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Preface

Millions of children and adults around the world are affected by developmental disabilities.
This has affected the cognitive, motor, and emotional aspects of their lives. Although there
has been an enormous progress in our understanding on the pathophysiological aspects of
neurodevelopmental disorders, many aspects of these disorders remain unknown. For in‐
stance, there are 6 millions people affected by Down syndrome around the word. While ad‐
vance in clinical care and surgical techniques have led to a drastic increase in life expectancy
of people with Down syndrome, no effective treatments are available to restore cognitive
function in people affected. For this reason there is an urgent need to better understand
mechanisms behind cognitive disability and develop new therapies for Down syndrome
and similar neurodevelopmental disorders.

The propose of the current book is to provide examples of methods of understanding the
molecular mechanisms, clinical aspects, diagnosis, and management of behavioral abnor‐
malities in people with intellectual disability.

The first chapter by Fang Xu and Peining Li discusses the role of cytogenomic abnormalities
in people with intellectual disability. Following extensive review of methodology used to
perform cytogenetic and genomic analyses, they have discussed in vitro cellular phenotyp‐
ing and in vivo animal modeling for neurodevelopmental abnormalities.

In the second chapter Adrienne Elbert and Nathalie Berube talk about the role of chromatin
structure in people with intellectual disability. The chapter starts with the basic concept of
chromatin organization and provides a few examples in which altered chromatin structure
plays a significant role in the occurrence of the phenotype.

Chapters 3 and 4 provide examples of rare forms of cognitive disability in adults. These ab‐
normalities are a combination of a variety of motor and cognitive dysfunction. In Chapter 3,
Danilo Moretti-Ferreira describes magenis syndrome i.e. a rare form of intellectual disability
with extensive overlap with other forms of intellectual disability particularly Down syn‐
drome. This will be followed by a chapter by Karaca, Tan, and Tan describing a rare form of
intellectual disability with very characteristic motor problems.

The last chapter (Chapter 5) is dedicated to studying the effects of sexual maturation in peo‐
ple with sever and moderate intellectual disability. In this extensive chapter, Stanislava
Mandzáková walks us through behavioral aspects of sexual maturation in people with de‐
velopmental abnormalities and tests the effects of different factors on sexual behaviors in
people affected and their care givers.

Advance in automated full sequencing systems; enabling us to perform genotyping in a
large number of individuals, sophisticated imaging systems; providing an ability to accu‐



rately study minor alterations in brain circuits, and further availability of high throughput
assay systems; to test the therapeutic and toxic effects of an incredibly large number of
chemicals in vitro, have further accelerated the process of understanding the pathogenesis
of neuronal abnormalities and developing new therapeutic strategies for neurodevelopmen‐
tal disorders.

I would like to dedicate this book to the families of individuals with intellectual disability.
While they experience incredible pain and suffering, many do not wait for others to act.
During my many years of work on neurodevelopmental disorders, I have come to the con‐
clusion that without the contribution and active participation by parents, brothers and sis‐
ters, and other members of immediate family of individuals with intellectual disability, it
would not have been possible to get where we are now. While developmental disabilities
are not considered a top priority for funding and research by the governments in many re‐
gions of the world, the last decade, has witnessed multiple examples in which a very few
hard-working and persistent family members of individuals with intellectual disability have
made an enormous contribution in direct involvement and persuading others to get in‐
volved. This has indeed made a difference in fundamental research, clinical care, and devel‐
oping treatments for many aspects of neurodevelopmental disorders. Dedicating this book
to these family members is to thank them for believing that, once the scientists are equipped
with knowledge on the molecular mechanisms of brain function and with the proper tools
to modify the brain circuits involved in cognition, they can make a huge difference in all
aspects of the lives of people with intellectual disability.

Dr. Ahmad Salehi
Clinical Associate Professor

Department of Psychiatry & Behavioral Sciences
Stanford Medical School

USA
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Chapter 1

Cytogenomic Abnormalities and Dosage-Sensitive
Mechanisms for Intellectual and Developmental
Disabilities

Fang Xu and Peining Li

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55689

1. Introduction

Within each human cell, double strand DNA molecules are packed into 22 pairs of autosomes
numbered from 1 to 22 and one pair of sex chromosomes denoted as XX for female and XY for
male. Every human chromosome has a centromere to guide its segregation through cell cycles
and a telomere at each end to protect its integrity. Chromosomes play important roles in gene
expression regulation, DNA replication and cell division. Abnormalities involving the number
and the structure of each chromosome or a segment within a chromosome are known to
introduce functional disturbance and cause genetic diseases.

Medical genetics has been driven by evolving technologic innovations for better genetic
diagnosis and expanding clinical evidence for rational genetic counseling and disease treat‐
ment. Since 1970s, a series of technologies operating on differentiate staining of metaphase
chromosomes or locus-specific hybridization of labeled DNA probes has been developed to
study chromosomal and submicroscopic abnormalities. Karyotyping using Giemsa-stained
banding pattern (G-band) on treated metaphase chromosomes and fluorescent in situ hybrid‐
ization (FISH) mapping on metaphase chromosome or interphase chromatin are the standard
procedures in clinical molecular cytogenetic laboratories. Molecular cytogenetic analysis of
pediatric patients with developmental delay (DD), intellectual disability (ID), multiple
congenital anomalies (MCA) and autistic spectrum disorders (ASD) has found many causative
chromosomal abnormalities and some genomic disorders. In the past decade, genomic analysis
using either oligonucleotide array comparative genomic hybridization (aCGH) or single
nucleotide polymorphism (SNP) chip has been validated and recommended as the first-tier
genetic testing for pediatric patients. This integrated cytogenomic approach further defines

© 2013 Xu and Li; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



the genomic coordinates and gene content of chromosomal and cryptic genomic abnormalities
and extends the spectrum of etiologic causes for ID/DD/MCA and ASD. The genomic infor‐
mation facilitates fine-mapping of disease-causing genes and dissecting underlying patho‐
genic mechanisms through in silico bioinformatic data mining, in vitro cellular phenotyping
and in vivo animal modeling. Ultimately, this progress will lead to rational disease classification
and therapeutic interventions for patients with ID/DD/ASD [1-3].

2. Cytogenetic and genomic methodologies

2.1. Molecular cytogenetic approach

Clinical cytogenetics is the study of human chromosomal abnormalities and their associated
phenotypes. In 1956, Tjio and Levan [4] correctly described that a normal human metaphase
contains 46 chromosomes. This fundamental cytologic observation was built upon the
development of in vitro cell culture techniques along with the use of colchicine to arrest the
cell cycle at metaphase and the modification of Hsu’s hypotonic treatment prior to fixation to
spread out the chromosomes [5]. The analysis of directly Giemsa-stained chromosomes led to
the identification of numerical chromosomal abnormalities like trisomy 21 in Down syndrome
[6], 45,X in Turner syndrome [7], 47,XXY in Klinefelter syndrome [8], trisomy 13 [9], and
trisomy 18 [10]. The early discoveries of these syndromic numerical chromosomal abnormal‐
ities prompted efforts to differentiate all 23 pairs of chromosomes to detect structural abnor‐
malities. In 1968, Caspersson et al. [11] reported differentiate Quinacrine staining of
chromosomes and triggered the development of various chromosome banding techniques.
Giemsa staining on trypsin-treated chromosome spreads forms unique Giemsa-positive and
negative bands which looks like G-band ‘barcodes’ for each pair of chromosomes under the
microscope. A normal human G-band ideogram was used as a standard for accurate grouping,
numbering and pairing of human chromosomes based on their size, centromere position,
defined regions and bands; this organized chromosomal profile of an individual is referred to
as a karyotype [12]. Chromosome heteromorphisms mainly involving highly repetitive
sequences in the pericentric and satellite regions have been recognized through studies on
normal human populations and diagnostic practices [13]. General consensus on heteromorphic
regions and their reporting practice was reported [14]. Despite an effective tool to detect
numerical and structural chromosomal abnormalities, the banding method has two obvious
technical limitations: the requirement of viable cells for setting up cell culture to capture
metaphases for microscopic analysis and the low analytical resolution of chromosomal G-
bands. The size of a human genome is 3000 Mb (megabases) and estimated total number of
protein-coding genes is about 20,000. So the average size of a chromosome G-band in a medium
500-band level is about 6 Mb and contains 40 coding genes. Before the application of genomic
technologies, the lack of genomic mapping for involved genes of many detected chromosomal
abnormalities had been the major obstacles for accurate karyotype-phenotype correlation and
candidate gene identification.

