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Introduction 
 
There has been a lot of research over the last couple of decades on syndromes, such as the 
Down Syndrome, Asperger Syndrome or Parkinson’s Syndrome. One of the reasons for why 
these particular syndromes are so well known among most of the people is mainly because 
of media attention and the frequency these syndromes seem to occur. However, most people 
are less acquainted with the Smith Magenis syndrome. 
Smith-Magenis syndrome (SMS or SMs) is a rare condition as the number of individuals that 
suffer from this syndrome is extraordinarily small. Patients with SMS typically suffer from an 
intellectual disability and developmental disorder. 
 
One of the reasons we decided to write our graduation paper about SMS is because of a lot 
of people, including us, seem to be quite unfamiliar with the syndrome. 
As we both show great interest in the development of children and the medical aspects of 
this stage, we would really like to pursue our graduation paper and research in this field. 
Moreover, our topic of interest aligns with our choice of our follow up study at the university, 
namely medicine. Both of us seek a career in the medical field and we feel as if this research 
project and graduation paper are an excellent preview to experience what studying medicine 
will be like. Therefore, we can confidently state that this topic of interest speaks to us. 
While we are writing our graduation paper and conducting research on our research 
question, an official medical study is conducted on SMS. There has been an opportunity of 
us being able to participate in this research, or at least receive feedback from the medical 
specialists on our progress whilst writing the paper. Furthermore, we were secured on our 
hypothesis, as the specialists we consulted assured us from the fact that we will be able to 
conduct a study on this topic. Because of this confirmation and our motivation, we have 
decided on writing our graduation paper about Smith Magenis syndrome. 
 
As we settled on the topic of SMS, we quickly came upon a research question. Our initial 
plan was to focus on the different factors that cause the syndrome, specifically the RAI1 
gene mutation and 17p11.2 deletion. Therefore, we formulated our research question:  
“Is there a noticeable difference in characteristics and symptoms in frequency between the 
17p11.2 deletion as a cause and the RAI1 gene mutation as a cause of the Smith Magenis 
Syndrome by children in puberty?” 
In order to answer this question, we divided our main question into smaller sub questions. 
The reason for our specific choice of age is that patients suffering from the syndrome are 
starting puberty earlier, around the age of 10 years old. Therefore, we will refer to ‘puberty’ 
from the age of 10, until the age of 18, instead of the regular 12-18 years old. 
Firstly, we will give introduction to our paper by explaining what the syndrome is and how it is 
expressed. In order to be able to answer the research question, the attention must first go to 
what the syndrome is. By doing so, the introduction will give a broad overview of what will be 
discussed in the paper. Secondly, we will focus on the 17p11.2 deletion and RAI1 gene 
mutation as causes of the syndrome. The research question is formulated due to the two 
causes of the syndrome. Before answering the main question, the causes have to be 
outlined and distinguished, as the research question is about the differences between them.  
Our final sub questions (multiple chapters) will focus on the characteristics of the 17p11.2 
deletion and the RAI1 gene mutation. We hope to find differences and similarities between 
patients with the 17p11.2 deletion and RAI1 mutation. This is of great importance to the 
conclusion on our research question. We will conclude our paper by one last chapter which 
targets the differences and similarities of the characteristics and symptoms between the 
17p11.2 deletion cause and RAI1 gene mutation cause. This chapter will be the harbinger of 
the conclusion, the final answer to our research question.  
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We expect to see differences in frequency in characteristics and symptoms by patients with 
the 17p11.2 deletion as a cause of their suffering of the syndrome, and the RAI1 gene 
mutation as a cause. The reason for our hypothesis is grounded by our conversations with 
medical specialists, who assured us of the fact that we will indeed notice a difference in 
frequency between the two causes. Moreover, as far as we studied the literature written 
about both causes, we observed some subtle, yet eye catching differences. For all of the 
reasons above, we are confident we will find differences in characteristics and symptoms. 
By writing our graduation paper, we will mainly focus on stating differences between the two 
causes of the syndrome. We will do so by formulating a form with categorized symptoms and 
characteristics that are distinctive for the Smith Magenis Syndrome. The participants of the 
research will cross each symptom/feature that he or she experiences. Beforehand, the 
patient fills in whether a 17p11.2 deletion or a RAI1 mutation is the cause of the syndrome. 
By doing so, it will be able to distinguish which symptoms are more common in the profile of 
which cause. After conducting research, we hopefully end up with multiple forms, filled in with 
experienced symptoms and features, which we will be able to compare by statistical 
research.  
Because our research question concentrates on the difference in characteristics and 
symptoms between the two causes of the syndrome, our research can be categorized as 
hypothesis testing research. 
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Smith-Magenis Syndrome  
 
Smith-Magenis Syndrome, also called SMS is a rare multisystem disorder which is 
characterized by developmental delay, distinctive behavior and intellectual disability. Sleep-
wake rhythm disturbance is also an important aspect within this syndrome. Each year about 
1 in 25.000 children are born with Smith Magenis Syndrome. (Edelman et al., 2007) 
 
SMS is a syndrome which could be caused in several ways, but it is always originated by a 
fault in the genetic material. The syndrome can be caused by a 17p11.2 deletion, but the 
origin of SMS can also be a RAI 1 gene mutation. (Vieira, 2011) 
A 17p11.2 deletion is a deletion on chromosome 17. Hereby, the chromosome is broken and 
there is a missing piece of DNA. However, the amount of pairing chromosomes is normal.  
A RAI 1 mutation is a mutation which is located in the 17p11.2 region of the chromosome. 
Within 90% of the time, SMS is caused by a 17p11.2 deletion, way more than the 10% of 
diagnoses caused by a RAI 1 gene mutation. (Tromp, 2020) 
There have been cases where patients have both appearance and behavioral characteristics 
that match with the SMS image. However, it has been shown that there is both no 17p11.2 
deletion and no RAI 1 mutation. In such cases the name ‘Smith Magenis-like phenotype’ is 
given to it. It could be that another cause for SMS will be discovered in the future. (Braam, 
2010) 
 
Although SMS is a genetic disease and originated before birth, the disease often is 
diagnosed at a higher age.  
 
During pregnancy there are often no complications. After birth, however, there are difficulties. 
Mostly, babies have got problems with feeding, caused by problems with swallowing and 
sucking. Children with SMS often have growth delay, as well as developmental delay. This is 
expressed by learning to sit down and to walk, but also causes complications with speech 
and language development. Children with SMS 
often have an IQ between 50 and 70. From 
birth, the disturbed sleep-wake rhythm is 
something that characterizes SMS. Children 
with SMS mostly have a cheerful character, 
although they regularly have tantrums and show 
distinctive behavior. When children with SMS 
get older, they can get eating tendencies and 
therefore develop overweight or obesity. Often, 
children start hurting themselves out of 
frustration. This varies from skin picking to teeth 
grinding until permanent damage. The reason 
for this can be getting too few incentives but 
also the inability to place auditory and visual 
stimuli. Something that often occurs as well with 
these children is stereotyping behavior, such as 
fidgeting with clothes and repeating the same 
question over and over.  
There is a number of characteristic external 
features. Children with SMS, for example, have a smaller appearance, a wide and 
rectangular face and deep-set eyes.  
Children with SMS have an increased risk of deterioration of the eyes and ears. Scoliosis is 
also something that regularly occurs by patients with SMS. (VKGN, n.d.) 
 
Smith Magenis syndrome involves multiple symptoms and characteristics, as mentioned 
above, but the most characteristic expression of SMS is a disturbed sleep-wake rhythm. 

Figure 1, Child with Smith-Magenis syndrome 
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95% of people with SMS have got a reversed melatonin rhythm, which causes a lower 
melatonin level at night. Normally, the increase in melatonin levels slows down the 
metabolism and decreases body temperature. The melatonin level ensures a biological 
rhythm, which guarantees you are sleepy at night and energetic during the daytime. (Braam, 
n.d.) For children with SMS this is the opposite, they are awake at night and tired during the 
day. When being awake, they can show distinctive behavior, which can range from 
onychotillomania (nail extraction) to throwing chairs around to banging the head. The 
reversed sleep-wake rhythm has other things to contribute. For example, a reversed ADH-
hormone rhythm. Because of this, patients have problems with urinating at night. Normally, 
this is regulated by the production of ADH, so people do not have to urinate during their 
sleep, which will provide their sleep. For children diagnosed with SMS, this can be the 
opposite. In that case, they do not produce enough ADH, which leads to the need to urinate 
at night.  
 
SMS cannot be cured, however, there are medicines and treatments to reduce additional 
complications. For example, physiotherapy, as well as medicines to improve the sleep-wake 
rhythm.  
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Smith-Magenis Syndrome caused by 17p11.2 deletion  
 
The most frequent cause of SMS is a 17p11.2 deletion, this 
is the cause for SMS 90% of the time. When the deletion 
occurs, a piece of DNA is missing on chromosome 17. 
Chromosome 17 contains about 1,100 to 1,200 genes that 
provide instructions for making proteins. These proteins 
perform a variety of different roles in the body. (MedlinePlus, 
n.d.) Chromosome 17 is one of the most important protein-
coding genes. It is the chromosome with the second highest 
gene density in the genome. 
This deletion occurs on the short arm of the chromosome. 
From the 90% of people who are diagnosed with SMS 
caused by a 17p11.2 deletion, 70% have a common 
deletion. The deleted segment includes around 3.7 million 
DNA building blocks (base pairs), also written as 3.7 
megabases (Mb). Most patients have a deletion on the 
common (classical) region of the 17p11.2 segment. This 
region spans about 3.7 Mb.  
The other 20% of the diagnoses are caused by an atypical 
deletion. This can be a bigger deletion or a smaller deletion 
than the classical one. Moreover, overlapping deletions are 
also common.  
The smallest region of overlap in the deletion involves a 650 
Kb (kilobase) region on the 17p11.2 segment. This region 
includes the RAI1 gene. 
The segment includes a lot of low copy repeats, also known 
as REP’s. These low copy repeats undergo non allegic homologous recombination in the 
stage of meiosis, as the deletion most of the time originates during the conception. 
Recombination eventually results in a 17p11.2 deletion.  
All the deletions that take place affect one of the two copies of the chromosome in each cell. 
(Vieira et al., 2011) 
     
The deletion which causes SMS encompasses the RAI 1 gene. The RAI 1 gene is necessary 
for normal brain development. This gene is a transcription factor; therefore, it expresses 
other genes. Because of this, the deletion has a great impact, because it indirectly prevents 
other genes from being expressed. Moreover, the RAI1 gene has a great impact on neural 
transmission and communication. The genes that are regulated by the RAI1 gene have not 
yet been identified and it is therefore impossible to say for which proteins the genes that are 
regulated by the RAI1 gene code for. (MedicinePlus, 2020)  
The deletion also means that other genes are missing. The missing genes are responsible 
for the severity of the disease and its variability. (Braam, 2010)  
In addition to missing the RAI 1 gene, children with a deletion can also miss the PMP22 
gene. Missing this gene causes nerve failure due to pressure on the nerve. This disease is 
called HNPP.  (Schieving, 2021)  
Therefore, the 17p11.2 deletion is not only the cause for SMS, but also for the deletion of 
genes that are located on the interval.  
 

Figure 2 serves as an overview which represents the different types of deletions (differing 
from common deletion to unusual deletion). The deleted segments are the parts on the 
beams that are colored white. The black parts are segments that are still present. The 
hatched part of the beam represents only a deletion in a specific part of the gene, the RAI1. 
Therefore, patient O does not have a 17p11.2 deletion but a RAI1 mutation.  

