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1.MCA/MR syndromes: a comprehensive definition 

Despite its high variability in clinical symptoms and etiological mechanism, a syndrome 

is described by scientific community in a greatly punctual and unequivocal manner. 

The term syndrome comes from the etymological encounter of two Greek words: σύν 

which means "together" and δραμεῖν i.e. "running".  

The word syndrome therefore means "to run together ", a sentence describing the main 

clinical feature of plurimalformative disorders: the morphofunctional impairment of 

more organic systems sharing the same pathogenic etiology.   

The presence of a common cause determining these multisystem pathologies leads to 

analogous clinical scenarios, sometimes associated with a characteristic phenotypical 

appearance, also known as facies.  

These extremely variable disorders can be provoked by genetic, environmental, 

teratogenic or infectious causes, leading to a disruption in the morphogenesis and 

physiology of fetal tissues during their in utero development. 

 

Genetic syndromes can be grouped into six different categories on the basis of the exact 

mechanism of interruption or alteration in the information flow encoded in our genes :  

-chromosomal abnormality, macrodeletion, microduplication  

-genic abnormality, according to a Mendelian or non Mendelian inheritance 

-mitochondrial abnormality, always of maternal origin  

-polygenic or multifactorial ( due to the interaction among mutations in different genes 

and environmental factors )  

-teratogenic agents   

-with unknown etiopathogenesis.  
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The genetic defect causing the syndrome can occur in the embryo during the early 

gestational phase or it may be inherited by the maternal genome, the paternal one or 

both. The symptomatology of the affected child may be mostly superimposible to the one 

of parents, if one or both have the disease as well, or in other cases may differ from their 

clinical scenario to a variable extent.  

The most critical step when dealing with plurimalformative syndromes or complex 

disabilities is the capability to diagnose the disorder in the first years of life of the child, 

for guaranteeing the best outcome possible. This aim is sometimes quite difficult to 

achieve as many syndromes display attenuated clinical features or the facies of patients 

is not manifestly dysmorphic. In addition to this, a precocious diagnosis allows parents 

to obtain an evaluation of the estimated recurrence rate in future pregnancies. 

Another critical point regarding the follow up of these children is to delineate the most 

plausible prognosis to prevent the disorder from undergoing progression, especially 

when  the disability it causes has a huge impact on daily life.  

Disability in adults is defined as ‘‘the inability to do any gainful activity by reason of any 

medically determinable physical or mental impairment which can be expected to result 

in death or which has lasted or can be expected to last for a continuous period of not less 

than 12 months. [1]  Severe impairment must occur to the extent that past work  or the 

performance of any other substantial gainful work is not possible. Disability in children 

(under the age of 18) is instead defined as possessing a ‘‘medically determinable physical 

or mental impairment or combination of impairments that causes marked and severe 

functional limitations, and that can be expected to cause death or that has lasted or can 

be expected to last for a continuous period of not less than 12 months.’’  
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As plurimalformative disorders affect different organs and executive functions of 

patients, an appropriate rehabilitation such as physiotherapy, speech therapy, 

psychological counseling become essential for the adequate development of the child with 

complex disability and to help them to achieve a better quality of life. 

Despite the extremely low number of patients involved, rare disease represent the 10% 

of human pathologies. It is therefore extremely important to carry on trials and research 

projects aiming to expand the knowledge regarding etiopathogenesis, recurrence rate 

and disorder progression. 
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2.Smith Magenis Syndrome: An Introduction  

Smith Magenis syndrome (OMIM #182290), also known as 17p- syndrome, is an 

autosomal dominant disease  with a multisystem involvement, whose etiology roots on 

an interstitial 3.5Mb  microdeletion at the level of chromosome 17p11.2. 

This genetic condition was described for the first time in 1982 by Ann C. M. Smith, a 

geneticist involved in the genetic counseling service at  the National Institutes of Health, 

in Maryland.  

Only four years later, in 1986, Ann C. M. Smith cooperated with R. Ellen Magenis, a 

pediatrician and geneticist at the Oregon Health Sciences University and carried out a 

comprehensive analysis of nine individuals ( six males and three females)  sharing similar 

abnormalities.[2] 

The age of this patients ranged from 3 months to 65 years old. In eight of them, a deletion 

of a portion of band 17p11.2 was associated with a striking similar phenotype including 

brachycephaly, midface hypoplasia, prognathism, hoarse voice, and speech delay with or 

without hearing loss, psychomotor and growth retardation, and behavior problems. One 

patient, who died at the age of six months, had a complete deletion of band 17p11.2   and 

exhibited a more severe clinical scenario characterized by cleft palate, facial 

malformations and alterations at the level of the heart, muscle tissue and urogenital 

system. [2] 

This study turned out to be essential for delineating   the main clinical features of this 

syndrome, named after both its discoverers.  
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2.1. Epidemiology 

Smith Magenis Syndrome is considered as a rare disease, since this highly variable 

disorder affects fewer than 200,000 people and  correlates with incidence data inferior 

to the 1:2,000 ratio, the threshold value  approved in the European Union.[3-5] 

The incidence of Smith Magenis Syndrome at birth ranges about 1:15,000 and 1:25,000 

worldwide and all cases appeared de novo, without any correlation with the belonging to 

specific racial and ethnic groups.   

However, researchers believe that progress in diagnostic work up may lead to a different 

incidence, as high as 1:16,000.  At present 100 diagnoses were made worldwide since 

2001 and around 500 since 1982. In the vast majority of cases (around 90%) FISH 

(fluorescence in situ hybridization) is able to detect a deletion in chromosome 17p11.2, 

whereas in the remaining clinical scenarios a mutation in RAI1 is found. [3-5] 

This neurodevelopmental disorder is thought to be underdiagnosed as, despite being 

quite distinct in its main clinical features, it is often confused with other pathologies, 

such as Down, Angelman and Prader Willi syndrome, dysplaying similar dismorphism 

or behavioral patterns. The unluckily diffuse inability to tempestively diagnose SMS at 

birth or in the early infancy leads to postpone a number of therapies which are essential 

to prevent the onset of further problems, especially of neuropsychological nature. 

The more or less severe delay in speech and the presence of repetitive and obsessive 

behaviors often lead physicians to make a diagnosis of autism spectrum disorder in 

association with the one of SMS. [37] 
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2.2. Diagnostic work up and insight into the genetic etiology  

Smith Magenis vast majority of clinical scenarios the entity of this deletion corresponds 

to the loss syndrome is an autosomal dominant disorder caused by a microdeletion at the 

level of chromosome 17p11.2 which generally results from recombination errors during 

meiosis. In the of 3.5 to 3.8 Mb pairs corresponding to 76 genes and a number of 

repetitive elements. [3-5] 

However, SMS is a monogenic complex disorder in which just one gene, the 

haploinsufficient RAI1 is responsible for the disease. In 70% of cases recombinant 

mutations have taken place, whereas in one patient out of ten we observe just  a 

heterozygous point mutation of RAI1 gene (OMIM #607642), whose expression is  the 

highest in brain.[15] 

When taking into account this clinical diagnosis FISH and CGHarray should be obtained. 

In case of a negative result with both these techniques, if clinical suspicion is strong, 

sequencing of RAI1 gene should be required.[3-4] 

 More specifically, RAI1, is expressed in neurons, including pyramidal cells of the 

hippocampus, granule cells of the dentate gyrus, neurons in the neocortex, and Purkinje 

cells of the cerebellum. Cerebellum represents the second nervous system region with 

the higher expression of RAI1 , with the exception of granule cells. The implementation 

of Northern  Blot testing has allowed to demonstrate the presence of RAI1 mRNA at the 

level of frontal and temporal lobe. [15] 

In the attempt to find a link between RAI1 gene and the onset of neuopsychiatric 

conditions two SNPs (rs9907986 and rs4925102) in the 5′-upstream region (5′-UTR) 

have recently turned out to be putative regulatory elements. These two SNPs fall within 

the binding sites for the transcription factors DEAF1 and for the retinoic acid RXRα-RARα 



9 
 

and are responsible for the 30-40% of  variants in RAI1 mRNA expression at the level of 

prefrontal cortex and temporal cortex. At present the active role of DEAF1 in regulating 

RAI1 expression has been scientifically proved: a mutation in DEAF1 detected via exome 

sequencing has lead to a clinical scenario similar to the one of SMS  in a patient negative 

for both  RAI1 mutations  and 17p11.2 deletion.[5] 

 

2.3. RAI1 gene: “Primum  movens” of Smith Magenis syndrome 

It is found both in the nucleus and in the cytoplasm  and its expression is significant in 

migrant neural crest cells and in the nervous system during the first phases of 

development and in human brain to a lesser extent.  It is a highly conserved gene   among 

species. Human RAI1, which shows high levels of homology to the mouse Rai1, contains 

six exons and encodes for a 1906-amino-acid protein localized in the cellular nucleus.   

RAI1 is a nuclear chromatin-binding protein with several functional domains. [5] 

Starting to analyze the gene from N-terminus we encounter :  

  a polyglutamine-rich domain (Poly-Q), 

 a first polyserine-rich domain (Poly-S1), 

 bipartite nuclear localization signals (NLS1 and NLS2),  

 a second polyserine-rich domain (Poly-S2),  

 and a plant homeodomain (PHD) 

 

The main functions of RAI1 are to modify transcription, thanks to a PHD, (Plant 

homeodomain motif) and to behave as a histone reader, bridging histone modifications 

and transcription factors.  
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A deletion in 17p11.2 is found in 90% of patients with SMS, whereas around the 10% of 

them may have a missense, nonsense mutation in RAI1 or in some cases an insertion or 

a deletion within the same gene leading to a frameshift and truncated proteins formation. 

All these types of mutations are localized within the coding exon 3, costituting more 

or less the 95% of the RAI1 coding sequence.  [3,5] 

 

 Fig.1 Source: RAI1 gene mutations: mechanisms of Smith–Magenis syndrome Mariateresa Falco1,Sonia 

Amabile1,Fabio Acquaviva2 1 Department of Molecular Medicine and Medical Biotechnology, University 

of Naples “Federico II”, Naples, Italy; 2 Department of Translational Medical Sciences (DISMET), Section 

of Pediatric Clinical Genetics, University of Naples “Federico II”, Naples, Italy) 

 

 Thanks to a  genotype–phenotype correlation studies it has been possible to link  specific 

exone  regions to some clinical characteristics of these patients. Short stature for example 

is associated with the region between SREBF1 and SHMT1, FLCN may cause Birt-Hogge-
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Dube syndrome, a genodermatosis which predisposes to pulmonary cysts, spontaneous 

pneumothorax, and renal and skin tumors. [7]  

 

  

 

Fig 2. Abdominopelvic CT without intravenous contrast medium injection (A, B, C: coronal view, D: 

transverseview). Multiple, bilateral, intraparenchymal and cortical tumoral masses of the kidneys are 

observed.  

