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BACKGROUND
| ntroduction

Smith-Magenis syndrome (SMS; OMIM# 182290) is a genetic disorder
characterized by multiple congenital anomalies and mental retardatiancanasonly
caused by a 3.7- Mb deletion on human chromosome 17p11.2. In addition, mutations in the
RAI1gene have also been described as a cause of SMS (Greenberg et al., 1996,dblager e
2003). Smith-Magenis syndrome was first described in 1982 and has an estimated
prevalence of 1/25,000 births (Greenberg et al., 1991). Since its first description in 1982 and
the publication of the spectrum of clinical features by Smith et al. in 1986, the moee subtl
features of this syndrome have been delineated. Individuals with SMS encompass a
phenotypic spectrum that includes congenital anomalies, characteasticfacial features,

growth abnormalities, mental retardation and a distinctive neurobehavioral .profile
History of Smith-Magenis syndrome

The first official account of what is now known as Smith-Magenis syndrome was
published in the American Journal of Human Genetics in 1982. Smith et al. reported two
unrelated males with facial clefts and congenital heart disease.irdthedividual carried a
diagnosis of Pierre Robin sequence, a ventricular septal defect (VSD), cahgeait
block, skeletal abnormalities and hearing loss (Smith et al., 1986). Individual number one
died at six months of age from complications related to surgical repair of BIgMS8ith et
al., 1986). The second individual had bilateral cleft lip and palate and VSD. Both of the

individuals were diagnosed with failure to thrive (FTT) and were less tharf ther8entile



for their growth parameters. Cytogenetic analysis revealed that bdtbsef individuals

had an interstitial deletion of the p11 band on chromosome 17 (Smith et al., 1982).

A follow-up article published in 1986 by Smith et al. provided detailed case reports
of seven newly identified and two previously identified individuals with congeretatth
defects and facial clefts. Cytogenetic analysis of these nine easeded, all had at a
minimum, a small interstitial deletion in 17p11.2 and individual 1, the most severely
affected of the cases reported, was deleted for the entire 17p11.2 band (Shifl986a
The phenotypes of the individuals were compared and the majority of individuals had the
following: brachycephaly, midface hypoplasia, broad nasal bridge, prognastisrt
stature, scoliosis, speech delay, behavior problems and mental retardationetSahijt

1986).

Smith et al. 1986 were the first to report that the prognathism present in SMS
individuals is “age dependent.” They observed the two youngest patients in theirhazhort
micrognathia, where as prognathism was present in the older patients. Troomo®only
described features included: speech delay, which was present in seven @7eii) (
living patients, a hoarse deep voice was identified in four of eight (50%) individwhls a
hearing loss was present in six of nine (66.67 %) individuals. They also found that seven of
eight (87.5%) living individuals had similar behavioral problems that began in early

childhood including hyperactivity and self-destructive behaviors (Smith et al., 1986).

At the time of the Smith et al. publication in 1986, there were seven additional
individuals with 17p11.2 deletions with similar phenotypes to those described by Smith et

al. reported in the medical literature (Patil and Bartley, 1984; Stratton 8886.,) Since



the initial publications by Smith et al., several different groups of rdsei@bave

contributed invaluable information to the field of SMS research. One of thesgrsugis

was lead by Doctors Greenberg and Lupski at Baylor College of Medicine aas Tex
Children’s Hospital through a multidisciplinary clinical study of individualhv@MS. The
results of this study, published by Greenberg et al. in 1991 and 1996, provided phenotypic
information on a cohort of individuals with SMS. Their examination of individuals with
SMS confirmed the common clinical features and provided information on featurbadhat

never been reported in individuals with Smith-Magenis syndrome.

Since 1997 another group of researchers at the NIH/NHGRI have been cogducti
study of the natural history of SMS with the goals of further charactetizexghenotype to
ensure increased recognition of the syndrome and earlier diagnosis. Theysbdyexal
working to develop therapies and interventions to treat the developmental delays and
behavioral abnormalities seen in individuals with SMS. The 2006 publication by Gropman
et al. provided a comprehensive review of the SMS phenotype using data collectéaefrom

NIH natural history study.

Clinical Findings

Congenital Anomalies

Although congenital anomalies are not present in all individuals with SMS, the most
common congenital anomalies are cleft lip with or without cleft palatel/veinary tract
abnormalities and cardiac defects. Renal abnormalities were preseatohnime (22 %) of
individuals studied by Smith et al. 1986. One individual was found to have bilateral

ureterovesicular obstruction and a second individual was found to have a singleopyaert



right kidney with malposition of the ureterovesicular junction. The prevalence dfreha
urinary tract abnormalities in the Greenberg SMS cohort was 34.6% and included the
following abnormalities: duplication of the collecting system, unilatenrahr agenesis and
ectopic kidney (Greenberg et al., 1996). Due to the high prevalence of renal and uraary tra
abnormalities, renal ultrasounds should be performed following a diagnosis of SMS to

ensure appropriate treatment and surgical correction if necessary.

Five out of twelve (43%) individuals studied by echocardiography by Greentberg e
al., 1996 were found to have cardiac anomalies that included: mild tricuspid regamgita
mild mitral regurgitation, subvalvular aortic stenosis, VSD and supravalvulaopidm
stenosis. Four individuals had been diagnosed with a cardiac abnormality previously and
these abnormalities included pulmonic stenosis, VSD, mitral valve prolapse and an ASD
Ten of twenty-seven (37%) individuals evaluated in the Greenberg SMS coherfiowed
to have cardiac anomalies. Due to the high prevalence of congenital hedd itlefec
individuals with SMS, echocardiogram should be performed following the initighdgas

and if a heart defect is identified, surgical repair is indicated.

Craniofacial

The facial appearance of individuals with SMS, though distinct, can vary metwee
infancy and adulthood. Infants with SMS may only display subtle dysmorphic facial
features including a broad, square shaped face with mid-face hypoplastaaddigéscents
and adults with SMS show more pronounced dysmorphic facial features (Gropman et al.,
2006). In addition to the broad, square-shaped face, adults with SMS can have

brachycephaly, midface hypoplasia, tented upper lip, up-slanting palpehuetgisseep-set



eyes, short full-tipped nose and prognathism (Greenberg et al., 1991). The &uaiase
present in adults with SMS have also been described as coarse with deep-seladiyes, r

prognathism, heavy brows and synophyrs (Allanson, Greenberg, & Smith, 1999)

Growth and Development

To assess the SMS phenotype during infancy Gropman, Duncan & Smith (2006)
performed medical histories and physical exams, and analyzed parent quastsosmai
medical records of patients 24 months or older. They found that the weight, length and
FOC of infants with SMS are within normal limits at birth. However, at apprdeigna2
months of life, infants with SMS begin to show features of failure to thrive (FACI)ding
poor weight gain and poor linear growth (Gropman, Duncan, & Smith, 2006; Greenberg et
al., 1991). The FTT was thought to be related to the oral motor dysfunction present in all
infants studied as well as hypotonia, lethargy, increased sleepiness and dayoimg
(Gropman, Smith, Allanson, & Greenberg, 1998). It was also reported that alsinfant
studied showed some degree of oral motor dysfunction, with poor feeding being present i

some (Gropman, Duncan, & Smith, 2006).

All infants studied by Gropman, Duncan & Smith., in their 2006 publication also had
motor delays and decreased crying and babbling but were within normal linatdyor

slightly delayed for their social-emotional function.

Sleep Disturbances

Prior to childhood, the sleep patterns of infants with SMS are not characterized as
problematic or troublesome. In fact, many parents of SMS infants describeshperfect

babies” (Gropman et al., 2006). It is during childhood that characteristic st¢egédnces



of SMS become evident. However, retrospective analysis has found sleep abresuaiti
present in infants with SMS (Greenberg et al, 1991). Infants with SMS havesSesce

daytime sleepiness” and decreased 24-hour sleep (Greenberg et al., 1991Gréetieerg

et al. 1991 cohort, 62% of individuals showed signs of a sleep disorder that included
difficulty falling asleep, staying asleep, and frequent awaking dune@ight. They also
reported that REM sleep was absent in two individuals studied by polysomnography. In
1996, Greenberg et al., reported of the 24 individuals who underwent sleep studies, 29%
patients had decreased sleep time due to frequent night-time awakenings€skcapad

eye movement (REM) sleep was found in 12 of 24 (50%) individuals, normal REM sleep
was found in 11 of 24 (45.8%) individuals and one patient (4 %) had increased REM sleep.
Greenberg et al. reported all individuals studied had problems falling ambsasleep
throughout the night. They concluded that there was a defect in REM sleep but wesge unsur

of the underlying mechanism.

DeLeersnyder et al., in 2001 measured the plasma concentrations of melatonin over a
24-hour period in 20 subjects with SMS as well as their age matched controls. Tlitsr res
showed individuals with SMS had different melatonin cycling when compared t@ageeir
matched controls. Typically the circadian rhythm functions such that melatooim is |
during the day light hours, however as darkness sets, the pineal gland begins to produce
melatonin indicating to the body that it is time to sleep. In individuals with Sh8, t
melatonin secretion began at 6 AM2-hours, their levels peaked at 12 PN kour and
their offset occurred at 8 PMXhour (DeLeersnyder et al., in 2001). This is in contrast to
the melatonin cycling seen in their age matched controls who experienced oesetdis

at 9 PM_+2 hours, peak of secretion at 3:30 AM.-80 hours and offset of melatonin at 6



AM + 1 hour. DeLeersnyder et al., also found a positive correlation between the frequency
of a SMS child’s tantrums and increasing daytime melatonin levels. As thenaof

melatonin increased during the day, the frequency of tantrums in individuals with SMS
increased as well. DeLeersnyder et al. hypothesized the behavioral probildenisec
aggravated by the fact that children with SMS have elevated melatonin levelsttaring
daytime and that their daytime sleepiness could be causing or contributiegy to t

behavioral problems.

Since these abnormalities in melatonin cycling have been discoveredcihesgar
have attempted to treat the sleep disturbances by using melatonin and acebwi@bl a
beta-1-adrengeric antagonist. A trial conducted by De LeersyndeireR@03 studied the
daytime usage of acebutolol and an evening dose of 6 mg of melatonin. This dosage pattern
was able to increase the nocturnal melatonin levels, improve nighttime sleereeatsde

daytime sleepiness and improve overall daytime behavior (Leersyndeme2@0.3).

The sleep disturbances present in children with SMS present a management
challenge. No well controlled treatment trials have been conducted. $heengantly no
standard of care or management protocol to control the sleep disturbances in children wi

SMS.

Neurobehavioral

The neurobehavioral abnormalities present in SMS are a distinctive comportent of i
clinical phenotype. Self-destructive behavior was present in 67% of individuatthees
by Greenberg et al. in 1991. The neurobehavioral profile of 29 individuals with SMS was

studied and self-injurious behaviors were present in 96.6% of individuals (Finucand, Dirrig



& Simon, 2001). Individuals with SMS exhibit the following: hyperactivity, sleep
disturbances, temper tantrums, attention seeking, self-hitting, self-bitilhgugging,
polyembolokoilamania (inserting foreign bodies into body orifices) and onychontillamani
(pulling out one's fingernails) (Greenberg et al., 1991). Greenberg Isiateported self-
destructive behaviors such as head banging and wrist biting are present as 2arkars of
age; but, more severe behavior such as onychotillomania does not present unatSes ye
age. The stereotypic and self-injurious behaviors present in SMS are so uniqueythet the
a major clue for diagnosis as they are distinguishable from other gsyediomes
associated with mental retardation. There is a direct correlation betveeseverity of self-
injurious behaviors and the level of intellectual functioning in individuals with SMS

(Finucane, Dirrigi, & Simon, 2001).

SMS shares common features with those seen in Prader-Willi syndrome (PWS;
OMIM 176270) and before much was known about SMS, some individuals with SMS were
misdiagnosed as having PWS (Dykens & Smith, 1998). As first published by Gggenbe
al., the overlapping features of PWS and SMS include the following: infantile hyaptoni
short stature, skin picking, sleep disturbances and behavioral abnormaligenb&yg et
al., 1996 also noted that individuals with SMS also have hyperphagia (Greenberg et al.,
1996b). Although there continues to be overlap of the PWS and SMS phenotypes, there are
certain features now know to be unique to each of these syndromes (Dykens & Smith,
1998). In a study comparing the neurobehavioral abnormalities of PWS and SMS,
individuals with PWS were found to have higher levels of obsessive food related thoughts

(Dykens & Smith, 1998). SMS individuals were also found to show obsessive thinking but



these thoughts were not necessarily always realted to food and were reonelatied to

“specific topics or events” (Dykens & Smith, 1998).

Cognitive

Although varying degrees of mental capacity are seen, adolescents anavalults
SMS continue to experience cognitive delays and the majority of individuals haveateode
mental retardation (Greenberg et al. 1991). Behavioral abnormalities cotatipeeome
more pronounced during adolescence and remain constant throughout adulthood.
Adolescents with SMS experience aggressive and explosive outbursts, attezking se
behaviors and impulsive, disobedient actions. They continue to engage in the selfisnjur

behaviors that began in childhood (Dykens & Smith, 1998).

Most individuals with SMS are not able to live on their own as adults and require
supervision from caregivers to ensure that their daily needs are nespduifis not thought
to be different than other individuals with mental retardation and there is no dacline i
cognitive abilities (Dykens and Smith 1998). The oldest individual known to have SMS

died at the age of 88 from a stroket|://www.ncbi.nlm.nih.gov/sites/GeneTedd=/09/10).

As part of the multidisciplinary study conducted by Greenberg et al., imaging
studies were performed on individuals with SMS to determine whether or not brain
malformations contributed to their neurobehavioral phenotype and mental retardedion. B
MRI showed abnormalities in 13 individuals that included findings of ventriculomegdly a
enlarged cisterna magna; both of which were considered clinically insmgmti{iGreenberg

et al., 1991, Greenberg et al., 1996a). Based on these insignificant findingshersear



were able to conclude the cognitive impairments and behavioral abnormalinds/iduals

with SMS were not attributed to brain malformations.

Other Phenotypic Findings

The following describes abnormalities that are occasionally seen in inds/ialitia
SMS and warrant evaluation during annual physical examination. Ophthalmologic
abnormalities were seen in 23 out of 27 individuals studied by Greenberg et al in 1991.
These abnormalities included strabismus, myopia, microcornea, iris dyspksaa
corectopia and iris coloboma. Hearing loss has also been described in indivittuals w
SMS, therefore periodic audiologic evaluation is recommended. Of twenty-tieatsavho
underwent audiologic evaluations 10 individuals were found to have conductive hearing
loss, 5 were found to have sensorineural hearing loss and 2 had mixed hearing loss; giving a
combined prevalence of hearing impairment of 68% (Greenberg et al., 1991; Potocki
Shaw, Stankiewicz, & Lupski, 2003)). Hearing loss was also present in the two individuals
first described with SMS (Smith et al., 1982). Individuals with SMS can alsoagevel
scoliosis. Mild to moderate thoracic scoliosis was present in 13 of 20 or 65% of patients
greater than 4 years of age (Greenberg et al., 1991; Potocki, Shaw, Stankiewiczki& Lups
2003). More recent data suggests that vertebral anomalies and scolipsesang in
approximately 60% of SMS individuals and thus spine radiographs are needed to evaluate

for these conditions.