Figure 2, Chromosome 17 with the 
deletion region and associated genes 
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The different parts of the beam that are deleted all 
represent different types of deletions. For instance, 
patient 1 represents a common deletion as about 3.7 
Mb of the gene has been deleted. On the other hand, 
patient C has an exceptionally large part of the gene 
deleted. Patients D-I have unusual deletions. All the 
specific deletions on the 17p11.2 segment represent 
different symptoms. For instance, patients with a 
common deletion (as shown in box A) report more 
hyperactivity and short stature than patients with large 
extending deletions (patient C)  
Patients with a small deletion were more likely to have 
abnormal EEG’s (electroencephalograms) than 
common deletions.  
Because the deletion has multiple regions, the one 
more common than the other, there are varieties in 
symptoms for the 17p11.2 deletion. However, most of the time the patient experiences the 
same symptoms as patients with another type of 17p11.2 deletion, only in greater measure 
than others do.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

Figure 3, 17p11.2 deletions  
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Smith-Magenis Syndrome caused by a RAI1 mutation 
 
A mutation on the retinoic acid induced 1 gene, or RAI1 gene, is in some cases responsible 
for the phenotype of a patient with SMS. About 10% of SMS patients carry a mutation on the 
RAI1 gene. The RAI1 gene is a dosage sensitive gene which contains six exons and carries 
the instruction for a 1906-amino-acid protein. It helps regulate the expression of other genes 
by means of being a transcription factor. 
  
RAI1 is extensively expressed in the brain, implying its essential role in this tissue. The gene 
is located in the nucleus of the cell and for its being of a transcriptional factor, implicates in 
embryonic neurodevelopment, neuronal differentiation, cell growth and cell cycle regulation. 
Moreover, the gene enhances bone and skeletal development, lipid and glucose 
metabolisms, behavioral functions, and circadian activity (Dove Press, 2017). 
The RAI1 gene is expressed in hippocampal neurons and neurons of the occipital cortex.  
It therefore has effect on the human frontal and temporal lobes.  
Moreover, the RAI1 gene can be categorized as a chromatin binding protein.  
The gene interacts with chromatin (a complex of DNA) and specifically intensifies the 
expression of genes that are actively present in the neuronal communication.  
RAI1 directly influences the transcription in a cell.  
 
There have been 30 variations in the RAI1 gene that have been associated with SMS.  
The gene has multiple exons, exon 3 being the largest one as it encodes more than 95% of 
the protein. Hence, all the variations are clustered on exon 3. Most of these variations are 
products of frameshift mutations, which are predicted to inactivate the gene product. 
However, there are a few missense mutations on the highly conserved sequences.  
Frameshift mutation is a type of mutation which deletes one nucleotide or adds a nucleotide. 
Because of this, the sequence is not divisible by three and therefore the codon cannot 
properly be read in order to form RNA. If the mutation disrupts the nucleotide sequence 
reading frame, the entire DNA sequence will be read incorrectly.  
A missense mutation happens when the change of a single base pair causes the substitution 
of a different amino acid in the resulting protein. This amino acid substitution may have no 
effect, or it may render the protein nonfunctional. (Austin, n.d.) 
The frameshift and missense mutations on the RAI1 gene have a great impact on the 
expression of the gene, as all of them obstruct the gene expression and/ or normal protein 
function. The mutations result in haploinsufficiency and SMS phenotype. (Falco M., 2017) 
Haploinsufficiency is a genetic phenomenon from which an individual possesses only one 
dominant allele. This results in an abnormal phenotype and an unusual characteristic is 
divulged. The expression of this characteristic is not typical for that specific characteristic. 
Haploinsufficiency is a mechanism of action to explain a phenotype when a diploid organism 
has lost one copy of a gene and is left with a single functional copy of that gene.  
RAI1 haploinsufficiency is considered responsible for most of the SMS features, although 
some phenotypic differences between deleted patients and those with RAI1 mutations exist 
and probably reflect the role of the other genes included in the region (Falco M., 2017). 
According to multiple studies, haploinsufficiency is the primary cause of the disorder.  
 
The RAI1 mutation therefore leads not only to haploinsufficiency, incorrect gene translation 
and DNA sequence but also to the typical SMS phenotype, as the gene directly influences 
the transcription in the cell.  
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Typical features and symptoms in Smith-Magenis syndrome by 
17p11.2 deletion  
 
Children with SMs caused by a 17p11.2 deletion and by a RAI 1 mutation have many similar 
characteristics and symptoms in common. However, it has been concluded that children 
have different characteristics and symptoms due to the different causes. SMS caused by a 
17p11.2 deletion is often associated with the other features and symptoms than SMS caused 
by a RAI1 mutation. With SMS caused by a 17p11.2 deletion, the features and symptoms are 
also highly dependent on the size and type of the deletion. 
 
Patients with a 17p11.2 deletion often suffer from cardiac abnormalities (Van Beek et al., 
2018). This differs a lot. An example of a cardiac abnormality is valve stenosis; this means 
that the valves or their leaflets are fused or calcified. It has the consequence that the valve 
does not open properly and because of this there is not enough blood pumped trough. 
Another common problem is an elevated cholesterol, which may be a risk factor for 
cardiovascular disease (Mayo Clinic, 2021). Tetralogy of Fallot is also an example of cardiac 
abnormalities which SMS patients suffer from. This is a congenital heart disease, which can 
cause four problems: the aorta being too large, the pulmonary artery being too little, the 
muscle wall of the right ventricle being thickened and having a hole in the wall between the 
ventricles (Vroeg, 2018).  
Children with a 17p11.2 deletion often have speech and mobility delay (Van Beek et al., 
2018). This means that these children develop more slowly compared to their peers. For 
example, the children will take longer to learn to walk and once they can, it will look less 
advanced. With delayed speech development, it takes longer for them to speak properly and 
when they can, they often have difficulty pronouncing certain sounds. They tend to have 
hypotonia more often, which means that they have low muscle tone. This manifests itself in 
barely perceptible resistance when a muscle is passively set in motion. 
 
People with a 17p11.2 mutation more often suffer from hearing loss (Van Beek et al., 2018) 
than people with a RAI 1 mutation do.  
There is also several external features that occur more often by patients with a 17p11.2 
deletion compared to those with a RAI 1 mutation. Children with a 17p11.2 mutation more 
often have brachycephaly this is the medical term for flattening in the middle of a child’s head 
(Schieving, 2019), brachycephaly is very common for children with a 17p11.2 deletion (Van 
Beek et al., 2018). Often, this condition is not congenital, but develops in the weeks after 
birth. This characteristic generally does not affect brain development. These patients also 
more often have iris abnormalities and dental abnormalities (Van Beek et al., 2018). 
Strabismus is something that is common with children with a 17p11.2 deletion.  
Next to that, it is also common to have a short stature.  
 
A common feature of patients with SMS is self-mutilation. Head banging is very usual 
example of self-mutilation by children with a 17p11.2 deletion (Van Beek et al., 2018).  
Head banging is a movement disorder in which a person bangs his or her head against the 
edge of the bed. This can be in an unconscious state of mind, however, pain or anger can 
also be a reason for this activity (Schieving, 2020).  
Hyperactivity occurs more often by people with a 17p11.2 deletion than a RAI1 mutation 
(Van Beek et al., 2018). Experiencing hyperactivity tends to result in certain states of having 
a lot of energy. This is expressed in, for example, not being able to sit still or fidgeting. 
Impulsivity and little need for sleep are also examples of hyperactivity.  
 
In general, the cognition of patients with a 17p11.2 deletion is somewhat less compared to 
patients with a RAI 1 mutation (Van Beek et al., 2018). Mental retardation can vary from mild 
to heavy. A mild mental retardation means that the person has an IQ between 75 and 50.  
A deep mental retardation means that a person has an IQ below 20 (Prinsenstichting, 2021).  
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In a 17p11.2 deletion, the features and symptoms are related to the size and type of the 
deletion. There are several features that are consistently seen with patients with a 17p11.2 
deletion. Examples of this are sleep, disturbance, brachycephaly, speech delay, mobility 
delay and hypotonia. These features are explained above. There are also several non-
specific clinical features. These features therefore differ per type and size of the 17p11.2 
deletion. (Giririajan et al., 2006) 
Something that is common in both a small and a large deletion is having flat feet (Giririajan et 
al., 2006). Having flat feet is a condition where one or both feet have little to no arch.  
 
Chronic constipation is a feature that occurs in an atypical 17p11.2 deletion (Giririajan et al., 
2006)  
With a large deletion, there are other non-specific features. Examples are myopathy and 
acute lymphocytic leukemia (Giririajan et al., 2006). With acute lymphocytic leukemia there is 
a problem with the formation and development of white blood cells. The body makes blood 
cells in the bone narrow. A malignant proliferation of immature white blood cells can develop 
in the bone narrow (UMC Utrecht, 2021). Myopathy, also known as mitochondrial myopathy, 
is a name for a group of muscle diseases. These diseases cause the energy supplies of 
muscles to be disrupted. Mitochondria are found in almost every body cell. As a result, these 
diseases can lead to problems in all kinds of different organs and tissues (Smeitink, 2021). 
Examples of complaints that can arise as a result are kidney abnormalities and eye 
disorders.  
 
Hypopnea and micrognathia are features which are common in small deletions (Giririajan et 
al., 2006). Hypopnea results in a decreased airflow and can be categorized as a sleep 
disorder. The airway is partially blocked, wherefore the airflow will decrease (ETZ, 2021). 
This results in slow and shallow breathing and snoring. Daytime sleepiness also comes into 
play here. Micrognathia is a congenital development of the lower jaw. The patient has a very 
small lower jaw. It is much shorter and/or smaller than the rest of the face. This congenital 
abnormality could cause the patient to develop respiratory problems and dental abnormalities 
(Miske, 2020). However, this is not very common.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 4, Table of symptoms and charcteristics of different types of deletions 
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The table mentioned above is retrieved from a study which has been approved by The 
Michigan State University Committee on Research Involving Hunman Subjects and the 
Virgina Commonweath University Institutional Review Board (Giririajan et al., 2006). It has 
been researched which differences and similarities there are in symptoms and characteristics 
of people with SMS. The different types of 17p11.2 deletions were examined, especially the 
common deletion, the large deletion, the atypical deletion and the small deletion. All findings 
are included in this table.  

The research has shown that there are certainly differences in characteristics between the 
different types of deletions. From the table it can be deduced that 11-30% of people with 
SMS suffer from seizures. With an eye on this study in can be concluded that of the eight 
patients with a small deletion, zero had seizures by history. This finding is below average. 
Although this study only contains one person with an atypical deletion, it has 100% seizures 
by history. In the case of common deletions, this is 25% of the people who participated in this 
study. One out of two people with a large deletion suffer from seizures. 

If we have a look at cardiovascular abnormalities, there are also significant differences.  
On average, 30% suffer from abnormalities. This research has proved that this percentage is 
50% for both the common deletion and the large deletion, while this percentage is more than 
half less for small deletions, namely 22,5%. On the contrary, we see that the number of 
atypical deletions indicate that 100% of the people suffer from cardiovascular abnormalities. 
Also, with this characteristic of SMS it differs enormously per type of deletion how frequently 
it occurs.  