(Source: Bilateral renal tumors in an adult man with Smith-Magenis syndrome: The role of the FLCN 

gene ,LeilaDardoura, PieterVerleyenb, Karl Lesageb, Maureen Holvoeta,KoenDevriendta a. Center for 

Human Genetics, KU Leuven, Leuven, b. BelgiumCenter for Urology, AZ Groeninge, Kortrijk, Belgium) 

 

TNFRSF13B is associated with IgA deficiency whereas mutations in MYO15A, LLGL1, 

FLCN may provoke sensorineural hearing loss (MYO15A). More specifically, genetic 

defects  in  MYO15A provoke the non-syndromic deafness (DFNB3; OMIM #600316) and 

have been described in SMS patients with sensorineural hearing loss.  In particular, 

mutations. Mutations in ALDH3A2 gene cause Sjogren–Larsson syndrome (OMIM 
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#270200), an autosomal recessive neurocutaneous condition, characterized by 

intellectual disabilities, ichthyosis, macular dystrophy, spastic paraparesis, and 

leukoencephalopathy.[5] An altered hotspot region in exon 3 has been found to 

determine Rai1 frameshifts. [5,8,15]  

Besides this,  SMS patients with deletions present more frequently dry skin than those 

with mutations, suggesting a possible role of this gene in this feature In addition to this,   

The severity of SMS patients may be impacted by the involvement of other genes in the 

same deletion region . For example, subunit 3 of the COP9 complex encoded by COPS3 

and related to 26S proteasome regulatory complex seems to play a role in the control of 

the rate-limiting step in melatonin metabolism by N-acetyltransferase. [5] 

 The phenotypical appearance of SMS patients is more highly correlated with the 17p11.2 

deletion  with respect to the mutation in RAI1 gene leading to the clinical suspicion that 

other genes are involved . [9] 

However, some neurodevelopmental aspects  such as intellectual disability and 

alterations in the sleep awake cycle  are present in  almost all SMS  patients, due to the 

pivotal role played by RAI1 gene , independently of the disease etiology in the affected 

individuals. Besides that, the analogy observed between the neurological delay in SMS  

patients and the dysmaturity typical to autism  has led to consider RAI1 a candidate gene 

for the susceptibility to non-syndromic autism spectrum disorder. [5,37] 

The importance of RAI1 gene in determining the SMS symptomatology is undoubtedly 

evident when we compare this disease with another condition known as Potocki Lupski 

syndrome (PTLS; OMIM #610883). The latter condition is a reciprocal contiguous gene 

syndrome within the well-characterized 17p11.2 region, characterized by a number of 

clinical symptoms often significantly different from the SMS scenario.Indeed, murine 

models demonstrated that a low expression of RAI1 gene is inevitably linked to a SMS 
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condition, whereas a duplication also involving RAI1 gene causes diametrically opposing 

symptoms for what concerns weight, body fat percentage, head circumference, anxiety 

issues,  sociability. [10] 

At   present  scientific community has defined Rai1 as a transcriptional fctor involved in  

growth of cells, development of bone, muscle and nerve tissues, lipid and glucose 

metabolisms, embryonic neurodevelopment and neuronal differentiation,  behavioral 

functions, and sleep wake cycle. [3,5] 

 

Interestingly, its dramatic effects on the morphological and behavioural development of 

animal models has turned out to be reversible in a specific window of time, i.e.  3-4 wk 

after birth leading to a correction of social dysmaturity and  neuronal signaling, through 

modulation of RAI1 dosage in both excitatory and inhibitory nerve cells . However, there 

is no enough data to demonstrate that circuit-level interventions wouldn’t be beneficial 

beyond this critical window. [11] 

 

In addition to this, Rai1 has the ability to interact  with chromatin and occupies DNA 

regions near active promoters (CpG islands, 5′-UTRs, and promoters, but not intergenic 

or repetitive regions). This has been shown to augment the expression of genes involved 

in circuit assembly and neuronal communication. Consequently, pan-neuronal loss of 

Rai1  leads to a severe SMS-like phenotype and  its haploinsuficiency  in some cellular 

types causes deficits  impacting cognition , movement and nutritional status . This points 

to subcortical excitatory neurons with regards to SMS pathogenesis.[3-5] 

In addition to this, a significant  homology has been observed between the  PHD motif of 

the transcriptional co-activator TCF20 and the PHD motif at the C-terminal is 

homologous likely to contribute to the function of “histone readers.” Indeed RAI1 has the 
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capacity to detect histone modifications occurring during the posttranslational phase and 

to promote protein recruitment in order to  carry out the expression of specific DNA 

regions.[5] 

 

Nowadays 30 mutations of RAI1  gene are known.   With the exception of some missense 

mutations, most of them are due to  frameshift errors. [8] 

In 2005, Bi et al generated mice with an Rai1 null allele (Rai1+/−) through the insertion of 

a lacZ reporter gene encoding β-galactosidase. Thanks to these mice it has been possible 

to study Rai1 expression and  demonstrate that  the same  SMS phenotype was observed 

in both 17p11.2 deletion and Rai1 haploinsufficiency animal models.Moreover, the vast 

majority of  homozygous null mice (Rai1−/−) died in utero, a phenomenon known as 

embryonic letality; the few mice that survived after birth were severely affected by 

postnatal growth retardation, craniofacial and skeletal anomalies, motor delay, and 

learning disabilities. [5] 

 

 An example of  RAI1 mutation mosaicism was found  by Brenda M. Finucane M.S. et al. 

in a 4 year old child.  Diagnosis was achieved by means of skin fibroblast culture. The 

totality of  fibroblast cells evaluated displayed the deletion.  As blood studies may 

sometimes miss  abnormal cell lines,  culturing fibroblasts become the best option in case 

of mosaicism for deletion 17p11.2 is clinically suspected. [5] 

 

 

 

 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Finucane%2C+Brenda+M
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2.4. The impact of RAI1 gene on neurophysiology 

Rai has a huge impact on nerve tissue and, when mutated causes alteration regarding 

both motor and cognitive functions. Surviving Rai1−/− mice exhibit craniofacial and 

skeletal abnormalities, more severe neurobehavioral issues with less learning ability, 

overt seizures at younger age, motor dysfunction, and fear-learning deficits delineating a 

more severe clinical phenotype. These observations confirm a dosage-sensitive effect of 

Rai1 in neurodevelopment. [10] 

A distinctive facies is present in both 17p11.2-deleted and RAI1-mutated patients, an 

element supporting the idea according to which RAI1 is also involved in the dysmorphic 

appearance characterizing this health condition both in humans and mice . 

Moreover, genetic regions adjacent to RAI1 may contribute by regulating  the penetrance 

level.[9] 

 

Concerning this issue Tahir et al showed,  that in X. laevis and X. tropicalis, there is the 

expression of a  frog homologous of RAI1in  craniofacial tissues and that  when 

haploinsufficiency occurs, it impacts  the development of the brain and the mouth. [7] 

Indeed face morphogenesis is  tightly connected with neural crest development, and 

when it undergoes an abnormal process , the etiopathogenesis of this roots on the 

presence of fewer neural crest cells, whose stream has less defined trajectories. This 

inevitably leads to the aberrant formation of cartilage tissues in several sites   such as a 

the ethmoid plate, infrarostral, Meckel’s, ceratohyal and gill cartilages), whose size 

becomes significantly reduced with respect to  the normal standards in the general 

population . [5,12] 
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2.5. Clinical findings in Smith Magenis syndrome 

 

Fig 3.( Source: Li Chen1, Sureni V. Mullegama2, Joseph T. Alaimo2, Sarah H. Elsea2 Smith Magenis 

Syndrome and its circadian influence on development, behavior and obesity -own 

experience.Department of Cellular and Genetic Medicine, School of Basic Medical Sciences 

Fudan University, Shanghai 200032, China 2Department of Molecular and Human 

Genetics, Baylor College of Medicine, Houston, TX, USA.)  
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2.6. Morphofunctional analysis 

Born generally at term, infants affected by Smith Magenis syndrome do not normally 

raise any clinical suspicion as they have a normal growth in terms of head circumference, 

statural development and weight for the first twelve months of life, suddenly followed by 

a marked failure to thrive   at eighteen months of age.[3-5]  

From a dysmorphological standpoint, SMS children have a bulging forehead, short 

midface and a broad, squared facies, characterized by  brachycephaly and microcephaly, 

the presence of a frontal bossing and a depressed nasal bridge. In addition to this, they 

generally have light colored hair, hoarse voice, vocal cord nodules, synophrisis, 

upslanting palpebral fissures, epicantal folds and  hypertelorism. [11] Their mouth has 

distinct  phenotype , characterized by prognathia and micrognathia  and the evertion of 

the upper lip, whose appearance with a fleshy vermilion  is not dissimilar from the one 

of a tent. The phenotype of SMS patients is highly variable due to natural genetic 

variations and complex  interactions of environmental etiology. 
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Fig. 4 Facial features of Smith–Magenis syndrome (SMS) (A–H) Common facial features of SMS include frontal prominence, 

synophrys, malar hypoplasia, and prognathia (more pronounced with age). Female with SMS (Patient number BAB 468), 

ages 7 months (A), 2 years (B), 9 years (C), 21 years (D). Male with SMS, ages 23 months (E), 3 years (F). 

(Source:  Neurodevelopmental Disorders Associated with Abnormal Gene Dosage: Smith–Magenis and Potocki–Lupski 

Syndromes Juanita Neira-Fresneda1 Lorraine Potocki1,2 1Department of Molecular and Human Genetics, Baylor College of 

Medicine, Houston, Texas, United States 2 Texas Children’s Hospital, Houston, Texas, United States) 

 

For what concerns the main vital organs around the 30% of children exhibit cardiac 

malformations (including cyanotic heart lesions), low or posteriorly rotated ears 

associated with hearing system impairment, a decreased functioning of thyroid gland, 

kidney abnormalities and associated with a distinct phenotypical appearance which may 

slightly differ from a clinical case to another . However, It is possible that one or more 

genes in the 17p11.2 region may be important in some step in the process that initiates 
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ureteric bud formation and metanephric blastema differentiation and ultimately leads to 

normal nephronic development. [7] 

On one hand, some patients may display  hypogammaglobulinemia due to  a de novo 3.8-

Mb deletion (breakpoints, chr17: 16,660,721-20,417,975), confirmed by single-nucleotide 

polymorphism array  and  resulting in haploinsufficiency for TACI (transmembrane 

activator and CAML interactor).On the other hand, a number of  SMS individuals with 

heterozygous 17p.11.2 deletions  are more subject to otitis, pneumonia, sinusitis, and 

gastroenteritis, but not to autoimmune, allergic, or malignant diseases. Infections were  

a contributing factor for a  worsened course of  SMS-related neurobehavioral problems . 

As a consequence of this,  SMS patients may benefit from the implementation of anti – 

infectious prophylactic strategies. Some patients may  turn out to have a deficit in isotype-

switched memory B cells and in  protective antipneumococcal antibodies. No higher 

incidence of self immunity was reported. [14] 

 

Besides this, three quarters of patients  exhibit symptoms of  peripheral neuropathy, such 

as low tendon reflexes  and a  decreased sensitivity to pain, two clinical characteristics 

which may have an impact on the severity of behavioural issues, especially the ones 

associated with aggressiveness, due to their significantly higher pain threshold. 

This syndrome may be also accompanied by abnormalities affecting the skeletal system 

and teeth development. More specifically, it is possibile to observe mild to moderate 

scoliosis, dental irregularities, dilacerations of tooth roots, tooth agenesis and 

taurodontism [12] a phenomenon leading to a massive development of the pulp chamber 

jeopardizing root formation.   

 



20 
 

 

 
 Fig 5 (Source : Am J Med Genet A. 2006 Dec 1;140(23):2556-61.Craniofacial and dental phenotype of Smith-Magenis 

syndrome.Tomona N1, Smith AC, Guadagnini JP, Hart TC.) 