Developmental Disabilities - Molecules Involved, Diagnosis, and Clinical Care2



In 1982, FISH technology using labeled DNA probes hybridized onto metaphase chromosomes
was developed to map genes onto specific chromosomal G-band regions [15]. This gene
mapping tool was immediately recognized to have great diagnostic value. FISH on metaphase
chromosomes, using labeled DNA probes in the size of 100-800 kilobase (Kb), has enhanced
the analytical resolution and allowed accurate diagnosis of genomic disorders (also termed
contiguous gene syndromes or microdeletion disorders), such as DiGeorge syndrome
(OMIM#188400) by a deletion at 22q11.2, Prader-Willi syndrome (OMIM#176270) and
Angelman syndrome (OMIM#105830) by a deletion at 15q11.2. FISH can also be performed
directly on interphase nuclei, which overcame the limitation of cell culture and extended its
diagnostic application toward rapid screening of chromosomal and genomic abnormalities.
Multiplex FISH panels with differentially labeled probes have been developed for prenatal
screening of common aneuploidies involving chromosomes X, Y, 13, 18 and 21 [16] and for
postnatal detection of cryptic subtelomeric rearrangements [17].

The molecular cytogenetic approach combining G-banding and FISH technologies has been
the standard for a primitive genome-wide view or a locus-specific view of numerical and
structural chromosomal abnormalities. An international system for human cytogenetic
nomenclature (ISCN) was first introduced in 1978 and has been continuously updated to the
current 2013 version for a systematic documentation of chromosomal and genomic abnormal‐
ities [12]. Practice guidelines for cytogenetic evaluation of DD/ID/MCA have been established;
the abnormality detection rate is 3.7% by conventional karyotyping for large numerical and
structural chromosomal abnormalities and up to 6.8% when combined with FISH analysis for
targeted genomic disorders and subtelomeric rearrangements [18].

2.2. Genomic analysis as first-tier genetic testing

In 1992, to overcome frequent cell culture failure and poor metaphase quality in karyotyping
solid tumor samples, Kallioniemi et al. [19] developed comparative genomic hybridization
(CGH) using differently labeled test and control DNAs co-hybridized onto normal metaphase
chromosomes to measure copy number changes. In 1995, Schena et al. [20] developed a
microarray-based technology to quantitatively monitor multiple gene expression. A hybrid of
these CGH and microarray technologies formed the novel array CGH (aCGH) technology for
a high resolution analysis of copy number changes through the genome. From 1998 to 2001,
prototype CGH arrays with increased coverage from a single chromosome to the whole
genome using spotted BAC or PAC clones were produced by academic laboratories [21, 22].
Five years later, high-throughput, high density oligonucleotide microarrays or single nucleo‐
tide polymorphism (SNP) chips following industrial standards along with user-friendly
analytical software packages were developed by several companies. These novel genomic
technologies quickly filled the gap between the megabase (Mb)-range chromosome G/R-bands
and kilobase (Kb)-level gene structure and led to the discovery of polymorphic copy number
variants (CNV) in the normal human genome [23, 24]. CNVs are defined as the gain or loss of
genomic materials larger than 1 kb in size and they present in approximately 12% of the
genome from normal human populations [24]. Meanwhile, these genomic technologies had
also been applied to delineate chromosomal abnormalities and detect pathogenic genomic
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imbalances for patients with DD/ID/MCA in a research setting [25-28]. These technical and
research progresses set a solid foundation for diagnostic application.

To ensure the safety and effectiveness of a new technology for genetic diagnosis, analytical
and clinical validities followed by evidence-based practice guidelines have to be established.
Genomic analysis involves multi-step bench procedures of DNA extraction, enzymatic
labeling or extension and DNA hybridization, a large amount of data analysis and knowledge-
based result interpretation. The integration of this DNA-based genomic analysis into a cell-
based microscopic analysis could be a technical challenge for many clinical cytogenetic
laboratories.

For genomic analysis, analytical validity refers to the probability that a test will be positive
when particular copy number variants (deletion or duplication) are present (analytical
sensitivity), the probability that the test will be negative when these variants are absent
(analytical specificity), and the analytical resolution [29]. Most analytical validation studies
compared the outcomes between the genomic analysis and the conventional cytogenetic
method or among different platforms. Two earlier pilot studies compared array results with
known chromosomal abnormalities from 25 cases to validate targeted BAC clone arrays, and
the clone-by-clone sensitivity and specificity were estimated to be 96.7% and 99.1% respec‐
tively [30, 31]. Using a receiver operating characteristic (ROC) curve, the analytical validity of
a genome-wide oligonucleotide aCGH (Agilent 44K) showed 99% sensitivity and 99%
specificity when the analytical resolution was set at 300-500 Kb by five to seven contiguous
oligonucleotides (about six times the average spatial resolution of 68 Kb, given by the coverage
of a 3,000,000 Kb human genome with approximately 44,000 oligonucleotide probes). For the
detection of mosaicism using the set resolution, aCGH can achieve 85% sensitivity and 95%
specificity for a mosaic pattern at 50% of the cell population, but increased test-to-test varia‐
tions and reduced sensitivity are expected as the mosaic percentage decreases [32]. Another
validation study recommended similar analytical parameters by using a sliding window of
four to five oligonucleotide probes [33]. Additionally, the comparison of the area under the
ROC curve clearly demonstrated that the analytical validity of oligonucleotide aCGH outper‐
formed BAC clone aCGH [32]. The superior performance of oligonucleotide aCGH over BAC
clone aCGH was later confirmed in a comparative analysis [34]. ROC analysis is effective in
evaluating and comparing analytical validity among different technical platforms for a rational
decision in selecting a novel technology for diagnostic application.

Cross platform comparison on a 33K tiling path BAC array, 500K affymetrix SNP chip, 385K
Nimblegen oligonucleotide array and 244K Agilent oligonucleotide array was performed
using ten cases with known genomic imbalances ranging from 100 Kb to 3 Mb. Sensitive
performances were noted in all platforms, but accurate and user-friendly computer programs
are of crucial importance for reliable copy number detection [35]. Technically, one obvious
advantage of the SNP chips over aCGH is the ability to detect uniparental disomy (UPD), copy
neutral loss of heterozygosity (CN-LOH) or absence of heterozygosity (AOH), and level of
consanguinity and incest [36]. However, the introduction of SNP probes into CGH array by
Agilent Technologies has resolved the technical differences to a certain extent. Validation
studies of UPD detection using the Affymetrix SNP genechips detected isodisomic UPD and
segmental AOH of a defined size but missed heterodisomic UPD [37, 38]. The high density
aCGH and SNP chips have achieved exon-by-exon coverage to detect intragenic and exonic
copy number changes, which could allow direct evaluation of genotype-phenotype concord‐
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ance [39]. A recent study using exon-level high density aCGH on a targeted list of genes showed
the detection of mostly exonic deletions in 2.9% cases with autosomal dominant disorders,
intragenic deletions in 10.1% of cases of autosomal recessive disorders tested with one known
mutation, and a deletion and duplication in 3.5% of X-linked disorders [40]. Laboratories
pursuing this high resolution genomic analysis will require additional validation studies, in-
depth result interpretation into Mendelian disorders, more familial follow up studies for
incidental or secondary findings, and eventually further functional studies.