Diagnosis

The diagnosis of SMS was first made using routine G banded cytogenetic

techniques. However this method missed a large number of deletions that were reot visibl
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using standard cytogenetic technology. Fluorescence in-situ hybriZ&liSH) was able

to identify smaller deletions in 17p11.2. With the development of array comparative
genomic hybridization (array CGH), many individuals with smaller delefiod3p11.2 that
would have been missed using FISH technologies have been identified on array CGH.
Array CGH, also known as chromosomal microarray or whole genome array has now
become the primary method of diagnosis of SMS. Even with the advances that have been
made in array CGH technologies, there remains a subset of patients who mesin&dIS
criteria who do not have identifiable deletions of 17p11.2. In individuals with the tlinica
phenotype of SMS without identifiable deletions in 17p11.2, mutation analysisRAllie

gene should be performed.

Genetics of Smith M agenis syndrome

Smith-Magenis syndrome (SMS; OMIM# 182290) is a genetic disorder that is
caused by a deletion on human chromosome 17p11.2 or a mutatiorRialflgeene
(Greenberg et al., 1996, Slager et al., 2003). SMS is thought to be continguous-gene
deletion syndrome (CGS). Contiguous-gene deletion syndromes can cause both
microduplications and microdeletions due to misalignment of homologous chromosomes.
Although both small (approximately 1.5 Mb) and large (approximately 9 Mb) deletions
17p11.2 have been reported in SMS patients, 75% of individuals have a common 3.5 Mb
deletion in this region (Trask et al., 1996). The minimum deletion region is appro¥imatel
700 kB in size (Girirajan et al., 2005). In addition, it is also known that mutations in the

RAIlgene result in an SMS phenotype (Slager et al., 2003.)
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Low Copy repeats

In 1997 Chen et al., discovered homologous recombination between flanking SMS-
REP repeat-gene clusters was the molecular basis for the SMS commim detet copy
repeats have been implicated in the molecular basis of several genetimosnddiuding
DiGeorgel/velo-cardialfacial syndrome, Prader-Willi/Angelman synéramd Williams
syndrome. Genetic diseases, caused by microdeletions or microduplications loesur w
there is nonallelic homolgous recombination (NAHR) between the low-copy sgjh€:R)
gene clusters during maternal and paternal gametogenesis (ErdogarKi@tienoff et al.,

2006).

Discovery of RAI1

Girirajan et al., (2005) were able to define the critical region of SMS to a ~700 kb
region that was commonly deleted in all SMS patients with deletions in 17p11.2. Further
study of this region led researchers to discover that there were smadirdefresent within
theRAI1gene in patients who did not have deletions in 17p11.2 detectable by FISH (Slager
et al 2003). In 2003 it was discovered that dominant frameshift mutationsretitioec
acid inducible {RAI1)gene were present in three individuals who had clinical features of
SMS but did not have 17p11.2 deletions present (Slager et al., 2003). Further studies have
identified additional individuals with the “hallmark” clinical features of SM&8uding
developmental delay, sleep disturbances and self injurious behavior with deletRid.in
In 2005, Girirajan et al. summarized the findings of all of the individuals found to have
mutations irRAl1and found that none of these individuals WRAI1 mutations had the less

common features seen in individuals with SMS including heart defects, uringggnsys
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malformations or other birth defects. These data lead researchers to pdkailat
haploinsufficiency oRAILis responsible for the behavioral, neurological, otolaryngological
and craniofacial features of SMS and more variable features includingntahgefects are

caused by hemizygosity of other genes in the 17p11.2 region (Slager et al., 2003).

RAI1

At the time of its discovery in 2003, researchers were uncertain of the laloles
of RAIL Since 2003, researchers have discovered the RNA proddétibfs expressed in
all tissues studied and was present in high levels in the heart and neuronalest(®&tager
et al., 2003; Toulouse, Rochefort, Roussel, Joober, & Rouleau, 2003RAThgene is
highly conserved throughout mammalian evolution. The current hypothesis regarding the
function of theRAl1genas thatRAI1lis a transcriptional regulator involved in the

development of neurons but its exact function is unknown (Girirajan et al., 2005).

SM S Mouse Modd's

Mouse models of SMS, del(17)(p11.2p11.2) and the Potocki-Lupski syndrome,
dup(17)(p11.2p11.2) (PTLS; OMIM#610883) the recombination reciprocal of the SMS
deletion, have been created to further understand the phenotypes of the two syndromes.
Human chromosome 17p11.2 is syntenic to a 32-to-34 cM region on mouse chromosome 11.
The critical interval for SMS is a ~1-Mb region that includes 19 genes thatraserged in
the same order and orientation in mice (Bi et al., 2002). Studies performed in the SMS mic
Df(11)17/+ and the PTLS mic&p(11)17/+ have demonstrated differences in the growth

patterns consistent with what is reported in humans with SMS and PTLS.
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An important finding of studies of mice with SMS and PTLS are the differences in
body weight first reported by Walz et al., in 2003. During the first month of life the
Dp(11)17/+andDf(11)17/+mice were both significantly lower in weight when compared
to their wild-type litter mates. The PTLS midp(11)17/+,remained underweight
throughout their lives and the homozygous duplication D@E 1)17/Dp(11)17vere
significantly underweight, even compared to the heterozygous duplication mice,
Dp(11)17/+. Starting at 4 months of age, the SMS nid€L1)17/+, were significantly
overweight when compared to the wild-type mice. By 8 months of adefth&)17/+ mice
weighed more than 60g, whereas the wild-type mice weighed approximatelitz0g
abdominal fat contents were also compared between the different genotypes. The
Df(11)17/+ mice had an average abdominal fat content of 1.0208g. Thédp(11)17/+
mice had an average abdominal fat content of 0.30§6g and the wild-type mice had an
average abdominal fat content of 0.560.65g. The amount of abdominal fat made up 4.5%
of the total body weight iDf(11)17/+ mice, 1.2 % of the total body weight of the
Dp(11)17/+mice and 2.0% of the total body weight of the wild-type mice. When the
Df(11)17/ Dp(11)1#nice were studied they were found to have weights similar to that of
the wild-type mice. This finding suggests that the presence of the widatypber of genes
can rescue the overweight phenotype ofdR@1)17/+mice and the underweight

phenotype of th®p(11)17/+mice (Walz et al., 2003.

In addition to describing the weight differences between the deletion and doplicati
mice, there is also data available about other phenotypic characteltigiésiown that the
craniofacial features of SMS become more pronounced as an affected indiviekial Iz

craniofacial features of tHef(11)17/+ mice have been documented throughout the life span
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of the mouse. No craniofacial abnormalities were appreciated during the newtodnope
Df(11)17/+mice when compared to wild-type mice. All of the adflfl1)17/+mice were

found to have craniofacial abnormalities including shorter skull lengths, broader amat short
snouts and distinctive nasal bone shape. Congenital heart defects, urinary tcistaefe
seizures have been reported in 35%, 29% and 19% of individuals with SMS respectively
(Chen et al., 1997 and Greenberg et al., 1996). No defects were found in the heart or urinary
system oDf(11)17/+ orDp(11)17/+mice Seizures and abnormal EEGs were present in
Df(11)17/+mice. This finding led researchers to postulate that there was a diretbéffec

the deletion on neuronal excitability (Walz et al., 2003). Seizures were not pregent

Dp(11)17/+mice.

Before haploinsufficiency dRAl1lwas determined to be responsible for major
features of SMS, a mouse model with a null mutatioRAhL was created to study the
relationship between the RAI1 copy number anddf{@1)17/+ andDp(11)17/+
phenotypes. The weights of tRail+/- mice were measured from 3 weeks to 7 months. At
4-7 weeks of age thrail+/- mice were underweight when compared to their wild-type
litter mates. However, by 23 weeks of age both male and féda#le/- mice were
overweight when compared to their wild-type littermates. Researclkeeesable to
conclude that haploinsufficiency Bfailwas a major factor in the obesity that is present in

SMS individuals (Bi et al., 2005).
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Obesity

In the General Population

The negative health, economic, and social consequences of obesity are well
documented. The American Medical Association considers obesity the fasteisigy
health problem in the United States. Obesity kills more than 300,000 Americansrper yea
which is more than AIDS, all cancers and all accidents combined. More than 66% of the
adult population in the United States is overweight or obese (Ogden, Carroll, Curtin,
McDowell, Tabak, & Flegal, 2006). More frightening than the facts about obedii§ i
adults, are the statistics about overweight and obese children. The prevalenceeigbve
and obesity in US children has tripled over the past two decades (Ogden, Carrall, Curti

McDowell, Tabak, & Flegal, 2006)

Overweight and obesity have been shown to increase morbidity/mortality and
decrease life expectancy. The health risks associated with obesity imctudie
resistance, type 2 diabetes, hyperlipidemia, hypertension, coronary hea diseaestive
heart failure and gastrointestinal complications including gastroesophefi@g gallstones
and gallbladder disease, gout and non-alcoholic fatty liver disease (Pi-Sunyer, 1991)
Overweight and obese individuals are at increased risks for developing cgréeaot
cancer including: endometrial, colon, kidney, gallbladder and postmenopausal bneast ca
(Krebs et al., 2007). In addition to the physical risks associated with overapayht
obesity, there are also emotional and psychosocial risks that are often underasgqbr
Overweight and obese individuals have increased risks for depression, lowessifgsoor

self-image and social isolation (Krebs et al., 2007).
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As with most health conditions, family history is important in determining a shild’
risk to develop obesity and the strongest predicator of childhood obesity is the wetght stat
of the parents. If one parent is obese, the odds ratio that a child will be obese as an adult i
3:1. This odds ratio jumps to 10:1 if both parents are obese (Whitaker, Wright, Pepe, Seidel,
& Dietz, 1997). It is thought that the relationship between parental and childhood abesity i
multi-factorial in etiology, with multiple genes and environmental factorgrgiea role.

Genome wide association studies have been performed to gain more information about
genes that are associated with obesity. The results of these studies showeesihais
polygenic, with more than 300 genes and genetic loci associated with obesity (Chagnon,
Rankinen, Snyder, Weisnagel, Perusse, & Bouchard, 2003). Additionally, there are 50 loci
related to Mendelian syndromes associated with obesity that have been ifiRggeden,

et al., 2006).

In Genetic Conditions

It is well documented that obesity and food seeking behaviors are present in certain
genetic conditions associated with cognitive impairment. Prader- Wallirsyne (PWS;
OMIM 176270) is an example of a genetic condition that is primarily associgted w
obesity, cognitive impairments, maladaptive behaviors and hyperphagia, an abnormal
increased appetite for and consumption of food (Dykens, Maxwell, Pantino, Kossler, &

Roof, 2007).

Although the negative effects of obesity in the general population are well known,
little is known about the prevalence or cause of any obesity that is presenM$he

population. In more recent studies of SMS individuals, a new concern for the involvement
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of obesity has been raised. Of those studies that have been published, information obtained
was often incomplete and small in number. Because so little is availablegitdlearly

defined how obesity is involved in the natural history of this condition.

An abstract presented by Smith et al. in 2004 provided an overview of parametric
measurements of growth and body mass index (BMI) of 54 individuals with SMS. BMI is a
measurement of weight in relation to height that is used to determine if amduadiig
overweight or obese. BMI is calculated in the following manner: BMI= welgitheight
(m?). In adults, normal weight is defined as a BMI between 18.5- 24.9, underweight is
classified as a BMI less than 18.5, overweight is defined as a BMI of 25-29.9 and @besity
defined as a BMI of 30 or greater. In the abstract presented by Smithtet edgan birth
weight was between th&'525" percentile and birth length was between th& 2"
percentiles. They reported that poor growth, as defined Byefcentile, was noted within
the first six months of age and that it may persist into early childhood. The ahigoac
reported that on average, males with SMS were at thp@gentile for weight at age 6
years and grew to the §@ercentile by 14 years. Females with SMS were reported to be
between the 25-8bpercentile for weight between the ages of 1- 7 years and increased to
>90" percentile by age 12 (Smith, Leonard, Gropman, & Krashewich, 2004). Another study
investigating hypercholesterolemia in 49 individuals with SMS reported the Bihim
individuals with SMS was 18.43 with a range of 14.08- 31.67 (Smith, et al., 2002). A meta-
analysis of 105 individuals with SMS published in 2007 provided valuable information
about genotype-phenotype information in individuals with SMS (Edelman, et al., 2007).

However information regarding growth and BMI was unavailable for over 60% of teg cas
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examined. Because of these conflicting findings, further studies regahndingi¢ of obesity

in the Smith-Magenis population are needed.

The severe neurobehavioral abnormalities present in individuals with SMS misake t
facet of the phenotype an interesting avenue to explore in an attempt to provide an
explanation of the obesity seen in individuals with SMS. Therefore the specifathis

study are to:

1.) Characterize the growth (height, weight and BMI) of a cohort of individuals with
Smith-Magenis syndrome to determine if obesity is a component of SMS in our
patient population.

2.) Assess if hyperphagia or food seeking behaviors are present in individuals with

Smith-Magenis syndrome.

Determining whether or not neurobehavioral abnormalities such as food seeking
behaviors and hyperphagia are present in individuals with SMS would aid in further
characterizing the natural history of this genetic syndrome. In addition,sitplaad
behavioral components can be characterized, targeted and age appropriates tbenapee

developed in order to better manage individuals with SMS.

19



MATERIALS & METHODS

This study used two methods of data collection in order to addresses the two specific
aims. Part | of the study aims to characterize the growth (height, vegigl@MI) of a
cohort of individual with Smith-Magenis syndrome to determine the prevalence dfyobes
through the use of a retrospective chart review. Part Il of this study airsscwsaf
hyperphagia or related behaviors are present in individuals with SMS througle thieaus
parent questionnaire which includes a validated instrument, the Hyperphagiaegeti
(Dykens et al., 2007). This study was approved by the University of Texah Seance
Center Committee for the Protection of the Human Subjects (HSC-GEN-09-0398gand t
Institutional Review Board for Baylor College of Medicine and Affiliakéaspitals (H-
25766). A consent form was required and was mailed to participants along with the study

guestionnaire.

Participants

There were essentially two different sets of participants in this stemtyPart | of
the study, the retrospective chart review, participants were individuélswinfirmed
medical diagnosis of Smith-Magenis syndrome by chromosome analysis, feroresc
situ hybridization (FISH) or array CGH (aCGH). For Part Il of the sttltyyassessment of
hyperphagia and related food seeking behaviors, all participants were paresrsgivers
of individuals with a confirmed medical diagnosis of Smith-Magenis syndrome.
Participants were ascertained through a database of SMS patientmediily Baylor
College of Medicine (BCM) at Texas Children’s Hospital (TCH). All pgraats whose

child carried a confirmed medical diagnosis of SMS had either:
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1.) Participated in or contacted researchers regarding participation inlclinica

research at BCM/TCH, or:

2.) Have been, or are, currently followed in the genetics clinic at Texaéh’'s

Hospital

Individuals without a confirmed medical diagnosis of SMS were not included in the

retrospective chart review, nor were their parents mailed a studyayueste.

Procedure

In Part | of this study, a retrospective chart review was conducted of pantisi
medical records. Sources of available information included: electronic mestioadi,
paper charts and research charts. All documented height and weight meassingere
abstracted for each individual. This data was collected by hand, matched with the
individual's unique study ID and entered into an Excel database.

For Part 1l of this study, a questionnaire was mailed to the correspondingsparent
individuals in Part | of the study. Each household was limited to one questionnaire and the
guestionnaire was to be filled out by only one parent/caregiver. A total of -giigiety
guestionnaires were mailed; twenty-two questionnaires were returned vatfmwtarding
address for a total of seventy-seven potential participants. Twentyoefiveleted
guestionnaires were returned, corresponding to a response rate of 28% (25 out of 89).
Questionnaires were initially mailed in October 2009 and data was collectedntivanch
2010.

