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A R T I C L E

Autism Spectrum Features in Smith–Magenis
Syndrome
GONZALO LAJE, REBECCA MORSE, WILLIAM RICHTER, JONATHAN BALL,
MARYLAND PAO, AND ANN C.M. SMITH*
Smith–Magenis syndrome (SMS; OMIM 182290) is a neurodevelopmental disorder characterized by a welldefined pattern of anomalies. The majority of cases are due to a common deletion in chromosome 17p11.2 that
includes the RAI1 gene. In children with SMS, autistic-like behaviors and symptoms start to emerge around 18
months of age. This study included 26 individuals (15 females and 11 males), with a confirmed deletion (del
17p11.2). Parents/caregivers were asked to complete the Social Responsiveness Scale (SRS) and the Social
Communication Questionnaire (SCQ) both current and lifetime versions. The results suggest that 90% of the
sample had SRS scores consistent with autism spectrum disorders. Moreover, females showed more impairment
in total T-scores (P ¼ 0.02), in the social cognition (P ¼ 0.01) and autistic mannerisms (P ¼ 0.002) subscales. The
SCQ scores are consistent to show that a majority of individuals may meet criteria for autism spectrum disorders at
some point in their lifetime. These results suggest that SMS needs to be considered in the differential diagnosis of
autism spectrum disorders but also that therapeutic interventions for autism are likely to benefit individuals with
SMS. The mechanisms by which the deletion of RAI1 and contiguous genes cause psychopathology remain
unknown but they provide a solid starting point for further studies of gene–brain–behavior interactions in SMS
and autism spectrum disorders. Published 2010 Wiley-Liss, Inc.{
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INTRODUCTION
Microdeletion syndromes associated
with defined neurobehavioral pheno-

types offer unique genetic models of
haploinsufficiency to identify/discover
critical gene(s) and/or gene-networks
involved in cognitive and neurospsychi-

atric disorders. Smith–Magenis syndrome (SMS; OMIM 182290) is a
neurodevelopmental disorder characterized by a well-defined pattern of
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anomalies including a distinct craniofacial dysmorphic phenotype, abnormalities of sleep-wake circadian rhythm, and
cognitive impairment with behavioral
and psychiatric symptoms [Smith et al.,
2010]. The majority of cases (90%) are
due to a common 3.7 Mb interstitial
deletion of chromosome 17p11.2 that
includes the RAI1 gene. Heterozygous
mutations in RAI1 account for fewer
than 10% of cases [Elsea and Girirajan,
2008]. A number of genes have been
mapped and isolated to the critical
region, but except for RAI1, their
participation in the pathogenesis of the
syndrome remains unclear. First
described in early 1980s [Smith et al.,
1982, 1986], the syndrome prevalence is
now estimated to be 1/15,000. Virtually
all cases occur de novo, suggesting a low
recurrence risk. SMS is probably under
diagnosed due to mild facial abnormalities and the behavioral problems that are
not prominent until the affected child is
older [Smith et al., 1998a; Gropman
et al., 2006].

First described in early 1980s,
the syndrome prevalence is now
estimated to be 1/15,000.
Virtually all cases occur de novo,
suggesting a low recurrence
risk. SMS is probably under
diagnosed due to mild facial
abnormalities and the
behavioral problems that are
not prominent until the
affected child is older.
Variable levels of cognitive impairment, most frequently in the moderate
range of intellectual disability, are universal in individuals with Smith–Magenis syndrome. Speech and language
delays are present in most cases, with
receptive skills generally better than
expressive language skills. Distractibility
is characteristic of the syndrome. Learning abilities are characterized by strength
in visual reasoning tasks and weakness
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in sequential processing (counting,
mathematical, and multi-step tasks).
Short-term memory is poor, but longterm memory is considered a relative
strength [Dykens et al., 1997].
The striking neurobehavioral phenotype that characterizes the syndrome
emerges over time, beginning between
18 and 36 months of age, when headbanging and autistic-like behaviors are
seen [Gropman et al., 2006; Wolters
et al., 2009]. Mild gross and fine motor
delays with age-appropriate social skills
and minimal maladaptive behaviors can
be observed in infants <18 months;
however, at ages 2–3 years, global
psychomotor, expressive language delays
and mild to moderate autistic behaviors
begin to emerge [Wolters et al., 2009].

