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Systematic data regarding early neurodevelopmental
functioning in Smith-Magenis syndrome are limited.
Eleven children with Smith-Magenis syndrome less
than 3 years of age (mean, 19 months; range,
5-34 months) received prospective multidisciplinary as-
sessments using standardized measures. The total
sample scored in the moderately to severely delayed
range in cognitive functioning, expressive language,
and motor skills and exhibited generalized hypotonia,
oral-motor abnormalities, and middle ear dysfunction.
Socialization skills were average, and significantly
higher than daily living, communication, and motor
abilities, which were below average. Mean behavior
ratings were in the nonautistic range. According to ex-
ploratory analyses, the toddler subgroup scored signif-
icantly lower than the infant subgroup in cognition,
expressive language, and adaptive behavior, suggesting
that the toddlers were more delayed than the infants
relative to their respective peers. Infants aged approxi-
mately 1 year or younger exhibited cognitive, language,
and motor skills that ranged from average to delayed,
but with age-appropriate social skills and minimal mal-
adaptive behaviors. At ages 2 to 3 years, the toddlers
consistently exhibited cognitive, expressive language,
adaptive behavior, and motor delays and mildly to mod-
erately autistic behaviors. Combining age groups in
studies may mask developmental and behavioral differ-
ences. Increased knowledge of these early neurodeve-
lopmental characteristics should facilitate diagnosis
and appropriate intervention. � 2009 Published by
Elsevier Inc.
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Introduction

Smith-Magenis syndrome (SMS) is a genetic disorder as-

sociated with a distinct phenotype of physical features and

neurobehavioral abnormalities caused by an interstitial de-

letion of chromosome 17p11.2 [1] or mutations in the RAI1
gene [2]. Since the syndrome was first described in 1982

[3], more than 500 persons with SMS have been identified

worldwide [4]. The minimum prevalence of this genetic

disorder is estimated to be approximately 1 in every

25,000 births [5]. Clinical recognition of the complex phys-

ical, developmental, and behavioral features is important

for diagnosis. Smith-Magenis syndrome usually is con-

firmed by detecting the deletion cytogenetically and by

means of fluorescence in situ hybridization [5] with geno-

mic probes that contain RAI1 [6]. Despite advances in cyto-

genetic techniques, however, the diagnosis of SMS may be

delayed or even missed, for lack of clinical awareness of the

syndrome and because some identifying characteristics

overlap with those of other genetic disorders [7].

The characteristic physical features of children and adults

with SMS include minor facial dysmorphism, such as

brachycephaly, midface hypoplasia, prominent broad fore-

head, upslanting palpebral fissures, epicanthal folds, broad

nasal bridge, and a tented upper lip [8] (Fig 1). Hearing

Communications should be addressed to:
Dr. Wolters; 9030 Old Georgetown Road; Building 82, Room 109;
Bethesda, MD 20892-8200.
E-mail: woltersp@mail.nih.gov
Received October 30, 2008; accepted April 13, 2009.
� 2009 Published by Elsevier Inc.
doi:10.1016/j.pediatrneurol.2009.04.015 � 0887-8994/08/$—see front matter

mailto:woltersp@mail.nih.gov


impairment, ocular abnormalities, short stature, brachydac-

tyly, and scoliosis also are common [1,5,9].

The neurobehavioral features associated with SMS,

described primarily from studies of older children and

adults, include mental retardation, generally in the mildly

to severely delayed range [1,9-14]. Specific cognitive pro-

files include relative weaknesses in sequential processing,

arithmetic, and visuomotor skills and relative strengths in

long-term memory, fund of information, and visuopercep-

tual abilities [11,14].

Most children with SMS exhibit deficits in speech and

language skills [1,4,15]. Reports suggest that expressive

language is more impaired than receptive language

[9,16,17], but only limited objective data have been

published supporting this assertion. Studies also describe

pragmatic language deficits [18] and aberrant voice quality.

Otolaryngologic abnormalities and oral sensory motor def-

icits are common and may affect speech [4,15].

Common behavioral problems include deficits in all

domains of adaptive behavior [11,14] with daily living

skills and communication significantly more impaired

than socialization [13]. The majority of children with

SMS engage in moderate to severe maladaptive behavior

[13,17,19,20], including aggression, temper tantrums,

hyperactivity, and stereotypies, such as self-hugging [21].