The questionnaire consisted of 51 questions subdivided into five sections. Section 1,

a set of 10 demographic questions, provided demographic information regarding the parent
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completing the questionnaire. The remaining four sections of the questionoaickegdr
information regarding the individual with SMS. Section 2 consisted of 15 medical and
social history questions, Section 3 consisted of 3 exercise history questionedtamd4sec
consisted of 10 diet history questions. The final 13 questions were taken from a @alidate
hyperphagia questionnaire (HQ), developed by Elizabeth Dykens, PhD.

The HQ was initially developed to assess hyperphagia in individuals with Prader
Will syndrome (PWS) (Dykens, Maxwell, Pantino, Kossler, & Roof, 2007). This
guestionnaire has been validated in the Prader-Willi population and has also been used in
individuals with Down syndrome and undiagnosed intellectual disabilities who show food
seeking behaviors or “Prader--Willi-like” preoccupations with food. Dr. Dykessgiven
permission via email for the use of the hyperphagia questionnaire in this hegegect.
The HQ was created to measure hyperphagia in individuals with PWS by lookireg at
following: specific food related behaviors, preoccupations and thoughts about food and the
severity of the symptoms. Responses on the HQ are rated on a 5 point scale (1 = not a
problem to 5 = severe and/or frequent problem.) In their initial publication desctiil@n
use of the HQ in 153 individuals with PWS, Dykens et al. conducted a factor analysis and
found three factors emerged which accounted for 58.93% of the variance seen in
hyperphagia (Dykens, Maxwell, Pantino, Kossler, & Roof, 2007). These factors were
labeled, Hyperphagic Behavior, which accounted for 34.47% of the variance (eigenvalue =
3.79, Cronbach’s alpha = 0.76), Hyperphagic Drive, which accounted for 15.28% of the
variance (eigenvalue = 1.68, Cronbach’s alpha of 0.80) and Hyperphagic Severity which
accounted for 9.17% of the variance (eigenvalue = 1.01, Cronbach’s alpha = 0.60). There

were two questions on the questionnaire that did not load onto any factor and these items
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were: age of onset of hyperphagia and variability in the drive for food. As thesedid
not specifically correlate with factor, they were dropped from furthdysisgDykens et al.,

2007).

Individuals who completed and returned the questionnaire were eligible toeraceiv
$15 gift certificate to Target®. The financial support for this project (dioly postage, the
printing of study related materials and incentive) was provided by a donatewectby

Dr. Potocki to investigate obesity in individuals with SMS.

Analysis:

Part |- Retrospective Chart Review

Based on their age at their last recorded measurement, individuals veg@ricat
into age groups using the classifications provided by the CDC. Table 1 provides an

overview of the age classification system used in this study.

Table. 1 Age Classifications
Age Group Corresponding Age
0-23 monthg

2-5 years

6-11 years
12-19 years
> 20 years

QB WIN| -
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Z-scores

For all growth measurements, including those obtained from the parent questionnaire
and chart review, Z-scores (SD units) for height-for-age, lengthgeaad BMI-for-age
were calculated using the reference growth standards provided by N&tentat for
Health statistics and the Centers for Disease Control and Preventiasti¢Statl.C.f.H.,
2000). The calculation of Z-scores allowed for comparison between the SM& patie
population and the reference standard as defined by the CDC. For individuals less than 20
years of age, the Z-scores were calculated using the values provided BGhe C
corresponding to their given age and gender. For individuals greater than doezfual
years of age, Z-scores were calculated using the values provided by theo@Bsponding
to that of a nineteen year old of their respective gender. One sample tetestsinvto
assess for differences in the weight-for age, height for age and BMdyéor-scores

between our SMS cohort and reference standards.
BMI

BMI was calculated for all individuaks 24 months of age using the following
formula: BMI = weight (kg)/ [height(nf). For individuals < 20 years of age (age 24
months through 19 years of age) BMI and BMI percentile were calcullites necessary
to calculate BMI percent in order to interpret the BMI of individuals less thae@@ pf
age, as the interpretation of BMI during childhood and adolescence is differettieghan
interpretation of BMI in adulthood. The interpretation of BMI in childhood is dependent on
age and gender. For individuals greater than 20 years of age, BMI was edlandt

interpreted using the CDC’s recommendation for the interpretation of BMiuiltsa
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Through the use of BMI, individuals were classified as underweight, heedtigint,
overweight or obese. Table 2 provides an explanation of the interpretations of BMI in
individuals’> 2 and < 19 years of age. Table 3 provides an explanation of the

interpretations of BMI in individuals* 20 years of age.

Table 2. BMI-for-Age Table 3. BMI in Adults
Individuals age> 2 years & < 20 years of age Individuals>20 years of age

Weight Status Percentile Range Weight Status BMI
Category Category
Underweight <5 percentile Underweight <185
Healthy weight 5 percentile through < Healthy weight 18.5-24.9

85" percentile Overweight 25.0-29.9
Overweight 88 percentile to less Obese 30.0 and above

than 9% percentile
Obese > 95" percentile

Part IlI- Parent Questionnaire

The data obtained from the non-validated portion of the questionnaire was entered
into an Excel database and descriptive statistics were performed forldherfgl
participant demographics (parents of children with SMS), affected smiddical, social,

exercise and diet history.

Hyperphagia Questionnaire

The hyperphagia questionnaire used in Part Il of the study was scorediragtor
the validated parameters. As the HQ is scored on a Likert scale, meawsemealculated

for each question in the HQ. Individuals were also given a mean score for thiattoee

25



present in the HQ: hyperphagic behavior, hyperphagic drive and hyperphagityseleei

mean scores for the three factors were compared using the followingesiredpe, gender

and BMI. Two sample t-tests were calculated to assess for differenaesbehe mean

HQ scores between individuals who were healthy weight and obese weighteigierand
obese, healthy weight and overweight, obese and non-obese. An ANOVA was performed t
assess for differences in the mean behavior, drive and severity scorenkahizdél
classifications. Two sample t-tests were performed to assess &eddés in mean

behavior, drive and severity scores between males and females. Individuatédseere
categorized by age group and an ANOVA was performed to assess for difsarentean
scores according to age group. Comparisons were made between responses from the non
validated portions of the questionnaire to responses from the validated portion of the

guestionnaire.

Fisher's exact test allowed for the examination of the relationship beteperied
amount of food eaten and BMI classification and the relationship between reported

increased interest in food and BMI classification.

As the true prevalence of hyperphagia in individuals with SMS is currently unknown

there were no definitive guidelines as to what defines hyperphagia in the SM&tpopul
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RESULTS

Part | -Characterization of Growth Patterns

In order to baracterize the growth (height, weight and BMI) of a cohort of individuals
with Smith-Magenis syndrome, a retrospective chart review was codduntaddition to the data
collected using the retrospective chart review, the data presented imBarincludes the
height, weight and corresponding BMI measurements of 25 individuals with SM® whos

parent’s recorded their child’s height and weight on the parent questionnaire.

When the data obtained from the chart review and questionnaire was combined, at
least one set of growth measurements (both height and weight ascertalmeskaanée time)
was available for all 78 individuals with SMS. Of the 78 total individuals, 35 were male
(45%) and 43 were female (55%). The number of growth measuremenébkevinl each
individual varied from one to six sets of measurements. The majority of indiviédals
(61.5%), had only one or two growth measurements available. Figure 1 provides a braphica

representation of available growth measurements.
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Figure 1. Growth M easurements
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A total of 194 weight measurements were analyzed of which, 169 were obtained
from the chart review and 25 were obtained from the questionnaire. A total of 167 height
measurements were analyzed, of which, 142 were obtained from the chart review and 25
were obtained from the questionnaire. There were 167 sets of measurementsutied i

both weight and height measurements.
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Age

The mean and median age was calculated using the individual's age at the last
recorded measurement. The mean age at the final measurement was $and/dae
median age was 11.1 years for all 78 individuals. The youngest age recordedniyas a bi
measurement (age=0) and the oldest age recorded was 51 years. Basedge #teheir
last recorded measurement, individuals were coded into age groups using thieatiass

provided by the CDC. Table 4 provides a detailed overview of the age distribution in our

SMS cohort.

Table. 4 Age Distribution, Overall Population
n=78
Age Group| Corresponding Age. .. . # of %
individuals

1 0-23 months 4 5%

2 2-5 years 16 21%

3 6-11 years 22 28%

4 12-19 years 22 28%

5 >20years 14 18%
Total 78 100%

Growth Measurements

The mean height and weight were calculated for the combined cohort, as well as
separately for males and females after stratification by emygg Table 5 summarizes the
mean height and weight for the combined cohort. The mean age for each age group is also

provided.
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Table 5. Growth Measurements, Combined Males & Females
Mean height (cm) Mean weight (kg)

Age Age Mean Age n n SD n u SD
Group (years)
1 0-23m 0.34 24 61.5 13.3 49 4.93 2.76
2 24 m - 5yrs 4.09 50 94.4 9.09 50 155 3.6b
3 6-11yrs 8.60 42 120.99 14.09 42 2847 15.06
4 12- 19 yrs 15.79 32 151.78 11.14 33 60/75 20./7
5 > 20yrs 30.88 19 162.21] 11.17 19 73.[/3 15[22
Total 167 194

Both weight and its corresponding height measurement were obtained for 96 females
in the cohort. There were 19 females who had weight measurements but were méssing t
corresponding height measurement. Table 6 summarizes the mean height antbwitight

females in the cohort. The mean age for each age group and the number of measurements

are also provided.

Table 6. Growth Measurements, Females
Total Number of Female Growth M easurements
Mean height (cm) Mean weight (kg
Age Mean Age

Grgup Age n (years? n u SD n u SD
1 0-23m 24 0.36 15 58.8 12.06 24 49 2.8
2 24 m-5yrs| 28 4.12 28 92.94 8.91 28 149 384
3 6-11yrs 27 8.59 27 119.34 12.77 27 259 191
4 12- 19 yrs 19 15.99 19 148.93 10.92 19 579 21{07
5 > 20 yrs 7 32.3 7 153.14 7.17 1 68.8 1467
Total 105 96 105 |
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Both height and weight measurements were obtained at the same time foeg1 mal

in the cohort. There were 18 males who had a weight measurement but they weige missi

the corresponding height measurement. Table 7 summarizes the mean height anfbiveig

males in the cohort. The mean age for each age group is also provided.

Table 7. Growth M easurements, Males
Total Number of Male Growth M easur ements

Mean height (cm) Mean weight (kg
Age Age n | Mean Age n i SD n u SD
Group (years)
1 0-23m 25 0.33 9 66.01 1406 25 495 2.9
2 24 m - 5yrs 23 4.06 22 96.25 9.18 3  15.68.43
3 6-11yrs 15 8.63 15 12398 16.24 15 383.0 18.89
4 12- 19 yrs 14 15.5 13 155.93 10.5 14 64.58.47
5 > 20 yrs 12 30.1 12 167.5 9.66 12 76/135.5
Total 89 71 89

Body Mass Index (BMI)

Body Mass Index (BMI) was calculated for all individuals greater tham@dths of

age. There were four individuals who were less than 24 months of age at therdestd

measurement; therefore BMI could not be calculated for these individuals. Roduiads

less than 20 years of age, BMI and BMI percentile for age were daldul@dhe

interpretation of BMI during childhood and adolescence is different than the @ttgipn

of BMI in adulthood, thus it was necessary to calculate BMI percentile in ardeetpret

the BMI of individuals less than 20 years of age. For individuals greater thanr@fea
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age, BMI was calculated and interjed using the CDC’s recommendation for

interpretation of BMI in adul (Statistics, N.C.f.H., 200Q.)

Figure 2provides a graphical representation of BMI disttid of SMS individuals

at the last recorded measurement for 74 individt

Figure. 2 BMI at Last Recorded
M easurement, n=74
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Healthy weight 18.5-24.9

Crverweight 25.0-29.9
Ohese =30

* BMI could not be calculate on 4 individuals < 24 months
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Weight-for-age, Height-for-age and BMI-for-age Z-score calculations

In order to interpret the meaning of the height, weight and BMI values of indisidua
with SMS, height-for-age, weight-for-age and BMI-for-age Z-scoreg waiculated. The
z-score is defined as: “the deviation of a given variable, x, from the mededlby the
standard deviation” (Dawson & Trapp, 2004,2001) and it indicates how different a raw
value is from a population mean. A negative z-score corresponds to a value less than the
population mean and a positive z-score corresponds to a z-score greater thaanthEane
our analysis the population mean and standard deviation used in the calculation were based
on the normally distributed reference standard as defined by the &&xstics, N.C.f.H.,

2000) Therefore, the calculation of z-scores is able to provide information on how the

growth parameters of individuals with SMS compare to that of the general U&fapul

For males and females age 24 months — 19 years of age the height-for-gbe, wei
for age and BMI-for-age Z scores were calculated using the reéeséamedard values
corresponding to their given age and gender. For males and fer@lgsars of age their
height-for-age, weight-for age and BMI-for-age Z-scores werilzdked using the reference

standard for a 19-year-old of their given gender.

One sample t-tests were run using the calculated Z-scores for the fgtidhwight-
for-age, weight-for-age and BMI-for-age. Table 8 provides detailed informaganding
the mean Z-scores for males and Table 9 provides detailed informatiodinggae mean

Z-scores for females, reported by age category.
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Males-height-for age Z-scores

For males in all age categories, the difference in height-for-age mgeores
between males at the previously described age groups and what is expecteddgetivas
statistically significant (p = 0.01, <0.001, 0.03, 0.02 and 0.0065, respectively) demogstrati
the male SMS individuals in all age categories in this cohort are stitatethe reference
age-specific standards for the general population. Table 8 provides detailectidorm

regarding the height-for-age Z-scores for males.
Males-weight-for age Z-scores

For males in all age categories, the weight-for-age Z score p-vatuesot
statistically significant demonstrating the weight of males in our Sdh®Srt did not differ
(either higher/larger or lower/smaller) from what is expectetergeneral population based

on age (p=0.12, 0.10, 0.68, 0.22 and 0.35 respectively.)
Males-BMI-for age Z-scores

For all males in all age categories, the calculated mean BMI-for-ggergs were
positive, demonstrating that the mean-BMI-for-age was greater than'tipef@ntile. At
age groups 6-11years, 12-19 years a2 years, the difference in BMI-for-age mean Z-
scores between males of these age groups and what is expected in thageysiaecific
general population was statistically significant (p=0.023, 0.0023 and 0.0018, respgctivel
demonstrating that the male SMS individuals in this cohort have a higher BMNtiet is

expected for their age.
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Females-height-for age Z-scores

For females of all age groups, all of the mean z-scores for height wets/@ega
which correspond to raw values below the age-specifiq®@centile. This difference in
height-for-age mean Z-scores and what is expected for their age wstgcathtisignificant
(p=0.0016, <0.001, < 0.001, 0.001 and 0.009, respectively) demonstrating the female SMS
individuals in this cohort in all age groups are significantly shorter than texpleased on

their age.
Females-weight-for age Z-scores

The calculated weight-for-age mean z-scores were negative foefe@aB
months, 24 months- 5 years and 6-11 years. These negative z-score for femedescdr
to values less than the'Bpercentile. The difference in mean-weight-for-age Z-scores and
what is expected based on their age was statistically significant (p= 0.0035, h@122 a
0.008, respectively.), demonstrating the female SMS individuals in this cohort fragebe
of 0-23 months, 24 months -5 years and 6-11 years, weigh less than what is expected for
their age. Itis only in the age category of 12-19 years&tilyears that the mean weight-
for-age Z-scores are positive. In other words, prior to age 12, female SMS individual
this cohort had weight-for-age mean z-scores less than theeséentile and at age 12 years
and older, female individuals with SMS in this cohort had weight-for-age meamez-sc
greater than the 8percentile. Although the weight-for-age mean z-scores for females
crossed from less than the"5fercentile to greater than the™5gercentile as they aged,

statistical significance was not achieved (p= 0.50 at 12-19 years and p= 0z292%atrs.)
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Females BMI-for-age Z-score

For females of all age groups, the calculated mean BMI-for-age Zssaae
positive, thus corresponding to BMI's greater than tH&&rcentile. In the following age
groups: 24 months -5 years, 12- 19 yrs af)years, the difference in BMI for age mean
Z-scores and what is expected for their age was statistically sagtifjp= <0.001, 0.013
and 0.0039, respectively) demonstrating that the female SMS individuals in teag®ags

have higher BMI than what is expected for their age.