There are many different forms of self-injurious behavior, also known as self-mutilation.  
The following types of self-mutilation are covered in this table: onychotillomania, 
polyembolokoilamania, head-banging/face-slapping and hand/self-biting/skin-picking.         
On average, 78-96% of people with SMS suffer from self-mutilation. For the standard 
deletion and atypical deletion this is percentage is 100%. With a large deletion, this occurs 
considerably less often. The corresponding percentage is 50%. With onychotillomania 
(pulling out nails) and polyembolokoilamenia (inserting objects in body parts), the numbers 
are far apart. The average for both features is between 25% and 85%, which proves that 
between them is a big gap. With onychotillomania there is no data on the common and 
atypical deletion. It does not appear that the percentage for a large deletion is considerably 
higher than the percentage for a common deletion. With polyembolokoilamenia, no data is 
known about the atypical deletion. It can be deducted from the table that the percentage is 
highest at small deletion, being 75%. Polyembolokoilamenia occurs least frequent with 
people with a large deletion.  
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Typical features and symptoms in Smith-Magenis syndrome by RAI 1 
mutation 
 
Opposed to the 17p 11.2 deletion causing the syndrome, the RAI1 mutation expresses in 
distinguishable symptoms that in fact differ from the symptoms that are linked to a deletion 
as a cause. The genesis of the syndrome finds its root in two possible genetic causes which 
can lead to the syndrome, one of them being a RAI 1 mutation. When reflecting on what is 
said in earlier paragraphs, a RAI 1 mutation leads not only to haploinsufficiency, incorrect 
gene translation and DNA sequence but also to the typical SMS phenotype, as the gene 
directly influences the transcription in the cell. Even though the mutation is carried less than 
the deletion as a cause, successful research has been conducted, proving that in fact, the 
RAI1 mutation has typical features and symptoms relating to the cause. These symptoms 
and typical features are reported roughly the same amount of times in the cases of a deletion 
or reported more frequently 
.  
An extensive study on this specific topic has been conducted by a team of doctors at the 
department of Human Genetics in the Virginia Commonwealth University, located in 
Richmond VA in the United States. This research focused specifically on the differences in 
symptoms between the RAI1 mutation variant of the syndrome and the 17p11.2 deletions.  
As already explained in previous paragraphs, the 17p11.2 deletions occur in different 
measures. Some patients that suffer from the 17p11.2 deletion as a cause of the syndrome 
have a smaller deletion than other patients. They are still categorized within the area of the 
17p11.2 deletion. The researchers of the department of Human Genetics at the Virginia 
Commonwealth University researched in what proportions the different symptoms presented 
themselves, when looking at the comparisons of smaller and larger deletions, 17p11.2 
deletion and RAI1 mutations, smaller deletions and RAI1 mutations and the comparison 
between male and female patients. (Edelman, 2007)  
 
The medical professionals stated that one of the features and symptoms that occurs slightly 
more by patients with the mutation are obesity and problems regulating food intake due to a 
big appetite (hyperphagia). These symptoms often result in care takers having to take 
precautions, in the sense of, having to hide or lock food. According to a study, conducted by 
Mariateresa Falco, a professor Molecular Medicine and Medical Biotechnology at the 
university of Napels, having a RAI1 mutation influences an important protein of the 
neurotrophin family of growth factors. (Falco, 2017) This protein, the brain derived 
neurotrophic factor (BDNF), is a nerve stimulating factor, originating from the brain.  
BDNF is a neurotrophin, an important factor in the survival of existing neurons and 
encourages growth and differentiation of new neurons and synapses. Low serum levels of 
BDNF have been associated with obesity and behavioral abnormalities in humans.  
Multiple studies have indicated that the haploinsufficiency RAI1 gene in mice causes the 
BDNF to be downregulated and contributes to obesity, hyperphagia and abnormal fat 
distribution. (MedPlus, 2020)  
 
Another symptom that occurred clearly more frequently by the patients that suffered from the 
RAI1 form of the syndrome was self-hugging. Patients with the RAI1 mutation express self-
hugging most of the times, whereas the 17p11.2 deletion seems to express this less.  
This argument is supported by the earlier mentioned study as a hundred percent of the 
patients with the RAI1 variant experienced self-hugging, whilst only 51.9% of the patients 
with the 17p11.2 deletion variant had symptoms of self-hugging as well. Self-hugging is an 
involuntary, tic-like movement, during which the patient crosses both arms across the chest 
and tenses the body. In this way the arms and hands are squeezed to the side.  
These spasm-like movements can last up to a few seconds and usually go hand in hand with 
facial expressions, such as grimacing and occasional grunting. Self-hugging is usually an 
expression which is triggered by happy, exciting or affectionate moment.  
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According to a study, conducted by the Alfred I du Pont Institute in Wilmington, Delaware, 
self-hugging usually occurs during a period of transition. These periods of transition are 
generally at the beginning or end of class or for example during sport activities. Self-hugging 
seemed to occur most of the times at positive situations, and not at temper tantrums. 
Moreover, they were not observed at times of emotional breakdowns or upsetting situations. 
The symptom did not occur at doctor visits or any other situations that can be experienced as 
stressful and unpleasant. Therefore, the doctors were able to conclude that in contrast to the 
negative, sometimes aggressive and self-injury characteristics of the syndrome, self-hugging 
seemed to be regarded as a positive trait that diagnostically marked the syndrome. 
(Millichap, 1994)  
 
Muscle cramping seemed to be more common by patients with the RAI1 mutation as a cause 
of the syndrome. According to the research of the Department of Human Genetics, Virginia 
Commonwealth University, Richmond VA in the United States, more than 0% of patients with 
the 17p deletion showed signs of muscle cramping, whereas 60% of the patients with the 
RAI1 mutation presented this as one of the symptoms. Muscle cramping is the uncontrolled 
cramping of muscle tissue in different areas of the body and is experienced as extremely 
uncomfortable, as one can imagine. (Edelman, 2007)  
 
Dermatologic features related to the Smith Magenis syndrome that differ in frequence 
between the 17p deletion and RAI1 mutation variations include abnormal dry skin and skin 
picking. In the research that was conducted by the department of Human Genetics at the 
Virginia Commonwealth University in the United States, dry skin was observed more by the 
patients with a RAI1 mutation than the 17p deletion. To be precise, 100% of the individuals 
with RAI1 mutations showed dry skin. On the contrary, 44,4% of the individuals with 17p 
deletions expressed the same outcome. This statement is supported by a study of the 
Department of Dermatology at the University Hospital of Angers in France. This study stated 
that excessive dry skin is very common in the profile of patients with a RAI1 mutation 
(Guérin-Moreau, 2015). Dry skin, medically known as Xerosis, occurs when one’s skin loses 
too much oil and water, causing the skin to be withered and dry. The upper layers of the skin, 
the epidermis and upper part of the dermis dehydrate to such a level that the skin loses its 
suppleness, which results in skin cracking and splitting (Fathi, 2020). This can progress to 
having scales and flakes. Xerosis is known to be a factor in the development of pruritus, the 
medical term for having an itch. Pruritus causes an unpleasant sensation which provokes the 
desire to scratch. However, scratching dry skin results in the skin being simply unable to 
heal. As pruritus is a direct effect of dry skin and causes the skin to gradually diminish in 
quality, xerosis and pruritis maintain each other. Pruritis is an offensive symptom which could 
be the starting point for damage to the skin that is self-perpetuated. Moreover, 
dermatologists stated that hyperhidrosis is also a common symptom of the Smith Magenis 
syndrome. Hyperhidrosis is the excessive sweating that is not related to exercise or heat. 
Due to hyperhidrosis, the skin releases an abnormal amount of water and oil, causing the 
skin to dry out more easily (xerosis). (Guérin-Moreau, 2015)  
 
Another dermatologic symptom that occurred more in the profile of patients with a RAI1 
mutation was skin picking. In the research of the Virginia Commonwealth University 
mentioned in the points above, skin picking as part of self-injurious behavior occurred in 
100% of the cases with the RAI1 mutation and in 54,2% of the cases with the 17p deletion. 
Self-injurious behavior is known to be a common symptom of the syndrome, however, 
specifically skin picking seems to occur more in the profiles of patients with the mutation 
rather than the deletion. Dermatologists of the University Hospital of Angers in France came 
to conclusion that skin picking may be the direct cause of the fact that patients suffering from 
the Smith Magenis syndrome experience a lack of sensitivity (Guérin-Moreau, 2015).  
This lack of sensitivity causes the occurrence of trauma and secondary skin lesions. Lesions 
are defined as “A region in an organ or tissue which has suffered damage through injury or 
disease, such as a wound.”. Tasneem Poonawalla, a dermatology resident at the university 
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of Wisconsin describes it as “lesions that are characteristically brought about by modification 
of the primary lesion”. Skin picking can be categorized under secondary skin lesions. 
(Poonawalla, 2008)  
 
All the symptoms mentioned above were subtracted from the extract which compared the 
whole of the deletion to the mutation. However, the research also mentioned symptoms that 
were compared between small deletions and RAI1 mutations. One of these symptoms was 
obsessive-compulsive behavior. This symptom occurred at 100% of the profiles of patients 
with the RAI1 mutation, whereas the obsessive-compulsive behavior only occurred in 37,5% 
of the profiles of patients with the small deletion. Multiple studies confirmed this fact, as 
functional psychiatric diagnosis is common by those suffering from the Smith Magenis 
syndrome.  
Another study which supported this statement is a paper written by members of the 
Department of Rehabilitation Medicine, part of the National Institutes of Health in Bethesda, 
located in Maryland. Obsessive-compulsive behavior is behavior that is the fundament for 
behavior linked to Obsessive-Compulsive Disorder, also known as OCD. This complication 
and symptom can be categorized under the neurobehavioral phenotype of SMS. Obsessive 
compulsive behavior results in having uncontrollable, unwanted thoughts and ritualized, 
repetitive behaviors you feel compelled to perform. Examples of this behavior are for 
instance, counting and tapping to lose anxiety, excessively obsessive behavior in certain 
situations (Smith, 2020). The obsessive-compulsive behavior is heavily impacted by sensory 
patterns. Patients with obsessive-compulsive behavior often exhibit abnormal sensitivity to 
sensory stimuli and a reduced ability to screen out stimuli that most do not find bothersome. 
Multiple studies proved that difficulty in sensory processing has an impact on the 
neurobehavioral phenotype of the syndrome and that it can be linked to the obsessive-
compulsive behavior, patients with the RAI1 mutation tend to suffer more from. (NIMH, 2020)  
 
Another symptom that seemed to be of greater impact in the profile of patients with a RAI1 
mutation was polyembolokoilamania. Polyembolokoilamania can be defined as the act of 
inserting foreign bodies into orifices, such as the nose, rectum or ear. Polyembolokoilamania 
is such a rare symptom that because of this, the syndrome can be rather quickly diagnosed 
when noticing that a patient suffers from polyembolokoilamania. According to the research of 
the Virginia Commonwealth University, about 36,4% of the patients with a small deletion 
suffer from polyembolokoilamania. However, about 90% of the patients with a RAI1 mutation 
have signs of polyembolokoilamania. (Gropman, 2006)  
 
To sum this all up, patients that have a RAI1 mutation tend to have symptoms that are less 
or more common than patients with a 17p11.2 deletion.  
The symptoms that are more common by patients with a RAI1 mutation are obesity, 
problems regulating food intake, self-hugging, muscle cramping, excessive dry skin, skin 
picking, obsessive-compulsive behavior and polyembolokoilamania. 
However, it is needed to emphasize the fact that this does not mean that people with a 
17p11.2 deletion instead of a RAI1 mutation are unable to experience these symptoms, it is 
just that according to multiple studies and sources, one can conclude that these symptoms 
characterize the cause of the syndrome, namely the mutation.  
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Differences and similarities in features and symptoms of the Smith-
Magenis syndrome by the 17p11.2 deletion and the RAI 1 Mutation 
 
As mentioned earlier, Smith Magenis syndrome is accompanied by many symptoms and 
features. The symptoms and characteristics that indicate that a patient is suffering from the 
Smith Magenis syndrome are caused by either the RAI1 mutation or the 17p11.2 deletion. 
Even though there are medical records that prove that almost all the symptoms of the 
syndrome can be experienced by both patients with a deletion and patients with a mutation, 
some symptoms are more common by patients with a RAI1 mutation than a 17p11.2 
deletion, and the other way around.  
 
Symptoms that are typically more common diagnosed by patients with a 17p11.2 deletion are 
cardiac abnormalities, such as valves and leaflets being calcified or fused. Moreover, 
patients with 17p11.2 deletions tend to suffer from the Tetralogy of Fallot, a birth defect that 
effects normal blood flow through the heart. Another symptom that is more frequent 
diagnosed by patients with a 17p11.2 deletion are signs of speech and mobility delay. 
Patients can also experience hearing loss.  
 
The symptoms that are more common diagnosed by patients with a RAI1 mutation include 
obesity and therefore having problems regulating food intake as well. Another aspect that 
tends to be more detected by patients with a mutation is self-hugging. Muscle cramping is a 
feature that seems to be more frequent in the case of a mutation as a cause of the 
syndrome. Dry skin (xerosis), pruritis and skin picking are all dermatological symptoms that 
patients with a mutation opposite to the deletion experience in greater percentage. Last of all, 
obsessive-compulsive behavior and polyembolokoilamania are more frequently diagnosed by 
patients with a RAI1 mutation.  
 