Furthermore, self-injurious behaviors, such as head-bang-

ing, hitting self, hand biting, skin picking, and onychotillo-

mania, are frequent [9,13,17,19,20]. Parent reports [5,9,22]

and wrist actigraphy [7,23,24] have documented substantial

sleep disturbances that are associated with an inverted circa-

dian rhythm of melatonin [25,26] and maladaptive behavior

Figure 1. A 9-month old infant manifesting the facial features characteristic
of SMS. (Reprinted with permission of John Wiley & Sons, Inc. from Manage-
ment of Genetic Syndromes, Second Edition; Edited by Suzanne B. Cassidy
and Judith E. Allanson; Copyright 2005 John Wiley & Sons, Inc. [4]).
[17,19]. These behavioral difficulties are considered the

most distinctive and problematic characteristic of the syn-

drome [17,19,27,28].

To date, no systematic evaluation of a group of children

with SMS younger than 3 years of age has been reported.

A few prospective studies that included infants did not

present the infant data separately [9,12,20]. Currently,

the main sources of information regarding the develop-

ment and behavior of infants and young children with

SMS are case reports of very small samples [1,10,29-32]

based primarily on subjective descriptions, retrospective

observations, and chart reviews [1,10,30,32]. These case

reports describe global developmental delays, including

motor and speech deficits [7,10,15,29-32], but age-appro-

priate social skills [30]. Observations also include de-

creased overall sleep [23], lethargy, and placid behavior

[7,30] in infants, and stereotypic and self-injurious behav-

ioral problems that begin to appear at approximately 18 to

24 months of age [4,5,7,17,29,32]. Systematic, prospec-

tive studies of young children using a comprehensive bat-

tery of standardized measures are needed to validate these

observations, further define the early neurodevelopmental

characteristics of SMS, and address longitudinal changes

in development. Such information could facilitate earlier

clinical diagnosis, effective educational and treatment

interventions, and more appropriate management of this

disorder, which may in turn lead to improved develop-

mental outcomes [33].

For the present study, objective cross-sectional data was

collected prospectively from comprehensive multidisciplin-

ary assessments of 11 children with SMS, ages 5 to 35

months, to further delineate the early neurodevelopmental

profile of this disorder. Preliminary cross-sectional analyses

were conducted to explore the neurodevelopmental charac-

teristics of a younger infant subgroup and an older toddler

subgroup.

Methods

Participants

Children with a confirmed diagnosis of SMS, younger than 3 years of

age, who were enrolled on a longitudinal protocol to assess the natural his-

tory of this syndrome were eligible for the study. Eleven children partici-

pated in the neurodevelopmental assessments between January 1998 and

May 2003 at the National Institutes of Health Clinical Center. All children

had a visible interstitial deletion of 17p11.2 documented cytogenetically,

by fluorescence in situ hybridization, or both. The Institutional Review

Board approved the protocol. All parents gave written informed consent

for their child’s participation.

Neurologic Examination

A pediatric neurologist-geneticist conducted a neurologic evaluation on

nine of the children; scheduling conflicts prevented this examination for

one infant and one toddler. Information obtained from this evaluation in-

cluded parental report of birth and developmental history, and data regard-

ing cranial nerve function with specific attention to oral motor abilities,

neuromotor status, and deep tendon reflexes.
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Psychologic Assessment

A psychologist administered an age-appropriate assessment battery to

each child in a quiet room during one to several sessions. The battery com-

prised the following four scales.

The Bayley Scales of Infant Development-Mental II [34] assesses the

developmental functioning of children from birth to 42 months of age.

This test yields a Mental Developmental Index, which is a composite stan-

dard score reflecting a child’s cognitive, language, motor, and social devel-

opment relative to the normative group.

The Preschool Language Scale-3 [35] evaluates the receptive and expres-

sive language function of children from birth to 83 months of age. This test

yields standard scores in total language, auditory comprehension (receptive

language), and expressive communication (expressive language).

The Vineland Adaptive Behavior Scales [36] is a semistructured parent

interview that assesses the everyday behavioral functioning of children at

ages from birth through 18 years. The scale yields standard scores in the

domains of communication, daily living skills, socialization, and motor

function, as well as an overall Adaptive Behavior Composite score.

The Childhood Autism Rating Scale [37] is a behavioral measure used

to identify children with autism. The psychologist rates the child’s behavior

based on observations during the test session and from parent report of be-

haviors not directly observed. Fifteen items are rated from 1 (normal) to 4

(severely abnormal), including half-point ratings (1.5, 2.5, 3.5), which are

summed for the total score. The child’s behavior is classified as nonautistic

(total score of <30), mildly to moderately autistic (30-36.5), or severely

autistic (37-60).

Fine and Gross Motor Evaluation

An occupational therapist assessed the fine motor function and a physical

therapist evaluated the gross motor function of four infants and four tod-

dlers on this study. Three children did not complete the motor evaluation

because of noncompliance (two toddlers) or scheduling difficulties (one in-

fant).