The striking neurobehavioral
phenotype that characterizes
the syndrome emerges
over time, beginning between
18 and 36 months of age, when
head-banging and autistic-like
behaviors are seen. Mild gross
and fine motor delays with
age-appropriate social skills
and minimal maladaptive
behaviors can be observed in
infants <18 months; however,
at ages 2–3 years, global
psychomotor, expressive
language delays and mild to
moderate autistic behaviors
begin to emerge.
Initially, infants are sociable and are
frequently described as a ‘‘perfect baby’’
who ‘‘never cries’’ [Gropman et al.,
2006]. Parents generally do not report
issues with sleep until after 18 months of
age; however, sleep actigraphy data
suggests sleep dysfunction as early as
9 months of age [Duncan et al., 2003;
Gropman et al., 2006]. With increasing
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age, psychomotor delays and the emerging neurobehavioral and sleep difficulties often lead to referral and pursuit of
diagnostic workup.
Previous studies suggest that age,
degree of cognitive delay and levels of
sleep disturbance are associated with
maladaptive behavior [Dykens and
Smith, 1998; Finucane et al., 2001].
Maladaptive behaviors include hyperactivity, impulsivity, temper tantrums
(mainly in response to changes in
routine), and aggression. Self-injurious
behavior (SIB), reported in over 90%
[Dykens and Smith, 1998], includes
wrist-biting, head-banging, hitting self
or objects, skin picking, and two behaviors unique to SMS, onychotillomania
(i.e., pulling out nails/nail yanking) and
polyembolokoilamania (the insertion of
foreign bodies in their body orifices).

Self-injurious behavior (SIB),
reported in over 90%,
includes wrist-biting,
head-banging, hitting self or
objects, skin picking, and two
behaviors unique to SMS,
onychotillomania (i.e., pulling
out nails/nail yanking) and
polyembolokoilamania
(the insertion of foreign bodies
in their body orifices).
The latter, could be so severe that in
some cases, parents have been reported
to social services for suspicion of child
abuse [Smith et al., 1998a]. An additional salient feature, thought to be
unique to the syndrome, is the involuntary spasmodic upper body squeeze or
‘‘self-hug’’ first described by Finucane
et al. [1994]. Two types of self-hugging
are described: (1) self-hugging (i.e., arms
tightly wrapped around upper arms) and
spasmodically tensing the upper body
and (2) hand clasping at chest level or
under the chin while squeezing their
arms tightly against their chests and
sides. These movements appear as an
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expression of happiness or excitement
and are involuntary, with a tic-like
quality. Mild to moderate generalized
hypotonia impacts early motor development and a fine motor tremor may be
observed [Gropman et al., 2006; Wolters
et al., 2009]. Individuals with SMS also
have been described to have stereotypies, sensory integration difficulties
and social communication problems
consistent with select features of autism
spectrum disorders (ASD). Despite
being described as ‘‘friendly,’’ their social
awareness is extremely limited. This
study expands our previous work to
describe co-morbid autism spectrum
disorders (ASD) in individuals diagnosed
with Smith–Magenis Syndrome.

MATERIALS AND METHODS
Participants
The study includes 26 individuals (15
females and 11 males), with a confirmed
deletion (del 17p11.2) diagnosis of
Smith–Magenis syndrome (SMS) ranging in age from 4.2 to 49.9 years. All
participants were recruited among those
currently participating in the ongoing
natural history study of SMS (01-HG0109) at National Institutes of Health
and provided consent/assent for the
study. Parents/caregivers were asked to
complete a battery of tools to assess
autism spectrum and other co-morbid
disorders. Full-scale intelligence quotients (IQ) for 21of the 26 subjects
enrolled in the natural history study of
SMS were available for inclusion in the
data analysis. The IQ scores in this
population ranged from 40 to 80, with
a mean and standard deviation of 56 and
10, respectively.