Clinical validation refers to the probability that a test will be positive in people with the disease
(clinical sensitivity) or negative in people without the disease (clinical specificity) [29]. There
were concerns about false negative results, procedure variability and interpretation criteria for
the clinical application of early versions of targeted BAC clone array [41]. Due to the high cost
of aCGH and SNP chip analysis, a validation study on a large number of patient and control
samples in every clinical laboratory is not practical. The ACMG guidelines recommend a
validation procedure of analyzing a minimum of 30 specimens with different known chro‐
mosomal abnormalities [42]. Most cytogenetic laboratories performed a parallel comparison
between aCGH or SNP chip analysis and karyotyping on a small case series. All these studies
demonstrated consistently that the aCGH or SNP chip can define the genomic coordinates and
gene content of chromosomally observed imbalances and also detect cryptic microdeletions,
microduplications and subtelomeric rearrangements. For example, a focus oligonucleotide
aCGH was validated with 100% concordance toward known chromosomal imbalances and
yielded an 11.9% abnormal detection rate of 211 clinical samples [43]. Oligonucleotide aCGH
using high density Agilent 244K was validated in 45 cases with known chromosomal abnor‐
malities and microdeletions [44]. A multi-center comparison of 1,499 patients using the same
oligonucleotide platform (Agilent 44K) showed a 12% abnormality detection rate, and about
53% of the abnormal findings are less than 5 Mb and thus beyond the analytical resolution of
routine karyotyping [45]. The clinical validity of genomic analysis could be estimated from
data published by the International Standards for Cytogenomic Arrays consortium (ISCA).
Using 14 well known recurrent microdeletions and microduplications ranging from 1.5-3 Mb
as a reference set of genomic disorders, 458 microdeletions and 270 microduplications were
detected from 15,749 pediatric patients and 12 microdeletions and 53 microduplications were
found from 10,118 published controls [46]. Given the analytical sensitivity of 99% at a resolu‐
tion of 300-500 Kb for a routine aCGH (Agilent 44K) [32], the clinical sensitivity is close to 100%
for this reference set of genomic disorders; given the 65 false negative results from 10,118
controls, the clinical specificity is estimated to be 99.4%. The near-perfect validities and
significantly improved resolution of genomic technologies made them ideal diagnostic tools
for delineating chromosomal imbalances and detecting CNVs.

2.3. Integrated cytogenomic workflow and practice guidelines

The current practice guidelines from the American College of Medical Genetics (ACMG) and
the peer consensus recommend that genomic analysis be the first-tier genetic testing for
pediatric patients with DD/ID/MCA/ASD [47-50]. A CNV detected from a normal individual
is likely a polymorphic variant without clinical significance and usually termed as a benign
CNV (bCNV). A CNV with known disease association is referred as pathogenic CNV (pCNV),
and a rare or private CNV with uncertain clinical relevance is named a variant of unknown
significance (VUS) [51]. For the past five years, clinical genomic analysis has progressed rapidly
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from ‘targeted’ or ‘focused’ aCGH to genome-wide high resolution aCGH or SNP chips. A
systematic review of 21,698 pediatric patients analyzed by different genomic platforms
demonstrated a diagnostic yield of 15-20% [47], which is two to three times higher than the
3.7-6.8% yield by molecular cytogenetic analysis [18].

In diagnostic practice, there are serious concerns regarding the complete replacement of
molecular cytogenetic approach. The analytical validities and technical capacity of chromo‐
some, FISH and oligonucleotide aCGH are summarized in Table 1. Although cytogenetic
testing has gradually become a supplemental or confirmatory procedure, karyotyping is still
the gold standard to detect numerical chromosomal abnormalities (e.g., trisomy 21 for Down
syndrome and monosomy X for Turner syndrome) and structural rearrangements (e.g.
Robertsonian translocation) and FISH is also the ‘cell-based’ method of choice to determine
mosaic patterns. Approximately 45% of genomic imbalances are larger than 3-5 Mb and could
be confirmed by high resolution G-banding; most recurrent genomic disorders, subtelomeric
rearrangements and mosaic patterns can be readily confirmed by clinically-validated com‐
mercial FISH probes [45].

In a recent study on the interpretation and reporting of CNVs without known associated
abnormal phenotype from different laboratories, it was found that none of the thirteen CNVs
was in complete agreement and the interpretations ranged from normal to abnormal in some
cases [52]. In fact, some genomic findings will always be difficult to interpret because of their
variable expressivity and incomplete penetrance. The collection of bCNVs, pCNVs and VUSs
into web-delivered databases has provided an essential tool in interpreting results for diagnos‐
tic laboratories and also in educating clinical geneticists and genetic counselors [53]. The
websites of Database of Genomic Variants (DGV), International Standards for Cytogenomic
Arrays (ISCA), DatabasE of Chromosomal Imbalance and Phenotype in Humans using Ensembl
Resources (DECIPHER) and other related web resources are listed at the end of this report.
CNVs in the DGV, DECIPHER and ISCA have been loaded onto the Human Genome Brows‐
er as searchable tracks. The brief clinical description from DECIPHER [54] and the evidence-
based rating of CNV into pathogenic, likely pathogenic, uncertain significance, likely benign
and benign from ISCA [55] are all helpful in reporting genomic findings. Recognized cytogenom‐
ic syndromes usually have entries in the Online Mendelian Inheritance in Man (OMIM). Novel
cytogenomic abnormalities are usually presented as case reports and can be search from
PubMed. Reports of a series of similar findings and in-depth reviews will provide more evidence.
Figure 1 shows an aCGH detected 16p13.11 deletion in a patient with ASD in comparison with
pathogenic deletions and duplications documented in the DECIPHER and ISCA databases.
Searchable  clinical  information from these  databases  could be  used to  assure  genotype-
phenotype  correlations.  According  to  the  genotype-phenotype  correlation,  a  four-level
evidence-based result interpretation scheme has been proposed [56]:

Level I: Tight genotype-phenotype correlation with well-defined association of the described
syndrome and the pCNV. There may be variability in the phenotype, but the spectrum of
variability is well described (e.g. Williams syndrome and DiGeorge syndrome). Many known
syndromes have an assigned OMIM number which could be used directly as a reference in the
report.

Developmental Disabilities - Molecules Involved, Diagnosis, and Clinical Care6



Level II: Evolving genotype-phenotype correlation. The described syndrome is represented by
a case report in the literature, or is associated with more than one distinct phenotype and may
be influenced by penetrance or modifying genes, such as 1q21.1 duplication or deletion
syndrome.

Level III: Possible new genotype-phenotype correlation. The CNV has not been described in
the literature before, and no published phenotypic data are available.

Level IV: Uninterpretable multiple CNVs and VUSs. None of which are reported as normal
variants or associated with a disease phenotype, or one or more of the CNVs/VUSs are also
found in a phenotypically discordant parent.

Analytical Validity*
Types of Abnormalities

Detected**

Spatial Analytical Chr Bal Unbal UPD

Resolution Resolution Sensitivity Specificity Num Abn
Struc

Abn

Struc

Abn
CNV AOH Exonic Mosaic

Cell-based

G-banding

Routine (400-550

bands)
5 ~ 7 Mb + + + - - - >6%

High Resolution

(550-850 bands)
3 ~ 5 Mb + + + - - - >6%

FISH

Gene/locus-specific 100-800 Kb ~98% ~98% + + + + - - >3~5%

Regional specific

(cen/subtel)
>100 Kb ~98% ~98% + + + + - - >3~5%

DNA-Based

Oligonucleotide aCGH

(Agilent)

Human CGH 44K 68 Kb 400~500 Kb >99% >99% + - + + - - >20%

Human CGH 180K 17 Kb 100~120 Kb >99% >99% + - + + - - >20%

Human CGH+SNP

180K
17 Kb 100~120 Kb >99% >99% + - + + + - >20%

Human CGH+SNP

400K
7.5 Kb 40~50 Kb + - + + + + >20%

* Sensitivity and specificity of FISH based on laboratory validation and of aCGH based on ref. #32

** Chr = chromosome, num = numerical, bal = balanced, unbal = unbalanced, Abn = abnormalities; CNV = copy num‐
ber variant, UPD = uniparent disomy, AOH = Absence of heterozygosity, + detectable, - undetectable; percentage of
mosaic detection based on chromosome analysis of 50 metaphases, FISH assay of 200 cells and ref#32 for aCGH.