The Peabody Developmental Motor Scale is a standardized test that as-

sesses the motor skills of children from birth to 83 months (in the first edi-

tion [38]) or from birth to 72 months (in the second edition [39]). Three

children evaluated prior to the year 2000 were administered the 1st edition

(1 infant, 2 toddlers); the other five children were administered the 2nd

edition. Both tests are divided into fine and gross motor scales that assess

similar skills and yield gross and fine motor standard scores.

Statistical Analysis

The developmental scales (Bayley, Preschool Language, Peabody Mo-

tor, and Vineland) yield standard scores (mean = 100, standard deviation =

15) at all ages of the normative sample, allowing comparisons of children’s

functioning to their same-aged peers. Furthermore, standard scores can be

compared between domains to examine strengths and weaknesses and be-

tween different ages to explore the progression of developmental delays

over time.

Because of the small sample size in this study, nonparametric statistics

were used to evaluate differences between scores. To compare various do-

main standard scores within tests to identify possible strengths and weak-

nesses, the Wilcoxon signed rank test was used for measures with two

domain scores and the Friedman two-way analysis of variance was used

for measures with more than two domain scores [40]. If significant differ-

ences were found with the Friedman two-way test, post hoc analyses were

done to determine which scores were different. One-tailed tests were used

when the directionality of the differences was predicted in advance based

on previous published reports and clinical observations. Specifically, we

hypothesized that expressive language would be more impaired than recep-

tive language [9,16,17] and that socialization skills would be better devel-

oped than the other adaptive behavior domains [13]. To explore the

progression of developmental delays in young children with SMS, prelim-

inary cross-sectional analyses of standard scores between the infant and
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toddler subgroups were conducted, using the exact test method of the Wil-

coxon rank sum test [41]. Because of the multiple comparisons and small

sample, all analyses of the infant and toddler subgroups were considered

exploratory and were performed to generate hypotheses regarding the early

neurodevelopment characteristics of SMS.

Results

Participants

Participant characteristics are presented in Table 1. The

total sample consisted of 11 children with SMS with

a mean age of 19.4 months (median age, 21.1 months; range,

5.5-34.8 months). Because of developmental differences be-

tween younger and older children within the group under 3

years of age, the sample was divided into two subgroups for

further exploratory analyses. Children from birth to less than

18 months of age were classified as infants and children from

18 months to less than 36 months of age were classified as

toddlers. Eighteen months was chosen as the cutoff for the

two subgroups because of the significant developmental

changes that typically occur around this age, including the

transition to walking and talking, and because of the emerg-

ing behavioral changes that have been observed in children

with SMS around this age [4,7]. Of the 11 children in the

sample, 5 were classified as infants (mean age, 10.4 months;

range, 5.5-16.6 months) and 6 were classified as toddlers

(mean age, 26.8 months; range, 21.1-34.8 months).

Ten of the 11 children were born full-term; one patient

was a twin delivered at 34 weeks gestation. None of the

children experienced any major birth complications. They

all received early intervention services, although the

amount and type varied widely, from an infant having

one general developmental intervention session every other

week to a toddler getting both physical and occupational

therapy three times a week and speech therapy five times

a week. The toddlers received a significantly greater num-

ber of therapy sessions per week (mean, 5.7; median, 5.0)

than the infants (mean, 2.2; median, 1.5; P < 0.05), but

the amount of therapy was not associated with developmen-

tal test scores (all P’s > 0.05).

Table 1. Sociodemographic characteristics of the sample of children

with Smith-Magenis syndrome

Characteristic

Total,

n = 11

Infants,

n = 5

Toddlers,

n = 6

Mean age, months 19.4 10.4 26.8

Median age, months 21.1 9.4 25.1

Age range, months 5.5-34.8 5.5-16.6 21.1-34.8

Sex, male/female, no. 3/8 1/4 2/4

Ethnicity,

White, not Hispanic, no./Hispanic, no.

10/1 5/0 5/1

Median parent

education, years

15.3 14.0 15.8

Range parent

education, years

10.5-17.0 12.0-16.0 10.5-17.0

Children less than 18 months of age were classified as infants; children

from 18 to <36 months were classified as toddlers.