receptive, cognitive, expressive, motivational aspects of social behavior, and
autistic preoccupations.
Social Communication Questionnaire (SCQ), developed by Rutter
et al. [2003] and previously known as
the Autism Screening Questionnaire
(ASQ), is a 40-item questionnaire for
children ages 4 years and older.
The SCQ-Current is based on the
individual’s behavior during the most
recent 3-month period and the SCQLifetime focuses on the individual’s
entire developmental history. Both versions of the SCQ yield a single total
score. The SCQ was developed as a
companion to the more detailed
Autism Diagnostic Interview-Revised
(ADI-R). The SCQ uses an easy yes/no
response format that can generally be
completed by parent/primary caregiver
in 10 min and scored in 5 min to yield a
total score for interpretation. For the
SCQ-Lifetime, a cutoff score of 15 or
greater is used as indicator of possible
ASD and reason for referral for more
comprehensive assessment. The SCQ
assists in the differentiation of children at
risk for ASD compared to other developmental disabilities (DD) [Allen et al.,
2007]. Agreement between SCQ and
ADI-R scores is high, (r ¼ 0.71) and
unaffected by age, gender, language
level, and performance intelligence
quotient (IQ).

Statistical Analysis
Data was compiled for statistical analysis
using Statview1 software version.5.0.
Descriptive statistics were derived and
the total scores and subscores obtained
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from the SRS and the SCQ were
analyzed as continuous dependent variables using t-tests. Categorical variables
were analyzed using Chi-square tests.
Alpha was set at <0.05.

RESULTS
Demographics
Demographics for the study group
(n ¼ 26) are summarized in Table I.
Mean age was 14.4 years (SD 10.0) for
the group. No differences in age by
gender were observed. Mean IQ was
53.8 (SD 10.9) for females (n ¼ 13) and
58.2 (SD 9.4) for males (n ¼ 9). All
subjects were Caucasian, including 25
non-Hispanics and 1 Hispanic.
Social Responsiveness Scale (SRS). The
SRS was analyzed for subjects between
ages 4 and 18 years only (n ¼ 20). A
comparison of total T-score and five
subscale scores obtained for the SRS are
summarized in Table II. In this sample,
90% of participants scored within the
autism range. T-scores fell in the mild/
moderate range (60–75) for 35% of SMS
subjects and in the severe range (>76 or
higher) for the remaining 55%, reflecting over half of the group. While
females demonstrated consistently
higher T-scores than males for all five
subscales and total SRS score, significant
gender differences were documented
for only two of the five mean subscales
(Social Cognition (P ¼ 0.01) and
Autistic Mannerisms (P ¼ 0.002)) and
the mean Total T-score (P ¼ 0.02). Male
mean T-scores were in the mild/moderate
range for four of five subscales; only the

TABLE I. Demographics of the Study Population

Instruments
Social Responsiveness Scale (SRS),
developed by Constantino and Bruber
[2005], is a well validated 65-item
questionnaire used to evaluate the current behavioral and developmental history for children and adolescents
between 4 and 18 years of age. The
SRS provides gender specific T-scores
for five ‘‘treatment’’ subscales, that is,

N
Mean age (years)
Range
IQa
SRS (age 4–18 years)
SCQ (age 4 and over)
a

Total

Females

Males

26
14.4 SD 10.0
4.2–49.9 years
55.6 SD 10.3
20
26

15
14.7 SD 7.8
5.7–30.5 years
53.8 SD 19.9
11
15

11
14.1 SD 12.9
4.2–49.9 years
58.2 SD 9.3
9
11

IQ scores available on 13 females and 9 males.
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TABLE II. Social Responsiveness Scale (SRS) Mean Subscale and Total T-scores*

SRS T-scores
Social awareness
Mean (SD)
Range
Social cognition
Mean (SD)
Range
Social communication
Mean (SD)
Range
Social motivation
Mean (SD)
Range
Autistic mannerisms
Mean (SD)
Range
Total T-score*
Mean (SD)
Range
Total raw scorea
Mean (SD)
Range
SRS classificationb
Normal
Mild–moderate (60–75)
Severe (76)

Group (n ¼ 20)

Females (n ¼ 11)

Males (n ¼ 9)

t-Testa

DF

Significance
P-value

70.6 (10.1)
55–88

72.9 (10.7)
55–88

67.7 (9.2)
59–85

1.16

18

n.s.

