate 

with uniparental disomy. In fact, in the first A.Q. aver-
age marked 54.5, against an A.Q.average disomy 
group marking 67.8. The average scores in each 
domain were always lower in the group of deleted. 
By	comparing	 the	chronological	age	and	 the	adap-
tive age for each of the four main domains (communi-
cation, daily skills, socialization, motor skills) in both 
genetic subgroups there has been a discrepancy, 
although much more marked in the deleted. However, 
in these ones better adaptive ability was found in the 
domain of daily skills, probably due to the interest in 
food and its preparation. In the group with disomy 
however, there is a greater impairment of motor skills 
in comparison to other areas. This datum is consistent 
with recent studies reported in literature.
The presence of symptoms related to psychopathologi-
cal disorders was investigated by using the interview 
for child psychopathological disorders K-SADS-PL. At 
first the introductory unstructured interview was given, in 
order to collect information on demographics, health, 
current symptoms, any previous psychiatric treatment, 
school, hobbies, relationships with family and peers. 
The discussion of these issues has been useful to explain 
symptoms of mood disorder and to evaluate any func-
tional impairment. Subsequently, the screening inter-
view was performed, examining the primary symptoms 
of different diagnosis investigated in the K-SADS-PL and 
encoded simultaneously both as current symptoms, and 
as more severe episodes of the past. 
Currently, all of the subjects in our sample have 
symptoms related to obsessive compulsive disorder. 
Consistently with the same diagnosis of Prader-Willi 
syndrome, the parents of the patients and sometimes 
the patients themselves have all admitted that food is 
a fixed idea, intrusive and pervasive. However, while 
in patients with deletion, compulsion always follows 
its corresponding obsession (frantic search for food), 
the same can not be said for those with disomy, who 
show greater self-control. A detailed analysis of the 
various types of obsessions and compulsions unre-
lated to food showed certain differences between the 
two genetic subgroups. In particular, in deleted sub-
jects were found in order of frequency the following 
obsessions: accumulating / storing (66.6%); aggres-
sive thoughts (33.3%), need for symmetry / exactness 
(16.7%). Whereas 2 of 3 patients with uniparental 
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The only area of strength in subjects with deletion is 
the subtest Reconstruction of objects, that investigates 
the ability to process information through sensorial 
visual stimuli, such as needed in puzzle reconstruction 
in which these subjects are very clever. 
As for behavior, there are many areas of concern. In-
teraction with the surrounding environment is poor and 
we observe a reduced ability to respond adequately 
to the expectations of personal independence and 
social responsibility, confronted to people of the same 
age and cultural context. In all subjects were present 
obsessions about food, almost always followed by a 
frantic search for the same. This compulsive behavior 
in some cases was such to create distress and impair 
personal and social functioning.
Other types of obsessions frequently turned out to 
be those relating to the accumulation of objects and 
order-symmetry, respectively in subjects with dele-
tion and disomy. In the genetic deletion subgroup 
prevailed aggressive and compulsive behaviors (skin-
picking), fits of anger and hyperactivity; the subgroup 
with disomy highlighted instead mainly depressive 
symptoms, reduced social contacts, difficulty in break-
ing away from the routine. In conclusion we can say 
that deleted subjects, in addition to greater intellectual 
disabilities also have more behavioral disorders. This 
is in accordance with the view taken by the most 
recent studies on the genotype-phenotype correlation 
in this syndrome. Whether these differences can be 
attributable to greater suppression of genes or to envi-
ronmental influences is still an open issue.
With regards to our study, our main limit was the small 
number of sample patients. Therefore, our future goal 
will be to regularly follow-up the recruited patients in 
order to monitor the evolution of the symptoms and 
the appearance of premorbid or predictive factors 
for the development of psychopathological disorders. 
Early diagnosis and appropriate treatment could have 
a positive impact on the clinical development of this 
psychiatric disorder.

language). It should be noted that scale 1, where the 
gap in scores between deleted is not higher, includes 
such items as “tantrums”, “gets hurt on purpose”, “en-
acts self-injurious behavior”.

DISCUSSION AND CONCLUSIONS

Prader-Willi Syndrome is a polymorphous and hetero-
geneous disease. In our small experience we have 
indeed found a great variability in neuropsychiatric 
symptoms. During the evaluation it was noted in al-
most all patients a significant lability of the attention 
span, objective difficulties in accomplishing the tasks 
required by the operator and a low tolerance for frus-
tration with fits of anger. Younger children in particular 
often threatened to carry out the proposed tests only 
in exchange for food. Teenage patients instead often 
expressed oppositional-provocative attitudes, and/or 
renounced to do tasks believed not to be within their 
reach; on the contrary, in other cases the operator 
requests have been denigrated for poor insight of the 
disease or in any case non-acceptance of the same. In 
this category of subjects feelings of worthlessness and 
low mood have been expressed, likely in response to 
the consequences of the disease itself, their conscious 
perception of diversity and relationship difficulties with 
family and peers. From a cognitive point of view the 
majority of subjects in our sample has a mild mental 
retardation although the IQ is higher in subjects with 
maternal uniparental disomy than those with deletion. 
Some authors argue that the V.I.Q. in subjects with di-
somy is greater than P.I.Q.; in our sample this was not 
true in any case. From profile analysis in the WISC III 
level test, despite subjects with disomy have obtained 
the highest scores in each subtest, there were no sig-
nificant differences in the various skills we explored; 
on the contrary, in both genetic subgroups specific 
fall areas proved to be arithmetic reasoning and digit 
span; this is compatible with the sustained attention 
and short-term memory deficit typical of the syndrome. 
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