Table 1. Analytical Validities and Diagnostic Capacity of Cytogenomic Analyses
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Figure 1. Diagnostic interpretation using web-delivered databases. A. A 16p13.11 deletion detected by Agilent’s
180K CGH+SNP array. B. The deleted region is shown in the UCSC genome browser with searchable tracks of OMIM
genes, DECIPHER, ISCA and DGV.

Developmental Disabilities - Molecules Involved, Diagnosis, and Clinical Care8



Each laboratory that performs genomic analysis should develop its quality control and quality
assurance procedures. Proficiency testing for genomic analysis has been implemented by the
College of American Pathologists (CAP). Since 2008, two pilot and ten survey challenges of
twelve DNA specimens distributed to as many as 74 different laboratories yielded 493
individual responses with a 95.7% mean consensus for matching result interpretations.
Responses to supplemental questions indicate that 72% of laboratories use oligonucleotide
aCGH and 23% use SNP chips, and array platforms used are increasing in probe density [57].

Figure 2. A workflow illustrates the integrated cytogenomic approach for pediatric genetic evaluation. Patients
with ID/DD/ASD are tested by aCGH first and limited karyotyping. Detected copy number variants are assessed using
web-delivered databases DGV, ISCA, DECIPHER and OMIM to define pCNV, bCNV and VUS. Follow-up confirmatory
FISH and genotyping and familial study to determine parental origin of VUS and pCNV are considered.

Taken together, the development of practice guidelines and proficiency testing indicated that
the aCGH and SNP chip analyses are becoming the ‘gold standard’ in clinical diagnosis of
chromosomal and genomic abnormalities. As shown in Figure 2, a workflow integrating the
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cell-based molecular cytogenetic methods (G-band and FISH), the DNA-based genomic copy
number detection (aCGH or SNP chip) and evidence-based result interpretation has been the
most efficient and cost-effective diagnostic cytogenomic setting. On the clinical front, pediatric
genetic evaluation should be arranged with pre- and post-test consultations by a medical
geneticist so that the benefits, limitations, and possible outcomes, as well as the difficulties of
interpreting some copy number variants can be discussed in details.

3. Spectrum of cytogenomic abnormalities in ID/DD and ASD

The prevalence of ID/DD and ASD are reported to be 1~3% and 0.67%, respectively [58]. Other
common neurodevelopment disorders including speech and language delay, schizophrenia
and epilepsy are also subjected for cytogenomic testing. The integrated cytogenomic analysis
has significantly improved the diagnostic yield from 3.7-6.8% by molecular cytogenetic
analysis [18] to 15-20% by oligonucleotide aCGH or SNP gene chip [47]. The spectrum of
cytogenomic abnormalities ranges from large interstitial and subtelomeric imbalances,
submicroscopic recurrent genomic disorders, to cryptic oligo-genic to intragenic copy number
changes. However, the diagnostic yield could be varied by the criteria of patient referrals and
the resolution of genomic analysis. For example, from 2006-2011, there were 1,354 consecutive
pediatric patients analyzed by 44K and 180K oligonucleotide aCGH (Agilent) in Yale Cytoge‐
netic Laboratory and pathogenic abnormalities were detected in 176 patients (a 13% diagnostic
yield). These abnormalities were classified into chromosomal and cryptic structural abnor‐
malities 95 patients (54%, 95/176), recurrent genomic disorders in 66 patients (37.5%, 66/176),
and common aneuploidies in 15 patients (8.5%).

3.1. Chromosomal and cryptic structure abnormalities

With its much higher analytical resolution than chromosome G-banding, genomic analysis can
delineate the genomic coordinates and gene contents for almost all chromosomally visible
numerical and structural imbalances. This genomic information facilitates fine mapping of
critical regions or intervals containing candidate dosage-sensitive genes through subtractive
comparison of overlapped deletions and duplications [59-61]. In most recent case reports, the
critical regions defined by aCGH or SNP chip have clearly mapped genomic coordinates and
accurately defined gene content. As more cases involving similar genomic locus accumulated,
the mapping of a critical region can be narrowed down to a few candidate genes or even a
single gene. A typical example is the mapping of dosage-sensitive genes associated with
microcephaly, corpus callosum agenesis and seizure from chromosome 1q43-q44 deletion
syndrome (OMIM#612337). This syndrome is caused by heterogeneous subtelomeric deletions
of 1q43-q44. Based on 10 cases of unrelated patients with 1q43-q44 subtelomeric deletions, Van
Bon et al. [62] defined a 360 Kb critical region of 1q44 with four candidate genes C1orf100,
ADSS, C10rf101 and C1orf121 for corpus callosum abnormality. A series of studies including
cases with small interstitial deletions suggested that the nearby genes AKT3, ZNF238 and
HNRNPU are more likely the candidate genes [63-67]. A de novo 163 Kb interstitial microde‐
letion at 1q44 involving only the HNRNPU and FAM36B genes was reported in a boy with
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thin corpus callosum, psychomotor delay and seizure [68]. Combined data from these studies
supported three critical regions containing AKT3, ZNF238 and HNRNPU genes for microce‐
phaly, corpus callosum abnormalities and seizure, respectively. However, the term “corpus
callosum abnormalities” associated with 1q44 deletions include a spectrum of developmental
aberrations from complete agenesis, partial agenesis, dysgenesis, hypoplasia and thin corpus
callosum. The modifying effect from gene interaction or genetic background could also
contribute to the phenotype. Further experimental study on gene function and interaction is
needed to fully understand the genotype-phenotype correlation.

Genomic analysis can also resolve the genomic structures, mutagenesis mechanisms and
mitotic or meiotic behaviors from puzzling chromosomal structural abnormalities like ring
chromosomes or supernumerary marker chromosomes [69-71]. For example, ring chromo‐
some 20 syndrome is a rare chromosomal disorder characterized by refractory epilepsy with
seizures in wakefulness and sleep, behavior problems and mild to severe cognitive impair‐
ment. The aCGH analysis revealed two distinct groups of patients: 75% were mosaic for the
r[20] and a normal cell line with no detectable deletions or duplications of chromosome 20 in
either cell line and 25% had non-mosaic ring chromosomes with a deletion at one or both ends
of the chromosome. The age of onset of seizures inversely correlated with the percentage of
cells containing the ring chromosome [72]. Another interesting observation from aCGH
applications on two large series is the detection of low-level mosaicism of numerical and
structural abnormalities in approximately 0.5% of patients referred for DD/ID/MCA [73, 74].
The authors suggested that the DNA extracted from the white blood cells can reflect mosaic
pattern more accurately than culture stimulated lymphocytes. A cytogenomic approach
combining cell-based methods of FISH on directly prepared interphase cells and extensive
karyotyping on metaphase cells with DNA-based estimation from aCGH log2 ratio or SNP
pattern was proposed for dissecting mosaic patterns [70].