Self-mutilation is one of the examples that occurs frequently in both cases. However, in 
different cases this manifests itself in different ways. For example, with children with SMs 
caused by a 17p11.2 deletion, head banging is common, while children with a RAI 1 mutation 
are more likely to have polybolokoilamania, a tendency to insert objects into parts of their 
body, and onychotillomania, which is pulling out their nails. Patients with a mutation rather 
than a deletion seem to suffer more from skin picking and therefore encounter with self-
mutilation once again, as skin picking tends to lead to secondary skin lesions. These lesions 
can just like polyembolokoilamania and onychotillomania be categorized under self-
mutilation. This does not mean that patients with a deletion do not experience 
onychotillomania or the symptoms of the RAI1 mutation mentioned above, it just happens to 
be less common for these patients to experience these symptoms and more common for 
them to experience, for instance, head banging.  
To summarize, in both cases self-mutilation is a common thing, but this manifests itself in 
different ways.  
 
Another difference that, according to multiple studies seems to be more common in the 
profile of patients with a RAI1 mutation is obesity and having problems regulating food intake 
(hyperphagia). These symptoms are less common in profile cases of patients with deletions 
because the mutation has proven to have a significantly bigger effect on the downregulation 
of neurothropins in the brain. Because of this, patients with a mutation instead of a deletion 
have more signs of obesity and hyperphagia, opposed to people with a deletion.  
 
 

 



16 
 

Figure 5, Table of symptoms and charcteristics of 17p11.2 deletion and RAI 1 mutation 

The table mentioned above is retrieved from a study which has been approved by The 
Michigan State University Committee on Research Involving Hunman Subjects and the 
Virgina Commonweath University Institutional Review Board (Girirajan et al., 2006). It has 
been researched which differences and similarities there are in symptoms and characteristics 
by people with SMS. The different causes were closely examined. All findings are included in 
this table. The table clearly shows the different symptoms and characteristics per cause of 
SMS.  The differences are very clear by several symptoms and characteristics.  

The graph makes it clear that people with a RAI 1 mutation have a short statue much less 
often than children with a 17p11.2 deletion. Regarding craniofacial and skeletal features,  
this is the only characteristic where there is a huge difference between people with SMS by a 
17p11.2 deletion and people with SMS caused by a RAI 1 mutation.  

In otolaryngologic abnormalities there are clear differences in hearing loss and chronic ear 
infections. Hearing loss is more common with a 17p11.2 deletion than with the RAI 1 
mutation. 68.4% of the patients with the 17p11.2 deletion suffer from hearing loss, while only 
10% of people with a RAI 1 mutation experience this. There is also a fairly large difference 
with chronic ear infections. 89.4% of people with a 17p11.2 deletion suffer from a chronic ear 
infection compared to 54,5% of people with a RAI 1 mutation. On the other hand, everyone in 
this study (patients with a 17p11.2 deletion and patients with a RAI1 mutation) has a hoarse, 
deep voice.  

There are also differences in self-mutilation.  40% of people with a 17p11.2 deletion suffer 
from onychotillomenia, while this is the case by 80% of the people with a RAI 1 mutation. 
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With head-banging, another form of self-mutilation, the numbers are close to each other, 
although there is a small difference. About 80% of people with a 17p11.2 deletion suffer from 
this compared to 70% of people with a RAI 1 mutation.  

In terms of ocular abnormalities, there are mainly differences in strabismus. 80.9% of people 
with a 17p11.2 deletion suffer from strabismus, whilst 40% of people with a mutation 
experience signs of stabismus. Strabismus is therefore twice as common with people with a 
17p11.2 deletion compared to people with a RAI 1 mutation. The percentages regarding 
myopia have little difference, only 7.7%. It appears from this research that 52.3% of people 
with a 17p11.2 deletion experience myopia compared to 60% of people with a RAI 1 
mutation. 

Finally, there is also a clear difference with cardiovascular abnormalities, here it appears 
from the table that nobody with a RAI 1 mutation suffer from this, while it occurs in 40% of 
the profiles of people with a 17p11.2 deletion.  
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Method of practical research  
 
Execution of the research  
 
In order to investigate the guiding question “Is there a noticeable difference in characteristics 
and symptoms between the 17p11.2 deletion as a cause and the RAI1 gene mutation as a 
cause of the Smith Magenis Syndrome by children in puberty?”, a practical research was set 
up. The goal of the research was to find whether there are characteristics and symptoms that 
seem to differ between the two causes of the syndrome.  
By doing so, two groups had to be present. The participants of the research were divided into 
these two groups, one of them being a research group with patients suffering from a 17p11.2 
deletion as a cause of the syndrome, and the other group consisting of patients that have a 
RAI1 mutation as a cause of the syndrome. As the participants vary from children to young 
adults, the parents/caretakers of the participant were consulted. Genetical or medical 
research was unavailable and out of reach, therefore this research is strictly conducted 
through anonymous, statistical comparison and investigation.  
 
The method of our practical research consisted of a form with categorized symptoms and 
characteristics. After receiving the form, participants of the research had to cross the cause 
of the syndrome and symptoms/characteristics that he/she experienced. By doing so, it was 
possible to see whether there are any noticeable differences in symptoms and characteristics 
between the two causes of the syndrome, as participants were divided in the two groups.  
The symptoms and characteristics mentioned in the research form are symptoms that 
typically occur in a medical profile of a patient with the Smith Magenis syndrome.  
These symptoms distinguish the syndrome from other syndromes. As these symptoms seem 
to occur by most of the patients with the syndrome, they are used in the research.  
The figure beneath is the form that was send to participants of the research. The form was 
translated to Dutch, as all patients that filled in the form were from Dutch origin.  
 
The symptoms mentioned in the form differ from neurological symptoms to symptoms 
regarding dental difficulties. The form is therefore divided into 13 sections, in which the 
characteristics are organized. The sections that allow the characteristics to be organized are: 
‘neurological symptoms’, ‘health issues regarding the eyes’, ‘health issues regarding the 
throat/nose/ears’, ‘orthopedical health issues’, ‘cardiovascular health issues’, ‘urogenital 
health issues’, ‘endocrine and growth health issues’, ‘immunological health issues’, ‘dental 
health issues’, ‘problems regarding health and nutrition’, ‘health complications regarding 
sleep’, ‘appearance characteristics’ and ‘behavioral characteristics’. Apart from the different 
categories participants had to cross experienced symptoms in, the form also contained a 
section in which participants had room to mention any symptoms that were not mentioned in 
the form. The response on this section in the form was significant and therefore, these 
symptoms should also be taken into an account. The Dutch and English version of the form 
can be found in the attachments of the paper.  
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Further illustration of symptoms mentioned in the research 
 
The following paragraphs contain further explanation on the different symptoms that may be 
not as known as other symptoms, as most of them are described in medical terms. 
Therefore, only symptoms that require further elaboration will be discussed.  
The form contains 56 symptoms, but less will be outlined in this paragraph.  
 
There were 10 symptoms that were outlined beneath the subheading ‘neurological 
symptoms’. 
Hypotonia (in Dutch: hypotonie) is the medical term for an extremely decreased muscle tone. 
Muscle tone is regulated by signals send from the brain to the limbs, telling the muscles to 
contract. Typically, healthy muscles are almost never relaxed, they always contain a certain 
amount of stiffness. When muscle tone decreases, less muscles are toned, which enables 
the body to rest as. This happens for instance when falling asleep. Hypotonia typically occurs 
when the spinal cord or the areas in the brain that regulate these signals are damaged. 
There are multiple factors which can contribute in the diagnosis of hypertonia, one of them 
being neurodevelopmental difficulties, which seems to be the case with patients with a 
medical profile of SMS. Patients with severe hypotonia (in most of the cases young children), 
are most of the time described as being ‘floppy’, as their muscles are unable regulate 
movement or carry the weight of the head or limbs. (NID,2021)  
 
Hydrocephalus (in Dutch: ventriculomegalie) is a condition in which there is a buildup of 
cerebrospinal fluid (CBF) in the brain cavities. Hydrocephalus causes an abnormal high 
pressure in the brain (Schieving, 2020). It typically occurs by 3/1000 children or teenagers. 
Hydrocephalus causes the ventricles to increase in size. Cerebrospinal fluid typically flows 
through the ventricles and surrounds the brain and spinal column. Having too much CBF 
causes a higher pression which results in damage to brain tissue when not treated. 
Cerebrospinal fluid can occur due to multiple reasons, one of them being an abnormal 
development of the central nervous system which complicates the flow of the CBF (Brown, 
2021). According to statistical research, about 1 in 1000 children experience hydrocephalus 
(Ward, 2021). 
 
Another symptom that seems to occur more frequently by patients with SMS is hyporeflexia 
(in Dutch: hyporeflexie). Hyporeflexia is a condition in which the patients’ muscles are less 
responsive to stimuli (Mauldin, 2021). It is associated with low motor neuron deficit.  
The motor neuros are damaged and therefore unable to transport signals from the brain to 
the rest of the body. It has been proven that syndromes can be the cause of hyporeflexia.  
Sensory processing issues (in Dutch: afwijking sensorische informatieverwerking) can be 
described as having difficulty processing and reacting to information that comes in through 
the senses (Wilmot, 2021). Patients may be oversensitive, undersensitive or both. 
Information and stimuli that is transported or registered by senses can cause the patient to 
be easily overwhelmed and to having a strong negative reaction to heavy textures, smells, 
colors or sounds. However, a patient with sensory processing issues can also experience it 
in a whole different way, namely constantly having to touch objects, having a high pain 
tolerance, invading personal space etc. Sensory processing issues are proved to be a very 
common symptom of many syndromes, one of them being SMS (Wilmot, 2021).  
 
The second subheading is categorized as ‘health issues specifically regarding the eyes’. 
There were 5 symptoms that fitted in this area of specialty.  
Myopia or nearsightedness (in Dutch: myopie) is an irregularity to the eyes in which near 
objects can be registered clearly, however, objects that seem to be further away from the eye 
are blurry. Myopia occurs when your eyeball is shaped incorrectly, causing light rays to bend 
inaccurately (Mayo clinic, 2021). Multiple studies proved that it is relatively common for 
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patients suffering from a disease to have myopia. SMS was as well as Prader–Willi 
syndrome categorized in the studies as ‘syndromic forms of myopia’ (Tedja, 2019). 
 
Cataract (in Dutch: staar) is a condition in which there occurs a clouding of the lens and the 
eyes. The sight of the patient turns foggy, as the lens is not able to focus anymore due to the 
cataract. Cataract develops slowly and is generally seen in the medical profiles of elder 
people (Mayo clinic, 2021).  
 
Strabismus or crossed eyes (in Dutch: scheelzien) occurs when one eye is turned into 
another direction than the other eye (Cleveland clinic, 2019).  
  
A symptom that patients with SMS proved to experience more than people without the 
syndrome is microcornea (in Dutch: microcornea). Microcornea can be defined as having an 
abnormally small diameter of the cornea. The diameter seemed to be smaller than 10mm, 
even when reaching adulthood. Symptoms of microcornea include having a relatively small 
eyeball and largely decreased skull size (NCIB, 2021).  
 
The last symptom mentioned on the form, categorized under ‘health issues specifically 
regarding the eyes’ was ablatio retinae, also known as retinal detachment (in Dutch: 
netvliesloslating). Ablatio retinae occurs when the thin tissue at the back of the eye (the 
retina) detaches from the inside. This is an emergency, as the tissue is not covering its 
original position (Mayo clinic, 2021). Retinal detachment causes therefore the stop of oxygen 
supply by blood vessels at the back of the eye, due to which the retinal tissue is not able to 
function properly anymore. The longer retinal detachment goes untreated, the more chance 
the patient has of permanently losing vision. According to the Smith Magenis Syndrome 
Foundation in the UK, patients with SMS have a higher chance of ablatio retinae, as patients 
suffer most of the time of myopia, in combination with self-mutilation such as head banging. 
Moreover, hyperactivity plays a big role in the frequency of patients with SMS being 
diagnosed with ablatio retinae (Finucane, 1993)  
 
Four symptoms were categorized in the subheading ‘health issues regarding the 
throat/nose/ears’.  
 