 

Scoliosis is a quite common pathology among SMS patients whose incidence (30%) is 

significantly higher than in the normal population (2%).  Its etiopathogenesis in SMS is 

still unclear,  but scientific community strongly suspects a link between retinoic  acid and 

lung , genitourinary tract and spine morphogenesis. [19-20] 

 

https://www.ncbi.nlm.nih.gov/pubmed/17001665
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tomona%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17001665
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=17001665
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guadagnini%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=17001665
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hart%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=17001665
https://wol-prod-cdn.literatumonline.com/cms/attachment/d5dc7cff-44f2-4837-8005-588f82cb2830/mfig001.jpg
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Fig 6 13-year-old girl with Smith Magenis syndrome dysplaying a thoracic scoliosis with a Cobb angle of 74° 

on plain radiographs. 

(Source: Congenital Scoliosis in Smith–Magenis Syndrome A Case Report and Review of the Literature Zheng Li, MD, 

Jianxiong Shen, MD, Jinqian Liang, MD, and Lin Sheng, MD) 

 

This hypothesis is supported by recent trials demonstrating  the participation of retinoic 

acid in the development of somites in  some animal models , such as zebrafish, chick and 

mouse and the relationship between low vitamin A levels during pregnancy and onset of 

spinal deformities in rats postnatally due to an aberrant retinoic acid signaling  favoring 

the onset of craniofacial malformations and microcephaly  in a number of congenital 

conditions and genetic syndromes , such as Smith-Magenis, Matthew-Wood, and 

Congenital Zika Sye.[5,17] 

This scientific evidence therefore led to associate scoliosis onset with  RAI1 microdeletion 

and RAI1 gene point mutation. [13] 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25929900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25929900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25929900
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sheng%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25929900
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4603031/figure/F1/
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In general terms, patients with small deletions of 17p11.2 may be less likely to exhibit 

flattened heads, dental and eye regularities, banging on the head, and hyperactive 

behavior .[9] 

Despite not being one of the most prominent features of SMS, skin involvement has been 

evaluated by  a  trial during which 20 SMS patients were examined. Most of them were 

characterized by  skin lesions secondary to self injury behaviour , such as skin abrasions, 

bites, bruises, dystrophic lesions. Dermatofibromas were frequent in older patients.  

Xerosis was present in the vast majority of patients  in association with extensive 

keratosis pilaris. Acral pachydermia, fissured plantar keratoderma, eyelash trichomegaly,  

heavy brows and folliculitis on the back were common. At present it’s still unclear 

whether behaviour and non behavior related  dermatological signs can be implemented 

to achieve an earlier diagnosis. [22] 

 

FIG 7: Acral pachydermia in a 6‐year‐old child. 

(Source: Dermatologic Features of Smith–Magenis Syndrome Morgane Guérin‐Moreau Estelle Colin M.D. eJoris 

Andrieux M.D., Ph.D. Hélène de Leersnyder M.D. Dominique Bonneau M.D., Ph.D. Ludovic Martin M.D., Ph.D. 

Corresponding Author Department of Dermatology, University Hospital of Angers, Angers, France L'UNAM 

University, Nantes, France) 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Leersnyder%2C+H%C3%A9l%C3%A8ne
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bonneau%2C+Dominique
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Martin%2C+Ludovic
https://wol-prod-cdn.literatumonline.com/cms/attachment/4daebad5-f5c3-44c4-8eca-73af5532fb53/pde12517-fig-0001-m.jpg
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FIG 8:  Limited spot of hyperkeratosis on the left hand due to biting in a 21‐year‐old man. 

(Source: Dermatologic Features of Smith–Magenis Syndrome Morgane Guérin‐Moreau Estelle Colin M.D. eJoris 

Andrieux M.D., Ph.D. Hélène de Leersnyder M.D. Dominique Bonneau M.D., Ph.D. Ludovic Martin M.D., Ph.D. 

Corresponding Author Department of Dermatology, University Hospital of Angers, Angers, France L'UNAM 

University, Nantes, France) 

For what concerns hand development, SMS patients have inward bending fingers often 

affected by brachydactily, fifth finger clinodactyly and syndactyly. Fetal finger pads may 

be still present as well. 

 

2.7. Eating disorder and nutritional issues 

Another noticeable clinical feature of SMS patients is their tendency to develop obesity 

before reaching the adult life. The importance of nutrition in these patients is highlighted 

by the impact their abnormal food intake has on circadian rhythm, behaviors, and 

development. Interestingly, 90% of individuals with SMS exhibit an early onset of  

truncal obesity or have a weight falling in the 90th percentile prior  to or during their 

adolescent years, which persists throughout their adult life. [23-26] 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gu%C3%A9rin-Moreau%2C+Morgane
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Leersnyder%2C+H%C3%A9l%C3%A8ne
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bonneau%2C+Dominique
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Martin%2C+Ludovic
https://wol-prod-cdn.literatumonline.com/cms/attachment/1e4591ff-081d-4824-bf6b-d543e80190ea/pde12517-fig-0003-m.jpg
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Abdominal obesity confers an increased risk for a variety of obesity-related comorbidities 

such as hypertension, diabetes, and metabolic syndrome. In addition to this, there is an 

increased prevalence of hypercholesterolemia and hyperphagia in SMS. The relentless 

progression towards obesity characterizing this syndrome becomes evident during 

childhood, after an initial period in which SMS neonate eat adequately and do not have 

weight issues. [24] 

Despite the prevalence of compulsive behaviors in individuals with SMS, obesity is not 

always concurrent with compulsive eating behaviors.  However, this latter clinical feature 

has a strong correlation with the onset of a food related- obsessive-compulsive disordered 

analogous to the hyperphagia typically observed in Prader Willi patients. [25] 

 

Truncal obesity is  rooted on  the haploinsufficiiency of RAI1 gene, determining a hypo-

expression of  BDNF gene. BDNF is a growth factor involved in development, 

differentiation, and survival of neurons and in the energy homeostasis. It is expressed 

both in the central nervous system and in peripheral tissues, such as liver, muscle, and 

adipose tissue. Through its PHD domain, RAI1  gene favours the transcription of BDNF 

via intronic enhancer element.  In case of Rai1 haploinsufficiency   downexpression of . 

proopiomelanocortin (Pomc),  fundamental for regulating energy homeostasis is 

observed. [24] 

A trial carried out by Joseph Alaimo, Sarah Elsea and others at the  University of Houston, 

in Texas in 2014 has recently highlighted a correlation between diet,  the distribution of 

adipose tissue and long term outcome  in mouse models and did show that high 

carbohydrate and high fat diets significantly alter developmental growth pattern   and 

cause obesity,  a decrease in high-density lipoprotein levels and insulin sensitivity  in RAI1 

haploinsufficient mice without modifying blood glucose levels.  [24] 
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Adult mice fed with  high fat diets have a decrease in methylation in whole brain tissue 

at the transcriptional start site of MC4R, a gene involved in the regulation of appetite and 

the sense of satiety and had an increase in methylation at the Lep promoter region in 

adipose tissue, whose main role is to inhibit food intake by centrally acting on the 

hypothalamus. When activated, central leptin receptors increase  the activity of the 

sympathetic nervous system and  stimulate energy expenditure in adipose tissue.[24] 

 

When analyzing adiposity patterns, high fat-fed Rai1+/2 mice had significant increases 

in both abdominal and subcutaneous fat whereas high carbohydrate-fed Rai1+/2 animals 

only displayed a significant increase in abdominal fat. The latter, unlike truncal obesity 

shows no correlation with the onset of insulin resistance.  

Furthermore, there is a well-established body of evidence implicating chromatin-

modifying proteins in the development of obesity. [24] 

At present RAI1 gene seems involved  also at the epigenetic level, consequently, there is a 

strong need for other studies  helping scientific community to define the epigenetic profile 

of mice affected by RAI1 haploinsufficiency and therefore identify loci which are 

susceptible to  RAI1 downexpression  or environment –sensitive in presence of low 

dosages of RAI1.[23-25] 
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2.8.Behavioral aspects 

 

 

Fig 9 (Behavioral disturbance and treatment strategies in Smith-Magenis syndrome Alice 

Poisson1,2,3*, Alain Nicolas1,4, Pierre Cochat3,5, Damien Sanlaville3,6, Caroline Rigard1,2, Hélène de 

Leersnyder, Patricia Franco3,7, Vincent Des Portes3,9, Patrick Edery3,6,8 and Caroline Demily1,2,3 1 

Center for Screening and Treatment of Psychiatric Disorders of Genetic Origin, Vinatier Hospital, 95 Bd 

Pinel, 69678 Lyon, France 2 Cognitive Neuroscience Center, UMR 5229, French National Research 

Center (CNRS), Bron, France) 

 

From a neurodevelopmental viewpoint SMS  issues tend to be subtle, as neonates are 

generally calm and sleep for a high number of hours, before starting to manifest auto and 

hetero-aggressivity from the age of 18 months. The only clinical features helping parents 

to hypothesize that  a pathology may be present is their hypotonia since birth , some 

feeding difficulties, a not stable gate and eventually hyporeflexia.[3-5,7,18] 
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According to an article published in 2006 by Gropman and al , one of the main elements 

leading to a delay in clinical diagnosis is the presence of an unique infant phenotype : 

indeed during their first years of life , SMS children have an age adequate disposition and 

are quite sociable. As a consequence of this, they are attributed a neurodevelopmental 

disorder onlylater in childhood , when stereotypical  behaviors, aggressivity episodes and  

motor-cognitive impairment become more evident. [32-33] 

The auto and hetero-aggressivity are presents in almost all patient ( 97% of diagnosed 

cases) , whereas intellectual disability tend to vary in severity level from moderate to 

severe. A significant delay in gross and fine motor abilities is also present together with 

social impairment  to some extent and an evident delay in language skills. Expressive 

language appears to be more impaired with respect to the receptive one,   that is in turn 

more developed than mathematical reasoning and calculation skills.  Despite their skills 

in  specific fields, such as computer use, attention to detail and long term memory 

patients affected by SMS tend to worsen from a psychological standpoint and frequently 

need more assistance than what one could predict on the basis of their strengths. Their 

quite marked cognitive decline may be linked to their behavioural issues , especially their 

sleep dysfunction and their self injury behaviour. [29-30] 

 

 The latter phenomenon may be associated with the sense of frustration these patients 

experience due to their lack in communication skills or to the their  attention seeking 

attitude and is generally less affected by external contingencies (attention, escape and 

access to tangibles)  than aggressivity towards others. [32-33,35-36] 

Behavioural disinhibition and operant social reinforcement are determinant variables for 

the onset of aggressive phenomena.[61] 



28 
 

 Through the Behavior Problems Inventory-01 it was possible to  demonstrate that  self-

injurious, stereotyped, and aggressive/destructive behavioral scores were more frequent 

and severe in patients with SMS than with intellectual disability. Food related problems 

questionnaire helped to define that food issues have their onset at around 5-11 years old 

and tend to peak more severely at 12-18 years old. Using the FRPQ an analogy between  

SMS and Prader Willi was observed, consequently, SMS patients may benefit from the 

same therapeutic approach used in  Prader Willi patients.[25] 

 The impulsivity level greatly affects the aggressiveness of destructive behaviors. Some of 

the most characteristic signs of behavioural dysfunction in these patients are body 

rocking, spinning/twirling,  mouthing objects, teeth grinding, “lick-and-flip” and “ self 

hug”, an action similar to a squeeze they tend to  perform when pleased. In the most 

typical clinical scenarios it is also possible to observe a marked distractibility and self 

injury behaviors, more specifically hand biting, nail yanking, head banging  

polyembolokoïlomania, which is often so severe to raise suspicion of an abuse history. 