Table 2. Scores on developmental and behavioral scales for the total sample and the infant and toddler subgroups

Mean score* (median) (range)
Measures Total, n = 11 Infants, n = 5 Toddlers, n = 6

Bayley Mental Scale

Mental Developmental Index 66.6 (63.0) (42-89) 78.0 (82.0) (63-89) 57.2 (54.0) (42-84)

Preschool Language Scale (N = 10)†

Auditory comprehension 78.7 (77.0) (59-104) 83.0 (77.0) (75-104) 74.4 (77.0) (59-89)

Expressive language 72.2 (65.0) (51-111) 83.8 (71.0) (65-111) 60.6 (63.0) (51-65)

Peabody Developmental Motor Scales (N = 8)‡

Fine motor 75.3 (70.0) (69-97) 81.0 (79.0) (69-97) 69.5 (69.5) (69-70)

Gross motor 71.0 (65.0) (61-91) 74.5 (73.0) (61-91) 67.5 (65.0) (64-76)

Vineland Adaptive Behavior Scales

Communication 80.1 (80.0) (60-104) 91.4 (90.0) (74-104) 70.7 (69.5) (60-82)

Daily living 78.6 (73.0) (52-106) 92.6 (95.0) (69-106) 67.0 (70.0) (52-75)

Socialization 86.4 (82.0) (63-108) 98.6 (103.0) (78-108) 76.2 (78.0) (63-87)

Motor 76.6 (75.0) (54-84) 85.0 (87.0) (67-94) 69.7 (70.0) (54-84)

Composite score 76.3 (71.0) (53-101) 89.2 (94.0) (66-101) 65.5 (68.5) (53-72)

Childhood Autism Rating Scale

Total score 27.2 (28.5) (18.5-38.5) 22.7 (20.5) (19-33) 30.9 (30.0) (25-39)

* All scales yield standard scores (mean = 100, standard deviation = 15) except the Childhood Autism Rating Scale (total score of <30, no autistic behaviors,

30-37, mild-to-moderate autistic behaviors; and >37, severe autistic behaviors).
† On the Preschool Language Scale-3 for the toddler subgroup, n = 5, because one toddler spoke primarily Spanish and was not administered the language

scale.
‡ On the Peabody Developmental Motor Scales, n = 4 each for the infant and toddler subgroups.
Audiologic evaluations, completed in the same week as

the neurodevelopmental testing, identified middle ear

dysfunction in all five infants and in five of the six toddlers,

evidenced by flat tympanograms and associated with

ventilation tubes, middle ear effusion, or both. One toddler

was found to have a high-frequency sensorineural hearing

loss, but he participated fully in the evaluation. Speech

detection in a quiet testing situation was adequate, ranging

from normal to mildly reduced, for 10 of the 11 children,

whereas one 9-month old infant had moderately reduced

hearing for speech. Because developmental testing of

young infants is dependent primarily on demonstration

and observation, the hearing problems of this infant did

not appear to interfere with the assessment of his function-

ing. Thus, the developmental test results are considered

valid for the entire sample.

Neurodevelopmental Functioning of the Total Sample

COGNITIVE FUNCTION The developmental assessment

scores for the total sample of 11 young children with

SMS are listed in Table 2. On the Bayley Scales, the

mean Mental Developmental Index of 66.6 is more than 2

standard deviations below the normative mean of 100,

which indicates severe delays in overall cognitive function-

ing (Table 3). Six children scored in the severely delayed

range, three were mildly-moderately delayed, and two

were within the lower end of normal limits.

LANGUAGE FUNCTION Mean language scores ranged

from mild delays in receptive skills (78.7) to moderate de-

lays in expressive skills (72.2). Expressive language scores
were lower than receptive language scores in all but two

children, who were the youngest infants and both less

than 8 months old. There was a trend for lower expressive

vs receptive language scores, but this discrepancy was not

significant (P = 0.0654, one-tailed) in the total sample.

NEUROLOGIC FUNCTION AND MOTOR SKILLS All nine

children who received a neurologic exam exhibited mild

or moderate generalized hypotonia that affected their motor

development. Seven of the nine children (77.7%) had

normal deep tendon reflexes and two children exhibited

depressed rather then exaggerated deep tendon reflexes.

Three children demonstrated fine motor tremor. According

to parent report, achievement of gross motor milestones was

Table 3. Descriptive classification of standard scores from the

developmental scales

Classification*

Relation to

Normative Mean

Range of Standard

Scores

Within normal limits Within � 1 S.D. † 85-115

Mildly delayed 1-1.5 S.D. below 77-84

Moderately delayed 1.5-2 S.D. below 70-76

Severely delayed >2 S.D. below #69

* Descriptive classifications of standard scores are consolidated from the

four developmental scales (Bayley Scales Infant Development-II,

Preschool Language Scale-3, Peabody Developmental Motor Scales,

Vineland Adaptive Behavior Scales) used in this study in relation to the

normal curve.