75.4 (13.1)
52–106

81.8 (12.0)
64–106

67.4 (10.1)
52–81

2.85

18

0.01

71.3 (11.1)
52–93

75.1 (11.2)
55–93

66.7 (9.5)
52–84

1.78

18

n.s.

61.1 (11.6)
40–82

63.2 (11.1)
43–82

58.6 (12.2)
40–80

0.886

18

n.s.

87.7 (20.2)
58–123

99.2 (18.8)
61–123

73.7 (11.3)
58–94

3.57

18

0.002

76.6 (12.8)
56–100

82.6 (12.2)
60–100

69.2 (9.7)
56–82

2.65

18

0.02

80.8 (21.4)
46–118

86.2 (21.7)
46–118

74.2 (20.1)
47–100

1.27

18

n.s.

2
7
11

0
3
8

2
4
3

*T-scores: mild/moderate (60–75); severe range (76 or greater).
Unpaired t-test (significance P < 0.05).
b
Classification based on Total T-score by gender: Chi-square f ¼ 4.26; P ¼ n.s.
a

mean Social Motivation T-score (58.6)
was within the normal range. In contrast, the mean T-scores in females were
in the ‘‘severe range’’ for three of the five
subscales (Table II): Social awareness,
Social cognition, and Autistic mannerisms. The observed distribution frequency of SRS T-Score ranges
(normal, mild/moderate, severe ranges)
by gender (Fig. 1), however, was not
statistically significant (Chi-square ¼
4.258; P ¼ n.s.).
Gender-specific cut points for SRS
total raw scores are used when screening
for autism spectrum disorders (PDDNOS, Asperger’s or Autistic Disorder) in
school or other general population
groups where the prevalence may be 1/
150 with test sensitivity of 0.77; specif-

icity of 0.75. SRS raw scores above
gender cut points were observed for 55%
of males (>70) and 90% of females
(>65). Thus, 75% of the total sample had
raw SRS scores above gender cut point.
Social Communication Questionnaire
(SCQ). The SCQ was analyzed for
all subjects age 4 years and older (n ¼ 26;
15F/11M) with results for both the
Current (SCQ-C) and Lifetime (SCQL) scales summarized in Table III. Scoring for SCQ-L was incomplete for one
male participant and was excluded from
the analysis. The group mean SCQ-C
score (12.6 SD 5.9) was within the
normal range (cut score <15). There
were no differences by gender. The
group mean SCQ-Lifetime score was

14.8 SD 5.7 with 14 (10 F/4 M)
individuals above the score cutoff
(>15). Although the mean SCQ-L was
higher and above the cutoff in males
(16.2 SD 6.8) as compared to females
(13.87 SD 4.86) these differences
were not statistically significant. No
correlation between SCQ-L score and
age (Z ¼ 0.243; P ¼ n.s.) or gender
(t ¼ 1.004; P ¼ n.s.) was found.
IQ scores. Intelligence quotient scores
were available for 16/20 subjects with
SRS scores and 22/25 with both SCQ-L
and IQ scores. We conducted two oneway ANOVAs to examine the relationship between IQ and SRS or IQ and
SCQ-L scores. IQ was not found to be
predictive of scores on the SCQ-L or
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(heterozygous RAI1 mutation
or deletion at chromosome
17p11.2) has significant
potential to further the
mechanistic understanding of
gene to behavior and gene to
syndrome interactions.

Figure 1. Gender comparison of SRS total and subscale T-scores (n ¼ 20).
Comparison of SRS subscales and total T-scores by gender. Females demonstrate higher
t-scores for all five subscales; however, significant gender differences were found for only
two subscales, Social Cognition (P ¼ 0.01) and Autistic Mannerisms (P ¼ 0.002), and
total T-score (P ¼ 0.02) by unpaired t-test.