Hidden genomic aberrations in complex chromosomal rearrangements or apparently balanced
translocations were also detected by aCGH [75, 76]. Of patients presenting abnormal pheno‐
types and an apparently balanced translocation, approximately 29-40% has cryptic breakpoint-
associated or unrelated imbalances of paternal origin [77, 78]. Several disease-causing
mechanisms induced by a balanced translocation including loss of function by gene disruption,
gain of function by gene fusion and aberrant expression by positional effect have been
demonstrated. For example, Cacciagli et al. [79] detected a de novo balanced translocation
t(10;13)(p12;q12) in a patient with severe speech delay and major hypotonia. This translocation
disrupted the ATP8A2 gene. This gene is highly expressed in the brain, suggesting the patient’s
mental disability is likely due to the halpoinsufficiency of the ATP8A2 gene. Brownstein et al.
[80] reported a case with over-expression of the α-Klotho gene induced by a balanced trans‐
location t(9;13)(q21.13;q13.1) and established the association α-Klotho over-expression with
hypophosphatemic rickets and hyperparathyroidism. Application of paired-end genomic
sequencing or breakpoint-targeted capture sequencing on five ASD/DD patients carrying a
balanced rearrangement revealed unexpected sequence complexity as an underlying feature
of karyotyping balanced alterations [81]. Cost-effective diagnostic sequencing analysis for
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balanced rearrangements detected in patients with ID/DD/ASD should be implemented in the
near future.

3.2. Recurrent genomic disorders

Genomic disorders refer to microdeletions and microduplications mediated by non-allelic
homologous recombination (NAHR) within regional low copy repeats (LCRs). A dozen of
recurrent genomic disorders such as DiGeorge syndrome caused by a deletion at 22q11.2,
Williams-Beuren syndrome (OMIM#194050) by a deletion as 7q11.23, Prader-Willi syndrome
and Angelman syndrome by a deletion at 15q11.2 have been recognized clinically and
routinely diagnosed by FISH testing. The application of genomic analysis enables not only
more accurate diagnosis of these previously recognized genomic disorders but also the
detection of many novel recurrent genomic disorders. In 2006, the first genomic disorder
identified by aCGH was a 500 Kb microdeletion at 17q21.31 containing the MAPT gene
(microtubular associated protein tau) from patients with a clearly recognizable ID, hypotonia
and a characteristic face [82, 83]. This later termed Koolen syndrome (OMIM#610443) is caused
either by heterozygous mutation in the KANSL1 gene or a 17q21.31 deletion. The KANSL1
gene encodes a nuclear protein that plays a role in chromatin modification. It is a member of
histone acetyltransferase (HAT) complex. The reciprocal 17q21.31 microduplication syndrome
(OMIM#613533) manifestsing some degree of psychomotor retardation and poor social
interaction and communication difficulties reminiscent of ASD was reported [84]. Since then,
many genomic disorders have been reported, and the diagnosis of these genomic disorders
has become an integral part of pediatric genetic evaluation. The aCGH analysis on 15,767
pediatric patients with ID/DD estimated that ~14.2% of them are caused by pCNVs over 400Kb,
and approximately 60% of these pCNVs are within 45 known genomic disorder regions [85].
An evidence-based approach was used to establish the functional and clinical significance of
the most commonly seen 14 genomic disorders [46]. Table 2 lists the recognized dosage-
sensitive genes and estimated penetrance, frequency and prevalence of these 14 recurrent
genomic disorders. These most frequently seen genomic disorders represent a 4.5% (1/22)
diagnostic yield in pediatric patients and an estimated 0.18% (1/550) prevalence in a general
population. A study of human populations for the polymorphic inversions at 17q21.31
observed that the H2 haplotype occurred at the highest frequencies in South Asian and
Southern Europe; this H2 haplotype is susceptible to de novo deletions that lead to develop‐
mental delay and learning difficulties [86]. Population genetic studies for genomic disorders
of other loci could define predisposing genomic structures and recurrence risk for different
ethnic groups at different geographic regions.

The microdeletion and microduplication of the same genomic locus offer an opportunity to
study dosage-sensitive genes, especially for the opposite phenotypes of haploinsufficient and
triple-sensitive genes. Although clinical evaluation has been complicated by overlapped
phenotypes, variable expressivity and reduce penetrance for many newly-defined genomic
disorders, opposite phenotypes have been seen in a few genomic disorders. Comparison of
clinical features of 7q11.23 microdeletion for Williams syndrome with reciprocal microdupli‐
cation syndrome (OMIM#609757) noted different neurologic and behavior problems. The
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Chromosome
G-band

Genomic
locus (Mb in
hg18)

Dosage-
sensitive
genes

Abn.* Clinical features (OMIM#)*
Penetrance*
*

Ref #46
(15,749
cases)

Ref #85
(15,767
cases)

Frequency
(31,516)†

Est.
prevalence‡

22q11.2 17.4-18.7 TBX1 del DiGeorge syndorme (188400) 1 93 96 1/167 1 in 4,000

dup 22q11.2 duplication syndrome (608363) 0.91 32 50 1/384 1 in 9,200

16p11.2 29.5-30.1 TBX6, KCTD13 del Autism, Obsity (611913) 0.96 67 64 1/241 1 in 5,800

dup Autism, underweight 0.93 39 28 1/470 1 in 11,300

1q21.1 145.0-146.4 HYDIN2 del 1q21.1 deletion syndrome (612474) 0.96 55 47 1/309 1 in 7,400

dup 1q21.1 duplication syndrome (612475) 0.96 28 26 1/584 1 in 14,000

15q13.2-

q13.3
28.7-30.3 CHRNA7 del

15q13.3 microdeletion syndrome

(612001)
1 46 42 1/358 1 in 8,600

dup Psychiatric disease 0.87 14 20 1/927 1 in 22,200

7q11.23 72.2-77.5 ELN, GTF21 del Williams syndrome (194050) 1 34 42 1/414 1 in 10,000

FZD9, LIMK1 dup 7q11.23 duplication syndrome (609757) 1 16 16 1/985 1 in 23,600

15q11.2-q13 22.3-26.1 GABRA5 del
Prader-Willi (176270)/Angelman

syndromes (105830)
1 41 16 1/552 1 in 13,300

dup
15q11-q13 duplication syndrome

(608636)
1 35 27 1/508 1 in 12,200

17q21.31 41.0-41.7
MAPT,

KANSL1
del 17q21.31 deletion syndrome (610443) 1 22 23 1/700 1 in 16,800

dup
17q21.31 duplication syndrome

(613533)
0.43 21 2 1/1,370 1 in 32,900

16p13.11 15.4-16.2 MYH11 del Autism, ID, and schizophrenia 0.86 22 18 1/788 1 in 18,900

dup Variable phenotype 0.71 45 24 1/457 1 in 11,000

17p11.2 16.6-20.4 RAI1 del Smith-Magenis syndrome (182290) 1 16 16 1/985 1 in 23,600

dup Potocki-Lupski syndrome (610883) 1 15 9 1/1,313 1 in 31,500

17q12 31.9-33.3 TCF2 del Renal cysts and diabetes (137920) 0.88 18 14 1/985 1 in 23,600

dup Epilepsy 0.86 21 18 1/808 1 in 19,400

1q21 144.1-144.5 HFE2 del
Thrombocytopenia-absent radius

syndrome (274000)
0.87 17 13 1/1,050 1 in 25,200

dup 1q21.2 duplication 0.81 9 25 1/927 1 in 22,200

8p23.1 8.1-11.8
SOX7,

CLDN23
del 8p23.1 deletion syndrome 1 10 7 1/1,853 1 in 44,500

dup Variable phenotype 1 6 7 1/2,424 1 in 58,200

5q35 175.6-176.9 NSD1 del Sotos syndrome (117550) 1 8 8 1/1,969 1 in 47,300

dup
Short stature, microcephaly, speech

delay
n/a 2 0 1/15,758 1 in 378,200

3q29 197.2-198.8 DLG1 del 3q29 microdeletion syndrome (609425) 1 9 6 1/2,101 1 in 50,400

dup 3q29 duplication syndrome (611936) 1 8 4 1/2,626 1 in 63,000

Total 1 in 22 1 in 550

* Abn., abnormality; del, deletion; dup, duplication, OMIM#, Online Mendelian Inheritance in Man