[32-33] 

Generally speaking, the prevalence of behavioral difficulties in those with large deletions 

is  lower,  as the latter scenario leads to more profound intellectual disability and other 

mobility-limiting issues [9] However, some researchers  questioned about the existence 

of an inverse relationship between level of functioning and severity of self-injurious 

behaviors. In their study based on the analysis of 29 SMS individuals (age range 1.78 to 

49.04 years) an increase level of functioning was correlated with a higher level of severity 

of self injurious behaviors. [31] 
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As some behavioral aspects observed in SMS patients are similar to the ones reported in 

children with autism ( e.g. repetitive behaviours, obsessive thoughts, self injury etc…)  it 

is extremely important to take  into account autistic spectrum disorder on the differential 

diagnosis of Smith Magenis Syndrome.[36,40] Indeed, 90% of SMS children have a 

neurodevelopmental impairment consistent with the I axis diagnosis of ASD and  

characterized by a reversed gender difference. [37]  

 

2.9. Smith Magenis Syndrome : a radiological analysis 

When examining the child via a brain MRI, we generally highlight a pronounced 

enlargement of cisterna magna, possibly accompanied by the agenesis of cerebellum, 

epileptic seizures or electroencephalographic signs of epilepsy without a clinical 

correlation. Additionally, a  VBM reported a significant decrease in grey matter and its 

perfusion bilaterally at the level of insula and lenticular nucleus, without evidence of any 

change in white matter concentration.[38] 

 

 

 



30 
 

 

Fig 10 (Source: Abnormal brain magnetic resonance imaging in two patients with Smith–Magenis syndromeIdit 

Maya Chana Vinkler Osnat Konen Liora Kornreich Tamar Steinberg Josepha Yeshaya Victoria 

Latarowski Mordechai Shohat Dorit Lev Hagit N. Baris) 

T2 weighted image of a brain MRI performed at 3 years of age: (A) Midsagittal view shows thin corpus callosum, small brain 

stem and vermis, and mega cisterna magna in the posterior fossa. (B) Axial view shows the extensive ventricular dilatation 

as well as mild increased extra ventricular CSF spaces.  

 

The same imaging features were observed in intellectually disabled children with no 

diagnosis of Smith Magenis Syndrome  (P < 0.05 corrected). 

A deletion of the 17p11.2 region  associated with bilateral PNH  has been described in  two 

SMS individuals.This clinical feature , due to an abnormal neuronal migration, may have 

a noticeable impact on SMS neurocognitive and behavioural  profile.[39] 

 

2.10.Neuropsychological and social implications in Smith Magenis syndrome 

From a cognitive and psychological viewpoint  SMS patients  display a low IQ and an 

adequate capacity to integrate information, often  associated with attention problems and 

hyperactive behaviors. In both children and adult groups verbal skills represent a 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Maya%2C+Idit
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Maya%2C+Idit
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Vinkler%2C+Chana
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Konen%2C+Osnat
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kornreich%2C+Liora
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Steinberg%2C+Tamar
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yeshaya%2C+Josepha
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Latarowski%2C+Victoria
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Latarowski%2C+Victoria
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Shohat%2C+Mordechai
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lev%2C+Dorit
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Baris%2C+Hagit+N
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strength, whereas working memory is considered as a  weakness. No age related 

cognitive decline was reported.[40] 

When compared with children affected by Down Syndrome, both conditions display an 

atypical social profile, with a marked preference for interaction with adults rather than 

with peers, more evident in SMS children. However, social motivation was stronger  in 

Down syndrome: SMS patients  tended to seek for adult attention when the latter is 

momentarily unavailabale.[40]   

On the whole the neuobehavioural approach to these patients  should focus on improving 

communication skills, identifying and treating attention deficit/hyperactivity, 

aggressiveness and anxiety. Treatment of Smith-Magenis syndrome is complex and 

requires a multidisciplinary team including, among others, geneticists, psychiatrists, 

neuropediatricians/neurologists, somnologists, developmental and behavioral 

pediatricians, and speech and language therapists.[3-5,36-40] 

 

2.11  Sleep - wake cycle disfunction 

 Sleep disorder is one of the most prominent element in this syndrome. The main issues 

regarding sleep commonly observed are early waking when falling asleep at night, 

frequent night-time arousals, reduced or absent rapid eye movement (REM) sleep,  and 

daytime napping The pineal gland in human brain suprachiasmatic nucleus (SCN) is in 

charge of monitoring melatonin secretion and  central circadian rhythm  by means of 

light-triggered retinal signals running through the  retinohypothalamic tract according 

to a  24-h cycle expression of circadian genes.  [3,5,53] 
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The etiology of this phenomenon is still unclear. Several researchers suggest that in SMS 

patients melatonin secretion undergoes an inversion process.  Individuals with SMS 

indeed  typically have elevated melatonin secretion from the pineal gland in the daytime 

in contrast to very low excretion at nighttime. Salivary melatonin levels are  not impacted 

by medication or age. but, in order to distinguish SMS from other clinical conditions 

multiple sampling is needed.[42] 

However, the inverted secretion of melatonin, despite being a common finding in SMS, 

is not present in 100% of patients. Two individuals with atypical 17p11.2 deletions 

displaying normal melatonin secretion but still suffering from sleep disturbance were 

indeed observed, including a 5 year-old female carrying a ~5 Mb deletion that extended 

beyond the distal SMS-REP region and a 18 year-old female carrying a ~5.8 Mb deletion 

that extended beyond the proximal SMS-REP region detected by high resolution CGH and 

FISH.  

 Given that melatonin is secreted during daylight hours, its secretion is not suppressed 

by light in most persons with SMS. Despite this, a pulse of bright light temporarily 

inhibited melatonin secretion at night for the 18 year old female SMS patient, suggesting 

that the sleep disturbances in SMS cannot be solely attributed to the abnormal diurnal 

melatonin secretion versus the normal nocturnal pattern. 

Indeed, in this clinical condition also photosensitive retinal ganglion cell 

(ipRGC)/melanopsin system is extremely important as  its main goal is the transduction 

of  light-inhibitory effect on melatonin production. When dealing with red light, SMS 

exhibited a a pupillary response within the normal range; however, when blue flash was 

in use SMS patients had an altered response, characterized by a faster recovery to baseline 
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and the incapacity to suppress melatonin production at daytime. SMS patients show 

dysfunction in the sustained component of the PLR to blue light.[53]  

 

 

Fig 11( Source: Melanopsin System Dysfunction in Smith-Magenis Syndrome Patients - Mirella Telles 

Salgueiro Barboni; Clarissa Bueno; Balázs Vince Nagy; Patrícia Lobo Maia; Kallene Summer Moreira 

Vidal; Rosana Cardoso Alves; Russel J. Reiter; Fernanda Gaspar do Amaral; José Cipolla-Neto; Dora Fix 

Ventura ) 

The etiopathogenesis of this dysfunction  remains unclear. It may be due to an 

impairment in melanopsin-based photoreception, or a deficit in rod function. Moreover, 

variables pertaining to circadian rhythm entrainment were activated more strongly by 

light. At the input level, the activation of rod/cone and suprachiasmatic nuclei (SCN) by 

light was paradoxically greatly reduced, while the downstream activation of the ventral-

subparaventricular zone (vSPVZ) was increased. The vSPVZ integrates retinal and SCN 

input and, when activated, suppresses locomotor activity, consistent with the behavioral 

hypersensitivity to light we observed. Our results implicate Rai1gene as  one of the 

https://iovs.arvojournals.org/solr/searchresults.aspx?author=Mirella+Telles+Salgueiro+Barboni
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Mirella+Telles+Salgueiro+Barboni
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Clarissa+Bueno
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Bal%c3%a1zs+Vince+Nagy
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Patr%c3%adcia+Lobo+Maia
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Kallene+Summer+Moreira+Vidal
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Kallene+Summer+Moreira+Vidal
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Rosana+Cardoso+Alves
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Russel+J.+Reiter
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https://iovs.arvojournals.org/solr/searchresults.aspx?author=Jos%c3%a9+Cipolla-Neto
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Dora+Fix+Ventura
https://iovs.arvojournals.org/solr/searchresults.aspx?author=Dora+Fix+Ventura
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elements responsible for processing non-visual light information, from input to 

behavioral output. [53] 

In addition , when  researchers tried to study the sleep wake dysfunction in animal 

models they found out  RAI1 haploinsufficient mice do not produce melatonin, but still 

have circadian abnormalities, supporting a key role for Rai1 in circadian regulation 

without significant melatonin impact. Therefore the dysregulation of sleep is not due to 

an altered circadian secretion of melatonin but, on the contrary, the inverted melatonin 

maybe a secondary effect of a dysregulated molecular circadian network, thus, 

influencing sleeping patterns. Circadian disturbances in SMS are likely due to abnormal 

functioning of RAI1, as SMS patients with point mutations in this gene have been reported 

with both sleep disturbance and altered melatonin rhythms. [21-23] 

 RAI1 is  indeed a critical player in maintaining the molecular clock system, both in the 

hypothalamus, where the suprachiasmatic nucleus (SCN) lies and is responsible for 

controlling the central circadian rhythm, and also within the peripheral circadian 

oscillators, including the liver, heart and kidney. Haploinsufficiency of RAI1 in SMS 

fibroblasts and Rai1+/- mice hypothalamus results in the dysregulation of critical genes 

involved in circadian biology, such as circadian locomotor output cycles kaput (CLOCK), 

to which RAI1 binds for acting as an enhancer in the circadian loop of transcription. 

Because of this , when RAI1 is mutated, it provokes a complete alteration in the expression 

of multiple downstream circadian genes, such as PER2,PER3, CRY1, BMAL1. 1] [15] 

 The cyrcadian rhythm dysregulation provoked by RAI1 mutation in SMS is similarly 

observed in autism as well, especially with regard to the generalized tendency to awake 

at night leading to a fragmented sleep pattern and  the significant delay in sleep onset. 

However, literature also show some  note deserving differences in the sleep pattern in 

these two medical conditions : to make an example only autistic children frequently 
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suffers from obstructive apnea episodes, whereas exclusively SMS need take numerous 

naps during the day, due to the abnormal functioning of epiphysis gland. [15,51] 

Indeed, from a biochemical standpoint, the haploinsufficiency  of RAi1 gene, leads to an 

alteration in melatonin production at the level of epiphysis and subsequently in the 

content of this neurotransmitter at the level of the salivary glands.[28] 

 On one hand, some authors hold that this phenomenon is brought about by an 

abnormality related to the timing of melatonin peak,.   

On the other hand , other researchers state that there is a complete reversion in the whole 

pattern of melatonin secretion, affecting the neurobiology of these patients. 

At present scientific community is still not able to demonstrate if there is an  inversion in 

melatonin secretion or a timing shift.   [29-30,42,45-46] 

Insomnia therefore represents one of the main  sleep related clinical symptoms in SMS, 

whose etiology may be rooted on an altered gene expression involving chromosome 17. 

This hypothesis is supported by the presence of 12  DMPs  on chromosome 17 associated 

with sleep loss and possibly with neurodegenerative phenomena determining SMS sleep 

profile. 

 More specifically, a  report published by Smith et al   was able to demonstrate that sleep 

pattern in SMS patients is charachterized by a 1 hr  delay in sleep onset, higher frequency 

of naps and significant somnolence at daytime with respect to controls.In addition to this, 

the implementation  of  body temperature, as  marker of clock-timing, revealed a  

postponed 24 h body temperature pattern rather than an inverted one. Besides this, the 

study didn’t report the same results in the whole SMS population , but significant changes 

were observed in different age groups, suggesting a dynamic evolution of sleep 

dysfunction from adolescence to adult life likely to benefit from individualized approach. 
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As the marked  sleep deprivation of these patients has a huge impact on their quality of 

life, clinicians tend to treat it via the exogenous administration of melatonin supplement. 