In summary, it appears that both males and females with SMS are shorter than thei
peers, but have average weight, thus corresponding to higher BMI's. Figures 3-5 provide
graphical representation of the mean height-for-age, weight-for age ahtbBdye Z-
scores for males and Figures 6-8 provide a graphical representatiomahéneight-for-

age, weight-for-age and BMI-for-age Z-scores for females.
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Table 8. Z-scorefor Males, by age group

Z score height Z score weight Z score BMI
N u SD p n 1 SD p n 1 SD p
0-23m 9 -1.19 1.08 0.01 25 -0.33 1.03 0.12
24 m-5yrs| 22 -1.43 1.49 <0.001 23 -0.52 1.45 0.10 22 059 148 0.074
6-11yrs | 15 -1.31 2.11 0.0304 15 0.288 2.65 0.68 15 1.63 2.4f 0.023
12-19yrs | 13 -1.50 1.39) 0.0022 14 0.575 1.67 0.22 13 1.45 1.360.0023
> 20 yrs 12 -1.40 1.43] 0.0065 12 0.351 1.25 0.35 12 1.10 0.980.0018
Total 69 89 62
Table 9. Z-scorefor Females, by age group
Z score height Z score weight Z score BMI
n 1 SD p n 1 SD p n 1 SD p
0-23m 15 -1.46 1.45| 0.0016 24 | -0.813 1.223| 0.003
24 m-5yrs| 28 -2.13 1.05 <0.001 28 -0.719| 1.42| 0.012p 28 1.09| 1.19 | <0.001
6-11yrs | 27 -1.99 1.12| <0.001 27 -0.842| 1.51| 0.008 27 0.43| 1.52 0.16
12-19yrs | 19 -1.89 1.51] <0.001 19 0.294 | 1.884] 0.5041 19 1.29| 2.04| 0.013
> 20 yrs 7 -1.65 1.17| 0.009 7 0.717 1.29| 0.192 7 1.84 1.0Y0.0039
Total 96 105 89
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Figure3, Twoway scatter plot, M ales, height-for-age
Z-scor es by age group

Figure4, Two way scatter plot, Males, weight-for-age
Z-scor es by age group
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Figure5. Twoway scatter plot, Males, BMI-for-age
Z-scores by ageqgroup
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Figure 6. Two way scatter plot, Females, height-for-age
Z-scores by age group
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Figure 7. Two way scatter plot, Females, weight-for-age
Z-scores by age group
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Figure 8. Two way scatter plot, Females, weight-for-age

Z-scor es by age group
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Part 2- Parent Questionnaire

Part Il of this study involved the use of a parent questionnaire to assess hyjaerphag
or related abnormal food behaviors in individuals with SMS. The parent questionnaire was
used to provide information on the food related behaviors that may be related to overweight

and obesity among individuals with SMS.

Demographics

A total of 25 questionnaires were completed by parents of children and adhlts wit
Smith-Magenis syndrome. All of the participants who completed the questionmeage
ascertained through a database of SMS patients maintained by Baylor ©b\égdicine
(BCM) at Texas Children’s Hospital. Twenty-five completed questionnaiees meceived
out of the 89 total questionnaires mailed, corresponding to a response rate of 28.1%.
Demographic information was available for 24 of 25 questionnaires as one individual did
not complete the demographic portion of the questionnaire. Not all participantseshsiver
guestions within the demographic portion of the questionnaire.

Twenty out of twenty five participants correctly reported their age on the
guestionnaire. There was one individual who did not respond to any question on the
demographic section of the questionnaire, and four individuals who listed their chédd’'s ag
and not their own age. Of the twenty participants who correctly indicated ¢jeeimathe
guestionnaire, the average age of the participants was 50.3 years with efiasgears to
75 years. The majority of the participants were Caucasian (n=19; 79.17%) witshEng|
being the primary language (n=21; 87.50%). Other languages included Spanish (n=2;
8.33%) and Chinese (n=1; 4.17%). The majority of participants reported they weretima

or living as married (n=21; 87.5%). One participant (4.17%) indicated they weretsdpara
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and two individuals (8.33%) indicated they were divorced. None of the participants
identified themselves as single. The majority of participants (n=13; 54.h6kéated they

had a Bachelor’s degree or an advanced education degree. The lowest leveltafredasa

9" to 11" grade in one individual (4.17%). Seventy nine percent (n=19) of the
guestionnaires were filled out by mothers, with fathers completing 16.67% (n=4). One
guestionnaire was completed by an adoptive parent. The majority of participelhs (

62.5%) were employed. The average yearly income ranged from less than $25J000 (n=
4.35%) to greater than $100,000 (n=10; 43.48%). There were two individuals who preferred
not to provide their average income and either indicated “prefer not to answet’tbe le
qguestion blank. Table 10 provides detailed information on the demographics of the

participants (parents/caregivers).
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Table 10. Demogr aphics of Participants(Parents)
Completed Questionnaire

Number % Number | %
Total Participants 25| 28.1% Marital Status
N
- Married/Living as married 21 87.5%
Age Separated 1417%
34-44 6| 30% Divorced 2| 8.33%
45-54 9| 45% 24
55+ 5| 25% Employment Status
20 Yes, Employed 15 62.5%
Ethnicity No, Not Employed 9 37.5%
White 19| 79.2% 24
Hispanic 4| 16.7% Annual Income
Asian 1| 4.17% Less than $25,000 14.2%
24 $25-50,999 g 25%
Primary Language $21-74,999 2 8.15%
English 21| 87.5% $75-99,999 3 12.5%
Spanish 2 8.33% $100,000 or more 10 42%
Other (Chinese) 14.17% Prefer not to answer/left 2| 8.15%
blank
24 24
Relationship to child Highest Education L evel
with SMS
Mother 19| 79.2% 9" to 11" grade 1 4.17%
Father 4 16.7% High School or GED 3 12.5%
Other (adoptive 1| 42% Some college 6 25.0%
mother)
24 Associates Degree 14.17%
Bachelor's Degree 5 20.8%
Advanced Degree 8 33.3%
24
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Demographics of SMS individuals

Demographic information was available for 25 individuals with SM$ie Mdividuals
(36%) were male and 16 individuals (64%) were female. The median age of individiaSMS in
this study was 20 years with a range of 8 years of age to 51 years of ageenTihidividuals (52%)
were greater than 20 years of age. Individuals were categorized by rgéhestlassifications

provided by the CDC. Table 11 provides information on the age distribution ofrf@W&luals.

Table11. AgeDistribution of SMSindividuals

Age Group| Corresponding Age # %
1 0-23 months 0] 0

2 2-5 years ( 0

3 6-11 years 3 12%

4 12-19 years 9 36%

5 >20years 13 52%

25 100%

Child’s Medical History

The average age at diagnosis was 8.65 years of age with a range of 1 montl of age t
30 years of age, with most individuals (n=12; 48%) diagnosed prior to five yeays.of a
The majority of parent’s (n=17; 68%) reported their child was diagnosed by a ggtragtic
most had a 17p11.2 deletion (n=22; 88%). One parent reported their childRiAdt a
mutation, while two parents reported they were unsure of the genetic etiologhsahS

their child. Seven out of twenty four parents (28%) reported their child had been dihgnose
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with failure to thrive (FTT). Two parents (8%) reported their child needed antgtahe;
neither reporting surgical placement of the feeding tube.

Regarding congenital anomalies, the most common congenital anomaly reported by
parents was heart defect; eight parents (32%) reported their child had dgeosdd with a
heart defect. One parent reported their child was diagnosed with apc(éfid), four
parents reported their child was diagnosed with a cleft palate (16%), tartezported
their child was diagnosed with a kidney defect (8%), four parents reportedtheéiwas
diagnosed with a urinary tract defect (16%) and five parents reportediheiwas
diagnosed with low thyroid function (20%). Table 12 provides a detailed overview of the

medical history data as reported by parents completing the questionnaire.
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Table. 12 Medical History of SMS Individuals

(asreported by parent on questionnaire)
#| % #| %

Age Diagnosed Diagnosed Cleft Lip
Birth- 5 years 12 48%| | Yes 1| 4%
6-10 years 6 24%| | No 24| 96%
11-20 years 4 16%
21+ years 3 129%| | Diagnosed Cleft Palate

Yes 4116%
Diagnosis Made By No 21| 84%
Pediatrician 11 4%
Geneticist 17 | 68% | | Diagnosed Heart Defect
Neurologist 1| 4%]| |Yes 81 32%
Developmental Specialist 41 16%]| | No 17 | 68%
Other 21 8%

Diagnosed Kidney Defect
Genetic Etiology Yes 2| 8%
17p11.2 deletion 2288%]| | No 23| 92%
RAI1 mutation 1 4%

Diagnosed Urinary Tract
Don’t know 2| 8%/ | Defect

Yes 4| 16%
Diagnosisof Failureto Thrive No
(FTT) 21| 84%
Yes 17 | 68%
No Diagnosed Low Thyroid

71 28%]| | Function

Don’t know 1| 4%]| | Yes 5| 20%

No 20| 80%
Feeding Tube Placed
Yes 2| 8%
No 23| 92%
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Child’s Medication History

Parents were asked if their children had ever taken medication for any of the
following: heart defects, seizures, diabetes, high cholesterol, high blood prdsgaid, t
problems, kidney problems, acid reflux, kidney reflux, anxiety, depression,
hyperactivity/ADD, sleep disturbances, self-injurious behavior, aggression @solese
compulsive behaviors. Twenty respondents, (83.33%), reported their child had been
prescribed medication for sleep disturbances. Sixteen parents (69%) reportelilthren
had been prescribed medication for anxiety and fourteen, (58.33%) reported tdegnchil
had been prescribed medication for hyperactivity/ADD. Table 13 provides kedetai
overview of the medication history reported by the participants regardimgktieren with

SMS.
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Table 13. Medication History of Individualswith SM S as Reported by Participating Parent
Number % Number %

Heart Defect Acid Reflux

Yes 1| 4.55%] Yes 8| 65.22%

No 21| 95.45%| No 15| 34.78%

Seizures Anxiety

Yes 5| 21.74%| Yes 16| 69.57%

No 18| 21.74%| No 7| 30.43%

Diabetes Depression

Yes 3| 13.64%]| Yes 6| 26.09%

No 19| 86.36%| No 17| 73.91%

High Cholesteral Hyperactivity/ADD

Yes 4| 18.18%| Yes 14| 58.33%

No 18| 81.82%| No 10| 41.67%

High Blood Pressure Sleep Distur bances

Yes 1| 4.55%)]| Yes 20| 83.33%

No 21| 95.45%| No 4| 16.67%

Abnormal Thyroid Self I njurious Behavior

Yes 4| 18.18%| Yes 11 50%

No 18| 81.82%| No 11 50%

Abnormal Kidney Obsessive Compulsive

Function Behaviors

Yes 1| 4.55%)]| Yes 11 50%

No 21| 95.45%| No 11 50

Kidney Reflux Aggression

Yes 2| 9.09%| Yes 11| 47.83%

No 20| 90.91| No 12| 47.83%
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Parents were also asked if any of the medications taken by their child haddffe
their appetite, weight or activity level. Nine parents listed at one leaditation; however
only seven parents indicated the name of the medication as well as effect of the drug
Among the nine parents who reported any medication use in their child, the most commonly
reported medication was Risperdal (n=5). Of interest is that the most conumsedlgrug
(Risperdal), as well as other drugs (Thorazine, Serequel, Fluoxamine) epered to
result in increased weight and/or increased appetite. Table 14 summarinest e

information obtained regarding medication history and effect of appetitehweigctivity

level.
Table 14. M edications Prescribed

Rx Name # Possible Effects

Risperdal 5 INCREASED(NOTHING SPECIFIED); INCREASE
WEIGHT;INCREASE WEIGHT, INCREASE APPETITE

Topamax 1

Ritalin 3 DECREASE (NOTHING SPECIFIED); DECREASE WEIGHT,
DECREASE APPETITE, INCREASE PHYSICAL ACTIVITY

Thorazine 1 INCREASE WEIGHT, INCREASE APPETIE, DECREASE
PHYSICAL ACTIVITY

Serequel 1 INCREASE WEIGHT, INCREASE APPETITE

Fluoxamine 1 INCREASE WEIGHT, INCREASE APPETITE

Adderall 1

Abilify 1

Inprimine 1

To further investigate if a medication may have caused a change in behavior or
weight in a child, the corresponding BMI of the child was examined. Of those whceeport
that a medication increased their child’s weight or appetite levels (n= 6naimelual had
a BMI in the healthy range, 2 had an overweight BMI and three had an obese BMbs©f
who listed a medication but did not report the effect (n=2), both individuals had a healthy

BMI. Of those individuals who did not respond to the question, eight were classified as
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healthy BMI, four were classified as overweight BMI and four weresifled as obese
BMI. One parent reported a medication (Ritalin) decreased her child'btweip

individual had an obese BMI.

Family History Information

To assess for additional factors that could affect a child’s weight, and in turn BM
and overall health status, parents were asked whether or not there was a &amioffii
any of the following: overweight, obesity, hypertension, diabetes, pre-diabifles

cholesterol and heart disease. Table 15 provides family history information.

Table 15. Family History

Number %
Overweight
Yes 9 36%
Missing 16 64%
Obesity
Yes 7 28%
Missing 18 72%
Hypertension
Yes 11 44%
Missing 14 56%
Diabetes
Yes 10 40%
Missing 15 60%
Pre-Diabetes
Yes 5 20%
Missing 20 80%
High-Cholesterol
Yes 12 48%
Missing 13 52%
Heart Disease
Yes 5 20%
Missing 2C 80%
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Child’s Social and Education Histpr

Sixteen out of twenty-four (66.67%) of parent’s indicated their chillived at home, with
seven (29.17%) parents indicating their child lived in a group home/alsisistg facility. One

parent (4.16%) indicated her child lived in her own home with 24-hour supdart sta

Parents were also asked “what was the highest level of schooling yldunahcompleted?”

Figure 9 summarizes the responses regarding the child’s education.

Higshpiﬁg?o" Figure9. Distribution of education
Diploma in SM Sindividuals
8%/0 N=25

Did not attend
school

Currenly in 1
High fchoo 4%
4%

Currently in
Elementary
School
3
12%

Did not finish
Elementary
School
1
4%
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Child’s Exercise History

Twelve parents, 48%, reported their child had a regular exercise prograims®fparent’s
who reported their child was able to exercise but that their child did wetshebutine, the most
common response provided as to why those children did not exercise was “willticipat in

physical activity.”

Dietary History

On the questionnaire that was created for use this study, there weredgargutargeted to
assess the dietary history of SMS individuals. Parents were aghkeg felt their child had daily
eating patterns similar to other children his or her age. Fifteen pansmtsrad Yes (60%) and 10
parents answered No (40%). All parents (N=25; 100%) indicated thkeirezhate breakfast, lunch,
dinner and snacks each day. Fifty-two percent of parents (n=13) indiceitechild shacked prior

to bed time.