SRS (P ¼ n.s.). Similarly, age was not
predictive of scores on the SCQ-L or
SRS (P ¼ n.s.).

potential to further the mechanistic
understanding of gene to behavior
and gene to syndrome interactions. The

DISCUSSION
The assessment of specific mental disorders as a part of a phenotype that has
known genotypic abnormalities (heterozygous RAI1 mutation or deletion at
chromosome 17p11.2) has significant

The assessment of specific
mental disorders as a part of a
phenotype that has known
genotypic abnormalities

genomic and developmental behavioral
characterization of autistic-like features
in specific populations, such as individuals with SMS, could be beneficial to
both autism and SMS research.
Two previous studies have documented findings that support ASD in
SMS using the Childhood Rating Scale
(CARS) [Schopler et al., 1980] As part of
our ongoing natural history study of
SMS that began in 2001 (NIH protocol
01-HG-0109), we prospectively evaluated the neurodevelopment of children
<3 years of age with SMS. The group
mean CARS total score was in the
normal range; however, further analysis
comparing infants to toddlers revealed
more severe autistic-like behaviors for
toddlers than compared to mild–moderate autistic range for infants, suggesting an age related progression [Wolters
et al., 2009]. Compared to normal
ratings in infants, toddlers rated mild–
moderately abnormal in five areas: imitation, emotional response, object use,
verbal communication, and general
impression. However, when the CARS
was used to ascertain older SMS patients,
the age difference disappeared [Martin

TABLE III. SCQ Current and Lifetime Scales for SMS Subjects Ages 4.2–49.9 Years
SCQ-current (n ¼ 26)

SMS group, n ¼ 26

Females, n ¼ 15

Males, n ¼ 11

t (df)

Significancea

Mean (SD)
Range
% Above cutoff
SCQ-lifetime (n ¼ 25)
Mean (SD)
Range
% Above cutoff

12.6 (5.9)
2–27
35%
SMS group, n ¼ 25
14.8 (5.7)
3–28
54%

11.5 (4.5)
2–20
15%
Females, n ¼ 15
13.9 (4.9)
3–22
38%

14.0 (7.5)
5–27
19%
Males, n ¼ 10
16.2 (6.8)
7–28
15%

1.049 (24)

n.s.

t (df)
1.004 (23)

Significancea
n.s.

a

Unpaired t-test.
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et al., 2006]. The results reported herein
expand our previous work by further
characterizing the range of autism spectrum symptoms in individuals with
SMS. The diagnosis of ASD is based
upon clinical and behavioral review and
direct observation for presence versus
absence of specific features, as to date no
one genetic region has been identified,
and genotype-phenotype correlation
studies are still underway. As such, it is