However, after repetitive doses a  tolerance is frequently reported. In order to prevent 

this phenomenon, low doses must be given. [15,45-46] Another therapeutic possibility is 

the combined regimen of melatonin supplementation and beta receptor antagonists 

administration. More specifically, beta blockers are given in the morning as to block the 

abnormal secretion of melatonin occurring at daytime, in combination with a melatonin 

supplement administered at night to regularized the sleep cycle. This strategy has turned 

out to function well and has improved the quality of life for both patients and their 

parents. However, it has to be further implemented in the therapeutic field and it may  

be also associated with some still not well known interventions, such as light 

therapy.[15,45] 

 

2.12  Hearing impairment in Smith Magenis syndrome 

When Smith Magenis syndrome was first described alterations in the hearing system of 

both conductive and neurosensorial type were detected in six  out of the nine patients 

being evaluated despite the lack of systematic audiometric analysis. [1,33].  A better 

insight concerning this dysfunction has been achieved by subsequent studies (Girirajan 

et al., 2006; Greenberg et al., 1991; Potocki, Shaw, Stankiewicz, & Lupski, 2003 Edelman 

et al., 2007; Gamba et al., 2011)  which defined hearing loss as a frequent clinical feature 

of SMS patients , generally mild and likely due to the high rate of recurrent otitis media 

(Elsea & Girirajan, 2008; Smith, Dykens, & Greenberg, 1998b in turn favoured by 

craniofacial dysmorphology , alterations in the Eustachian tube and shallow 

nasopharynx. (Di Cicco et al., 2001) [54] 
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At present no enough data has been collected to describe a progression  pattern of hearing 

loss in SMS patients. Researchers speculate about the possibility that fluctuations in 

hearing function significantly depend  on  the recurrence of otitis media.  Hyperacusis 

has been identified as an important issue since the first studies on SMS   In addition to 

this, SMS patients may be affected by  sound sensitivity a phenomenon observed also  in 

patients with autistic spectrum disorder, a diagnosis often co-occurring with Smith 

Magenis Syndrome.[60] 

Hearing loss was less common among those with RAI1 mutations (37.5% of ears) as 

compared with those with 17p11.2 microdeletions (74.4% of ears, data not shown). 

Examining individual differences and overlap in the proteins encoded in the 17p11.2 

region could lead to a better insight  for what regards other genes, such as MYO15A, and 

another  autosomal recessive gene (DFNB3) causing non syndromic  deafness and  located 

in the 17p11.2 region. Even though generally the hearing issues in the SMS patients  goes 

hand in hand with deletions,  researchers  hypothesize a  possible role of RAI1, and of the 

retinoic acid signaling, in the formation of the organ of Corti.[5, 54] 
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3. Objective of the study  

To define neuropsycological and metabolic aspects in a cohort of  20 patients with Smith 

Magenis syndrome and  to evaluate the correlation between the  two aspects via the 

administration of a neuropsychological battery, a 3 day food record, and  metabolic 

assessment  with indirect calorimetry. 

 

4. Patients and Methods 

Our study was carried out at Center of Rare Disease of IRCCS Fondazione Policlinico 

Universitario A Gemelli and aimed at achieving a comprehensive analysis of the 

neuropsychological, nutritional and metabolic abnormalities frequently reported in SMS 

patients with an ongoing worsening pattern.  

The study was approved by the local ethic committee. 

From September 2017 to May 2019 a total of 25 subjects were enrolled in this study after 

gainining informed consent. However, two children were excluded from the trial, owning 

to failure to return the tests, three children because of incomplete data. Twenty patients 

were eventually included in the trial: 10 M and 10 F, with an age range between 1.1 and 

27.3 years and an average age of 8.4 years, median age 6.4 years. 
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Fig 12. Population enrolled  

All patients fulfilled all inclusion criteria (see below). Informed consent was obtained 

from the subjects’ parents or their legal guardians after explanation of the design of the 

study. 

Inclusion criteria were as follows:  

1. Diagnosed with SMS with molecular confirmation 

2. Able to follow multidisciplinary evaluation (genetic, pediatric with expertice in 

disability, neurological) 

3.  Able to follow nutritional evaluation and calorimetry 

4.  Able to complete neuropsychologic tests (inserire elenco) 

 

Exclusion criteria were as follows:  

1.Clinical diagnosed with SMS 

2.Not able to complete procedures of study design 
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All patients involved in our sample have a confirmed diagnosis of Smith Magenis 

Syndrome documenting interstitial deletion [del (17) (p11.2p11.2)]. No patient with RAI1 

mutation took part in our study.  

Patients were grouped in two different categories on the basis of the age at evaluation 

time: before and after 8 years (respectively named Group A and Group B) 

The eight year of age threshold was taken into account as it allowed to distinguish 

between patients attending school and children still not taking part in didactic activities.  

 

Neuropsychological Tests 

An extensive neuropsychological test battery focusing on eating issues, behaviour, sleep 

was administrated. The assessment protocol was administered to subjects in an 

outpatient  or inpatient setting ( hospitalizations lasting for a couple of days) 

In order to study our variables primary carers were asked to fulfill a number of 

questionnaires and took part in standardised interviews. 

 

Sleep disorder 

 For what concerns the sleep issue, sleep problems were assessed via a Sleep diary  and 

SDSC (Sleep Disturbance Scale for Children).  
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5 Always (daily) 
 

4 Often (3 or 5 times per week)  

3 Sometimes (once or twice per week)   

2 Occasionally (once or twice per month or less)    

1 Never     

3. The child goes to bed reluctantly 1 2 3 4 5 
4. The child has difficulty getting to sleep at night 1 2 3 4 5 
5. The child feels anxious or afraid when falling asleep 1 2 3 4 5 
6. The child startles or jerks parts of the body while falling asleep 1 2 3 4 5 
7. The child shows repetitive actions such as rocking or head banging while falling 

asleep 
1 2 3 4 5 

8. The child experiences vivid dream-like scenes while falling asleep 1 2 3 4 5 
9. The child sweats excessively while falling asleep 1 2 3 4 5 
10.The child wakes up more than twice per night 1 2 3 4 5 
11.After waking up in the night, the child has difficulty to fall asleep again 1 2 3 4 5 
12.The child has frequent twitching or jerking of legs while asleep or often changes 

position during the night or kicks the covers off the bed. 
1 2 3 4 5 

13.The child has difficulty in breathing during the night 1 2 3 4 5 
14.The child gasps for breath or is unable to breathe during sleep 1 2 3 4 5 
15.The child snores 1 2 3 4 5 
16.The child sweats excessively during the night 1 2 3 4 5 
17.You have observed the child sleepwalking 1 2 3 4 5 
18.You have observed the child talking in his/her sleep 1 2 3 4 5 
19.The child grinds teeth during sleep 1 2 3 4 5 
20.The child wakes from sleep screaming or confused so that you cannot seem  to get 

through to him/her, but has no memory of these events the next morning 
1 2 3 4 5 

21.The child has nightmares which he/she doesn’t remember the next day 1 2 3 4 5 
22.The child is unusually difficult to wake up in the morning 1 2 3 4 5 
23.The child awakes in the morning feeling tired 1 2 3 4 5 
24.The child feels unable to move when waking up in the morning 1 2 3 4 5 
25.The child experiences daytime somnolence 1 2 3 4 5 
26.The child falls asleep suddenly in inappropriate situations 1 2 3 4 5 

Disorders of initiating and maintaining sleep (sum the score of the items 
1,2,3,4,5,10,11) 

 

Sleep Breathing Disorders (sum the score of the items 13,14,15)  
Disorders of arousal (sum the score of the items 17,20,21)  

Sleep-Wake Transition Disorders (sum the score of the items 6,7,8,12,18,19)  
Disorders of excessive somnolence (sum the score of the items 22,23,24,25,26)  

Sleep Hyperhydrosis (sum the score of the items 9,16)  

Total score (sum 6 factors’ scores)  
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Name:____________________________________  Age:_________ 
 Date:_________ 

1. How many hours of sleep does 
your child get on most nights. 

1 
9-11 hours 

2 
8-9 hours 

3 
7-8 

hours 

4 
5-7 

hours 

5 
less than 5 

hours 

2. How long after going to bed 
does your child usually fall 
asleep 

1 
less than 

15' 

2 
15-30' 

3 
30-45' 

4 
45-60' 

5 
more than 60' 
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Fig 13 SDSC scale form 

T 
score 

DIMS SBD DA SWTD DOES SHY TOTAL T 
score 

100+ 26+ 11+ 8+ 21+ 20+  74+ 100+ 

99 25   20   73 99 

98       72 98 

97       71 97 

95 24   19 19  70 95 

94   7    69 94 

93 23 10  18 18 10 68 93 

90       66 90 

89 22      65 89 

88     17  64 88 

86 21 9  17  9 63 86 

85     16  62 85 

84    16   61 84 

82 20  6    60 82 

81     15  59 81 

80      8 58 80 

79 19 8  15   57 79 

77     14  56 77 

76 18      55 76 

75    14  7 54 75 

73 17    13  53 73 

72  7     52 72 

70 16  5 13   51 70 

69     12 6 50 69 

68       49 68 

67       48 67 

66 15   12   47 66 

64 14 6   11 5 46 64 

63       45 63 

62    11 10  44 62 

60 13      43 60 

59       42 59 

58 12 5 4 10 9 4 41 58 

56       40 56 

55       39 55 

54 11   9   38 54 

53     8  37 53 

51  4    3 36 51 

50 10   8 7  35 50 

49       34 49 

47 9  3    33 47 

46     6  32 46 

45 8 3  7  2 31 45 

42     5  29 42 

41 7   6   28 41 

40       27 40 

38  2   4 1 26 38 
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Fig 14 Sleep Diary Form 

 

In the sleep diary parents were asked to report the timing of falling asleep and the 

number of awakenings at daytime and nighttime. These data served as a reliable  

 indicator of sleep duration despite their inability to throughly analyze the arousal time. 

The second tool was therefore the SDSC (Sleep Disturbance Scale for Children). It is 

composed of 26 items in a Likert-type scale displaying a rating system ranging between 

1 and 5. The highest the score the more severe  the  symptoms. The main objective of this 

scale was to provide a description of the sleeping difficulties of patients and to make a 

distinction between transient and permanent issues. 

 Two different  scoring systems were implemented.  
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The first one concerns prescholar childrens and subscales are:  

 PAR parasomnias,  

 DIMS Disorders of initiating and maintaining sleep,  

 SBD Sleep breathing disorders,  

 DoES Disorders of excessive somnolence 

 SHY Sleep hyperhydrosis 

 SNR Non-restorative sleep  

 

The second one is destined to scholar children, adolescent and young adults and 

consists of :  

 SBD sleep breathing disorders;  

 DoES disorders of excessive somnolence 

 DIMS difficulty in initiating and maintaining sleep;  

 SWTD sleep–wake transition disorders;  

 DA disorders of arousal;  

 SHY hyperhidrosis. 

 

Both scoring  scales includes a total sleep score.  