A common health issue regarding the ears is otitis media, specifically recidive otitis media. 
Recidive otitis media (in Dutch: recidiverende otitis media) is a middle ear infection that 
reoccurs at least 4 times a year. The infections are usually a result of a malfunction in the 
eustachian tube, a tube connecting the throat and the nose. The malfunction prevents normal 
drainage of fluid, causing it to build up behind the eardrum. The accumulation of fluid is an 
excellent environment for bacteria and viruses to grow. This can lead to otitis media.  
A middle ear infection that reoccurs more than 4 times a year can be diagnosed as a recidive 
otitis media. According to a study on the otorhinolaryngologic manifestation of the Smith 
Magenis syndrome, the frequent otitis media seen by patients with SMS can be caused by 
eustachian tube dysfunction and craniofacial anomalies (M di Cicco, 2001)  
 
The study that used the otorhinolaryngologic manifestation research as a source of 
information, also described how patients with SMs seemed to suffer more frequently from 
hearing loss and bad hearing than those with other types of syndromes. The study proved 
that about 72.2% of the participants in the research showed signs of hearing loss.  
The participants were of all age groups.  
  
An additional subheading to the form is ‘orthopedical health complications’.  
Two symptoms belonged to this subheading.  
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Scoliosis (in Dutch: scoliose) is a form of an orthopedical health issue, which is expressed in 
a sideways curvature of the spine. Distinguishing from other abnormal spine structures is that 
with scoliosis, the spine is shaped into an S or C curve. According to multiple studies, the 
syndrome is associated with scoliosis in 30% of the cases (Tsirikos, 2010).  
 
Another subheading is ‘endocrine and growth problems’. A total of 4 symptoms were defined 
as endocrine and growth problems related.  
 
Multiple studies proved that growth retardation (in Dutch: groeivertraging) is a symptom that 
is often associated with SMS. Growth failure is a result of several different mechanisms 
involving decreased growth hormone (GH) production, reduced tissue response to GH,  
or impaired activity of epistatic factors (Spandoni, 2004) This leads to a retardation in growth, 
causing a shorter posture. 
  
A symptom that seemed to be especially specific was the symptom of decreased production 
of the hormone ADH, which has more frequent urinating (at night) as a result (in Dutch: 
Verminderde productie van het hormoon ADH, wat vaker plassen (met name in de nacht) tot 
gevolg heeft). The hormone ADH (arginini vassopresin) supports the kidneys with the 
regulation of the amount of water in the body. It manages the kidneys in how much water 
should be conserved. Normally, the level of ADH in your blood is higher at night than at 
daytime. This lowers the chance of having to wake up because of the need to urinate. 
However, with a decreased ADH the body will produce high amounts of urine, which makes 
urinating at night a common event.  
 
Hypothyroidism (in Dutch: hypothyreoïdie) occurs when the thyroid is not able to produce 
and release enough thyroid hormone. The levels of thyroid hormone in the blood are 
therefore abnormally low. This causes the process of metabolism to be very low.  
Patients experience tiredness and weight gain.  
 
Pubertas praecox, or precocious puberty, is another feature belonging to the ‘endocrine and 
growth problems’ section of the form. Pubertas praecox is an abnormally early sexual 
maturity. Female patients start puberty before the age of 8, whereas male patients start 
puberty before the age of 9. Normally, puberty finds it beginning between the ages of 8-13 
years old for girls, and 9-14 years old for boys (Mayo clinic, 2021). Pubertas praecox causes 
the patient to start puberty at such young age that it can be the ground for many difficulties. 
Multiple studies stated that precocious puberty can be associated with SMs. Precocious 
puberty affects 1 in 5000 children, but is seen more by patients with SMs (Bhargava, 2020).  
 
The subheading ‘immunological health issues’ only described one symptom, the occurrence 
of immunodeficiencies. Immunodeficiencies (in Dutch: imuundeficiëntie) can be described as 
the body not being able to fight infections and diseases. The immunodeficiencies therefore 
prevent your body from having immune reactions, when these reactions are the bodies 
defense mechanism and of great importance. Immunodeficiencies are seen more by patients 
suffering from syndromes or patients with a genetic history of immunodeficiencies which runs 
in the family (Spriggs, 2019).  
 
The next section on the form was categorized as problems regarding health and nutrition. 
Even though the symptoms are relatively well known, this section still requires further 
attention, as most of the symptoms mentioned in this category are very typical for SMS.  
Being overweight (in Dutch: overgewicht) can be defined as having a body weight that is 
greater than what is considered normal or healthy for a certain height (d.Ard, 2018). 
Having a body mass greater than the healthy norm causes a lot of complications. Smith 
Magens syndrome is often associated with being overweight. About, 90% of individuals with 
SMS are at or above the 90th percentile for weight by age 14 (Burns et al., 2010).  
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According to multiple studies, patients with a RAI1 mutation are more likely to be overweight 
than those with a 17p11.2 deletion.  
Written in the chapter ‘Typical features and symptoms in Smith-Magenis syndrome by RAI 1 
mutation’ of this paper, was that due to multiple factors, the chance of being overweight is 
greater when having a mutation opposed to having a deletion as a cause of the syndrome. 
Literally quoted from this segment of the paper: ‘According to a study conducted by 
Mariateresa Falco, a professor Molecular Medicine and Medical Biotechnology at the 
university of Napels, having a RAI1 mutation influences an important protein of the 
neurotrophin family of growth factors.  
This protein, the brain derived neurotrophic factor (BDNF), is a nerve stimulating factor, 
originating from the brain. BDNF is a neurotrophin, an important factor in the survival of 
existing neurons and encourages growth and differentiation of new neurons and synapses. 
Low serum levels of BDNF have been associated with obesity and behavioral abnormalities 
in humans. Multiple studies have indicated that the haploinsufficiency RAI1 gene in mice 
causes the BDNF to be downregulated and contributes to obesity, hyperphagia and 
abnormal fat distribution.’ (Falco, 2017)  
 
Problems regarding food intake (in Dutch: problemen op het gebied van voedsel inname 
regulatie) are commonly seen in the profile of patients with SMS. The problems regarding 
food intake are often problems related to having an urge to eat and therefore helping 
themselves to food they ought not to have.  
Moreover, problems regarding food intake can also be classified as having a negative 
response to not being able to eat or when the food is not enough/to their taste. 
 According to a study conducted by J.T. Alaimo to the Developmental disabilities in the Smith 
Magenis syndrome in 2015, there were multiple problems regarding food intake.  
About 92% of the participants reacted negatively to food being denied.  
A percentage of 87% helped themselves to food they ought not have.  
More than 50% of the participants had to have their caretakers lock or hide away food as 
precaution to uncontrollable behavior regarding food intake.  
On the other hand, there was a lot of positive response to the research.  
The studies prove that patients with the syndrome often are social, intelligent and care for 
others, as 89% of the participants share their food with others and about 83% of the 
participants accepted an explanation to why the food was denied or delayed. (Alaimo, 2015) 
The segment of the study that is referred to can be seen in figure 6.   
 
The symptom of having a strong urge to eat (in Dutch: Overmatige drang tot eten met 
overgewicht) is directly linked to the paragraph, illustrating the problems regarding food 
intake. The study showed significant prove of participants eating more than a normal portion 
and being hungry after eating. This explains the strong urge to eat. (Alaimo, 2015)  
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Figure 6, Table of problems regarding food intake 
 
Obstipation is commonly seen by individuals with the syndrome. Obstipation (in Dutch: 
obstipatie) is an extreme form of constipation. Obstipation occurs when a person cannot 
pass stool or gas, which causes infrequent bowel movements (McDermott, 2017). According 
to multiple studies obstipation is common by young patients. On the report of a research to 
clinical and behavioral characteristics of the syndrome, more than 45% of the young patients 
experienced obstipation (Le Gouard, 2020). 
 
Probably the most known features of SMS are the health complications regarding sleep, as it 
characterizes the syndrome from other syndromes. Four symptoms were listed in this 
section:  
 
The heavily disturbed circadian rhythm (in Dutch: een ernstig verstoord slaap-waak ritme) is 
caused by a disturbed circadian rhythm of melatonin. Circadian rhythms are physical, mental, 
and behavioral changes that follow a 24-hour cycle. These natural processes respond 
primarily to light and dark and affect most living things, including animals, plants, and 
microbes (NIH, 2021). Melatonin is a hormone that is produced as a response to darkness.  
It regulates the circadian rhythms. When having a disturbance in melatonin levels, this will 
directly have an impact on the circadian rhythm of the body.  
Melatonin is normally produced under the absence of light, at night.  
This happens even though the process is endogenous. Having a disturbed circadian rhythm 
means that the production of melatonin may be very high at one moment and low at the 
other. This is a very typical characteristic of the syndrome, according to almost every study 
that has been written about disturbed circadian rhythms and SMS. All other symptoms 
mentioned in this section are a result of a disturbed circadian rhythm.  
 
The last section of the form was named ‘behavioral characteristics’.  
Obviously, majority of the features were typical characteristics of the syndrome, as SMS is 
distinguished from other syndromes by these features.  
However, it should be mentioned that even though the features and symptoms mentioned in 
this section are mostly in a negative tone, the syndrome does not exclude a person from 
having good qualities. This should be brought to attention due to the feedback and 
comments left behind which all addressed the same features.  
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Apart from behavioral characteristics that seem negative and have a great impact on one’s 
life, people with SMS tend to be very social, intelligent and caring.  
Moreover, they carry a great sense of justice and humor. 
 Let that be said before outlining the symptoms and characteristics that tend to be more 
negative and distinguish the syndrome from other syndromes. In this section of the form, 
eight features were outlined. However, three of these were most typical for the syndrome and 
will therefore be further addressed.  
 
Self-mutilation (in Dutch: automutilatie) is a common feature of the behavioral characteristics 
of SMS. The self-mutilation diagnosed by patients with SMS can take many forms. It can be 
described as the act of polyembolokoilamania, onychotillomania, skin picking, the banging of 
the head against foreign objects etc. On average, 78-96% of people with SMs suffer from 
self-mutilation, which is the majority of the people. However, it should be noted that the self -
mutilation in this sense can differ in intensity. For example, a person with SMS may show 
self- mutilating behavior at a certain age, which could increase or decrease with the years.  
It is no linear process.  
 
Self-hugging when excited (in Dutch: self-hugging bij opwinding) is a unique trait to the Smith 
Magenis syndrome. It is registered and diagnosed more by patients with SMS than any 
other/ no syndrome. This makes it a valid typical feature and symptom of the syndrome.  
Self -hugging is an involuntary, tic-like movement, during which the patient crosses both 
arms across the chest and tenses the body (Medicine plus, 2021). In this way the arms and 
hands are squeezed to the side. These spasm-like movements can last up to a few seconds 
and usually go hand in hand with facial expressions, such as grimacing and occasional 
grunting. Self-hugging is usually an expression which is triggered by happy, exciting or 
affectionate moment (retrieved from the chapter ‘Typical features and symptoms in Smith-
Magenis syndrome by RAI1 mutation’).  
 
The last symptom mentioned in the form is the occurrence of stereotype behavior (in Dutch: 
stereotype gedrag). This behavior can be defined as certain acts that are repeated 
frequently. Examples of stereotype behavior are body rocking, hand flapping, squeezing the 
face, teeth grinding and twiddling objects.  
These actions are a very typical feature as almost all people with SMS experiences at least 
one of these behaviors, according to a study by Jo Moss of the University of Birmingham 
(Moss, 2021). However, typical behavior such as the ones mentioned above are not the only 
behavioral features that can be categorized as being stereotype behavior. 
The study also mentioned that majority of the people with SMS show stereotype behavior in 
the sense of having an attachment to particular people. About 7 out of 10 patients with SMS 
expressed the need to see a specific person or particular people by frequently asking for 
them. The need for the person to interact with people proves once again that people with 
SMS tend to be particularly social and interactive. In addition to this behavior, the participants 
of the study also showed signs of asking a lot of repetitive questions (Moss, 2021)  
The features and symptoms that were inserted in the form will be discussed to this extent.  
 