The diagnosis of ASD is
based upon clinical and
behavioral review and
direct observation for
presence versus absence of
specific features, as to
date no one genetic region
has been identified, and
genotype–phenotype
correlation studies are
still underway.
imperative to use the most objective
measures of the behavioral features
available. Currently, the Autistic Diagnostic Interview (ADI) and the Autistic
Diagnostic Observation Scale (ADOS)
are considered to be the most robust and
sensitive of those instruments. Unfortunately, due to the inherent expense of the
instruments, (extensive administrator
training and certification required, and
the time and inconvenience for the
participant and their families in commuting to a testing location), it is often
prudent to utilize an instrument that
can ascertain autistic-like features via
parent-report. The Social Communication Questionnaire-Lifetime (SCQ-L)
has been demonstrated to be very highly
correlated (0.71; P < 0.01) with the
ADI-R [Rutter et al., 2003]. The SCQ
and SRS are two easily administered,
well-validated instruments, frequently
used in autism research. Instruments
were chosen based on their availability,
psychometrics, and previous experience
with this population; however, it is
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important to keep in mind that none of
these instruments have been validated in
SMS.
Given the paucity of data surrounding psychiatric aspects of SMS, an over
inclusive strategy has been chosen to
capture the subtleties of symptoms and
syndromes. Redundancy in information
gathering will reinforce reliability of
findings. The data reported herein were
derived from a relatively small convenience sample that included deletion cases
only (one mutation case available was
excluded). However, in light of the SMS
prevalence, our sample is one of the
largest available worldwide.
These results suggest the majority of
SMS patients may meet criteria for
autism spectrum disorders at some point
in their lifetime. However, what would
seem to remain constant are the social
communication deficits as evidenced by
the SRS scores that are at or above the
moderate range for this scale. Moreover,
55% of participants were in the severe
range. We also found gender differences
in global scores and in the social
cognition and autistic mannerisms subscales with females showing more
impairment than males. These findings
suggest that while all SMS patients
would benefit from interventions to
enhance their social skills, females, may
require additional emphasis on social
cognition (ability to interpret social
cues) and autistic mannerisms (stereotypic behavior and restricted interests).
Another interesting cluster of
symptoms shared by SMS and ASD is
sleep disturbance. In SMS, sleep is
characterized by fragmented and
decreased sleep duration, with frequent
and prolonged nocturnal awakenings,
along with excessive daytime sleepiness
and napping [Greenberg et al., 1991;
Smith et al., 1998b]. In children with
ASD, sleep is characterized by a marked
decrease in REM, reduced efficiency,
and increased fragmentation due to
night-time arousals, obstructive sleep
apnea, and insomnias [Johnson and
Malow, 2008]. Unlike in ASD, sleep
disorders in SMS are associated with an
inverted circadian rhythm of melatonin,
with present or high levels during
the day and decreased or undetectable
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levels at night [De Leersnyder et al.,
2001]. However, treatment with melatonin has proven helpful in both SMS
[Laje et al., unpublished data; Smith
et al., 1998b; De Leersnyder et al.,
2003; Gropman et al., 2006] and ASD
[Wirojanan et al., 2009; Wright et al.,
2010] It is possible that the mechanisms

Unlike in ASD, sleep disorders
in SMS are associated with an
inverted circadian rhythm of
melatonin, with present or high
levels during the day and
decreased or undetectable levels
at night. However, treatment
with melatonin has proven
helpful in both SMS and ASD.
involved in sleep disturbances in SMS
may have shared pathways with ASD.
These results also suggest that, from
a clinical perspective, a large majority of
SMS cases may meet criteria for an axis I
diagnosis of pervasive developmental
disorders [DSM-IV-TR, 2000; APA,
2000]. This could help clinicians in the
community to determine treatment
strategies and services to address this
population’s needs. Due to the relative
frequency of SMS in relation to ASD (1/
15,000 vs. 1/110), our results support
consideration of inclusion of SMS in the
differential diagnosis of those suspected
of having ASD. Although SMS children
have a specific and known underlying
genetic etiology, their phenotype fits
very clearly with ASD such that services
beneficial to ASD may also prove
beneficial to the SMS population. On
the one hand, this is particularly important considering the clinical factors that
may be present in SMS and not fully
appreciated in younger children who
have only received a diagnosis of ASD.
On the other hand, there are wellestablished guidelines for clinical evaluation of individuals with SMS that are
development-dependent [Smith and
Gropman, 2010; Smith et al., 2010].
Having both diagnoses of ASD and SMS
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may help families in receiving the best
care/assistance for their child, especially
as ASD is more recognized and treated
than most rare diseases with a genetic
etiology. Moreover, the known etiology
of SMS offers not only a lead in the
ascertainment of the developmental role
of genes within the deletion, but a model
to further our understanding of ASD.
To conclude, our results suggest that
a majority of patients with SMS have
concomitant symptoms of autism spectrum disorders. The consistency of the
deletion that leads to haploinsufficiency
of RAI1 and contiguous genes makes
SMS a human hemizygous molecular
model, with the potential to lead to new
insights into the biology of behavioral
traits, therefore in general terms,
presents a ‘‘human knock-out model.’’
Thus, the study of SMS offers an
opportunity to understand the developmental effect of genes and, through
neuroimaging techniques, to further
characterize chemical and functional
changes in the brain. The mechanisms
by which the deletion of RAI1 and
contiguous genes cause psychopathology remain unknown, but behavioral
phenotyping in conjunction with a
known gene deletion provides a solid
starting point for future studies of gene–
brain–behavior interactions.
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