For what concerns the neuropsychological and behavioral profile two different methods 

were used : ABC (Aberrant Behavior Checklist)  and CBCL ( Child behaviour Checklist). 
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The ABC [62 ]is a rating scale composed of 58 items and focusing on the evaluation of 

five parameters :  

 Irritability (15 items),  

 Lethargy (16 items),  

 Stereotypy (7 items),  

 Hyperactivity (16 items) 

 Inappropriate Speech (4 items) 

 

These psychometric variables were chosen because they  repeteadly allowed in previous 

studies a punctual assessment of the main SMS behavioral issues ,including self injury 

behaviour and aggressivity towards others.  

 

  

The ABC was used as a dependent variable in this study to focus on a broad range of 

behavioral issues.  

 The subscale scores taken into account are:  

 hyperactivity 

 irritability 

 lethargy 

 Inappropriate speech 

 stereotype 

In each group calculations of mean and standard deviations were reported. 

In addition, the information provided by parents were gathered by using a specific type 

of scale depending on the age of the patient: Child Behavior Checklist 1½–5 (CBCL 1½–
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5) (Achenbach & Rescorla, 2000, Frigerio et al., 2009) or Child Behavior Checklist 6–

18(CBCL 6–18) (Achenbach & Rescorla, 2001). 

 

The CBCL 1½–5 is a 100 item parent-report measure aiming to display the behavioral 

impairment of preschoolers. Each item focuses on specific behavioral trait and the parent 

is asked to rate the frequency of each behavior on a three-point Likert scale (0, not true; 

1, somewhat or sometimes true; 2, very true or often true).  

The measurements collected concern summary scales (i.e., Internalizing, Externalizing 

and Total Problems) and seven syndrome scales (i.e., Emotionally Reactive, 

Anxious/Depressed, Somatic Complaints, Withdrawn, Sleep Problems, Attention 

Problems, and Aggressive Behavior). 

 

The CBCL 6-18 is a 113 item parent-report mesure whose aim is the record of behavioral 

abnormalities of schooler children and adolescents. The caregiver has to rate the 

frequency of each behavior on a three-point Likert Scale as for CBCL 1½–5. These scores 

provide a description of three summary scales (i.e., Internalizing, Externalizing and Total 

Problems), eight syndrome scales (Whitdrawn/Depression, Anxious/Depressed, 

Through Problems, Social Problems, Attention Problems, Rule-Breaking Behavior, 

Aggressiveness, Somatization). 
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Moreover, Sensory Profile together with the Sensory Profile Supplement (Dunn, 2006) 

were used to assess the aility to process sensitive stimuli and the pattern of performance.  

There are three version of Sensory Profile each of them targeting a specific age range:  

 a questionnaire from birth to 36 months 

 a questionnaire for 3-10 years and 

 a questionnaire for adolescent from 11 years 

This last one is intended a da tool for self evaluation . The Sensory Profile uses the five-

point Likert scale to rate 125 items focusing on a child’s response to daily sensory stimuli 

in the form 3-10 and to rate 60 items in the adolescent form. The classical form has a 

descreasing scoring; the adolescent form  on the other hand is based on an increasing 

one. 

 

 Patterns of sensory processing were identified by groups of Sensory Profile response 

items that reflect four quadrants:  

 Registration 

 Seeking 

 Sensitivity 

 Avoiding 

 

These quadrants are described on the base of the specific correlation  with the 

neurological response, whose pattern may be active or passive . (Dunn, 1999, 2006). 

 The CEBI (Children Eating Behavior Index) is a 40 item  behavior rating  exclusively 

determining the severity of  the eating Disorder and eating Behavior. It uses  the five-

point Likert-Scale (never; seldom; occasionally; frequently; and always). Among the 
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items twenty-eight items are scored negatively, 12 items are scored in the positive 

direction. (Archer L.A. et al. J Paediatric Psychology 1991, 16 n°5: 629-642) 

 

 
Multidisciplinary evaluations (genetic, nutritionist, pediatric with expertice in 

disability) 

 

Each child underwent genetic, pediatric, nutritionist evaluations. The following 

measurements and instrumental analysis were performed on the same morning at the 

Center of Rare Diseases –Fondazione Policlinico A Gemelli – IRCCS of Rome: 

anthropometric measurements [Body Weight (BW), Head Circumference (HC), 

Lenght/Heigt [L/H], indirect calorimetry [REE]. 

 

Anthropometric measurements 

All anthropometric measurements were collected by the same well-trained nutritionist  

by applying the conventional criteria and following recognized measuring procedures  

Growth charts were developed in 1977  by the National Center for Health Statistics  for 

following up the  growth of children in relation to the nutritional status and the type of 

diet. For some genetic diseases  determining failure to thrive and a below average growth 

pattern specific tables are used to evaluate if  the child is growing in an adequate manner 

with respect to their clinical condition. However, in case of children affected by Smith 

Magenis Syndrome, the usual growth charts are normally used despite their metabolic 

imbalance and genetically-linked tendency for hypercoloesterolemia since they are in 

young age.  This choice roots on the need to make a direct comparison with BMI, 

macronutrient consumption and general nutrition of  non SMS individuals , implemented 
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in studies as controls. In addition to this , the divergence between the growth pattern 

observed in SMS children and the one seen in normal children  is not so dramatic to 

justify the need of a “ normalized scale” , as it happens in Down or achondroplasic 

patients. 

In this study Body Mass Index (BMI) was calculated by the following formula: BW 

(Kg)/SL2 (m2). Sex-specific weight, length and BMI-Z-scores were derived using the 

2000 Centers for Disease Control and Prevention (CDC) Growth Charts [According to 

CDC guidelines a child with BMI-Z-scores value below the −2, between −2 and +2, 

between +2 and +3 or above +3 was considered underweight, normal weight, overweight 

or obese, respectively. 
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Indirect Calorimetry 

In order to assess the metabolic status of our patients we used a machinery known as 

indirect calorimetry,a respiratory test aiming to provide an accurate estimation of 

energy expenditure.  

 

 
FIG 15 : Indirect Calorimetry 

 

This parameter is calculated on the basis of the oxidation rate of the energy 

macronutrients (fat, carbohydrate, and protein) being consumed  and  the amount of 

oxygen and carbon dioxide produced by  cellular metabolism . 

The respiratory exchanges may be measured : 

 in air by  means of a mask or a mouth piece,  

 in air flowing through a ventilated canopy over the subject's head  

 in the air ventilating a small room in which the subject may live for some time. 

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiwopbvqJrjAhXNzaQKHXOIA4wQjRx6BAgBEAU&url=http://www.icans.unimi.it/ita/clinica/eta-evolutiva/calorimentria-indiretta-bambino.html&psig=AOvVaw1xIaVZ3l2EnuE-OTGZGYUP&ust=1562297183302184
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 The measurements and calculations required are equivalent one to another according 

to all the over-mentioned modalities. 

 

Some parameters have to be measured according to specific conditions, at standard 

temperature and pressure (STP) under dry conditions, that is to say: 

 The ventilation rate of the subject or his enclosure,  

 oxygen and carbon dioxide concentrations inspired and expired by the subject or 

entering and leaving the enclosure, 

  moisture content, 

 temperature, 

  pressure of the ventilating air at the point where its flow rate is measured 

 

Only gaseous variables (oxygen, carbon dioxide, and water vapor) are not metabolically 

active.  

When measurements are made in a room, results are not a direct reflection of the 

effective gas exchange. As to get the final value  for energy expenditure it is essential to 

combine the adequate oxygen and carbon dioxide concentrations  with macronutrient 

oxidation rates after a  30 minute-continuous monitoring in a room whose volume is 150 

times greater than that of the subject within it.[56-58] 

Another important parameter is the  respiratory quotient (RQ), which coincides with 

the ratio between carbon dioxide and oxygen concentration (VCO2/VO2), which is 

indicative of the type of substrate mainly involved in cellular metabolism.  For glucidic, 

proteic and lipidic metabolism  the corresponding values are 1.0, 0.83 and 0.7 

respectively. [56] 
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Individuals whose nutritional status display an overfeeding  pattern generally report  an 

RQ >1.0, direct consequence of CO2 overproduction associated with an increase in  

lipogenesis. 

Protein oxidation occurs in an incomplete manner and yields nitrogenous compounds, 

urea, uric acid, and ammonia, which are excreted in urine.  

When these exchanges are subtracted from the total respiratory gas exchanges, the 

‘nonprotein’ exchanges are unmodified and on the basis of them, lipidic and glucidic 

oxidation rates are calculated. 

The precisions achievable for fat and carbohydrate oxidation measurements made over 

30 min within a room calorimeter are typically ± 0.4 and ± 0.7 g. (Precision is 

estimated as ±1 standard deviation confidence limits from 20 repeated measures of 

simulated gas exchange and nitrogen analysis.) The accuracies are typically ±0.2 and ± 

0.42 g, respectively, for sedentary activity in an adult subject. 

 

Macronutrient 

oxidation 

coefficient  

Carbohydrate Protein Fat 

Energy equivalent 

of oxygen (KJ-1) 

21.12 19.48 19.6 

Respiratory 

quotient 

1 0.835 0.71 

Energy density 

(Kjg-1) 

15.76 18.56 39.33 
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The table above displays macronutrient flux measurements and the oxidation rates of 

fat and carbohydrate measured during alternating 30-min periods of exercise and rest 

by indirect calorimetry  within a whole-body calorimeter room with an internal volume 

of 11 m3. 

After gaining macronutrient oxidation rates values,  it is possible to measure energy 

expenditure, defined as the thermic energy amount human body utilizes for daily 

functioning .  

 

 

Fig 16 (Source: Indirect Calorimetry: From Bench to Bedside Riddhi Das Gupta, Roshna 

Ramachandran, Padmanaban Venkatesan1, Shajith Anoop, Mini Joseph, Nihal Thomas Departments of 

Endocrinology, Diabetes and Metabolism and 1Biochemistry, Christian Medical College, Vellore, Tamil 

Nadu, India) 

 

 



55 
 

 

It consists of three main components: 

 Basal energy expenditure (EE)  

 Resting EE (REE): energy used to maintain body temperature, respiration and  

the other vital functions 

 Activity EE: Energy used in physical activity.  

 

Energy expenditure changes on the basis of body weight which in thus impacts tissue 

distribution. Differences in body weight are usually associated with differences in tissue 

distribution. Fat tissue for example tends to have a low EE.  

Many investigators normalize VO2 for body weight or, preferably, lean body mass that 

more closely reflects total EE. 

 EE can therefore be calculated  by summing the products of the macronutrients oxidized 

and their energy densities. Frequently proteins represent a fixed proportion of energy 

expenditure, expressed by the following formula:  

 

EE=15.82×O2consumption+5.21×CO2production, 

where EE is in kJ min−1, and gas exchanges are in 1 min−1. 

The final value for energy expenditure somehow reflects the relative contributions of fat, 

carbohydrate, and protein to the oxidation fuel mixture. [The energy equivalent of 1 l of 

oxygen consumed by fat, carbohydrate, or protein oxidation is rather similar.  

 

This typology of testing  is auspicable for those categories of patients who are subject to 

mechanical ventilation (MV)  when a fractional concentration of oxygen in inspired gas 
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(FiO2) <60% and peak end-expiratory pressure (PEEP) <10 are achieved, therefore their  

general conditions  are stable.  

 

The most important scenarios in which indirect calorimetry is important are 

 disease which are aggravated by overfeeding diet such as diabetes mellitus, 

chronic obstructive pulmonary disease, obesity. 

 clinical conditions in which an inadequate diet may have a tremendous impact 

on final outcome (renal disease, large wounds) 

 physical stati leading to a an alteration in energy expenditure, such as spinal cord 

injury 

 drugs associated with high metabolic demand (β-blockers, paralytic agents 

 patients who have a metabolic response to dietary regimen which is different 

from the expected one. 