Abbreviation:

S.D. = Standard deviation
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Table 4. Item scores on the Childhood Autism Rating Scale for the total sample and infant and toddler subgroups

Mean score* (median) (range)
Item Total, n = 11 Infants, n = 5 Toddlers, n = 6

Relating to people 1.5 (1.5) (1.0-2.5) 1.4 (1.0) (1.0-2.5) 1.5 (1.5) (1.0-2.5)

Imitation 2.5 (2.5) (1.0-3.5) 1.9 (2.0) (1.0-2.5) 2.9 (3.0) (2.0-3.5)

Emotional response 1.8 (2.0) (1.0-3.0) 1.5 (1.5) (1.0-2.5) 2.1 (2.0) (1.0-3.0)

Body use 2.3 (2.0) (1.5-3.0) 2.3 (2.0) (1.5-3.0) 2.3 (2.25) (2.0-3.0)

Object use 1.7 (1.5) (1.0-3.0) 1.3 (1.0) (1.0-2.5) 2.0 (2.0) (1.5-3.0)

Adaptation to change 1.4 (1.0) (1.0-2.5) 1.0 (1.0) (1.0-1.0) 1.7 (1.5) (1.0-2.5)

Visual response 1.4 (1.0) (1.0-2.5) 1.3 (1.0) (1.0-2.0) 1.5 (1.25) (1.0-2.5)

Listening response 1.6 (1.5) (1.0-3.0) 1.3 (1.5) (1.0-1.5) 1.9 (2.0) (1.0-3.0)

Taste, smell, touch response 1.7 (2.0) (1.0-2.5) 1.7 (2.0) (1.0-2.5) 1.8 (2.0) (1.0-2.0)

Fear or nervousness 1.2 (1.0) (1.0-2.0) 1.0 (1.0) (1.0-1.0) 1.3 (1.0) (1.0-2.0)

Verbal communication 2.6 (2.5) (1.0-4.0) 1.6 (1.5) (1.0-2.5) 3.3 (3.5) (2.5-4.0)

Nonverbal communication 1.6 (1.5) (1.0-3.0) 1.6 (1.5) (1.0-2.0) 1.6 (1.25) (1.0-3.0)

Activity level 1.6 (1.5) (1.0-2.0) 1.2 (1.0) (1.0-2.0) 1.8 (2.0) (1.5-2.0)

Intellectual response 2.5 (2.5) (1.5-3.0) 2.0 (2.0) (1.5-2.5) 2.9 (3.0) (2.5-3.0)

General impressions 2.0 (2.0) (1.0-3.0) 1.6 (1.5) (1.0-2.5) 2.3 (2.25) (2.0-3.0)

* Item scores range from 1.0 to 4.0 (1 = normal, 2 = mildly abnormal, 3 = moderately abnormal, 4 = severely abnormal).
mildly to moderately delayed in the majority of children. In-

dependent ambulation was achieved at a mean age of 19.7

months (median, 18 months; range, 14-30 months). As as-

sessed by the neurologist, all children exhibited oral-motor

dysfunction, ranging from mild to severe, with the majority

being moderately impaired. Specific areas of dysfunction

included poor tongue mobility and low oral motor tone re-

sulting in open mouth posture, excessive drooling, feeding

difficulties, and speech problems.

The mean fine motor score (75.3) and gross motor score

(71.0) indicated moderate delays in the eight children who

were evaluated with the Peabody Motor tests. Of these eight

children, seven had slightly lower scores on the gross motor

than fine motor scale. A nonsignificant trend of more im-

paired gross motor than fine motor skills (P = 0.0782,

two-tailed) was found in this smaller cohort.

ADAPTIVE AND MALADAPTIVE BEHAVIOR The Vineland

Scales mean Adaptive Behavior Composite for the total

sample (76.3) was in the mildly delayed range. There was

a significant difference between scores from the four behav-

ioral domains (Friedman test statistic = 17.54; P # 0.001).

Post hoc tests revealed that socialization scores were signif-

icantly higher than daily living, communication, and motor

scores (all P’s < 0.05, one-tailed), as hypothesized. The

daily living, communication, and motor scores were not sig-

nificantly different from each other. The mean score was

within normal limits for socialization skills but delayed

for the other three domains.

For all 11 children, the Childhood Autism Rating Scale

mean total score of 27.2 (median, 28.5; range, 18.5-38.5)

was in the nonautistic category. The mean item scores for

the total sample ranged from the normal to mildly abnormal

range with imitation, body use, verbal communication, in-

tellectual response, and general impressions being in the

mildly abnormal range (Table 4).
254 PEDIATRIC NEUROLOGY Vol. 41 No. 4
Preliminary Neurodevelopmental Characteristics
of the Infant and Toddler Subgroups

In a preliminary manner, the progression of developmen-

tal delays in SMS during early childhood was explored by

comparing the cross-sectional assessment scores between

the infant and toddler subgroups. Possible strengths and

weaknesses in specific areas of development were exam-

ined separately for the infants and toddlers by comparing

scores from the different domains of the language and

motor tests as well as the behavioral scales within each

age group.