Parents were asked to list their child’s top three favoriteksnaBecause of the variable
responses provided, categorizations of snacks were created foabattesis. After all of the
guestionnaires were received, the responses to this question were loakedwdtole and
categorizations were created for the snack items listed. The satagbiies were: “healthy”, which
included items such as fruits and vegetables; “non-healthy”, which inciietes such as cookies,
chips and cakes and a third “other” category which included foods such atsppipeorn and
pudding. Based on these shack classifications, 18 out of 25 parents (72%géhtifieatchild’s
favorite snack was an item classified under the “non-healthy” item, 250{#%) indicated their
child’s favorite snack was in the “other” category and 5 out of 25 parentateditheir child’s

favorite snack was an item classified as “healthy.”

Parents were also asked to categorize the amount of food their childaparedts (25%)
indicated they felt their child ate less than normal amounts of food, eigntp&33.33%) indicated
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they felt their child ate normal amounts of food and ten parents (41.67%) iddicayefelt their
child ate greater than normal amounts of food. Parents were asked chiltebinge ate; 50%

indicated Yes and 50% indicated No.

As individuals with SMS have disruptive sleep patterns, it was impdda#sess the
presence of this finding within our questionnaire as well as to investigather individuals with
SMS were also participating in night-time food seeking which may be corssiger@bnormal food
seeking behavior. The majority of parents (n=12;48%) indicated th&rvebke up 2-3 times per
night, with 13.64% (n=3) of parent’s indicating their child woke up greataerghaqual to four

times each night.

Parents also reported, of the times their child woke per night, how ofteatthe Twelve
parents (48%) indicated never, two (8%) indicated rarely, three (tt@2fl6ated occasionally and
five (20%) indicated always (Figure 10). Three parents hand wroteionlestionnaire that their
child does not participate in night-time food seeking because the food is naal.ldd¢ks response
was interpreted to mean night-time food seeking is currently not a prémié¢hese three SMS
individuals because the food is now locked and they are unable to accessparateseategory was
created for those individuals(12%) who indicated their child no lorayicipated in night-time

food seeking, as the food is how locked.
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Figure 10. Distribution of children
participatingin night-time food seeking

Food Locked
n=3

Always
n=>5
20%

Occasionally
n=3
12%

The majority of parents, (nineteen; 76%) indicated they have to lock foodfenmayheir
child. Of those six parents who indicated they did not lock food from thedt, cimie parent reported

they try not to have tempting food in the house, but they don’t lock the food.

Growth Measurements of individuals with SMS as reported by their Barent

In order to obtain the most recent growth parameters for the SMS inds/idbake parents
completed the mail out questionnaire, parents were asked to providentttisr aurrent height and
weight. Growth parameters were reported by parents in all 25 responsesefidge height for the
cohort was 153.6 cm and the average weight was 65.2 kg. For males, (n=9)dlge aegght was
167.67 cm, the average weight was 73.9 kg and the average BMI was 26.2. For femit@shén=
average height was 145.71 cm the average weight was 60.4 kg and the averages BVLI73.

Tables 16-18 provide an overview of growth parameters in the cohort.
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Table 16. Growth M easurements, All individuals,

N=25
Height (cm) Weight (kg) BMI
N u SD Min Max u SD Min Max u SD Min Max
25 153.6 | 18.64 914 183 65,2 20.32 23 10 27/17 5.55 16/89 38/95
Table 17. Growth Measurements, Males
n=9
Height (cm) Weight (kg) BMI
n u SD Min Max u SD Min Max u SD Min Max
6-11yrs 0
12-19yrs 1 163 55 20.7 -—-
> 20yrs 8 168.13| 9.46 155 183 76(2 14,6260 100 26.8 3.52 22.6 30.78
Total 9 167.6 | 9.011 155 183 73.9| 154 55 100 26.2 3.88 20.7 30.78
Table 18. Growth Measurements, Females
n=16
Height (cm) Weight (kg) BMI
n u SD Min Max u SD Min Max u SD Min Max
6-11yrs 3 1155| 21.18 91.4 131 28.3 5.03 23 33 21.82 5.1 16.9 27.1
12-19yrs 8 152.9 8.76 135 163 6716 19/14 39 9( 28.9 6/9 2114 38.9
> 20yrs 5 152.4 5.77 16( 68 11.78 52 79 29.3 4.8 242 351
Total 16 145.71| 18.15 914 163 60.4| 21.55 23 90 27.78 6.35 16.9 39
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BMI and BMI percentile in individuals < 20 years

For individuals less than 20 years of age BMI and BMI percentile werelatdd. BMI
percentile provides information regarding a given child’s BMI in comsparto that of other
children his or her own age and gender. There were eleven females and orssrthkmnl 20 years
of age, to give a total of twelve individuals for which the BMI percead valculated. As there was
only one male, limited statistically analysis could be performeddagpBMI in males less than 20
years of age. For females less than 20 years of age, the avbthgad27.04 and the average BMI
percent was 78.1, which is considered “healthy”. Table 19 provides detailedatifor on the BMI

of individuals less than 20 years of age.

Table 19. BMI and BMI1% in individuals < 20 years of age
n=12
BMI BMI percentile
n u SD Min | Max| n u SD Min | Max

Males 1 20.7 - - - 1 29 - - -
Females 11 | 27.04| 7.03 16.9 39 17 781 256 231 08

All 12 | 265| 69| 16.9 39 12 74/0 282 23}]1 D8

Figure 11 illustrates the distribution of BMI classifications invdlials less than 20 years

of age, based off BMI1%.

Figure1l. BMI, Individuals< 20 year s of age,
n=12

(?]liese Weight Category BMI %
42% Underweight BMI <5
Healthy weightl 5" < BMI <85"
85" < BMI <
Overweight Overweight 05"
n=1 Obese BMI >95"
8%
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BMI in individuals> 20 years

There were 13 individuals greater than 20 yeaemef for which BMI was calculated a
interpreted using the CDC’s recommendation foritierpretation of BMI in adults. The avera
BMI for individuals >20 years of age w 27.8. Based on these classifications, 5 indivigl
(38.46%) were classified as healthy weight, 5 iittligls (38.46%) were classified as overwe

and 3 individuals (23.08%) were classified as opesgesponding to 61.54% of all individui

greater han 20 years of age being either overweight or@bd@$iere were no individuals classif

as underweight. Figure 1fustrates the BMI classifications in individuajseater than 20 years

age.

Figure 12. BMI, Individuals> 20 year s of age

ObesK
n=3
23% Healthy weight
n=>5
39%
Weight Category BRI
Underweight = 18.5
Healthw weight 18.5-24.9
Overweigh Crverweight 25.0-29.9
n=>5 Obese =30
38%

Calculation of BMI% in individuals < 2years of age and BMI in individuals greater t|

20 years of age allowed for the examination of BiMéll individuals combined. When analyzi

BMI classifications for all individuals (N=25), {#4%) were classified as healthy weight, 6 (2:

were clasgied as overweight and 8 (32%) were classifiedlase. Thus 56% of individuals in t
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combined cohort have an overweight or obese BMI. There were no individisal$iethas

underweight. Figure 13 provides an illustration of BMI classificatioradliindividuals.

Figure 13. BMI, All Individuals,
N=25

Z-scores

It was necessary to calculate the Z-score for height-for-age, weighty¢ and BMI-for-age
to allow for comparison between the reference standard as defined by then@ie SMS cohorts.
One sample t-tests were run using the calculated Z-scores forltverigt height-for-age, weight-
for-age and BMI-for-age. The negative mean Z-score for haight{.72) demonstrates this
cohort of SMS individuals were significantly shorter for their gge@.001). The mean weight-for-
age Z-scores for the combined cohort, were not statistically sigrifijcaralue = 0.062),
demonstrating the weight for age Z-scores in the SMS individuals wesgatistically different
(either higher/larger or lower/smaller) from age matched ataiwkd controls in the general
population. Despite non-significant weight-for-age mean Z-scores, tha/@osean Z-score for
BMI for age {1 = 1.59) demonstrates the SMS individuals have significantly higher Bbtl'age (p
<0.001). Table 20 provides detailed information regarding the meaor&ssior all individuals for

height, weight and BMI
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Table20. Z-scoresfor All individuals
N=25
Z score height Z scoreweight Z score BM|
u SD p n SD p p SD p
-1.72 1.8 0.0001 0.513 1.3 0.062 159 1.24 <0.001

Z-score comparisons by Gender

The height-for-age Z scores, weight-for-age Z scores BMI-for-agmis were examined
separately for males and females. One sample t-tests werarakaparately for males and females
and by age groups to assess for differences within these categoriesaléxy (n=9), their height-
for-age Z score and weight-for-age Z score were not statigtgighificant demonstrating the height
and weight in the male SMS cohort did not differ (either higher/lasgkxwer/smaller) from what is
expected for their age (p=0.052 and p=0.21 respectively). However, the déaneBigll for age
mean Z-scores between SMS males and age appropriate controls whsathasignificant,
demonstrating male SMS individuals have higher average BMI for age. (pFaldlé 21 provides

a detailed overview of Z-score values in males.

Table21. Z-scorefor Males,
n=9
Z score height Z score weight Z score BMI
p SD p p SD p p SD p
-1.02 1.34 0.052 0.46 1.02 0.21 1.06 0.95 0/01

For females, n=16, their weight for age mean Z-score was not stéjistigaificant
demonstrating the mean weight-for-age in the female SMS cohort dilifieotfrom what is seen in
the general population (p=0.16)The mean Z-score for height=-2.12) demonstrated the females

in our population were significantly shorter for their age (p= 0.006 difference in BMI-for-age
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mean Z-scores between all females and what is expected for their agtatisically significant (p<
0.001) demonstrating female SMS individuals have higher BMI for age thansnaiected.

Table 22 provides a detail overview of Z-score values in females.

Table 22. Z-scoresfor Females,
n=16
Z score height Z score weight Z score BMI
u Sh p u SD p p | SD P
-2.12 1.94 0.006 0.54 1.48 0.16 1.89 1.31 <0.001

Z-score comparisons by Age & Gender

We also examined the Z-scores for height-for-age, weight-for-age ahtbBlsige by fist
subdividing by gender and then by age. For males, the only Z-score p-valuedhed retatistical
significance was the BMI-for-age Z-score for male20>ears of age, demonstrating that males >
20 years of age had larger BMI's than what was expected for theipa@e005). Table 23 provides

a detailed overview of Z-scores for males, by age group.

Table 23. Z-scorefor Males, by Age Group

Z score height Z score weight Z score BMI
n U SD p il SD p U SD p
6-11yrs | O 0 0 0 0 0 0 0 0 0
12-19yrs | 1| -0.15 - - -0.40[ - - -0.3¢ -
> 20 yrs 8| -1.12 1.39] 0.0550.57 | 1.034{ 0.163] 1.23 0.8514 | 0.005
Total, All | 9 | -1.02| 1.34| 0.052 0.46 | 1.02| 0.21 1.06 0.95| 0.01
Males

For females, n=16, there were several Z-score p-values that readhstidataignificance.
For females 12-19 years of age, their height-for-age Z score and Blddjéor-score p-values were

both statistically significant (p= 0.007 and p=0.01 respectively), demangtfatnales age 12-19
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years of age were significantly shorter and had larger BMI's threat was expected based on their

age. For females 20 years of age their height-for-age Z score and BMI-for-age Z peaakies

were both statistically significant (p= 0.01 and p=0.019 respectivelypmgnating females 20

years of age were significantly shorter and had larger BMI's threat was expected based on their

age. Table 24 provides a detailed overview of Z-scores for femalese loyagp.

Table 24. Z-scoresfor Females, by Age Group

Z score height Z score weight Z score BMI
n U SD p 1) SD p i) SD p
6-11yrs 3| -3.6| 406 026 -059 154 0pH8 1|89 2|05 0.2
12- 19 yrs 8| -1.7/ 1.30.007| 0.92 | 1.64 0.16] 1.89 1.3 0.0053
> 20 yrs 5| -1.83 0.89 001 | 0.62 | 1.06] 0.26] 1.8§ 1.1] 0.019
Total 16 | -2.12| 1.94 0.006 | 0.54 | 1.48/ 0.16] 1.89 1.31 <0.001
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Hyperphagia Questionnaire

The HQ was scored and analyzed using the methods described by Dykens et al., 2007.
Through the use of the HQ in the PWS population, three factors, also knewbsasles, emerged
that accounted for 57% of the variance within hyperphagia. These ssyaeak: behavior, drive
and severity. Eleven of thirteen questions on the HQ corresponded to one tfitheseibscales.
Question 12 and question 13 did not correspond to any of the three subscales andefere the
considered separately. Means scores were calculated for each quetteor Q. Mean scores for
the behavior, drive and severity subscales were also calculated. Gaunpanf overall scores as

well as mean scores for each subscale were made.

Questions on the HQ were scored based on a Likert scale of 1 to 5, with afscoret a
problem and a score of 5= a severe and/or frequent problem. Thetethdtguestions are
grouped by the corresponding subscale. Higher scores on the HQ indicateeviglseofl
hyperphagia. The overall behavior, overall drive and overall sevedtgsfor each individual are
the sum of the scores for each question within its given subscale. For exteyadeyone had
answered every question within the hyperphagic behavior subscale with a Sirigdtea highest
level of severity, the overall hyperphagic behavior score would be &qgal(there are five
guestions within hyperphagic behavior; 5 questions multiplied by a score of 5 weila tgitals
score equal to 25.) In the same respect if everyone had answered eveonquési the
hyperphagic behavior subscale with a 1 indicating the lowest level of hyogeEeverity, the mean
hyperphagic behavior scale would be equal to 5. These overall subscaldmcaltésdividuals
were used to calculate the mean subscale score for our cohort. Table @Bgtiogimean scores for

all 25 individuals who completed the HQ.
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All Individuals, N=25

Table 25. Hyperphagia Questionnaire Results, Mean Scores,

Question # N* Mean SD Min M ax
Score
I N O R R

Behavior
10 25 3.08| 1.32 1 5
2 23 252 15 1 5
8 22 245| 15 1 5
5 23 248 1.7 1 5
4 25 1.28| 0.74 1 4

Mean Behavior| 20 11.45| 4.96 5 22

Drive
1 25 3.04| 1.17 1 5
3 25 2.8| 1.04 1 5
6 25 3.12| 1.09 1 5
9 24 2.38| 1.05 1 5
Mean Drive 24 11.3| 3.71 4 20
- rr—r—r "7
Severity
7 24 2.54| 1.32 1 5
11 25 1.96| 0.68 1 4
Mean Severity | 24 454 1.77 2 9

* At least one question was left unanswered within the behavior, drive and
severity subscales by 5, 1 and 1 individuals, respectively. Scores from these
individuals were not used in the subscale mean score calculations.

Item 12 on the HQ asked: “at what age did you child first show an increasedtintere
in food?” 18 out of 25 parents (72%) reported their child did have an increased interest in
food. Of those 18 parents who reported their child had an increased interest in food, the

mean age of onset was 8.22 years.
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Comparison of HQ Scores by BMI

We also looked at the overall hyperphagia mean scores within thedift&ivi|
classifications. Table 26 summarizes the overall hyperphagia roeees $or each question on the
HQ across the different BMI classifications; normal weight, overateigd obese weight. The
results are grouped by factor and items 12 and 13 were the questions thatahd ottd any factor

and are therefore considered separately from the other three factors.

Interestingly individuals with an obese BMI tended to have higher behavior iaadsdores

but lower severity scores.