 
 
 
 
 
 
 
 
 



25 
 

Tables  
 
The following table represents the data that was collected during the research. After the 
participants of the study submitted their forms, the data was selected by means of selecting 
which symptoms corresponded to the ones on the form. In the table, there was made 
distinction between the participants with a 17p11.2 deletion and RAI1 mutation. In this way,  
it was easier to conclude what symptoms were more common by the patients with a deletion 
and which by the patients with a mutation. The information was received personally by 
participants, however, regarding privacy rules and regulations they are named patient A/J for 
the presentation of the study. The table is inserted in Dutch, as the research was conducted 
in Dutch. A form with the English translation can be found in the attachment chapter.  
 

Patient A B C D E F G H I J 
Oorzaak deleti

on 
deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

Hypotonie X X  X X X  X X X 
Vertraagde 
motorische 
ontwikkeling 

X 
 

X X X X X  X X X 

Toename 
slaperigheid 

X X X X X  X X X X 

Afwijkende 
mondmotoriek 

X  X X X  X X  X 

Vertraagde 
taal spraak 
ontwikkeling 

X X X X X  X X X X 

Ventriculomeg
alie 

  X  X X    X 

Hyporeflexie  X  X X  X  X X 
Hoge pijngrens X X X X X X X X X X 
Afwijking 
sensorische 
informatieverw
erking 

X X X X X X  X X  

Epilepsie  X  X       
Myopie        X X X 
Strabismus  X  X X      
Cataract           
Microcornea          X 
Ablatio retinea           
Recidiverende 
otitis media 

X    X  X   X 

Slechthorend X X   X  X X X X 
Hese stem  X X  X  X   X 
Veel keel, 
neus en 
oorproblemen 

X X   X  X   X 

Anders 
(afwijkend) 
looppatroon 

X X  X X X X X X X 

Scoliose  X   X   X  X 
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Patient A B C D E F G H I J 
Oorzaak deleti

on 
deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

Verhoogd cholesterol    X     X X 
Cogentitale 
hartafwijkingen 

         X 

Urinewegaandoening  X         
Groeivertraging         X  
Verminderde 
productie van het 
hormoon ADH 

          

Hypothyreoïdie           
Pubertas praecox  X   X    X  
Immuundeficiënties           
Ontbreken van 
tanden of kiezen 

   X  X     

Taurodontie           
overgewicht  X   X      
Problemen op het 
gebied van voedsel 
inname regulatie 

X X X X X X X X  X 

Overmatige drang tot 
eten met overgewicht 

 X X       X 

verslikken       X    
obstipatie X   X X  X   X 
reflux       X    
Ernstig verstoord 
slaap-waak ritme  

X X X     X X X 

Onderbrekingen van 
de nachtrust 

X X X X X  X X X X 

Korte totale slaaptijd  X X X  X  X X  
Overmatige 
slaperigheid overdag 

X X X X X    X X 

Brede korte schedel  X X  X  X    
Ogen ver uit elkaar, 
doorloop 
wenkbrauwen 

 X X  X  X X   
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Patient A B C D E F G H I J 
Oorzaak deleti

on 
deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

deleti
on 

Brede mond, 
tentvormige bovenlip 

X X X X X  X X X  

Als kind een kleine 
onderkaak, later een 
grote 

 X X  X   X   

Afwijkende vorm oren     X    X  
Kleine brede handen 
met korte brede 
vingers 

X X X X X  X X X X 

Stemmingswisselingen X X X  X X X X X  
Driftbuien X  X X X X  X X X 
Vernielzucht X  X X X X X X  X 
Automutilatie  X X X X X  X X X 
Selfhugging bij 
opwinding     X   X X X 
AD(H)D X      X    
emotionele labiliteit X  X X  X X X X X 
Stereotype gedrag  X  X   X X X X 

Table 1, Symptoms and features by children with a 17p11.2 deletion 
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Patient K L M N O P  
Oorzaak mutation mutation mutation mutation mutation mutation 
Hypotonie X  X  X  
Vertraagde motorische 
ontwikkeling 

 X X X X X 

Toename slaperigheid X X X  X X 
Afwijkende 
mondmotoriek 

 X    X 

Vertraagde taal spraak 
ontwikkeling 

X X X   X 

Ventriculomegalie   X X   
Hyporeflexie  X X X   
Hoge pijngrens X X X X X X 
Afwijking sensorische 
informatieverwerking 

X X X X X X 

Epilepsie       
Myopie    X   
Strabismus       
Cataract       
Microcornea X      
Ablatio retinea       
Recidiverende otitis 
media 

 X X  X  

Slechthorend      X 
Hese stem X    X X 
Veel keel, neus en 
oorproblemen 

 X X  X X 

Anders (afwijkend) 
looppatroon 

 X X X X X 

Scoliose     X X 
Verhoogd cholesterol   X  X  
Cogentitale 
hartafwijkingen 

      

Urinewegaandoening       
Groeivertraging X     X 
Verminderde productie 
van het hormoon ADH 

 X   X X 

Hypothyreoïdie       
Pubertas praecox   X    
Immuundeficiënties       
Ontbreken van tanden 
of kiezen 

 X     

Taurodontie    X  X 
overgewicht X X X X X  
Problemen op het 
gebied van voedsel 
inname regulatie 

 X  X   

Overmatige drang tot 
eten met overgewicht 

X  X X X  

Verslikken       
Obstipatie X X  X X X 
Reflux  X  X X  
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Patient K L M N O P  
Oorzaak mutation mutation mutation mutation mutation mutation 
Ernstig verstoord 
slaap-waak ritme  

X X X X X X 

Onderbrekingen van 
de nachtrust 

X X X X X X 

Korte totale slaaptijd  X X X X X 
Overmatige 
slaperigheid overdag 

 X X    

Brede korte schedel  X X  X  
Ogen ver uit elkaar, 
doorloop 
wenkbrauwen 

  X   X 

Brede neusbrug, korte 
neus met volle punt 

X X X X X  

Brede mond, 
tentvormige bovenlip 

 X X X X  

Als kind een kleine 
onderkaak, Later een 
grote 

 X  X   

Afwijkende vorm oren    X X  
Kleine brede handen 
met korte brede 
vingers 

X X X  X X 

Stemmingswisselingen  X X X X  
Driftbuien X X  X X  
Vernielzucht  X  X   
Automutilatie X X X X  X 
Selfhugging bij 
opwinding       
AD(H)D X X X  X X 
Emotionele labiliteit X X X X X  
Stereotype gedrag X X X X X X 

Table 2, Symptoms and features by children with a RAI 1 mutation 
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Mentioned symptoms  
 
Apart of the symptoms mentioned above, there was space at the end of the form to mention 
any symptoms that were not discussed in the form itself. The response on this segment was 
significant and should therefore be discussed as well. A total of 11 participants (of the 16) 
responded with either extra symptoms or a note on the form. A few of the participants did 
both which resulted in a lot of extra data that had to be processed. A lot of symptoms were 
mentioned, however a few were mentioned more frequently and are therefore presented in 
the following table.  
 
Mentioned symptom Frequency mentioned 
Nose/throat/ear problems specifically as 
a baby 

2 (both patients have a 17p11.2 
deletion) 

Epilepsy as a baby 1 (patient with a 17p11.2 deletion)  
Shaking of the head 1 (patient with a 17p11.2 deletion)  
Overweight specifically as a baby 2 (1 patient with a 17p11.2 deletion and 

1 patient with a RAI1 mutation)  
Psychiatric complications 3 (1 of the patients has a 17p11.2 

deletion and 2 of the patients have a 
RAI1 mutation) 

Quality of sleep increases with the years 2 (both patients have a 17p11.2 
deletion)  

Anorectal malformation 2 (both patients with a RAI1 mutation)  
Divergent form of ear (born with two 
ears on one side of the head, one of 
them being very small and the other of 
normal size and a divergent form of the 
outer ear)  

1 (patient with a 17p11.2deletion)  

Frequency of self-mutilation decreases 
with the years 

3 (all patients have a 17p11.2 deletion)  

Stereotypical behavior regarding hand 
movements 

4 (two patients have a 17p11.2 deletion 
and two patients have a RAI1 mutation)  

Complications regarding the stabilization 
of body temperature 

1 (patient with a RAI1 mutation)  

Table 3, Extra symptoms and features noted 

The symptoms that were mentioned in this segment are however not taken into an account 
when drawing the conclusion of this paper as the frequency they occur is significantly less 
than the rest of the symptoms and features mentioned on the form. However, they are 
mentioned in this table, as they are valid and of importance.  
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Graphs 
 
In order to organize the data and investigate whether a symptom is more common in the 
profile of a person with a deletion or a mutation, the data was put in different, individual 
figures per feature. There was a total of 16 participants, 10 of them having a deletion and 6 a 
mutation. Because of the difference in quantity, the data was organized by means of 
percentages. By doing so, it was relatively straightforward, which symptoms were more 
common between the two groups.  
 
Neurological symptoms  
 

 
Graph  1, Delayed motorical development 

 
Graph  2, Hypotonia 
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Graph  3, Growth retardation 

 
Graph  4, Increase in drowsiness at daytime 

 
Graph  5, Decreased production of ADH 
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Graph  6, Other (divergent) mouth motorical activity 

 
Graph  7, Delayed speech/language development 

 
Graph  8, Hydrocephalus 
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Graph  9, Hyporeflexia 

 
Graph  10, High threshold of pain 

 
Graph  11, Sensory processing issues 
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Graph  12, Epilepsy 

Health issues regarding the eyes 

 
Graph  13, Myopia 

 
Graph  14, Strabismus 
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Graph  15, Cataract 

 
Graph  16, Microcornea 

 
Graph  17, Ablation retinae 
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Health issues regarding the throat, nose and ears  

 

Graph  18, Recidive otitis media 

 
Graph  19, Bad hearing/ hearing loss 

 

Graph  20, Hoarse voice 
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Graph  21, Frequent throat, nose and ear problems 

 
Orthopedic health issues 

 
Graph  22, Abnormal gait pattern 

 
Graph  23, Scoliosis 
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Cardiovascular health issues

 
Graph  24, High cholesterol 

 
Graph  25, Congenital heart defects 

Urogenital health problems 

 
Graph  26, Urinary Tract Disease 
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Endocrine and growth health problems  

 
Graph 27, Decreased production of the hormone ADH 

 
Graph 28, Hypothyroidism 

 
Graph 29, Pubertas praecox 
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Immunological health complications 

 
Graph 30, Immunodeficiencies 

 
Dental health issues 

 
Graph 31, The absence of teeth and molars 

 
Graph 32, Taurodontia 
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Problems regarding health and nutrition 

 
Graph 33, Being overweight 

 
Graph 34, problems regarding food intake 

 
Graph 35, Stong urge to eat more than necessary 
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Graph 36, Choking 

 
Graph 37, Obstipation 

 
Graph 38, Reflux 
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Sleep complications 

 
Graph 39, Heavily disturbed circadian rhythm 

 
Graph 40, Interruptions of rest at night 

 
Graph 41, Relatively short sleep at night 
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Graph 42, Excess of tiredness at day 

 
Appearance characteristics 

 

Graph 43, Wide short skull 

 

Graph 44, Deep-set eyes, slits slope upward, brows run through, eyes set wide 
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Graph 45, Wide mouth with full lips, tent-shaped upper lip, corners of the mouth curved down 

 
Graph 46, Broad nose bridge, short nose with dull nose tip 

 
Graph 47, Deviant shape of the ears 
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Graph 48, As a child small lower jaw, with age a large lower jaw 

 
Graph 49, Short wide hands with short wide fingers 

 
Behavioral characteristics  

 
Graph 50, Moodswings 
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Graph 51, Temper tantrums 

 
Graph 52, Destructiveness 

 
Graph 53, Self-mutilation 
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Graph 54, Self-hugging when excited 

 
Graph 55, AD(H)D 

 
Graph 56, Emotional lability 
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Graph 57, Stereotype behavior 
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Results  
 
With the aid of the preceding graphs and tables, there are several conclusions to be drawn. 
Two percentages are indicated per graph. One for what percentage of the children with SMS 
as a result of a 17p11.2 deletion suffer from the relevant symptom or characteristic and one 
for what percentage of the children with SMS due to a RAI 1 mutation suffer from the 
relevant characteristic or symptom.  
To clarify, the differences in frequency of occurrence can be classified into a large difference, 
a moderate difference and a small difference. With a small difference the difference us less 
than 10%, with a moderate difference it is between 10% and 20% and with a higher 
difference the difference is greater than 20%.  
 