 

Measurements obtained through indirect calorimetry can be subject to aberrations , 

depending IC also on some not easily controllable variables, such as : 

 ventilator and oxygen settings, 

 patient agitation/thermogenesis, 

 hypothermia (especially during CRRT), 

 volume status,  

 loss of carbon dioxide via dialysis or ventilator/cuff leak 
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Resting energy expenditure 

To measure oxygen consumption (VO2) and carbon dioxide production (VCO2) we used 

an open-circuit ventilated-hood system (Sensor Medics 29, Anaheim, CA, USA). We took 

the measurements in a thermoneutral environment (ambient temperature 24–26 °C) 

devoid of external stimuli. At the beginning of each test the calorimeter was calibrated: 

there were two reference gas mixtures (26% O2 and 74% N2; 16% O2, 4.09% CO2 and 

79.91% N2, respectively). Children were fasted for at least 6 h. Data collection time was 

at least 20 min, with a 5 min run-in time for stabilization and time to allow the children 

to get used to the canopy and instrument noise. Steady state was determined by five 

consecutive minutes in which VO2 and VCO2 variations were less than 10%. Averaging 

the steady state values allowed the determination of 24 h REE, done by using the 

abbreviated Weir equation [19]: REE Kcal/day = (3.941 VO2 mL/min + 1.106 VCO2 

mL/min) × 1.44. The ratio VCO2/VO2 gave the RQ. Measured REE values were compared 

with predicted REE values (pREE) based on the Schofield equation.  

 

Metabolic state was defined as hypometabolic if MREE:EREE was <90%, hypermetabolic 

if MREE:EREE was >110% or normometabolic if MREE:EREE was between 90% and 

110%, as previously published  Distribution of energy intake adequacy based on 

comparison between reported Average Energy Intake (AEI) from the 3-day food record 

and Measured Resting Energy Expenditure (MREE) from indirect calorimetry. 

AEI:MREE <80% defined as underfed, AEI:MREE 80%–120% as adequately fed and 

AEI:MREE >120% as overfed. AEI, average energy intake; MREE, measured resting 

energy expenditure. 
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In conclusion , indirect calorimetry was implemented in this study as an accurate , 

sensitive and non invasive  tool to assess  the amount of heat  generated according to the 

substrate used and byproducts formed to get  a better insight into metabolic imbalances 

and nutritional status in  patients affected by Smith Magenis Syndrome. 

 

Macronutrient intakes 

Parents/guardians completed a 3-day food record prior to the study visit, which was 

reviewed by a nutritionist   

The evaluation of nutritional aspects in Smith Magenis Syndrome was based on a tool 

known as 3-day diet, a food diary, in which  patients were asked to record all  food and 

beverages  consumed during a 72 hour time period.  
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FIG17 3 day-food diary  

 

This kind of testing aimed to evaluate  the  average amount of calories consumed daily 

and the macronutrient distribution. In order to get an accurate description of the 

nutritional status of patients, 3 day diet should be kept while following  the usual diet and 

without relying on memory: each meal must be recorded at the time it is consumed. 

In case of a combined item consisting of more foods, it has to be broken down in 

individual components. 

The following dietary information was abstracted from the food diary using Nutrition 

Data System for Research® actual energy intake (AEI, kcal/day), protein intake (g/kg/d, 

%), carbohydrate intake (%), fat intake (%). 
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Adequate macronutrient intake was defined as daily intake greater than age- and gender-

based Recommended Dietary Allowances by LARN 

[http://www.sinu.it/html/pag/tabelle_larn_2014_rev.asp].  

 

Statistical analysis 

All continuous variables are expressed as median ± standard deviations, while discrete 

variables are expressed as frequency and percentage. All analysis were performed by 

SPSS version 21.0 for Windows (SPSS, Inc., Chicago, IL, USA). A value of p < 0.05 was 

considered statistically significant  
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5. Results 

Nutritional and metabolic aspects 

Twenty consecutively consenting patients were enrolled. Table A summarizes the 

demographics, clinical and nutritional characteristics of the study cohort.  

 

Table A. Demographic, clinical and nutritional characteristics of SMS population (N = 20) 

 

Characteristics GROUP A < 8 aa 

(median/frequency) 

GROUP B > 8 aa 

(median/frequency) 

P value 

Number  

 

12 8  

Age (y) 3 (1.1 -7.8) 11.7 (9.1, 27.3)  

Gender (F) 6 (50%) 3 (38%)  

Weight for age Z score  -0.45 (-3.3, +1.4) +1.02 (−2, + 2.2)  

Height for age Z score -0.85 (-2.08, +1.6) −0.9 (−2.3, + 0.5)  

BMI Z score +0.2 (−2.7, + 1.55) +1.74 (−0.23, +2.38)  

    

 

The median age of the cohort was 6.4 (1.1, 27.3) years, including 9 (45%) female patients.  

In Group A (< 8 years) Median Weight for age Z score (WAZ), Height for age Z score 

(HAZ) and BMI Z score (BMIz) were -0.45 (-3.3, +1.4), -0.85 (-2.08, +1.6) and +0.2 (−2.7, 

+ 1.55) respectively.  

In Group B (> 8 years) Median Weight for age Z score (WAZ), Height for age Z score 

(HAZ) and BMI Z score (BMIz) were +1.02 (−2, + 2.2), −0.9 (−2.3, + 0.5) and +1.74 

(−0.23, +2.38) respectively.  
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Energy and macronutrient intakes (Table B) 

All patients were fed exclusively by the oral route. A 3-day food record was completed 

in 20 patients. Median macronutrient distribution for Group A was 49.5% carbohydrate, 

34.3% fat and 16.2% protein, vs 52% carbohydrate, 33.3% fat and 14.7% protein showed 

by Group B. 

Protein (g/Kg/d) intake was greater than age- and gender-matched LARN in majority of 

the cohort (16/20), expecially in Group A (10/12) where it reached 2.3 gr/Kg/d (vs 1 

gr/Kg/d). 

 

Table B. Energy and macronutrient intakes of SMS population (N = 20) 

Nutrition variables GROUP A < 8 aa 

(median/frequency) 

GROUP B > 8 aa 

(median/frequency) 

P 

value 

    

Energy intake (kcal/day) 

 

Metabolic state 

 

          AEI:MREE <80% underfed 

 

          AEI:MREE 80%–120% normal fed  

 

          AEI:MREE >120% overfed 

 

1250 (900, 2200) 

 

1 (8.5%) 

2 (16.5%) 

9 (75%) 

2120 (1200, 3700) 

 

0 

0 

8 (100%) 

 

Protein intake (g/kg/day) 1.75 (0.9, 2.3) 1.2 (1, 1.9)  

Dietary macronutrient composition 

 

   

% Carbohydrate 49.5 (45, 57.1) 52 (43.5, 55.3)  

% Fat 

 

% Protein 

34.3 (30.1, 39.5) 

 
16.2 (10, 22) 

33.3 (30.1, 52.2) 

 

14.7 (11, 18.5) 

 

    

AEI Average Energy Intake from the 3-day food recordMREE Measured Resting Energy Expenditure from indirect 

calorimetry 
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Metabolic state and energy expenditure  

Indirect calorimetry was completed in 20 patients and steady state was achieved in all.  

No significant differences about dietary macronutrient composition was evidenced in the 

two groups. 

Based on AEI/MREE  ratio, 8.5% of the patients in Group A was categorized as underfed, 

16.5 % normalfed and 75% overfed. All patients in Group B was defined as overfed. 

 

 

 

Fig 18 Adequacy of energy intake compared to measured resting energy expenditure in Group A. 
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Neuropsycological aspects 

 

SDSC and Sleep diary. Sleep wake dysfunction was observed in 70% of participants . 

60% of them was undergoing melatonin therapy, in just a single  case association with 

acebutolol turned out to be effective. 

The total amount of sleep per night was rated as abnormal in 8 children out of ten. (2 of 

Group A and 6 of Group B). Mean total score in our sample was 48,5 (range: 31-92). In 

Group A (prescholar) mean total score was 44,1 (range: 31-65). In Group B (scholar) 

mean total score was 52,9 (range: 37-92).  

The evaluation of SCSD factor showed: SBD 10 of 20 patients (50%); DIMS 15 of 20 

patients (75%); SHY 7 patients of 20 (35%); DoES 15 of 20 patients (75%); PAR 0 

patients; NRS 0 patients; DA 1 of 10 patients (10%). SWTD 9 of 10 patients (90%); 

It’s possible to evaluate  each  in Group A (tabel 1) and in Group B (tabel 2). 

 

Table 1 

  Normal Borderline Clinical 

DIMS 0% 60% 

41,38% 

20,69% 

44,83% 

41,38% 

27,59% 

41,38% 

40% 

20,69% 

6,90% 

17,24% 

17,24% 

10,34% 

34,48% 

SBD 20% 40% 40% 
DA 90% 0% 10% 
SWTD 10% 60% 30% 
DoES 10% 70% 20% 
SHY 50% 30% 20% 
TOTALE 0% 60% 40% 
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Behavioral problems 

ABC. ABC total scores in the group B were significantly higher when  compared to that 

of the group A (U-value 20; Z-score -2.22999; p<0.05). In addition to this, the same 

pattern was found in the final scores for  Irritability, Hyperactivities and Inappropriate 

Speech, with higher scores in the group B (Irritability Group A average 11.7 SD 7.78, 

Group B average 24.4 SD 10.68, U-value 17.5, Z-Score -2.41897, p<0.01; Hyperactivity 

Group A average 10.3 SD 9.83, Group B average 24.6 SD 11.91, U-value 16.5, Z-score -

2.49457, p<0.01; Inappropriate Speech Group A average 1.1 SD 2.51, Group B average 5.4 

SD 2.83, U-value 8.5, Z-score -3.09931, p<0.01). 

No significant difference was observed in both  Lethargy and Stereotypy  subdomains 

neither gender-based correlation in the final scores . 

 

CBCL. The sixtyfive percentage of patients ( i.e.13 individuals) had significant scores to 

the total scales on CBCL. Attention problems were found in 12 patients (60%) and 

aggressiveness in 40%. 

Among the younger ones, 3 patients of  8 (37%) exhibited tendency  to isolate and 

affective problems instead among the older ones 9 patients of 12 displayed thought 

problems (75%). 

Scores in total scale were higher in Group B compared to that of Group A (3 patient vs 10 

patients). The same result was for externalizing (3 patient vs 10 patients). 

Internalizing score instead were higher in Group A (6 patients vs 4 patients). 

Taking into account the differences of the two version of the test, only subdomains: 

Attention Problems and Aggressiveness could be compared. 

Attention problems were higher in Group B (8 patients vs 4 patients) as well as 

Aggressiveness (7 patients vs 1 patient). 
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Sensory Profile 

17 patients fill out the form for infant (4 patients to 7-36 months and 13 patients to 3-10 

years) instead 3 patients completed Adolescent form. The results were the following: 

In 100% patients were found sensory profile alterations. 

In 60% were found hearing alterations; 20% visual alterations;  

3 of 4 children younger than 36 months  displayed  abnormalities in hearing and 

vestibular processing  whereas  half of them  experienced alterations of visual, gustatory 

and tactile processing.  