Table 26, Overall Mean Scores, by BMI Classification

Question# | Healthy Weight | Overweight | Obese
Behavior 11.56 8 12.63
10 3.36 2.33 3.25
2 2.8 2.2 2.38
8 2.6 1.75 2.63

5 2.5 1.6 3
4 1.36 1 1.38
Drive 11.9 8.83 12.38
1 3 2.17 3.75

3 3 2.17 3
6 3.45 2.5 3.125
9 2.5 2 2.5
Severity 5.1 3.67 4.5
7 2.9 1.17 2.75
11 3.36 2 1.75
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T-tests were performed to look for statistically significant diffexes between the mean HQ
scores between individuals who were healthy weight and obese weight. Althougrathéehavior
and drive scores were higher in individuals with obese BMI than in indildduith healthy BMI,
none of these values reached statistical significance (p-vald@8-=and 0.79, respectively.) Table
27 provides detailed information regarding the mean behavior, drive andysswveres in

individuals with healthy and obese weight.

Table 27. Mean Hyper phagic Behavior Drive and Severity scores,
Healthy weight vs. obese weight
Hyperphagic factors Healthy Weight Obese
n Mean SD n Mean SD p-value
Behavior 9 11.55 5.53 8 12.625| 4.75 0.68
Drive 10 11.9 4.04 8 12.375| 3.42 0.79
Severity 10 5.1 2.02 8 4.5 1.69 0.51

Furthermore, comparisons were made between the mean HQ scores of ilglivituavere
overweight and those who were obese. Although the mean behavior, drive aityg sevsrs were
higher in individuals with obese BMI than in individuals with overweight Bdine of these values
reached statistical significance (p-values = 0.16, 0.06, and 0.33 respecthtelyever, the mean
drive scores were approaching statistical significance in obesédunals. Table 28 provides
detailed information regarding the mean behavior, drive and severigssoasverweight and obese

individuals.

Table 28. Mean Hyper phagic Behavior Drive and Severity scores,
Overweight vs. Obese weight
Hyperphagic factors Overweight Obese
n Mean SD n Mean SD p-value
Behavior 3 8 3 8 12.63 4.75 0.16
Drive 6 8.83 2.78 8 12.4 3.42 0.06
Severity 6 3.67 1.211 8 4.5 1.69 0.33

64



Two sample t-tests were also calculated to look for differencesbntthe mean HQ scores
between individuals who were healthy weight and overweight. Although the meavidredrive
and severity scores were higher in individuals with healthy BMI than inichdils with overweight
BMI, there were not statistically different, suggesting increasMgiB not associated with higher
mean scores on the HQ. Table 29 provides detailed information regardingath®ehavior, drive

and severity scores in healthy and overweight individuals.

Table29. Mean Hyperphagic Behavior Drive and Severity scores,
Healthy weight vs. Overweight
Hyperphagic factors Healthy weight (2) Overweight (3)
N Mean SD N Mean SD | p-value
Behavior 9 11.55 5.53 3 8 3 0.32
Drive 10 11.9 4.04 6 8.83 2.79 0.13
Severity 10 5.1 2.02 6 3.67 1.21 0.14

Finally the data was reclassified and an analysis was also run compiaesgyand non-
obese individuals (the latter group including both health and overweight indsjduAlthough the
mean behavior, drive and severity scores were higher in individualswithesse BMI than in
individuals with a non-obese BMI, none of these values reached statigfitiitance (p-values =
0.40, 0.32, and 0.94 respectively) indicating that there was no statistigalficant difference
between the mean behavior, drive and severity scores between indivithaeare obese and those
who are not obese. Table 30 provides detailed information regardingahebeteavior, drive and

severity scores in healthy and overweight individuals.

Table 30. Mean Hyper phagic Behavior, Drive and Severity scores,
Obese vs. non-obese
Hyperphagic factors Obese Non-obese
n Mean SD n Mean SD | p-value
Behavior 8 12.63 4.75| 12 10.67 5.14 0.40
Drive 8 12.38 3.42| 16 10.75 3.84 0.32
Severity 8 4.5 1.69| 16 4.56 1.86 0.94
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An ANOVA test was performed to assess for differences in the meanidehbive and
severity scores between all BMI classifications. No significdfdgrdnces were detected (p-values =
0.41, 0.17 and 0.30 respectively). No association between BMI and hyperphagicesulvasal
found in this data set. Table 31 provides detailed information regahdingg¢an behavior, drive

and severity scores in healthy and overweight individuals.

Table 31. Comparison of Mean Hyper phagic Behavior, Drive and Severity
scores, by BMI Classification
Hyperphagic factors
BMI
Classification| N Mean SD p-value
Behavior
Healthy 9 11.56 5.53
Overweight| 3 8 3 0.41
Obese 8 12.65 4.75
20
Drive
Healthy| 10 11.9 4.04
Overweight| 6 8.83 2.79 0.17
Obese 8 12.4 3.42
24
Severity
Healthy| 10 5.1 2.02
Overweight| 6 3.67 1.21 0.30
Obese| 8 4.5 1.69
24
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Comparison by Gender

Two sample t-tests were run to assess for differences in mean behawioandr severity

scores between males and females. Although females had higher meanos@iiésrée factors,

behavior, drive and severity, only the mean severity score was s#difyssignificant (p-value=

0.038) suggesting that females with SMS may have higher levels of hyperpaagiity. Table 31

provides detailed information regarding the mean behavior, drive and seearigs in healthy and

overweight individuals.

Table 32. Comparison of Mean Hyperphagic Behavior, Drive and Severity scores by
Gender
Hyperphagic factors
Gender] N Mean SD p-value
Behavior
Male| 6 10 3.9
Female| 14 12.07 3.4 0.407
20
Drive
Male 8 9.5 3.38
Female| 16 12.19 3.63 0.095
24
Severity
Male| 8 3.5 1.20
Female| 16 5.06|  1.80 0.038
24
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Comparison by Age

A series of ANOVAs were used to assess for difference in mean bghdriwe and severity

scores among different age classifications of SMS individuals. Indigicheae classified by age

group and ANOVAs were used to assess for differences. Although notcahyistignificant, the

mean behavior, drive and severity scores increased with increasinguggesting that there may be

a relationship between age and hyperphagic severity. The mean behawoandrseverity score p-

values were 0.11, 0.52 and 0.71 respectively. Table 33 provides detailed irdonregtirding the

mean behavior, drive and severity scores in healthy and overweight iradévidu

Table 33. Comparison of Mean Hyper phagic Behavior, Drive and Severity scor es by
Age Group
Hyperphagic factorg
Age
Group| N | Mean SD p-value
Behavior
6-11lyrs| 3 8 1.73
12-19yrs| 9 10.2 3.83 0.11
>20yrs| 8| 14.13 5.82
Drive
6-11lyrs| 3 10 3.46
12-19yrs| 9 10.5 2.79 0.52
>20yrs| 12| 12.16 4.39
Severity
6-11yrs| 3 4 1.73
12-19yrs| 9 4.33 1.802 0.71
>20yrs| 12 4.83 1.85
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Comparison by Age and Gender

Due to differences between gender and age distribution within our study population
(Table 34), data for behavior, drive and severity scores were reanaliaeddafisting age
and gender for each other. Stratification by gender showed that among femalesrbehavi
scores were highest in the oldest age group (p=0.0018) (Table 34). In addition, among
females, although there were trends of higher scores by increasingeagaeyére no
statistically significant differences between the differentgageps for drive (p=0.063) or
severity (p=0.115) scores. Among males, there were no statisticallyagnifiifferences
in behavior (p=0.460), drive (p=0.302) or severity (p=0.200) scores between the different

age groups.

Table 34. Distribution of Gender by Age Groups

Males | Females | Total
6-1lyrs |0 3 3
12-19yrs | 1 8 9
>20yrs |8 5 13

Comparison of scores for males and females was also performed afticegiom
by age group. The only statistically significant difference was in thetoddge group,
where females had higher scores than males for behavior (p=0.010), drive (p=0d35) a

severity (p=0.005) (Table 35)
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Table 35. Comparison of Mean Hyperphagic Behavior, Drive and Severity scores by Age
Group and Gender
Males Females
Mean SD n Mean SD
6-11yrs Behavior 3 8.00 1.73
Drive 3 10.00 3.46
Severity 3 4.00 1.73
12-19yrs | Behavior 7.00 8 10.63 3.89
Drive 6.00 8 11.13 2.36
Severity 2.00 8 4.63 1.66
>20yrs | Behavior 10.60 4.04 3 20 1.73
Drive 10.00 3.32 5 15.2 4.09
Severity 3.71 1.11 5 6.4 1.52

Comparisons between night-time food seeking and mean hyperphagic behavior scores

Since a portion of the questionnaire used in this study was not validatethessure of

control, comparisons were made between validated and non-validated queStiensf the main

areas of interest was to determine if there was a correlationdretwght-time food seeking

(question 9 on the non-validated portion of the questionnaire) and an individuatisoelgavior

score. The mean behavior score was chosen because question 5 on the validaked Hdpas

often does your child get up at night to food seek?” which was categorized gshagpebehavior.

Three parents indicated their child no longer participates in nigletfood seeking behavior

as the food is now locked. Since these parents did not answer using tinsesgpovided on the

guestionnaire, it was unclear if these individual’s night time foodsgélehaviors would be

classified as “never”, “rarely”, “sometimes” or “always.” Therefoa sensitivity analysis was

performed using the following two assumptions: the behavior occurred “dlamags separate

analysis assuming the behavior occurred “rarely”.
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When analyses were performed using only those 20 individuals who answeredng@esti
the non-validated portion of the questionnaire using the responses providedvaeickdrad! other
guestions assessing hyperphagic behavior, no statistically signiftaindnship was found
(p=0.051). However, of note, individuals in the “always” category had the higteest behavior

scores (mean =15.75).

When analyses were performed on those individuals who answered question 9 on our
guestionnaire and answered all questions which were classified undgshiagie behavior, there
was no statistically significant difference between the mean hypecdbettavior score and the
amount of night-time food seeking (p=0.088). Although there was no statisticailficant
relationship, those four individuals classified as “always” paitong in night-time food seeking
had the highest mean behavior scores (mean=15.75) and those classiied kxked” had the

second highest mean behavior scores (mean =14.667). Figure 14 provig#saabraepresentation

of this data.
Figure 14 . Impact of Night-time food seeking on
Hyper phagic Behavior
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When analyses were performed grouping those three individuals who reperfedd was
now locked into the “always” category, a statistically significatatronship was found (p=0.04)
demonstrating increased frequency of night-time food seeking is asdogidténigher mean

hyperphagic behavior scores. Figure 15 provides a graphical reptesenf this data.

Figure 15. Impact of Night-time food seeking on
Hyper hagic Behavior
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® Mean Behavior Score (p= 0.04)

Analyses were performed grouping those three individuals who reported the foodwa
locked into the “rarely” category and no statistically significatdtionship was found between

increased night-time food seeking and mean hyperphagic behavior scoresijp= 0.2

Finally, a t-test was performed between individuals who reported their‘dever”
participated in night-time food seeking or “always” participated in night-food seeking, which
demonstrated a statistically significant relationship (p=0.029), stiggehe true amount of night-

time food seeking in our SMS individuals lies somewhere in betweenr“reawe “always.”
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Relationship between amount of food eaten and BMI

A Fisher's exact test was performed to determine if there waat@rehip between the
reported amount of food eaten by the SMS individual and their BMI classificaftoa p-value for
this test was, p= 0.397, demonstrating there is no statistically signifedatiobnship between the

reported amount of food eaten and the BMI classification in our SMS population.

Relationship between increased interest in food and BMI

A Fisher’s exact test was performed to determine if there waatenrship between
increased interest in food and BMI classification. The p-value fotakisvas, p= 0.529,
demonstrating there is no statistically significant relationsbtpreen increased interest in food and

BMI classification in our SMS population

Relationship between hyperphagia and BMI, hyperphagia and age

Analyses were also performed comparing individuals whose parent’s aegwtechild had
an increased interest in food and those who parents reported their child didenahhacreased
interest in food. No statistically significant relationships weraddoetween an increased interest

in food and BMI or age group.
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DISCUSSION

Through the work of numerous researchers, the Smith Magenis Syndrome (SMS)
phenotype has been well described, including its unique and characteristic neumsbkhavi
profile. Although these publications provide invaluable information regarding the phenotyp
of SMS, the majority of SMS related literature is lacking detailed nmédion regarding
height, weight and BMI. Due to the lack of detailed information available, théis@@mns
of this project were to (1) characterize the growth of a cohort of individudisSmiith-

Magenis syndrome in order to determine the prevalence of overweight and obegRy a
investigate hyperphagia and related food-seeking behaviors as possiie faletted to

overweight and obesity in individuals with SMS.

Growth Patterns of Individuals with SMS

Specific aim one was addressed through detailed analyses on the growth
measurements of children and adults with SMS through the use of a retrosgeative c
review and growth data obtained from parental questionnaires. A minimum of one growth
measurement was available for 78 individuals with SMS. One of the initial concerns
regarding the use of a retrospective chart review involved the possibitityh¢haajority of
the growth data obtained would be of children with SMS and would not provide information
on the growth of adolescents and adults with SMS. However, the growth data available for
review ranged from birth parameters to that of an individual 51 years of age. Thegwide a
range allowed for the examination of growth patterns in young children, aeloiesnd
adults with SMS, as well as provided information on how the growth of individuals with

SMS changes over time.
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Z-scores were helpful in comparing the growth parameters in the SMS papttat
those in the general US population. For males and females in all age catdberie
difference in height-for-age mean Z-scores was statisticgihyfsiant. This finding clearly
demonstrates that SMS individuals in this cohort are shorter than individuals in énalgen
population. Both males and females in this cohort of 78 SMS individuals had negative
height-for-age mean z-scores indicating heights less than theeb€entile. This finding
further supports the findings in published literature regarding decreasedglioein in

individuals with SMS (Smith et al., 2004).

To further characterize the significance of height in the SMS cohort, the &scor
were converted into their corresponding growth percentile. At 0-24 months of dgg, ma
were at the 10-25" percentile and fell to thé"s 10" percentile at age 24 month, then
remained at the"s5-10" percentile through the 20years. These percentile changes show
that although the linear growth percentile of males with SMS does fluctuateroeeatfter

2 years of age, the mean height for males was never greater thal e ddhtile.

The results of this study slightly contrast to the data published by Smithree@04
who found that males with SMS were at"2fercentile for height by the age of 14. In this

study, the highest height percentile reached by males occurred at theDaZf@ months.

When the height-for-age mean z-score and corresponding percentiles flasfanea
examined, their decreased linear growth is even more striking than whatanas seales.
At age 0-23 months, females were at th8 BY percentile. However, at age 24 months-5
years, they fall to less than thd Bercentile and remain less than tﬁ’qnércentile through

19 years of age. By the age>oR0 years, females reach tHe -8 percentile. As an
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individual is considered to have short stature if they are less than or equal'fo the 5
percentile for age (CDC age specific growth charts, 2000), females imktug rom the

age of> 24 months have short stature.

The results of this study regarding height for age percentiles in fearalsgmilar to
those reported by Smith et al., in 2004 in that both Smith et al., and this study found females
were at the less tharf percentile for height by age 12 years. However, Smith et al., found
that female with SMS were between tie-85" percentiles for height from age 3-7 years,
whereas this study found that females age 24 months-19years were at less3an the

percentile for height.

It is possible that the highest percentile for height for both males and females
occurred within 0-23 months of age because infants with SMS typically have rgyawah
parameters at birth (Smith & Gropman, 2005). Although males with SMS in this cohort
were also at their highest height percentile at 0-24 months, they remathed.ét -5"
percentile for almost all of the age ranges examined and did not fall thaesthe
percentile as was seen in the females. The discrepancies in heightiledreténeen males
and females with SMS is most likely related to the fact that in the @gyaulation, males
are taller than females and although both males and females with SMS &ethlaortheir
age matched peers, it would be expected that males with SMS may be tallenthias fe

with SMS solely due to gender differences.