** Penetrance of syndromic phenotypes was from Cooper et al. 2011
†Frequency of each genomic disorder was calculated by case numbers from kaminsky et al (ref.#46) and Cooper et al
(Ref #85); the frequency of 14 genomic disorders is 1/22 of pediatric ID/DD/MCA/ASD patients.
‡ Prevalence was estimated by multiply frequency by 0.04 (using 4% for DD/ID/MCA/Autism in a general population);
the prevalence of 14 genomic disorders is 1/550 in a general population

Table 2. Prevalence and penetrance of common genomic disorders from two large patient-control series
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7q11.23 microdeletion shows relative strength in expressive language and excessive sociability.
To the contrary, the 7q11.23 microduplication has speech and language delay, deficit of social
interaction and aggressive behavior. The FZD9, LIMK1, CLIP2 and GTF21RD1 genes have
been suggested to be the candidate genes for neurologic and behavior phenotypes [87].
Microdeletion syndrome at 16p11.2 (OMIM#611913) and microduplication syndrome at
16p11.2 (OMIM#614671) were initially associated with ASD [88] but a subsequent study
revealed mirror body mass index phenotypes [89]. Microdeletion at 16p11.2 is often associated
with obesity, macrocephaly and ASD, while reciprocal microduplication is associated with
underweight, microcephaly and schizophrenia. Chromosome 1q21.1 microdeletion syndrome
(OMIM#612474) and the reciprocal 1q21.1 microduplication syndrome (IMIM#612475)
associated with microcephaly or macrocephaly and developmental and behavioral abnormal‐
ities, respectively [90-92]. Brunetti-Pierri et al. [91] suggested that the HYDIN paralog located
in the 1q21 interval is a dosage-sensitive gene exclusively expressed in brain; HYDIN hap‐
loinsufficience is responsible for the microcephaly and HYDIN triple-sensitive effect is for the
macrocephaly.

Reciprocal microdeletion and duplication could present distinct, overlapping or similar
phenotype likely caused by the same dosage-sensitive gene. Hereditary neuropathy with
liability to pressure palsies (HNPP) (OMIM#162500) is caused by a microdeletion of the PMP22
gene at 17p11.2 and Charcot-Marie-Tooth Neuropathy type 1A (OMIM#118220) is caused by
a reciprocal microduplication. Both present demyelinating neuropathies but the phenotypes
are distinct. Smith-Magensis syndrome is caused by a microdeletion at 17p11.2 involving the
RAI1 gene and Potocki-Lupski syndrome is caused by the reciprocal microduplication. In
human, both syndromes show variable mental retardation, motor and speech delay, sleep
disturbance, behavior problems and autistic features. In mouse models, mice with RAI1
deletion show hypoactive, decreased anxiety and decreased dominance like behavior. To the
contrary, mice with RAI1 duplication show hyperactive, increased anxiety and increased
dominance behavior [93]. All these findings indicate the presence of different type of dosage-
sensitive genes and the importance of careful and detailed clinical observations and functional
understanding of multiple and complex dosage-sensitive mechanisms.

3.3. UPD (uniparental disomy), AOH (absence of heterozygosity) and VUS (variants of
unknown significance)

UPD is defined as the inheritance of both homologs of a chromosome pair from a single parent.
When both homologs are from that parent, it is denoted as heterodisomy or heteroUPD. If both
copies are from one parental homolog, it is termed as isodisomy or isoUPD. UPD of chromo‐
somes 6, 7, 11, 14 and 15 have been known to cause diseases. Paternal UPD of chromosome 15,
patUPD15, causes Prader-Willi syndrome while maternal UPD, matUPD15 causes Angelman
syndrome. Segmental duplication of maternal 11p15 or paternal deletion of 11p15 causes
decreased expression of IGF2, manifesting with impaired growth for Silver–Russell syndrome.
Segmental duplication of paternal 11p15, paternal UPD, or maternal imprinting mutations of
11p15 lead to increased expression of IGF2, manifesting with overgrowth for Beckwith–
Wiedemann syndrome [94]. Current validated CGH-SNP aCGH and SNP chip can detect
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chromosomal and segmental isoUPD but the detection of heteroUPD requires concurrent
parental study [36-38]. The clinical significance of AOH segments is not clear. One possible
disease-causing mechanism could be the presence of autosomal recessive phenotype by the
doubling of a single mutation within the AOH segment. Other findings such as VUSs detected
in approximately 9.3% of pediatric cases will require follow up parental study to determine
the parental origin of VUS and even further functional analysis to understand their clinical
significance [46].

4. Mapping candidate genes and understanding dosage-sensitive
mechanisms

The characterization of genomic coordinates of pathogenic chromosomal and genomic
abnormalities in patients with ID/DD/MCA and ASD provides the opportunities to map
dosage-sensitive genes. Genomic imprinting is a known dosage-sensitive mechanism regu‐
lating gene expression from only the paternal or maternal genes. By stringent definition, a
dosage-sensitive gene will cause opposite phenotypes by haploinsufficiency in a deletion and
triple-overdose in a duplication. However, ascertainment bias could be introduced due to
assumed more severe phenotype in a deletion than a duplication. An accurate genotype-
phenotype correlation will require systematic and replicate studies on large case-control series.
For all newly-defined genomic disorders, more family-based and case-control pathophysio‐
logic and disease course studies as well as functional studies in in vitro cellular models or in
vivo animal models are needed. Functional characterization of dosage-sensitive mechanisms
will provide better understanding of human development and rational intervention for
ID/DD/MCA and ASD.

4.1. In Silico mining revealing interacting brain expressed gene from cytogenomic
abnormalities

The development of high-throughput genomic techniques has prompted the introduction of
numerous bioinformatic data mining tools to study gene function and interaction. It has been
hypothesized that brain expressed genes and their interaction could play important roles in
human mental development. In Silico bioinformatic analyses have been used to identify
candidate genes and functional interactions from a small case series of pediatric patients and
a large case-control study of ASD patients [95, 96]. It has been hypothesized that ID phenotype
from different pCNVs and segmental imbalances may be caused by the functional disturbance
of genes in interacting pathways or networks. To reveal candidate brain-expressed genes
(BEGs) and their interacting networks from detected cytogenomic abnormalities, a discovery-
driven in silico analysis using bioinformatic tools was performed [97]. Of the 1,354 patients
analyzed by oligonucleotide array comparative genomic hybridization (aCGH) in a five-year
interval in Yale cytogenetics lab, pathogenic abnormalities were detected in 176 patients,
including recurrent genomic disorders in 66 patients, subtelomeric rearrangements in 45
patients, interstitial imbalances in 33 patients, chromosomal structural rearrangements in 17
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patients and aneuploidies in 15 patients. Subtractive mapping of bCNV and extractive
constructing of smallest overlapped regions defined 82 disjointed critical regions from the
detected abnormalities. All genes from these critical regions were sorted by functional
annotation using Database for Annotation, Visualization, and Integrated Discovery (DAVID)
and by tissue expression pattern from Uniprot. A list of 461 BEGs generated from 73 disjointed
critical regions was denoted. Enrichment of central nervous system specific genes in these
regions was noted, and the number of BEGs increased with the size of the regions. Further
gene prioritization using Gene Relationships Across Implicated Loci (GRAIL) identified
candidate BEGs with significant cross region interrelation from data sources of PubMed
abstract, gene ontology terms and expression pattern. Figure 3 shows the cross-loci interactions
of gene ontology from detected deletions and duplications. This result implied shared cellular
component and biological process from the defined candidate BEGs. Pathway analysis using
Ingenuity Pathway Analysis (IPA) denoted five significant gene networks involving cell cycle,
cell-to-cell signaling, cellular assembly, cell morphology, and gene expression regulations.
Previous studies and our preliminary data support a model of polygenic interactions and
multiple functional networks for human mental development. Further experimental study on
the cellular function of these candidate genes and their interactions will lead to a better
understanding of dosage-sensitive mechanisms.