COGNITIVE FUNCTION The Bayley Scales Mental Devel-

opmental Index scores of the toddler group were signifi-

cantly lower than those of the infant group (P # 0.05;

two-tailed), suggesting that the cognitive function of the

toddlers was more delayed relative to their peers than that

of the infants. The mean Mental Developmental Index

was mildly delayed (78.0) in the infant subgroup and

severely delayed (57.2) in the toddler subgroup.

LANGUAGE The toddlers had significantly lower stan-

dard scores than the infants in expressive language

(P < 0.05, two-tailed) but not in receptive language.

The mean expressive language score was mildly delayed

(83.8) for the infant subgroup and severely delayed (60.6)

for the toddler subgroup. The mean receptive language

score was mildly delayed (83.0) for the infants and moder-

ately delayed (74.4) for the toddlers.

In the infant subgroup, individual scores in both language

domains varied from average to delayed. The infants did not

exhibit a consistent receptive-expressive pattern or signifi-

cant discrepancy between receptive and expressive lan-

guage scores. In the toddler subgroup, however, all

expressive language scores were severely delayed and sig-

nificantly lower than receptive language scores (P < 0.05;



one-tailed), with the receptive-expressive discrepancy rang-

ing from 8 to 24 points.

MOTOR SKILLS For the eight children evaluated with the

Peabody Motor tests, the toddler subgroup had slightly, but

not significantly, lower standard scores than the infant sub-

group in both the fine and gross motor domains. The mean

fine and gross motor scores were mildly to moderately

delayed (81.0 and 74.5, respectively) for the infants and se-

verely delayed (69.5 and 67.5, respectively) for the

toddlers.

In the infant subgroup, no significant difference was

found between the fine and gross motor scores but only

four infants received a motor evaluation. Although all these

infants had slightly lower gross motor scores, compared

with fine motor scores, the discrepancies ranged only

from 4 to 9 points. Two infants exhibited fine and gross mo-

tor skills that were within normal limits; the other two ex-

hibited delays in both these domains.

In the toddler subgroup, no significant difference was

found between the gross and fine motor scores but only

four toddlers received the motor evaluation. Three toddlers

had slightly lower gross motor scores by 4 to 6 points, and

all four were delayed in both domains.

ADAPTIVE AND MALADAPTIVE BEHAVIOR The standard

scores of the toddler subgroup were significantly lower

than those of the infant subgroup on the four Vineland

domains (all P’s # 0.05; two-tailed). For the infant sub-

group, all mean domain scores were within normal limits;

in the toddler subgroup, all mean domain scores were in

the moderately to severely delayed range.

The infant subgroup had a significant difference between

the Vineland domain scores (Friedman test statistic = 11.94;

P < 0.01), with socialization significantly higher than motor

skills (P < 0.05; one-tailed). The toddler subgroup also had

a significant difference between the Vineland domains

(Friedman test statistic = 10.71; P < 0.05), with higher

scores on socialization than daily living skills (P < 0.05,

one-tailed). The other domains were not significantly differ-

ent from one another in either subgroup.

On the Childhood Autism Rating Scale, the total scores of

the toddlers were higher, indicating more severe autistic-like

behaviors, than those of the infants (P = 0.052, two-tailed).

The mean total score was in the mildly to moderately autistic

range (30.9) for the toddler subgroup and in the nonautistic

range (22.7) for the infant subgroup. On individual items,

the toddler subgroup had mildly to moderately abnormal rat-

ings in five areas in which the infant subgroup had normal rat-

ings (imitation, emotional response, object use, verbal

communication, and general impressions).

For the infant subgroup, all the Childhood Autism Rating

Scale mean scores were in the normal range except for two

mildly abnormal mean scores in body use and intellectual re-

sponse. For the toddler subgroup, the mean scores were in the

normal range for eight items, whereas six items (imitation,

emotional response, body use, object use, intellectual re-

sponse, and general impressions) were mildly abnormal,

and one (verbal communication) was moderately abnormal.
Discussion

This study is novel as it addresses the neurodevelopment

of a group of young children with SMS based on a prospec-

tive multidisciplinary assessment conducted systematically

using objective, standardized measures and procedures.