Both males and females with SMS had negative weight-for-age meareziscor
early in infancy. This finding could be related to the FTT reported in individuals With S

at around 12 months of age (Gropman et al., 1999; Greenberg et al., 1991). At first glance,
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the changes in weight-for-age mean Z-scores for males and fenitl&WE are not
evident as there was no statistically significant difference betweendight-for-age Z-
scores. Although statistical significance was not achieved, the mean-¥egigige Z-scores
for males and females did increase with age. Interestingly, malesdeades- less than the
50" percentile until age 6-11 years and females had z-scores less thali gezecshtile
until 12 years of age. By the age>020 years males had weight-for-age mean z-scores
equivalent to the 50-5percentile and females had weight-for-age mean z-scores
equivalent to the 7595" percentile. These results confirm those published by Smith et al.,
in 2004 who reported females with SMS were at that or above theed6entile for weight
by the age of 12 years. However the results of this study did not correspond to those
published by Smith et al., in 2004 who reported males were at theed@entile for weight

by age 14.

Although the results of this study do not exactly correspond to those published by
Smith et al., in 2004, the trends in height and weight are similar. Both Smith et al., 2004 and
this study found that males and females with SMS are less than‘tpe&@ntile for height
in all age groups where as their weight percentiles are as high a$'therééntile by age
12 years. These changes in percentiles from early childhood to adulthood sugglesteha
may be an underlying factor present in both males and females with SM&ukast their
weight to increase to greater than th& percentile sometime during childhood and
adolescence. This underlying factor may be related to hyperphagia agépeesd by
72% of parents surveyed in Part Il of this study, who felt their child had an iedriedsrest

in food. The majority of parents (55%) reported their child first showed an iecr@asrest
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in food at around 5 years of age. Additional findings related to hyperphagia inuthjs st

will be discussed in detail later in this discussion.

For all males, the calculated mean BMI-for-age Z-scores were positive
demonstrating the mean-BMI-for-age was greater than thébpercentile in all age
groups. In age groups 6-11years, 12-19 years @tdyears, the difference in BMI for age
mean Z-scores between SMS males and the general population wasatgtssgnificant
(p=0.023, 0.0023 and 0.0018, respectively) demonstrating male SMS individuals are more
obese than what is expected for their age. Similar to weight-for+adjads, when
examining the corresponding BMI-for-age percentiles in individuals <20, aragene
percentile over time was appreciated. At age 24 months to 5 years, madletiaen the
50-78" percentiles, then increase to the 98-pBrcentile at age 6-11years, remain at the 90-

95" through 19 years and then return to the 85 @&rcentile at age 20 years.

Similar to what was found in males, the calculated mean BMI-for-age Zssioore
females were also positive, demonstrating the mean-BMI-for-aggneater than the 50
percentile in all age groups. At age groups 24 months — 5 years, 12-19 yea20ayehrs,
the difference in BMI for age mean Z-scores between female controlsgenieeal
population was statistically significant demonstrating female SMS indi@daale higher
BMuIs for their age (p=<0.001, 0.013 and 0.0039, respectively). Although the changes in
percentiles in females with SMS are somewhat less striking than thesshse®n in males,
females with SMS age 20 years were at the '9597" BMI percentile, which is the highest

mean percentile among any age group or gender in this cohort.

78



If abnormal weight is truly a component of the SMS phenotype, then males and
females would be overweight and often have an obese BMI. The presence eteBiMt
and obesity was a main finding in this study. The mean BMI for males$* a@eyears fell
within the 8%-90" percentile, corresponding to an overweight BMI. BMI for females’ age
> 20 fell within the 95-97 percentile, corresponding to an obese BMI. A possible
conclusion for this finding is that females with SMS have higher BMI percemitiésn males
with SMS because the prevalence of female obesity in the general populaigimeisthan

the prevalence of male obesity (Ogden et al., 2006).

The depressed linear growth of individuals with SMS in this cohort generally
remains constant throughout the lifespan, as evidenced by a maxirfiyrert@ntile adult
height for SMS males and maximurfi percentile adult height for SMS females. It appears
that depressed linear growth is a universal feature of the SMS individualgistuthes

cohort and has also been reported by others studying SMS (Edelman et al., 2007).
Obesity in the SMS population

As the prevalence of elevated BMI and obesity continue to increase in #ralgen
population, it is difficult to assess the significance of the obesity prests iBMS
population (Ogden et al., 2006). Over the past twenty years, the prevalence aichisse
in the general population has doubled while the prevalence of obesity in children hds triple
(Ogden et al., 2006). As of 2004, 32.2% of US adults were obese and 34.1% were
overweight (Ogden et al., 2006). For US children, 16% were overweight and 16% were
obese (Ogden et al., 2008). The data reported in this study demonstrates opessgnisin

this cohort of individuals with SMS. This is evidenced by SMS individuals of all ages
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having negative height-for- age mean z-scores, positive weight-for-sagezyseore thus

leading to positive BMI-for-age mean z-scores.

The prevalence of elevated BMI and obesity in this study population is similar to
rates in the general populations. Figure’s 16 -19 provide a graphical tilusto&the
comparison. However, it is important to keep in mind that although the percentage of
obesity in SMS adults is similar to that of the general population, the heigttiitiuals
with SMS are significantly shorter than those of males and females iertieeat)
population. The average height of an adult male is 5'9%"and the average height ot an adul
female is 5'4” (Ogden et al., 2004). This is in contrast to the average heighliesfimthis

study of 5’3" and the average height of females in this study of 5'0".

What is perhaps most striking about the growth data obtained from the parent
guestionnaire regarding growth of children and adolescents, is the prevaleteeatdéd
BMI and frank obesity. In the data obtained from the parent questionnaire, 50%dcérchil
and adolescents were either overweight or obese, compared with 32% of US children and
adolescents within the general population classified as overweight or obese éDaglden

2008).

The underlying etiology leading to increased BMIs during childhood and adolescents
is not known. Additionally, it is unknown whether or not hyperphagia is the cause of
obesity in SMS or is simply an effect of an underlying biochemical defegbtbdisposes
individuals with SMS to develop elevated BMIs and obesity. Although it was beyond the
scope of this project, the role of biochemical markers and their associattothevi

development of obesity should be investigated. Future studies regarding obesity&and SM
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should consider the prospective measurement of biochemical markers known to be
associated with obesity including the following: ghrelin, leptin, insulin, HDL dbd. LA
prospective examination would aid in the determining the time at which elesitischBd

obesity occurs in SMS.
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Figure 16. Obesity in USAdults

Ogden et al., 2006

Figure17.BMI in SMSAdults, n=13

Data from Questionnaire

Figure 18. Obesity in US Children &
Adolescents

Ogden et al., 2008

Figure 19. BMI in SM S children and
adolescents, n=12

Overweigh

8% Data from Questionnaire
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Part | I-Parent Questionnaire

It has been anecdotally reported that obesity is present in individuals with SMS,;
however, there is little to no documented evidence of this and no possible explanation for
the cause of this trend. This study hypothesized that if abnormally elevdtec i
present in individuals with SMS, hyperphagic behaviors may be involved in this phenotype.
Thus, specific aim two of this study involved the use of a parent questionnaire, incheling t
validated Hyperphagia Questionnaire (HQ), to explore the role of hyperphagdividuals

with SMS (Dykens et al., 2007).

The results obtained from the questionnaire portion of this study indicate
hyperphagia and related abnormal food behaviors may be problematic in SMS, as 72% of
parents reported their child had an increased interest in food and 76 % of parentisdndica
they had to lock food away from their child. When asked about the frequency of their
child’s night-time food seeking behaviors, three parents indicated that tHdinoHonger
participated in night-time food seeking because the food is now locked and the child is no
longer able to assess it. One parent indicated, prior to locking the kitchen, tisrralgiht-
time food seeking was constant and her child still continues to frequently hoard food in he

room.

Hyperphagia Questionnaire (HQ)

The HQ was first used to measure hyperphagia in individuals with Prader-Wi
syndrome (Dykens et al., 2007). Hyperphagia is universally present in indiwdttals
PWS and without intensive dietary monitoring; individuals with PWS will becomwoidly

obese (Holm, Cassidy, Butler, Hanchett, Greenswag, & Greenberg, 1993)ndéré/ing
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etiology of obesity in PWS is not definitively known, but it is thought to be caused by

satiety dysfunction (Lindgren et al., 2000).

The HQ is scored on a Likert scale, ranging from 1to 5. A score of 1 on any given
guestion equates to the behavior as being “not a problem” and a score of 5 on any given
guestion equates to the behavior being a “severe and/or frequent problem” (Bly&akns
2008). When the HQ was used in the PWS population, the mean scores ranged from 1.80 on
guestion 4, which asked: “How often does your child forage through the trash for food?” to
4.05 on question 10, which asked: “How clever or fast is your child in obtaining food?” The
majority of the mean scores obtained on the HQ ranged from 2.20-2.24 to 3.06 to 3.34

(Dykens et al., 2007).

In this study, the mean scores obtained on the HQ ranged from 1.28 on question four,
(“How often does your child forage through the trash for food?”) to as high as 3.12 on
guestion six, (* How persisent is your child in asking or looking for food when told No?” )
The majority of the mean scores for the questions on the HQ ranged from 2.4 to 2.6,
suggesting that, for the most part, the behaviors assessed for on the HQ weeuatam,

“somewhat of a problem” for the majority of SMS individuals whose parents’cordplete

HQ.

Age and its relationship with hyperphagic tendencies were explored and found not to
be significantly associated with increased hyperphagic behavior, driegentg. The
absence of a statistically significant association between age amplhgge tendencies in
this study is in contrast to the statistically significant positive aggonibetween age and

hyperphagic tendencies in the PWS patient population (Dykens et al., 2007.) Although
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statistical significance between age and mean hyperphagic behaviogriitigeverity

scores was not reached, age does appear to influence hyperphagic temd&idies This

is evidenced by individual’s 20 years of age having the highest mean behavior, drive and
severity scores and individuals in the youngest age category of 6-11 y@agstha lowest
mean behavior, drive and severity scores. Evidence that supports the hypothesis that
hyperphagic tendencies may increase with age come from the resuhledlmnaPart | of

this study which demonstrates as individuals with SMS age, their BMI'sralszase, even

into the overweight and obese ranges.

Because Dykens et al. considered gender and its relationship to mean hyiperphag
behavior, drive and severity scores in individuals with PWS, the effects of geedealso
examined in this cohort of SMS individuals. Surprisingly, a statistically signif
relationship was found between gender and mean hyperphagic severity stiofesaies
having higher mean scores when compared to males (p= 0.038). Although not statisticall
significant, females also had higher mean behavior and drive scores whenexbtopar
males. No statistically significant relationship was found between gendeneard
hyperphagic behavior, drive or severity scores in the PWS patient population (Diykéns e

2007).

Due to differences between gender and age distribution within our study population
when the data for behavior, drive and severity scores were reanalyzed afiéngdjge
and gender for each other, stratification by age and gender showed the heeaorpdrive
and severity scores for females were higher than males in all age gralpsat females
age> 20 had the highest mean behavior, drive and severity scores. These data confirm

similar published reports of females demonstrating more severe hyperphagitdies as
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Edelman et al., (2007) reported “eating/appetite problems” 69.2% of females and only

21.4% of males.

The age of onset of hyperphagia was also considered. Eighteen out of twenty-five
parents (72%) reported their child had an increased interest in food. As the agel ie#porte
which their child showed an increased interest in food spanned from 1 year of age to 34
years of age, it was difficult to pinpoint when exactly increased interesbihidegan.
However upon closer examination, the majority of parents (55.5%) reported thebir chil
showed at increased interest in food between 1 and 5 years of age, suggestimgyhes
an underlying behavioral component involved in the age of onset of increased interest in
food that becomes evident during early childhood. This increase in interest in food may be
related to the fact that prior to around 5 years of age the diet of a child isilyrima
controlled by their parent and the increase interest in food may be relateldterc
becoming more aware of their environment and asserting more control over their food

choices.

As no previous studies have systematically examined the role of hyperphagia in
individuals with SMS, it is unclear if data regarding age of onset of hyperpteggiged in
this study is representative of age of onset of hyperphagia in the SMS populaiahals.
In the use of the HQ in the PWS patient population, the reported mean age of onset of
hyperphagia was 3.5 + 1.6 years, with a range of 1.5 to 7 years (Dykens et al., 20038
the age of onset of hyperphagia occurs at a younger age in the PWS population, and within a
better defined age range, it appears hyperphagia in SMS may be mabévarseverity

and age of onset than in individuals with PWS.
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Another item which was examined separately was the variability in hygepha
symptoms. The majority of parents (75%) also felt there was little to no Vigyiabtheir
child’s interest in food suggesting any preoccupation or interest in food predasit in t
children with SMS is not affected by outside factors such as stress or emotiese dre
two factors which are well known to effect eating behavior (Geliebter &say€003). The
lack of reported variability in their child’s preoccupation with food suggestslypgia
may be an inherent component of the SMS phenotype. Similar findings of stable
preoccupation with food in the PWS population also support the notion hyperphagia is an
inherent aspect of the SMS phenotype (Dykens et al., 2007; Holm, Cassidy, Butler,

Hanchett, Greenswag, & Greenberg, 1993).

It appears that foraging through the trash for food is present only in a small
percentage (n=4;16%) of our respondents. It is most likely not present in theclajgéaricy
seen in the PWS patient population. The vast majority of parents, 88%, also felt food-
related thoughts, talk or behavior had either mild to no interference wittcttilei's normal
daily routines, self-care, food or work. This suggests the possible negative efffiectd-

related thoughts, talk and behavior are minimal.

The results obtained from the questionnaire portion of this study indicate
hyperphagia or related abnormal food behaviors may be problematic in SMS, as 72% of
parent’s reported their child had an increased interest in food. Perhaps morenguwwassi
that 76 % of parent’s indicated; when specifically asked, that they had to lock fopd awa
from their child. Not all parents in this study indicated their child had an indredseest
in food, suggesting that although hyperphagia and related abnormal food behaviors are

present in a large portion of SMS individuals examined in this study, hyperphag@ may
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may not be a universal feature of SMS. It is most likely that a combination of owsner
factors including environment, lifestyle as well as a hyperphagia comparesinvolved in

the development of increased BMIs overweight and obesity in individuals with SMS.
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Strengths of Study

The results of Part | of this study provide detailed information on the growth of 78
individuals with SMS. As there is limited information available regarding thethrof
individuals with SMS, the ability to report detailed information on the growth of 78
individuals certainly increases the knowledge of a portion of the SMS phenotypeldisat is
well known. In comparison to the growth data reported in the medical literature, the
information provided in this study is much more comprehensive and detailed. The large
meta-analysis published by Edelmann et al., in 2007 provided valuable information about
genotype-phenotype information in individuals with SMS but was lacking comprehensive
information regarding growth in individuals with SMS. In over 60% of the cases eedmi
information regarding growth and BMI was unavailable. An abstract presentedithye®
al. in 2004 provided an overview of parametric measurements of height and weight in 54
individuals with SMS. Detailed information regarding BMI was not provided. However, i
was stated that “BMI values were variable across ages” (Smith et al., 200udki this
abstract was able to report on how the different height and weight percentile of individua
with SMS change over time, information regarding the number of individuals in each age
category was not available. This study overcame the limitations describedwothe
previous publications by reporting detailed information regarding the treghweight of
78 individuals with SMS. This study was also able to report on how the BMI of 74
individuals with SMS change over time, as there were only 4 individuals in this studgt who

last recorded measurement were less than 24 months of age.