4.2. In vitro cellular phenotyping and in vivo animal modeling

Little is known about the cellular and developmental functions of many newly identified
dosage-sensitive genes. The understanding of dosage-sensitive mechanism for specific gene
or pathway could lead to targeted treatment using protein inhibitor or small RNA interference.
The limited availability and accessibility of live brain and neuron tissues is the major obstacle
in the study of disease-causing mechanisms in human mental development. Recent progress
in stem cell technologies has made possible the modeling of disease using patient derived stem
cells. In 2010, Marchetto et al. [98] developed a culture system using induced pluripotent stem
cells (iPSCs) from Rett syndrome patients’ fibroblasts. These Rett syndrome iPSCs were able
to undergo X-inactivation and generate functional neurons. Neurons derived from these iPSCs
had fewer synapases, reduced spine density, smaller soma size, altered calcium signaling and
electrophysiological defects when compared to controls. This cellular model provided critical
evidence of an unexplored developmental window before disease onset and enable direct
testing of drug effect in rescuing synaptic defects. Similarly, Bona fide iPCSs were generated
from fibroblasts of a patient with Prader-Willi syndrome bearing 4p/15q translocation [99].
These iPSCs retained the DNA methylation in the imprinting center of maternal allele and
reduced the expression of the disease-associated SNRPN gene, therefore, could be differenti‐
ated into neuron tissue to modeling cellular phenotype. Using skin fibroblasts from affected
patients or amniocytes from prenatal diagnosis tests, iPCSs for monosomy X (Turner syn‐
drome), trisomy 8 (Warkany syndrome 2), trisomy 13 (Patau syndrome) and partial trisomy
11;22 (Emanuel syndrome) were generated for further studies of global gene expression and
tissue-specific differentiation [100]. All these reports indicated that stem cell technology offers
reproducible in vitro cellular phenotypes for better understanding of neurodevelopment and
also a testable system for the development of therapeutical approach [101].
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In vivo animal models generated by genetic manipulation have also been used to study
cytogenomic abnormalities. Mouse models of 16p11.2 deletion and duplication detected in
vivo brain anomalies and behavior disorders [102]. Overexpression and transcript suppression
of the 29 candidate genes from this 16p11.2 region in zebrafish identified the KCTD13 gene as
a major driver of the mirrored neuroanatomical phenotypes [103]. Although the physiology
and genetic makeup in the model animals are different from human, the animal models allow

Figure 3. in silico bioinformatic mining of cross-loci gene interaction for intellectual disability. The double circle
plots depict the gene relationships across the abnormal regions by GRAIL based on gene ontology data source. Outer
circle represents abnormal regions, of which the G-band regions with '_del' are denoted deletions and the other re‐
gions are duplications. The inner circle stands for genes located in the corresponding regions in the outer circle, and
for clear visualization only significant genes (p<0.001] and their connections are shown. The lines represent pair-wise
gene connections, with the thickness of the lines indicating the degree functional similarity
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direct evaluation of gene-dosage effects and association of neuroanatomical defects with
phenotypes. Figure 4 shows modeling of human cytogenomic abnormalities using stem cell
technology and animal model and the potential application in drug development.

Figure 4. Using in vitro cellular phenotyping and in vivo animal modeling for cytogenomic abnormalities. To
study gene functions and disease causing mechanims, iPSCs derived from affected patients with detected pCNVs are
used for in vitro cellular phenotyping and genetic engineered animal models are used for in vivo disease pathophysiol‐
ogy. This cellular and animal models can also be used to screen drug for potential treatment of cytogenomic abnor‐
malities.

5. Future directions and concluding remarks

In the first decade since the completion of the Human Genome Project, we have witnessed the
rapid development of genomic technologies and the integration of genomic analysis into
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pediatric genetic evaluation. The experiences from current genomic analysis revealed a
systematic approach including the evaluation of analytical validity of novel technologies using
ROC statistics, the assessment of clinical validity through case series or clinical trials, the
establishment of clinical evidence of detected genomic variants by large scale case-control
studies, and the development of practice standards and guidelines as well as web-deliverable
databases and resources. This approach will be effective for the integration of the next-
generation exome sequencing and the next-next generation genomic sequencing technologies
into clinical screening and diagnosis. However, the increased technical complexity of exome
or genomic sequencing and the intellectual challenge to interpret a large amount of sequencing
data will require more collaborative effort and supportive resources. The ultimate goal for an
integrated pediatric and prenatal genetic evaluation is to provide comprehensive and in-depth
profiling of karyotype, pCNV and mutations and associated medical phenotypes and risks for
patients.

The aCGH or SNP chip analysis has brought pediatric genetic evaluation into the genomic era.
This progress has contributed greatly to our understanding of genetic etiology in 12%-20% of
pediatric patients with DD/ID/MCA/ASD. In additional to the technical progress in genetic
diagnosis, the implementations of knowledge-based genetic counseling, rational clinical action
and follow up familial studies could be of direct benefit for a substantial proportion of patients
[104, 105]. For example, the aggressive behavior from patients with a 15q13.3 deletion involv‐
ing the CHRNA7 gene could benefit from treatment with the NChR allosteric modulator and
acetylcholinesterase (AChE) inhibitor, galantamine [106]. As we gain more knowledge of these
genomic abnormalities through functional analysis using in vitro cellular and in vivo animal
models, disease-specific guidance management and treatment could be developed, culminat‐
ing in fully personalized medicine.

Web resources

Database of Genomic Variants (DGV): http://projects.tcag.ca/variation/

International Standards for Cytogenomic Arrays (ISCA): https://www.iscaconsortium.org/

DatabasE of Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources
(DECIPHER): http://decipher.sanger.ac.uk/

Human Genome Browser: http://genome.ucsc.edu/

Online Mendelian Inheritance in Man: http://www.ncbi.nlm.nih.gov/omim

Database for Annotation, Visualization, and Integrated Discovery (DAVID) ( http://
david.abcc.ncifcrf.gov/ )

Gene Relationships Across Implicated Loci (http://www.broadinstitute.org/mpg/grail/)

Ingenuity Pathways Analysis (Ingenuity Systems Inc. http://www.ingenuity.com/)
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1. Introduction

The molecular complex consisting of DNA and its associated proteins is referred to as
chromatin. In the central nervous system (CNS), dynamic chromatin remodelling is required
for cell division, specification, differentiation, maturation and to respond appropriately to
environmental cues (reviewed in 1-4). Modifications to chromatin can act as a form of cellular
memory, storing information about a cell’s development, differentiation and environment [5].

In humans, the cerebral cortex is required for normal memory, information processing,
thought, attention, perception and language. It consists of six horizontal layers of excitatory
pyramidal neurons interspersed with inhibitory interneurons that form distinct synaptic
circuits. During synaptic transmission, neurotransmitters released by a neuron bind receptors
and initiate electrical signals that travel through the axon of the neighbouring neuron, and in
this process alter its morphology and behaviour. One of these modifiable neuronal behaviours
is the strength of the synaptic response, termed synaptic plasticity. The complex morphological
and gene expression changes that are triggered by synapse formation must be maintained so
that the maturing neuron can develop its identity and specific role in the nervous system.
Dynamic changes in chromatin structure and gene expression underlie many of the above
processes. Perhaps not surprisingly, many neurodevelopmental syndromes characterized by
intellectual disabilities are caused by mutations in chromatin modifying factors. In this chapter,
we provide an overview of the basic concepts behind chromatin structure regulation, followed
by the description of three neurodevelopmental syndromes where altered chromatin structure
is believed to be a major causative factor: Cornelia de Lange, Rett and ATR-X syndromes. We
highlight common features at the phenotypic and molecular level and discuss the implications
for the design of therapies.