Neurodevelopmental test results indicated that the total sam-

ple of 11 children with SMS younger than 3 years of age

exhibited significant developmental delays in cognitive, lan-

guage, and motor functioning. As a group, parents reported

that socialization skills were within normal limits and signif-

icantly higher than communication, daily living, and motor

scores, which were delayed. In addition, psychologists’ rat-

ings indicated that maladaptive behaviors (e.g., self-injuri-

ous behaviors and stereotypies) were present in this young

sample but in the nonautistic range overall. Additional eval-

uations indicated that all children displayed oral motor ab-

normalities, hypotonia, and middle ear dysfunction. These

objective data validate the observations and information pre-

sented in earlier case studies obtained with smaller samples

and less systematic methods [7,10,29,32]. The present re-

sults expand on previous findings by describing the specific

ranges of functioning of a sample of young children with

SMS in relation to the normative group of typically develop-

ing children and by identifying strengths and weaknesses

among different developmental domains.

This study also explored the neurodevelopmental charac-

teristics of the infants and toddlers separately to begin

investigating the early clinical manifestations of SMS, which

may be somewhat different between subgroups of children in

this age range. Based on the preliminary cross-sectional anal-

yses comparing developmental assessment scores between

the infants and toddlers, a consistent pattern emerged: the

toddler subgroup had significantly lower standard scores on

standardized measures of cognitive, expressive language,

and behavioral functioning and slightly lower motor scores

than the infant subgroup. This pattern suggests that the

toddlers are more delayed relative to their same-aged peers

than the infants are relative to their peers. The functioning

of the four infants near 1 year of age or younger generally

varied from the normal to the mildly or moderately delayed

range, whereas the six toddlers, from 2 to 3 years of age,

scored primarily in the moderate to severely delayed range.

Although estimating longitudinal patterns of development

based on cross-sectional analysis of a small sample must be

considered tentative, the analysis suggests that the develop-

mental delays seen in SMS may progress from infancy to tod-

dlerhood. Even such a preliminary finding is important for

clinicians who may diagnose and monitor these young chil-

dren, and it supports the need for early developmental evalu-

ations and intervention services in infancy, before delays

become more pronounced. This information also is useful

for researchers because previous studies often combined in-

fants and young children into one group and reported the de-

velopmental results collectively. Possible differences in the

neurodevelopmental profile of infants and toddlers found in

the current study emphasize the importance of reporting on
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various age groups separately, even in children less than 3

years of age, and conducting longitudinal research to investi-

gate changes in development over time.

Because the phenotypic features of young children with

SMS are often subtle and not well defined, SMS typically

is not diagnosed until mid-childhood, when the features be-

come more apparent [4,7,30]. To increase the clinical

awareness of SMS in early childhood and to facilitate earlier

diagnosis and plan interventions, preliminary findings re-

garding the salient neurodevelopmental characteristics of

the infants and toddlers are summarized here.

Cognitive Function

Although mild to moderate mental retardation is found in

the majority of school-age children with SMS [9,13], the

present findings document cognitive delays in all children

by 2 to 3 years of age and in some children younger than

18 months. Early cognitive delays should prompt a referral

for a developmental evaluation to identify specific strengths

and weaknesses and initiate interventions.

Speech and Language

The test results from this study indicate that language is

a vulnerable domain of functioning in young children with

SMS with a trend toward poorer expressive skills. Observa-

tions during the test sessions indicated that all but one infant

exhibited some vocalizations, but babbling and verbal imi-

tation of sounds were limited. At 2 to 3 years of age, when

children typically use speech as a primary means of commu-

nication, the toddlers with SMS rarely used spoken words to

communicate. All six toddlers primarily displayed limited

vocalizations that included grunts, gurgles, squeals, and

some babbling, thus exhibiting severe impairments in verbal

imitation and speech production as indicated by their test

scores. Several toddlers used nonverbal communication

such as gestures and simple hand signs to communicate their

needs. Such expressive language deficits are likely related to

the oral sensory motor dysfunction observed in SMS [15].

Expressive language delays also are common in autism

[42] and in other genetic syndromes [43,44] and so should

serve as an early warning sign and generate a referral for ge-

netic testing to aid in the differential diagnosis. Young chil-

dren with SMS also need to be referred for speech and

language assessment and therapy early in life to promote

development and minimize deficits. Middle ear dysfunction

was common in this study and is frequently observed in

some other genetic syndromes [43,45]. Because persistent

and untreated middle ear abnormalities can cause hearing

loss and affect language development [46], audiologic

and otologic assessment and treatment are essential.

Neurologic and Motor Findings

Mild to moderate generalized hypotonia and motor de-

lays, with a trend toward lower gross motor than fine motor
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function, were early and consistent findings in these young

children with SMS. The presentation of hypotonia appears

to be clinically different than what is typically seen in other

young children exhibiting cognitive delay and low muscle

tone, who tend to have hyperreflexia with central hypotonia.