In 10 of 13 (76%) children of 3-10 years were found difficulties in multisensorial 

integration. In 7 patients of 13 (54%) alterations of vestibular and tactile processing were 

observed, in 6 patients of 13(46%) alteration of hearing processing were present ; finally 

in 5 of 13 patients (38%) a taste and smell impairment  occurred. Visual processing seem 

as relative strength because in 11 of 13 patients response fell within the normal value 

range.  

In 10 of 13 (76%) patients were emotional when dealing with sensorial stimuli and 

alteration of fine-motor pattern.  

In 69% there were low endurance to stimuli. 76% patients reported lower scores to 

“Modulation of sensory input concerning emotional responses” and 100% patients got 

lower scores in “Behavioral outcomes of sensory processing”.  

In all 3 adolescents alterations of the neurological threshold were present; however, 

different modulation strategies were implemented by patients. 
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CEBI. 66% of our sample showed eating behavioral problems (40% in Group A and 80% 

in Group B). In tabel 3 there is the difference in mean score in the two group. 

 

Table 2 

  Standard Score SMS 

<8 years 88.08 92.375 

>8 years 83.93 100.8 

 

Table 3 

Pathological score were  found  in 7 of 10 girl and in 5 of 10 boys. The age seems to be 

important and make difference based on gender (especially in girls) as we can see in table 

4. 

Table 4 

GIRL 

GROUP 

A GIRL 

GROUP 

B  BOYS 

GROUP 

A BOYS 

GROUP 

B 

R.G. ○ C.C. ●  A.J. ○ R.R. ● 

N.A. ● M.C. ●  L.G. ● M.F. ● 

E.R.A. ○ F.M. ●  Z.L. ○ A.N. ○ 

A.G. ○ A.S. ●  P.I. ○ G.S. ● 

S.L. ● M.I. ●  P.M. ● D.O.G. ○ 
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6. Discussion 

In this study our institution decided to compare two groups of SMS  patients  divided into  

two categories ( below and above 8 years of age)   because of the school attended 

(preschoolar-schoolar) based on the intellectual disability. The whole sample (20 

patients) was asked to take part in the assessment of two  important issues characterizing 

this syndrome: metabolic imbalances and neuropsychological impairment. The former 

was evaluated on the basis of the indirect calorimetry testing and the 3 day food record , 

whereas the latter was studied via a neuropsychological battery of tests focusing on a 

number of specific problems  ranging from sleep disorder to compulsive behaviour. The 

most striking aspect deriving from our analysis is the worsening of clinical 

symptomatology during late childhood and adolescence in terms of both increase in BMI 

and severity of compulsions.  

These two  issues, present in most SMS patients are tightly correlated with each other : 

more precisely food disorder in SMS patients is mainly caused by their compulsive 

approach to nutrition , that is to say , the metabolic problems are caused by a 

neurobehavioural dysfunction , which in turn is worsened by the feeding issues and 

impact on other symptoms such as the sleep disorder and the self- injury behaviour 

To our knowledge, this is the first study that provide an accurate estimation of resting 

energy expenditure (REE) by performing indirect calorimetry in SMS patients. 

We don’t found relevant differences in REE at baseline for SMS patients compared to 

children without SMS. This study supports the hypothesis that REE is not lower in 

children with SMS compared to children without SMS. 

Our data suggest that a lower REE is not the main reason for the increased risk for obesity 

among children with SMS. 
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In line with previous studies [12] we confirm that SMS exhibit an early onset of truncal 

obesity, BMI Z score > 8aa (group B of our population) is significant higher than that one 

of younger patients (group A) and reach +2.38 SD .  

For the first time in SMS, we evaluate tha adequacy of energy intake compared to 

measured resting energy expenditure. Distribution of energy intake adequacy is based on 

comparison between reported Average Energy Intake (AEI) from the 3-day food record 

and Measured Resting Energy Expenditure (MREE) from indirect calorimetry. 

All children > 8 years of our population resulted overfed. This is important to confirm 

that patients with SMS may benefit from individualized nutritional support to reduce the 

possibility of overfeeding, obesity, metabolic sequelae. 

In majority of our cohort protein (g/Kg/d) intake was greater than age- and gender-

matched LARN.  No significant differences about dietary macronutrient composition was 

evidenced between the two groups.  

 

A trial carried out by Joseph Alaimo, Sarah Elsea and others at the University of Houston, 

in Texas in 2014 has recently highlighted a correlation between diet,  the distribution of 

adipose tissue and long term outcome  in mouse models and did show that high 

carbohydrate and high fat diets significantly alter developmental growth pattern  and 

cause obesity,  a decrease in high-density lipoprotein levels and insulin sensitivity  in RAI1 

haploinsufficient mice without modifying blood glucose levels.  [20] 

Nutritional personalized counseling can reduce dietary behaviours that may place SMS 

children and young adults at increased risk for overweight and obesity. 

Regarding eating disorders, 66% of our sample displayed eating behavioral problems. 

Eating problems become more important with age and are always present in girls 

starting mostly at scholar age. 
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SMS adolescents and adults tend to have a shift in their weight as they age, and studies 

have shown that greater than 90% are at or above the 90th percentile for weight by age 

14 , this could be associated to eating problems.[18] 

 Our study confirmed the typical pattern of an aggravating food disorder, which is not an 

isolated phenomenon, but inevitably in tight association with neuropsychological 

aberrations, especially the presence of compulsive thoughts towards food , also observed 

in Prader Willi syndrome . There is indeed a causative effect between the way SMS 

patients emotionally approach nutrition and the effective metabolic imbalance and 

tendency to get an elevated BMI whe growing up, as demonstrated by the higher 

incidence of hetero and auto aggressivity in patients whose obesity is more severe. In 

addition to this as demonstrated by Alaimo and al.  when comparing SMS-related food 

disorder with the one of people just affected by intellectual disability, in former patients 

more severe behavioural problems were observed. The nutritional issue  strongly 

influence other aspects pf their psychological profile, as the sleep wake dysnfuctions . 

Concerning this , Chen and al proposed  a more systematic concept, defining a croos-talk 

involving circadian rhytm, development , metabolism and behaviours.  On this basis ,  

scientific community hypothesizes that the integrated treatment of all the dysfunction 

characterizing the clinical profile of a SMS child with an individualized approach can 

dramatically relieve most condition-related symptoms , significantly  prevent progression 

and improve quality of life of patients and their family. [17] 

In our population eating disorder and food or water compulsion are higher in scholar 

patients (group B) when sleep disturbance became a patognomonic sign.  

 

 



71 
 

Sleep disturbance in our study showed 70% of prevalence (higher than 62 % revealed 

by 90% of scholars sleep–wake transition disorders were observed). Instead in 75% we 

found disorders related to sleep initiation and maintenance and disorders of excessive 

somnolence; only in 50% of  sample  sleep breathing disorders were observed  due to 

cranio-facial abnormalities. These disorders have an ongoing worsening pattern  whose 

symptomtology becomes more severe with age.  

Sleep disorder has a significant impact on life quality of these patients and favours the 

onset of neuropsychiatric disorders, such as hyperactivity and attentional disorders. 

In 65% patients (13 children out of 20)  significant externalizing behavior  scores were 

achieved, whereas internalizing issued were found in 50% of participants. Attention 

deficits and aggressiveness (including  self-injury and aggressivness with objects or etero-

aggressiveness) were affecting respectively 60% and 40% of patients. Aggressiveness 

therefore turned out to be lower in our sample than in literature (96.9 % for self-

injurious behaviors and 87.5 % for physical aggression for Poisson et al. 2015). 

 

Every behavioral issue  become more debilitating after 8 year, especially, inappropriate 

speech hyperacyivity and irritability.  Three quarters of adult patients displayed thought 

problems. 

The most striking evidence in this observation  was undoubltely the sensory profile  rated 

as abnormal  in the totality of patients .   Despite the differences in the tests administered, 

difficulties in multisensorial processing were highly prevalent and have a strong impact 

on vestibular, auditory and tactile threshold during  processing. The most frequent 

modulation strategy implemented by young patients is sensory seeking. 
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Hyperacusis was already reported by Brendal M.A. et al 2017 in 73.5% of SMS patients . 

[33] Hyperacusis was observed in 60%  of our patients (75% <36 months; 46% in 

children 3-10 years; 100% in adolescence).  The results found was probably due to our 

sample size, the administration of different tests depending on the age of patients but, in 

any case significantly differed from the outcome of general population (range from 9% 

to 22%) and confirmed an altered sensorial pattern. However, the absence of a standard 

assessment tool for identifying hyperacusis could represent a potential bias owing to the 

tight involvement of caregivers in the hearing assessment process. 

 

Alteration of tactile threshold and processing could be the etiology of decreased sensitivity 

to pain observed as common feature of SMS. The determining factors of decreased pain 

sensitivity are still unclear but do not show any direct  correlation with  deletion of the 

PMP22 gene. These  results support the hypothesis according to which  the primum 

movens is a specific involvement of CNS (insular cortex for processing functions) as 

observed by Boddaert et al 2004. The prevalence of aggressiveness as a response to 

decreased  pain sensitivity perhaps roots on the high threshold and specific type of 

modulation (sensory seeking type). 

 

Visual processing seem as relative strength (as observed by Hildenbrand 2012). Sensorial 

stimuli are associated with emotional reactiveness; alteration of fine-motor skills and low 

endurance, on the other hand , may be due to   specific fears and scarce ability to tolerate 

frustration .  

 

Fine motor pattern  abnormalities were consistent with fine motor deficits reported in 

children with SMS and may be associated with fine motor tremor and related hand 
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anomalies, i.e., brachydactyly, short broad hands, and ligamentous laxity and so is not 

solely reflective of sensory processing difficulties. 

 

Therefore behavioral impairment roots on both  alteration in the modulation of sensory 

input regarding emotionality and affective reactiveness.  As a consequence of this we 

suggest that behavioural impairment should be considered as a typical not exclusive 

elenetm of the SMS clinical scenario. 

 

In 61% of patients the low scores in the 'Item section indicating the reaction threshold' 

suggest the tendency to switch frequently from one activity to another interfering with 

the finalization of activities and showing abnormal sensory exploration behaviors 

compared to peers with one typical development. These results are similar to those 

obtained in the problems of inattention / hyperactivity.  

The high neurological threshold may be the motivation for stereotyped behaviors with 

an autoaggressive value as an active modulatory response. 

SMS patients show difficulties in interpreting multiple sensorial stimuli and this is 

important in relationship and in the daily routine with the risk of a disruptive cascade 

effect on dialogic exchange and sequences of emotional sharing. 

Identification of sensory profile alteration is neeed in order to implement the modification 

of environmental factors and adjust the neagative reactions to sensory stimuli. 
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7. Conclusions 

This study highlights the importance of sensory processing impairment and 

demonstrates that the presence of an abnormal sensory profile is a specific feature in 

patients with SMS. 

For the first time energy expenditure is evaluate without relevant abnormalities. Scholar 

children > 8 aa show a worsening in sleep disorder, BMI, behavioural pattern in this way 

abnormalitis in metabolism is not considered the main reason for the increased risk for 

obesity among children with SMS. 

This scenario strongly suggests the need of a integrated approach to the aberrant 

behavioural aspects of SMS patients  in which every impairment is treated from a 

multimodal perspective, taking into conisderation the complex dysfunctional network 

wherein it is found.  

The better definition of this topic, elucidating its pathophysiological mechanisms, will 

help to provide evidence for molecular targets for pharmaceutical intervention and 

personalized therapeutic approaches for SMS patients, since so far, most pharmacological 

interventions used to alleviate the multisystem impact of SMS are not consistently 

effective, or many are effective only for a limited period of time. 
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