Small difference  d% < 10 
Moderate difference  d% 10 > 20 
Large difference  d% > 20 

Table 4, Determination of different sizes differences 

It can be concluded from the tables that a large part of the characteristics and symptoms 
differ strongly between the two causes of SMS. In 25 of the 57 characteristics and symptoms 
from this study, it was found that there is a large (d% > 20) difference between the number of 
patients with a 17p11.2 deletion and children with a RAI 1 mutation. The following features 
and symptoms belong to this group: hypotonia, growth retardation, decreased production of 
ADH, other (divergent) mouthmotorical activity, delayed speech/language development, 
hydrocephalus, sensory processing issues, epilepsy, strabismus, bad hearing/hearing loss, 
decreased production of hormone ADH, taurodontia, being overweight, problems regarding 
food intake, the strong urge to eat more than necessary, obstipation, reflux, heavily disturbed 
circadian rhythm, relatively short sleep at night, excess of tiredness at day, broad nose 
bridge, short nose with full nose lip, destructiveness, self-hugging when excited, AD(H)D and 
stereotype behavior.  
 
Symptoms that are supported by theory and studies mentioned in the chapters in this paper 
are bad hearing/hearing loss, being overweight and self-hugging when excited.  
 
Bad hearing/hearing loss was proven to occur in about 72,2% of the profiles of patients with 
SMS. Given that about 90% of the cases of SMS are caused by a 17p11.2 deletion, the 
chances are high that there is a big difference in frequency between the amount of times bad 
hearing/hearing loss occurred in the cases of a deletion and a mutation. Namely, having a 
higher percentage in the deletion group. The research that was conducted according to this 
paper showed that 70% of the participants with a deletion experienced bad hearing/hearing 
loss, whereas about 17% of the participants with a mutation showed these signs.  
 
Another result that is supported by other studies and theory is that more patients with a RAI1 
mutation were overweight than those suffering from a 17p11.2 deletion. About 20% of the 
participants with a deletion were overweight, whereas this percentage was drastically higher 
in the profile of patients with a RAI1 mutation, namely a percentage of 83%.  
This is supported by the theory regarding the BDNF factor that is influenced by the RAI1 
gene. All of this can be read on page 22 of this paper.  
 
A result that was really surprising was the symptome of self-hugging. The theory and earlier 
studies mentioned that patients with a RAI1 mutation were more likely to experience self-
hugging, while our study proved that about 40% of the participants with a 17p11.2 deletion 
showed signs of self-hugging, whereas 0% of the participants with a RAI1 mutation showed 
signs of self-hugging.  
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In 15 of the 57 characteristics and symptoms from this study, it was found that there is a 
moderate (d% 10 > 20) difference between the number of children with a 17p11.2 deletion 
and children with a RAI 1 mutation. The following features and symptoms belong to this 
group: hyporeflexia, myopia, recidive otitis media, frequent throat, nose and ear problems, 
congenital heart defects, urinary tract disease, pubertas praecox, chocking, interruptions of 
rest at night, wide short skull, deep-set eyes, slits slope upward, brows run through, eyes set 
wide, wide mouth wide full lips, tant-shaped upper lip, corners of the mouth curved down, 
deviant shape of the ears, mood swings, temper tantrums.  
 
In 11 of the 57 characteristics and symptoms from this study, it was found that there is a 
small (d% < 10) difference between the number of children with a 17p11.2 deletion and 
children with a RAI 1 mutation. The following features and symptoms belong to this group: 
delayed motorical development, increase in drowsiness at daytime, microcornea, absence of 
teeth and molars, short wide hands with short wide fingers, self-mutilation, emotional lability, 
abnormal gait pattern, scoliosis, high cholesterol, as a child a small lower jaw but a lager 
lower jaw progressively as the patient grows older.  
 
The reason why there seems to be a very small difference between the two causes regarding 
self-mutilation is because of the fact that self-mutilation is a very characterizing symptom of 
the syndrome. Almost every patient with SMS experiences a form of self-mutilation.  
 
In addition to these different groups, there is also a group with characteristics and symptoms 
in which there appears to be no difference between children with a 17p11.2 deletion and in 
children with a RAI 1 mutation. The following features and symptoms belong to this group: 
high threshold of pain, cataract, ablatio retinae, hoarse voice, hypothoyroidism and 
immunodeficiencies.  
 
From this division it can be deduced that there are very large differences in characteristics 
and symptoms in children with a 17p11.2 deletion and in children with a RAI 1 mutation, 
although there are indeed some characteristics and symptoms in which no differences were 
found or where the difference is very small.  
 
Examples of characteristics and symptoms where a large difference can be seen are 
stereotype behavior, a decreased production of ADH and bad hearing/ hearing loss.  
For stereotype behavior the difference is 40%. Compared to patients with a 17p11.2 deletion, 
a total of 40% more patients with a RAI1 mutation suffer from this. Another example is the 
decreased reduction of the hormone ADH. 50% of the children with a RAI 1 mutation appear 
to suffer from this compared to none of the children with a 17p11.2 deletion. Bad hearing/ 
hearing loss is an example of a symptom that is much more common in children with 
17p11.2 deletions. 70% of the children with a 17p11.2 deletion suffer from this compared to 
17% of the children with a RAI 1 mutation.  
 
Examples of characteristics and symptoms where a small difference can be seen are self-
mutilation and emotional lability. With self-mutilation the difference is only 3%, with it 
occurring slightly more often in children with a RAI 1 mutation, but this difference is 
negligible. The same applies to emotional lability. There too is a 3% difference and again 3% 
more with the RAI 1 mutation.  
 
Examples where the numbers show exactly the same for both causes of SMS are cataract 
and hoarse voice. In the test group in this study, cataract did not occur at all. 50% of the 
children have a hoarse voice. In contrast to cataract, high threshold of pain occurs in 100% 
of the cases used in this study.  
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Conclusion 
 
In this graduation paper, the topic of Smith Magenis Syndrome was discussed.  
Smith-Magenis Syndrome is a rare genetic multisystem disorder, which brings many 
complications. The characteristic which mostly characterizes SMS is a reversed sleep-wake 
rhythm. This sleep-wake rhythm is reversed because of the reversed melatonin 
rhythm.  When patients with SMS do not have enough stimuli or get stimuli that they cannot 
place well or understand well, they will show distinctive behavior. This behavior varies per 
moment, but also per child. Examples are self-mutilation and stereotyping behavior.   
SMS can be caused in two different ways.  
 
It can be caused due to a 17p11.2 deletion, which is the most frequent way. However, it can 
also be caused due to a RAI 1 gene mutation. In both cases the RAI 1 gene plays a major 
role. This gene is important for normal brain development. Next to that, the gene is a 
transcription factor and therefore it stimulates other genes to express itself.  
 
In the case of the 17p11.2 deletion, there is a missing piece of DNA on chromosome 17.  
This chromosome is one of the most important protein-coding genes. Most people have got a 
deletion on the common region of the 17p11.2 segment. However, some people have been 
diagnosed with SMS due to an atypical deletion, which is bigger or smaller than the common 
deletion. Every deletion, which causes SMS, encompasses the RAI 1 gene. When a patient 
has got a bigger deletion, there will be more genes missing in addition to the RAI 1 gene.  
 
The RAI1 gene is of great importance not only in the brain, but also as a transcription factor 
and chromatin binding protein. Because of the many roles the gene fulfills, a deletion or 
mutation of the gene has a tremendous effect. The RAI1 mutation specifically targets exon 3 
of the gene. In this exon, all the mutations are clustered. In the exon there are a variety of 
frameshift mutations and missense mutations. The mutations cause haploinsufficiency and 
the SMS phenotype. Haploinsufficiency is one of the most prominent reasons for the 
syndrome.  
 
The practical research can be categorized as a statistical hypothesis testing research.  
It consisted of a practical segment in which the differences and similarities between children 
with SMS caused by 17p11.2 deletion and patients with SMS caused by a RAI1 mutation 
was assessed and analyzed. For this reason, a research based on patient feedback was set 
up. Due to the information that was gathered and the calculations by means of percentages, 
it was possible to draw up a conclusion. After comparing the differences in percentages 
between the two causes of the syndrome, it can be concluded which symptoms and 
characteristics are more likely to occur in which profile.  
 
A margin was set, a difference of 20% being a ‘large difference’, a difference between the 
10-20% being ‘moderate difference’ and a difference of less than 10% being a ‘small 
difference’. In this way it can easily be analyzed which symptoms and features are more 
common than others among the two causes of the syndrome. Moreover, it was relatively 
clear which symptoms and features did not differ between the causes of SMS. This was 
fortunate as the research question of the paper discusses the differences in symptoms and 
characteristics. 
 
The research thus resulted in different percentages which were at times surprising.  
However, when looking at for instance the issue of self-mutilation, the difference in 
percentage between patients with a 17p11.2 deletion and patients with a RAI1 mutation was 
nihil. About 80% of patients with a deletion experience self-mutilation, whilst about 83% of 
patients with a mutation suffer from this feature. As already explained, this difference is very 
small which seems logical because self-harm is a common feature in the medical profile of a 
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patient with SMS. Apart from the percentages of self-mutilation, emotional lability appeared 
to be of the same ratio, namely 80% of patients with a 17p11.2 deletion and 83% of patients 
with a RAI1 mutation experiencing emotional lability.  
 
The research resulted in outcomes that did not differ, these percentages were the same. 
Symptoms that belong to this category were for instance a hoarse voice. Both of the causes 
of the syndrome showed a total percentage of 50% regarding the occurrence of a hoarse 
voice. A resulted that caught eye was the symptom of ‘high threshold of pain’.  
All the participants of the study responded to this symptom as all the patients experienced a 
high threshold of pain. This resulted in a percentage of 100% for all of the participants.  
A symptom that did not get any response on the form was cataract. No patient showed signs 
of this feature, which resulted in a total percentage of 0%.  
 
The third and final part of the results that were gathered throughout the research were results 
that differed a lot. For example, 70% of the patients with a 17p11.2 deletion experienced 
hearing loss of bad hearing, whereas about 17% of the patients with a RAI1 mutation had 
signs of bad hearing or hearing loss. The margin that was set for a ‘large difference’ was a 
difference of 20% or more. The difference between the cases of hearing loss was 53% which 
overvalues the margin more than sufficient for to be named a ‘large difference’.   
Another symptom that differed in frequency was a decreased production of ADH. None of the 
participants with a 17p11.2 deletion experienced this symptom, whereas 50% of the 
participants with a RAI1 mutation showed signs of production of the ADH hormone.  
 
The hypothesis of this paper concludes that there will be differences in frequency between 
the two causes of the syndrome. It can confidently be concluded that this is the case,  
as almost all experienced symptoms are experienced in different ratios. In 25 of the 57 
characteristics and symptoms from this study, it was found that there is a large (d% > 20) 
difference between the number of patients with a 17p11.2 deletion and children with a RAI 1 
mutation. In 15 of the 57 characteristics and symptoms from this study, it was found that 
there is a moderate (d% 10 > 20) difference between the number of children with a 17p11.2 
deletion and children with a RAI 1 mutation. In 11 of the 57 characteristics and symptoms 
from this study, it was found that there is a small (d% < 10) difference between the number of 
children with a 17p11.2 deletion and children with a RAI 1 mutation.  