In addition, all children in the present cohort exhibited mild

to severe oral-motor dysfunction, which affects speech and

feeding skills. Such motor deficits have been reported in

other genetic disorders as well [44,47-49]. Health care pro-

fessionals noticing such early motor dysfunction should re-

fer the child for physical, occupational, and speech therapy,

as well as for genetic testing.

Behavior

The significant strength found in the children’s socializa-

tion skills has been described previously in SMS based on

retrospective chart reviews in infants [30] and on objective

measures in older children [13]. The mean scores of all the

adaptive behavior domains were within normal limits for

the infant subgroup and delayed for the toddler subgroup.

Maladaptive autistic-like behaviors were minimal in the

infants and more prominent in the toddlers. These prelimi-

nary data suggest that maladaptive behaviors are more

apparent during the second to third year of life, which is

consistent with other published reports [4,5,17,29,30].

Testing observations and parent descriptions of behavior in-

cluded a few mild repetitive motor movements (e.g., back

arching, body rocking, head or hand shaking) in all infants

except one 9-month old. Only the two infants who were

older than 1 year demonstrated self-injurious behaviors

(e.g., mild hitting or biting themselves). All the toddlers

between 18 and 36 months, however, exhibited both repet-

itive behaviors (e.g., tilting head, body rocking, rubbing

surfaces, excessive mouthing of objects or fingers, playing

with thread and shoelaces, flipping pages, hugging body)

and self-injurious behaviors (e.g., hitting or biting self,

banging head, pulling hair). In addition, parents of the older

infants and toddlers reported refusal of solid foods and less

sensitivity to pain. Although this was not assessed in this

study, sleep disturbances also have been documented in

SMS by 1 year of age [7,23].

Age-appropriate social skills combined with the lack of

maladaptive behaviors in the young infants with SMS

may prevent early diagnosis because their behavior may ap-

pear similar to normally developing babies. Infants with

SMS often are suspected to have Down syndrome [4], an-

other genetic disorder that displays well-developed sociali-

zation abilities, hypotonia, expressive language delays [50],

and a dysmorphic facial appearance [7]. In toddlers, some

of the maladaptive behaviors as well as expressive language

deficits are similar to those seen in autism [13], but children

with SMS display generally age-appropriate social skills.

Thus, awareness of the neurobehavioral aspects of SMS

in infants and young children and how they are similar

and different from other syndromes is important for pur-

poses of early diagnosis and intervention.



Study Limitations

The present results should be considered preliminary

because of the small sample size, particularly between the

ages of 1 and 2 years. However, the diagnosis of SMS in

infancy is so rare that the patient population from which

to obtain children is very small. These data also were col-

lected on a natural history study designed to describe devel-

opment without controlling for factors that may affect

functioning, such as socioeconomic status, parental charac-

teristics, and level of intervention services. Additional lim-

itations include the cross-sectional design and multiple

comparisons of the infant and toddler subgroups that

were performed without statistical adjustment because of

the exploratory nature of the analyses. Thus, all significant

findings about these age groups should be considered

tentative. Nonetheless, this is the largest published study

of children with SMS younger than 3 years of age assessed

prospectively with standardized measures. Despite dividing

the sample into two smaller subgroups, administering the

same standardized measures to both the infants and tod-

dlers allows the scores to be compared, and these prelimi-

nary findings can help guide future research and improve

the clinical awareness of SMS in young children. System-

atic longitudinal studies beginning in infancy are sorely

needed to examine the changes in various developmental

domains over time. The children in this study are being

assessed periodically, and the longitudinal data analyses

are planned for the future.

Summary

This study systematically evaluated a group of children

with SMS less than 3 years of age to provide a better under-

standing of the early neurodevelopmental characteristics of

the disorder. Given the significant and pervasive develop-

mental and behavioral impairments identified in these

young children, a multidisciplinary team approach is criti-

cal for the appropriate management of SMS that includes

comprehensive assessments and early intervention services.

In addition, parents would benefit from training in sign

language and behavior modification to help prevent and

manage the developmental and behavioral challenges char-

acteristic of SMS. Therefore, early diagnosis and interven-

tion, facilitated by a better understanding of the specific

neurodevelopmental features of infants and young children

with SMS, are important first steps in managing the multi-

disciplinary and complex needs of this syndrome. Future

studies should report on different age groups separately so

that specific characteristics are not masked by overall ef-

fects, and should collect longitudinal data to investigate de-

velopmental changes throughout childhood.
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