Part Il of this research project serves as a pilot study, as there is nbigaiblis

literature which assesses for possible causes of overweight and abasiliyiduals with
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SMS. Thus, one of the major strengths of this study is that it is the first tg H#ssesle of
hyperphagia in individuals with SMS as well as its relationship to the preseelevated

BMIs and obesity. An additional strength of this study is that a validatednmett, the

HQ, was used to assess hyperphagia. The HQ was initially used in the P8§ pati
population and was able to quantify the universal aspects of the PWS phenotype related to
hyperphagia. Not surprisingly, the majority of the mean scores on the HQowereith the

SMS population compared to the PWS population. A result which was somewhat surprising
was that the mean score on a few of the questions on the HQ were actually higliese tha
mean scores in the PWS patient population. These results demonstrate that higpsrphag
present in SMS and that the HQ was able to capture the hyperphagic clsiestarthe

SMS phenotype.
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Limitations

The primary limitation in the chart review used in this study was that theitpagbr
individuals (61.5%) had only one or two growth measurements available for anahygsis
many were not recent measurements. The lack of multiple growth measwaitnsntilar
time points for each individual possibly limited the ability to truly assess heset
individuals height, weight and BMI change over time. Another possible limitatiamivies
the growth measurements obtained on the parent questionnaire. Although we aemtonfid
that the height and weight data abstracted from the medical record watedalisiog
standard procedures, the same cannot be said for the information obtained from p#rents’ se
report. It is unknown how parents measured their child’s height and weight, and it is

possible the parent did not truly measure their child’s weight, but ratheatsdithem.

The primary limitation related to the parent questionnaire is the smallesame. It
is possible that due to the small sample size, the results regarding hyemphadjviduals
with SMS are not truly representative of the SMS population as a whole. It is perhaps
difficult to assess the results of this study in terms of the implicationsd@MS
community as a whole, as is the first study designed to specificallysdsgerphagia in
individuals with SMS. Thus, comparisons between previous studies cannot be made. In
addition, the responses on the HQ are taken from parents’ self report of tliksreding
behaviors. It is well known that parents commonly underestimate the seveaiigarimal
behaviors present in their child and the same could possibly be said for the hymerphagi
tendencies assessed for in this study. One potential way to overcome taisolimvould
be to administer the HQ to parents of children with SMS as well as other individuals
involved in the child’s life including, physicians, nurses or other care providers amp@dem
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the results in hopes of obtaining results that are truly representativeabiiltie

hyperphagic tendencies. Another potential limitation involves the fact that this
guestionnaire was mailed to parents and not administered in person as was Wenabe

HQ was used in the PWS population. It is possible parents may have been confused
regarding the meaning of some of the questions on the HQ and may have left that question
blank or answered the question incorrectly. Administering the HQ in person would allow
for discussion regarding the questions on the HQ as well as ensure that evéoy quetste

HQ was answered.
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Future Studies

The finding of females’ age 20 years of age having the highest mean behavior,
drive and severity scores as well as the highest BMIs, leads us to tuntiséter the
relationship between hyperphagia and elevated BMIs and obesity. Antingpfature
study could involve prospective examination of a cohort of males and females with SMS
The use of a prospective study would provide information on whether or not the
hyperphagia developed first and thus contributed to the development of elevated BMIs and
obesity. Itis also possible that elevated BMIs and obesity developed foredkens and
the presence of hyperphagia in this cohort is simply an effect of the ob&k#yuse of a
prospective study would also allow for the examination of biochemical markersaded
with obesity including leptin, insulin, HDL and LDL. The prospective examination of
biochemical markers would be able to provide information regarding whether or not

hyperphagia or obesity develops first in SMS.

Another potential avenue to explore for future research would be to re-contact those
parents who indicated their child had an increased interest in food to further irtecttiga
response. Since there is room for interpretation of “an increased interest in fgetéda
guestions would be helpful. A third area for future research would be to re-contact those
parents who indicated they had to lock food away from their child to learn what behaviors
exhibited by their children precipitated the need to lock food away and at whaegge t
began locking the food away. Knowledge of this information may aid in pinpointing the age
of onset of hyperphagia in SMS so that measures can be taken to control hypenpthagia
turn hopefully to control elevated BMIs and obesity. It would also be integestiook

closely at those individuals who, by parent report, had an increased interest in feedf to s

93



those individuals have higher rates of the negative health consequences known to be

associated with obesity.

A potential research project unrelated to SMS, but still relevant to the topic of
elevated BMIs and obesity, would be to perform a study using the HQ in thalgene
population. It would be interesting to see how the parents of children without genetic
disorders interpret their child’s food related behaviors, both “normal” and “abricasal
well as how the mean behavior, drive and severity scores are different basedhin weig

status of individuals in the general population.
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Conclusion

The results obtained in Part | of this study demonstrated short stature and a
concomitant increase in weight leading to BMI percentiles in the ovgimvand obese
range in individuals with SMS. Elevated BMIs were present in both males anie$emithn
SMS, though females tended to have higher BMIs. The results of Part & sfutly, the
parent questionnaire, also indicated that hyperphagia was present in individa&@dA8 as

evidenced by 76% of parents’ reporting having to lock food away from their child.

The information gained regarding the presence of hyperphagia in individuals with
SMS, as well as the propensity to develop elevated BMIs, provides healthcassjomdls
with valuable information regarding a component of the phenotype of SMS which has not
been well described. This increase in knowledge will hopefully enable parents and
caregivers of children with SMS to take preventative measures in order to @mtrol

hyperphagic tendencies present in their child and subsequently prevent the onesityf ob

Although the severity of hyperphagia present in individuals with SMS does nbt reac
the levels present in individuals with PWS, as individuals with PWS have died from to
complications related to uncontrolled hyperphagic behaviors, the negatitte heal
consequences of elevated BMIs and obesity are still a concern (Stevenso20€7al
There are currently no dietary or exercise guidelines in place foidodis with SMS. The
results of this study indicating the presence of elevated BMIs andyassitell as
hyperphagia, may indicate the need for increased dietary monitoring in indswadtta

SMS.
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APPENDIX 1: QUESTIONNAIRE
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Please make sure to complete the form to the best of your ability. If you doshaibwi

answer a question or are unsure of how to answer, please leave the question blank.

A. DEMOGRAPHIC INFORMATION REGARDING INDIVIDUAL WITH SMITH-

MAGENIS SYNDROME (SMS)

1.) NAME:

Last First

2.) Date of Birth:

Month Day Year

B. DEMOGRAPHIC INFORMATION, To be completed by parent/quardian of the
individual with SM S named above

1.) What is your age?

2.) What is your gender?
[ ] Male

[ ] Female

3.) What is your ethnicity?
[ ] White

[ ] Black

[ ] Hispanic

[ ] Native American

[ ] Asian

[ ] Other, please specify
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4.) What is your primary language?
[ ] English
[] Spanish
[ ] Other

5.) What is your relationship to the child with Smith-Magenis syndrome?

[ ] Mother

[ ] Father

[ ] Step-mother
[ ] Step-father
[ ] Biological grandmother
[ ] Biological grandfather
[ ] Other, please specify

6.) What is your current marital status?
[ ] Single
[ ] Married or living as married
[ ] Separated
[ ] Divorced
[ ] Widowed



7.) What is the grade of schooling you have completed?
[] 8"grade or less
[] 9" to 11" grade
[ ] High School or GED
[ ] Some college
[ ] Associates Degree (2 yr)
[ ] Bachelor’'s Degree
[ ] Advanced Degree

[ ] No formal education

8.) Are you currently employed?

[] Yes [ ] No

If yes, what is your current occupation?

If no, how long have you been unemployed?

9.) How many hours a week do you work in your current occupation?

[ ] Fewer than 10 [ ] 20-40 hours
[ ] 10-20 hours [ ] More than 40 hours

10.) Which comes closest to the current average total annual income for your entire
household before taxes. Please include the income from everyone in your household,

[] Less than $25,000 [] $100,000- more

[ ] $25,000- $50,999 [ ] Prefer not to answer
[] $51,000-$74,999

[] $75,000- $99,999
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C. MEDICAL AND SOCIAL HISTORY REGARDING INDIVIDUAL WITH
SMITH-MAGENIS SYNDROME (SMS)

1.) What is your child’s current height?
Ft in

2.) What is your child’s current weight?
Ibs

3.) How old was your child when he/she were diagnosed with SMS?
Years months

4.) Who made the initial diagnosis of SMS (choose one)?
[]Primary Care/Pediatrician

[ ]Geneticist
[ INeurologist
[ IDevelopmental Specialist

[ ] Other (Please Specify):

5.) What were the results of the genetic testing?
[ 117p11.2 deletion

[ ] RAILmutation
[ ] Don’t know

6.) Was your child ever given a diagnosis of failure to thrive (FTT) during infancy

[ ]Yes [ ] Don’t know
[ ]No

7.) Did your child ever need to have a feeding tube placed?
[ ]Yes [ ] Don’t know
[ ]No
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8.) If yes, (that your child had a feeding tube) did he/she have a g-tube placed surgically?
[ ]Yes [_] Don’t know

[ ]No

9.) Was your child born with or diagnosed with any of the following?

Cleft lip [ ] Yes [ ] No Kidney defect [] Yes [ ] No
Cleft palate [ ]Yes [ ]No Urinary tract defect [ ] Yes [_|No
Heart defect [ 1Yes [] No Low thyroid function [ ] Yes [ ] No

10.) Has your child ever taken medication for any of the following?

Heart Defects [1Yes [ INo  Anxiety [JYes []
No
Seizures [ lYes [ [No  Depression [JYes []
No
Diabetes [ ] Yes [] No Hyperactivity/ADD [JYes []
No
High cholesterol [ ]Yes [ INo  Sleep Disturbances [JYes []
No
High blood pressure[ ] Yes [ ] No  Self-injurious behavior [lYes []
No
Thyroid problems [ ]Yes [ INo Aggression [JYes []
No
Kidney problems [ ]Yes [ INo Obsessive compulsive behavibrg Yes [ ]
No
Acid reflux [ 1Yes []No Kidney reflux [1Yes []
No

101



11.) Has your child ever taken any medications that have affected his/hereapytht or
activity level? If yes, please list the medication and circle the appropriate effect:

Medication
Name , , . .] Change in Level of
Change in Weight Change in Appetite Physical Activity
(please list)

Increase| Decreadelncrease| Decreadelncrease| Decreade

Increase| Decreadelncrease| Decreadelncrease| Decreade

Increase| Decreadelncrease| Decreadelncrease| Decreade

Increase| Decreadelncrease| Decreadelncrease| Decreade

12.) Is there &amily history of any of the following? Please check all that apply:
[] Overweight
[ ] Obesity
[ Hypertension
[ ] Diabetes
[ ] Pre-diabetes
[ 1 High cholesterol

[ ] Heart disease
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For questions 13-15, please check just one box for each question.
13.) Where does your child with SMS currently live?

[ ] At home
[]In a group home/assisted living facility

[] Other, please specify

14.) What is the highestvel of schooling that your child has completed?
[ ] Elementary school
[ ] Middle school
[_] High school
15.) Did your child receive assistance in school?
[ ]Yes
[ ]No

C. EXERCISE HISTORY:

1.) Does your child have an exercise program/physical activity program?

[]Yes
[ ]No

My child:
walks/runs _ times perweek for _ minutes each time
swims ____times perweek for___ minutes each time
plays outside __ times per week for ___ minutes each time
rides bicycle _ times per week for___ minutes each time

other (please list below)

times per week for minutes each time

times per week for minutes each time

2.) My child is_abldo exercise but he/she does not have a regular routine:

[ ]Yes ] No
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3.) My child is_unable¢o exercise due to:
[] Severe joint pain

[] Shortness of breath
[ ] Scoliosis

[ ] Muscle weakness
[ ] Will not participate in physical activity
[] Other, please specify

D. DIETARY HISTORY:

1.) Do you consider your child to have a daily eating pattern similar to other childfearhi

age?
[]Yes []No

2.) Which meals does your child eat each day? Please check all that apply
[ ] Breakfast

[ ] Lunch
[ ] Dinner
[ ] Snacks

3.) Do you feel your child eats:
[ JLess than normal amounts of food

[ JNormal amounts of food
[ |Greater than normal amounts of food

4.) Does your child binge eat?

[ ]Yes [ 1No
5.) Does your child snack?

[ ]Yes [ INo
6.) Does your child eat/snack just before bedtime?

[ ]Yes
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[ ]No

7.) What are your child’s top 3 favorite snacks?

8.) How often does your child wake up during the night?
[ ]0-1 times per night

[ ]2-3 times per night
[ ]4-5 times per night
[ 1> 5 times per night

9.) Of the times that your child wakes up during the night, how often does he orxhe eat
[ ] Never

[ ] Rarely
[ ] Occasionally

[ ] Always
10.) Do you ever or have you ever had to lock food away from your child?

[ ]Yes
[ ]No
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11.) How upset does your child generally become when denied a desired food?

[ Not particularly upset at all
[ 1A little upset

[ ] Somewhat upset

[ ] Very upset

[ ] Extremely upset

12.) How often does your child try to bargain or manipulate to get more food at meals?
[ ] A few times a year
[ ] A few times a month
[ ] A few times a week
[ ] Several times a week

[] Several times a day

13.) Once your child has food on their mind, how easy is it for you or others to re-direct

your child away from food to other things?

[] Extremely easy, takes minimal effort to do so
[ ] Very easy, takes just a little effort to do so

[ ] Somewhat hard, takes some effort to do so
[]Very hard, takes a lot of work to do so

[ ] Extremely hard, takes sustained and hard work to do so

106



14.) How often does your child forage (look/search) through the trash for food?

[ ] Never

[ ] A few times a year
[ ] 1-2 times a month
[ ]1-3times a week

[ 14 to 7 times a week

15.) How often does your child get up at night to food seek?
[ ] Never
[ ] A few nights a year
[ ]1-2 nights a month
[ ]1-3 nights a week
[ 14 to 7 nights a week

16.) How persistent is your child in asking or looking for food after being told “no” or “no
more”?

[ lLets go of food ideas quickly and easily

[ ILets go of food ideas pretty quickly and easily
[ ]Somewhat persistent with food ideas

[ IVery persistent with food ideas

[|Extremely persistent with food ideas

17.) Outside of normal meal times, how much time does your child spend talking about
food or engaged in food-related behaviors?

[ ]Less than 15 minutes a day
[ 115 to 30 minutes a day

[ ]30 minutes to an hour
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[ 11 to 3 hours a day
[ IMore than 3 hours a day

18.) How often does your child try to steal (take when told not to) food (that you are aw
of?)

[]A few times a year

[ ]A few times a month
[ ]A few times a week
[ISeveral times a week

[ ]Several times a day

19.) When others try to stop your child from talking about food or engaging in food-related

behaviors, it generally leads to:

[INo distress or upset

[ IMild distress or upset

[ IModerate distress or upset
[|Severe distress or upset

[|Extreme distress, behaviors can’t usually be stopped

20.) How clever or fast is your child in obtaining food?

[ INot particularly clever or fast
[]A little clever or fast

[ ]Somewnhat clever or fast

[ 1Very clever or fast

[|Extremely clever of fast
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21.) To what extent to food-related thoughts, talk, or behavior interfere with yddis chi

normal daily routines, self-care, school, or work?

[ ]No interference

[IMild interference; occasional food-related interference in completingos,
work, or hygiene tasks

[ IModerate interference; frequent food-related interference in completinglsc
work, or hygiene tasks

[_|Severe interference; almost daily food-related interference in compsatirool,
work, or hygiene tasks

[|Extreme interference, often unable to participate in hygiene tasks drtto ge
school or work due to food-related difficulties

22.) How old was your child when he/she first showed an increased interest in food?
____years

[ 1 My child does not have an increased interest in food

23.) How variable is your child’s preoccupation or interest in food?
[ |Hardly ever varies
[]Usually stays about the same
[ lGoes up and down occasionally
[ 1Goes up and down quite a lot

[ |Goes up and down all the time
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