Therefore, it can be concluded that there are differences in frequency in symptoms and 
characteristics between the 17p11.2 deletion and RAI1 mutation that cause the syndrome to 
be experienced.  
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Discussion  
 
Concerning the discussion segment of this paper, there are certain points that ought to be 
disputed. Reflecting on the conducted research, it can assuredly be presumed that the 
course of the research went according to plan.  

Aspects regarding the research that were ultimately positive were, among other things, the 
privilege to maintain contact throughout the process of writing with those specialized in the 
field of the syndrome. An additional aspect that made the overall experience particularly 
positive was the fact that we were able to contact participant that were willing to participate in 
the research, regardless of the difficult times they are going through.  

There are several aspects of improvement with reference to the research. First of all, 
coincidence should be taken into an account. The possibility exists that the people whose 
data that is used in this study do not have the usual profile in terms of characteristics and 
symptoms that you would expect for someone with a 17p11.2 deletion or a RAI 1 mutation. 
This does not have to be the case, but this possibility does exist since we only searched a 
limited group of children’s characteristics and symptoms. These possible coincidences could 
be prevented by using a much larger test group.  

Moreover, the research can be categorized as a statistical hypothesis testing research.  
The research is dependent on the information that was received from the caretakers of the 
participants. However, this information and data that is used in the research cannot be 
checked thoroughly as the form mostly discusses feelings and symptoms that cannot be 
tested through statistical research. The results and analysis are therefore largely susceptible 
to the response of the patients.  

Other than the points of improvement mentioned above, one aspect that should be taken into 
consideration is that the categorized moderate differences in frequency of the symptoms can 
be viewed as less trustworthy. This is due to the reason that the numbers are very close to 
each other, therefore a mistake can easily be made. Also, it may appear in these profiles that 
one cause of the syndrome seems have a higher frequency of symptoms than the other, 
while this may differ in the profiles of other patients. Therefore, the symptoms that are 
classified for having a ‘moderate difference’ are more likely to be less trustworthy.  

A point of improvement that should be noted when conducting the same experiment is that in 
the form, the subheading ‘self-mutilation’ is everything but specific. It would be better to 
categorize this into different types of self-mutilation as theory and studies prove that one type 
of self-mutilation is more common in the profile of patients with a certain cause of the 
syndrome than other. For example, head banging and the extraction of nails, both forms of 
self-mutilation, are according to researchers more common by 17p11.2 deletion patients or 
by RAI1 mutation patients. It would have been interesting to see differences between these 
symptoms, because almost every patient suffers from a type of self-mutilation, however this 
paper did not research which types are more common.  

There is a number of possibilities for subsequent research. Examples are for instance,  
a study to the differences in features and characteristics between male patients and female 
patients. Another possibility for further research is the comparison of different age categories. 
For example, comparing patients in adolescence with patients in puberty. Finally, it would be 
interesting to research whether certain medicines are more effective for people with SMS 
caused by a 17p11.2 deletion or people with SMS caused by a RAI1 mutation.  
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Attachments 
Forms 
 
Beste Meneer/Mevrouw,  
Wij, Jelleke Luijt en Sterre Fleur Moerdijk, zitten op dit moment in ons eindexamenjaar, de 6e klas van het VWO. 
Een eis voor dit jaar is het schrijven van een uitgebreid wetenschappelijk profielwerkstuk, in ons geval hebben wij 
gekozen voor het Smith Magenis syndroom. In ons werkstuk geven wij antwoord op de vraag “Is er een verschil in 
kenmerken en symptomen tussen de twee oorzaken van het syndroom (een 17p11.2 deletie en een RAI1 
genmutatie)?” We focussen ons op de leeftijdscategorie in de puberteit. Door middel van uitgebreid onderzoek 
naar de verschillende oorzaken van het syndroom proberen wij het syndroom beter te begrijpen en dit door 
middel van een presentatie te presenteren aan de beoordelingscommissie en belangstellenden. Hiermee hopen 
we naast een goede beoordeling ook meer aandacht voor het syndroom te vragen. 
Naast een theoretisch deel heeft ons profielwerkstuk ook een onderzoeksgedeelte. Een onderzoek doen naar een 
syndroom op medische schaal is voor ons niet mogelijk, daarom hebben wij een manier bedacht waardoor we 
toch een breder beeld kunnen krijgen van de kenmerken en symptomen die bij de twee oorzaken van het 
syndroom horen. Het onderstaande formulier is geheel anoniem.  
Mocht u belangstelling hebben voor de uitkomst van ons onderzoek, dan kunt u uw e-mailadres achterlaten. 
Wij zullen contact met u opnemen wanneer ons onderzoek is afgerond, waarna we u het verslag toe sturen.  
Geboortedatum van mijn kind:.....................  
Mijn kind heeft Smith Magenis Syndroom, wat tot stand is gekomen door een 17p11.2-deletie / RAI 1 mutatie 
(Graag doorstrepen wat niet van toepassing is)  
Zou u hieronder aan willen geven welke kenmerken en symptomen uw kind heeft? 
(Graag een kruisje zetten achter de kenmerken en symptomen die uw kind heeft) 
 
Neurologische gezondheidsproblemen  

Hypotonie (lage spierspanning)  
 

Vertraagde motorische ontwikkeling   
 

Toename slaperigheid overdag  
 

Andere (afwijkende) mondmotoriek  
 
 
 

 
 

Vertraagde spraak/taalontwikkeling 
  

 
 

Ventriculomegalie (aangeboren afwijking in het 
ventrikelsysteem)  

 
Hyporeflexie (vermindering van reflexen)   

 
Hoge pijngrens   

 
Andere (afwijkende) sensorische 
informatieverwerking   

 
Epilepsie   

 
 
Gezondheidsproblemen met betrekking tot de ogen 

Myopie (bijziendheid)  
 

Strabismus (scheelzien)  
 

Cataract (staar)  
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Microcornea (verziend)  
 

Ablatio retinae (netvliesloslating)  
 

 
Gezondheidsproblemen met betrekking tot de keel, neus en oren 

Recidiverende otitis media (middenoorontsteking die 
minstens 4 keer per jaar terugkeert)  

 
Slechthorendheid   

 
Hese stem  

 
Veel keel, neus en oorproblemen  

 
 
Orthopedische gezondheidsproblemen 

Anders (afwijkend) looppatroon  
 

Scoliose (andere afwijkende kromming(en) van de 
wervelkolom)  

 
 
Cardiovasculaire gezondheidsproblemen 

Verhoogd cholesterol  
 

Cogentitale hartafwijkingen (aangeboren 
hartafwijkingen m.b.t. de bouw van het hart)  

 
 
Urogenitale gezondheidsproblemen 

Urinewegaandoening  
 

 
Endocriene en groei gezondheidsproblemen 

Groeivertraging   
 

Verminderde productie van het hormoon ADH, wat 
vaker plassen (met name in de nacht) tot gevolg heeft  

 
Hypothyreoïdie (verminderde aanmaak van het 
schildklierhormoon)   

 
Pubertas praecox (vroegtijdige puberteit)   

 
 
Immuunsysteem gezondheidsproblemen  

Immuundeficiënties (afwijkende werking van het 
immuunsysteem)  

 
 
Gebitsproblemen 

Ontbreken van tanden of kiezen   
 

Taurodontie (ontwikkelingsprobleem van tanden)  
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Voedingsproblemen  
Overgewicht  

 
Problemen op het gebied van voedsel inname 
regulatie   

 
Overmatige drang tot eten met overgewicht  

 
Verslikken  

 
Obstipatie  

 
Reflux (het terug/opkomen van eten vanuit de maag 
tot in de slokdarm of keel)  

 
 
Slaapproblemen 

Ernstig verstoord slaap-waakritme   
 

Onderbrekingen van de nachtrust   
 

Korte totale slaaptijd  
 

Overmatige slaperigheid overdag  
 

 
Uiterlijke kenmerken  

Brede korte schedel   
 

Diepliggende ogen, de oogspleten lopen schuin 
omhoog, doorlopen van de wenkbrauwen, wijd uit 
elkaar staande ogen 

 
 

Brede neusbrug, korte neus met volle neuspunt  
 

Brede mond met volle lippen, tentvormige bovenlip, 
omlaag gebogen mondhoeken  

 
Als kind een kleine onderkaak, bij ouder worden een 
grote onderkaak  

 
Afwijkende vorm van de oren  

 
Kleine brede handen met korte brede vingers  

 
 
Gedragskenmerken 

Stemmingswisselingen  
 

Driftbuien  
 

Vernielzucht  
 

Automutilatie (zelfbeschadiging)  
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Self hugging bij opwinding   
 

AD(H)D  
 

Emotionele labiliteit (snel 
boos/verdrietig/bang/blij/etc.)  

 
Stereotype gedrag (frequent herhalen van een 
bepaalde handeling)  

 
 
Mocht het zo zijn dat uw kind nog andere gezondheidsproblemen, kenmerken of symptomen heeft die hierboven 
niet genoemd zijn, zou u deze dan hier willen noemen? 
……………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………
E-mailadres (optioneel) .……………………………………………………………………………………………………… 
 
Hartelijk dank voor uw participatie aan ons onderzoek, u hebt ons ontzettend geholpen in de vordering van het 
schrijven van ons profielwerkstuk.  
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The English version of the form:  
 
Neurological symptoms  

Hypotonia (low muscle tone)  
 

delayed motorical development  
 

Increase in drowsiness at daytime  
 

Other (divergent) mouthmotorical activity  
 

Delayed speech/language development  
 

Hydrocephalus   
 

Hyporeflexia   
 

High threshold of pain  
 

Sensory processing issues   
 

Epilepsy  
 

 
Health issues regarding the eyes 

Myopia  
 

Strabismus (crossed eyes)  
 

Cataract (staar)  
 

Microcornea   
 

Ablatio retinae (retinal detachment)  
 

 
Health issues regarding the throat, nose and ears  

Recidive otitis media (middle ear infection recurring at 
least 4 times a year)  

 
Bad hearing/ hearing loss  

 
Hoarse voice  

 
Frequent throat, nose and ear problems  
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Orthopedical health issues 
Abnormal gait pattern   

 
Scoliosis   

 
 
Cardiovascular health issues 

High cholesterol   
 

Cogentital heart defects 
(congenital defect to the heart due to birth defect)  

 
 
Urogenital health problems 

Urinary Tract Disease 
 
 

 
 

 
Endocrine and Growth Health problems  

Growth retardation 
 
 

 
 

Decreased production of the hormome ADH, which 
has more frequent urinating (at night) as a result  

 
Hypothyroidism  

 
Pubertas praecox (precocious puberty)   

 
 
Immunological health complications 

Immunodeficiencies  
 

 
Dental health issues 

The absence of teeth and molars  
 

Taurodontia  
 

 
Problems regarding health and nutrition 

Being overweight   
 

Problems regarding food intake   
 

Strong urge to eat more than necessary   
 

Choking  
 

Obstipation  
 

Reflux   
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Sleeping problems  
Heavily disturbed circadian rhythm   

 
Interruptions of rest at night  

 
Relatively short sleep at night   

 
Excess of tiredness at day   

 
 
Appearance characteristics 

Wide short skull   
 

Deep-set eyes, slits slope upward, brows run through, 
eyes set wide  

 
Broad nose bridge, short nose with full nose tip  

 
Wide mouth with full lips, tent-shaped upper lip, 
corners of the mouth curved down  

 
As a child a small lower jaw, with age a large lower 
jaw  

 
Deviant shape of the ears  

 
Short wide hands with short wide fingers  

 
 
Behavioral characteristics  

Moodswings  
 

Temper tantrums  
 

Destructiveness 
 
 

 
 

Self-mutilation  
 

Self hugging when excited  
 

AD(H)D  
 

Emotional lability   
 

Stereotype behaviour   
 

 
 
 
 
 
 