© 2013 Elbert and Bérubé; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
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2. Basic concepts in chromatin organization and structure

The packaging of DNA into chromatin occurs at different levels. In the primary structure of
chromatin, a stretch of DNA is tightly wrapped around four pairs of positively charged
structural proteins called histones. Together, the DNA and histones form the basic unit of
chromatin known as the nucleosome [6]. In the secondary structure, the nucleosomal array is
tightly coiled into a 30 nm chromatin fiber, although whether this arrangement exists in vivo
has been questioned [7, 8]. The tertiary structure of chromatin consists of higher order
chromatin fibre configurations. The density of chromatin packaging, and its dynamic remod‐
elling, affect the accessibility of the DNA to factors involved in DNA replication, transcription
and repair [9]. The molecular determinants that influence the level of compaction of chromatin
fibres include DNA methylation, nucleosome composition, histone post-translational modifi‐
cations (PTMs), ATP-dependent chromatin remodelers, and architectural chromatin-associat‐
ed proteins.

Methylation of DNA in mammals occurs at cytosine residues, in the context of CpG dinucleo‐
tides [10]. DNMT3A and DNMT3B are methyltransferases responsible for de novo methylation
[11]. Accordingly, they are responsible for the wave of de novo DNA methylation that occurs
in the early embryo [12]. Another enzyme, DNMT1, maintains DNA methylation patterns by
acting on newly synthesized DNA to match the parental strand after DNA replication [13-15].
High levels of DNA methylation seem to be correlated with gene inactivity [16]. DNA
methylation is involved in gene and transposon silencing [17, 18] and also constitutes the
molecular mark that often distinguishes the two alleles of imprinted genes [19-21]. However,
DNA methylome analyses in several species have revealed that methylated cytosine residues
are also highly enriched in the exons of transcribed genes [22-25]. While the role of exonic DNA
methylation is not yet resolved, evidence suggests that it could aid the spliceosome in the
process of defining exons [26, 27]. Several derivatives of 5-methylcytosine have now been
identified including 5-hydroxymethylcytosine (5-hmc), 5-formylcytosine (5fC) and 5-carbox‐
ylcytosine (5caC). They are thought to be generated during the 5-methylcytosine demethyla‐
tion pathway catalyzed by the Ten-eleven translocation (Tet) enzymes [28-30]. Interestingly,
5-hmc is most abundant in the brain, especially in the hypothalamus and cerebral cortex [31],
and its genomic distribution in human and mouse brain showed that it is greatest at synaptic
genes and intron-exon boundaries, suggesting an important function in gene splicing and
synaptic activity in the central nervous system [32].

The canonical nucleosome consists of pairs of the four core histones H2A, H2B, H3 and H4.
Histone H1 binds the DNA between nucleosomes, which is known as linker DNA, and
stabilizes higher order chromatin folding [33-36]. During developmental processes such as
gene imprinting and X chromosome inactivation, the canonical histones in the nucleosome can
be replaced by atypical forms to designate chromosomal regions for specific functions
(reviewed in [37, 38]). For instance, the largest of the histones, MacroH2A, acts as a strong
transcriptional repressor [39]. It is found in heterochromatin and is associated with the inactive
X chromosome in females and the inactive allele of imprinted genes[40-44]. H2A.Z is typically
found at transcriptional start sites of active and inactive genes, and is thought to be involved
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in regulating nucleosome positioning [45-50]. H3.3 incorporation into nucleosomes can
remove histone H1 from linker DNA and is thought to facilitate recognition of target sequences
by the CCCTC-binding (CTCF) zinc finger protein [51]. Moreover, nucleosomes containing
both H2A.Z and H3.3 are particularly labile and often correspond to binding sites for CTCF
[52, 53].

Post-translational modifications to core and variant histones are crucial for the dynamic
changes in chromatin organization [54, 55]. The amino terminal tails of histones that protrude
from the nucleosome core can be marked by methylation, acetylation, ubiquitination and
phosphorylation, among a growing list of chemical modifications. These marks are introduced
or removed by "writer" and "eraser" proteins, respectively, and are recognized by specific
"readers" that alter chromatin properties [54]. For example, histone acetylation is catalyzed by
writer enzymes called histone acetyltransferases (HATs) that help open chromatin and
correlate with transcriptional activation [56-59]. Conversely, transcription repressor com‐
plexes often include histone deacetylases (HDACs) that repress transcription by removing
acetyl groups from the histones, promoting a closed chromatin state[60]. Bromodomain-
containing proteins are reader proteins that specifically bind to acetylated histones [61].
Methylation marks on histones can be repressive, such as H3K9me3 and H3K27me3 [62-64] or
they can denote particular regulatory elements. For example H3K4me3 often flags active gene
promoters, which is the start-site of gene transcription [65, 66].

The positioning and density of nucleosomes along the DNA influences many cellular proc‐
esses, including gene transcription [67]. A shift in nucleosome location can expose regulatory
sequences of DNA that contain recognition sites for transcription factors or other regulatory
proteins. Nucleosome positioning in vivo is dictated by the DNA sequence, the structure of
neighbouring chromatin, transcription factors, transcriptional elongation machinery and ATP-
dependent chromatin remodeling proteins [67-69]. The displacement of nucleosomes is
controlled by protein complexes containing histone chaperones and ATP-dependent nucleo‐
some remodellers. These complexes bind specific histones via the chaperone, and harvest
energy from ATP using the ATPase to introduce or displace histones (reviewed in [70]). One
example is the Swi/Snf-like ATPase called ATRX that forms a complex with the Daxx histone
chaperone to incorporate the histone variant H3.3 into telomeric chromatin [71, 72]. ATRX is
known to be involved in human cognition, as mutations in the gene cause intellectual disa‐
bilities [73, 74].

Architectural proteins are involved in organizing DNA in the three dimensional space of the
cell nucleus [75]. Regulatory sequences like enhancers bind transcription activating protein
complexes that interact with distant transcription machinery at the gene promoter through
chromatin looping [76, 77]. These chromatin conformations are specific to cell-type and
developmental context, as they depend on which transcription and chromatin-associated
factors are available in the cell. The activation effect of an enhancer can be blocked by what is
known as an insulator sequence. In eukaryotes, CTCF is the only protein known to bind
insulator sequences to elicit this blocking effect [78]. CTCF-bound insulators function via the
formation of a physically different looping structure, in which the regulatory element can no
longer encounter the gene promoter [79, 80]. This type of long-range chromatin fibre interac‐
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tion also involves the cohesin ring complex, which is believed to encircle DNA strands, as well
as ATP-dependent chromatin remodelling proteins [81-83].

Cohesin is a ring complex composed of four proteins: SMC1, SMC3, RAD21 and SA1/SA2 and
is genetically conserved from fungi to humans [84]. The ring structure of the complex is formed
by interactions between SMC1, SMC3 and RAD21 [85]. The fourth component (either SA1 or
SA2) attaches to the ring through interaction with RAD21 and targets cohesin to specific
genomic sites [86]. Cohesin and CTCF binding sites largely overlap across the genome,
especially near active genes [83, 87]. The current model proposes that CTCF is targeted to its
consensus sequence, and cohesin is recruited to the same sites via the SA1/2 subunit [88]. There
are now multiple studies demonstrating that cohesin cooperates with CTCF in the formation
and stabilization of chromatin looping structures to alter gene expression, including studies
at the H19/Igf2 locus [89], the IFNG locus [90], the Beta-globin locus [91], and the MHC class II
locus [92]. Depletion of either CTCF or cohesin at these sites results in altered loop formation.
In addition, CTCF and cohesin have been demonstrated to mediate interactions of genes and
elements on different chromatin fibres [93]. However, cohesin may have a CTCF-independent
role in tissue-specific enhancer interactions (reviewed in [94]). A study of murine embryonic
stem cells revealed that cohesin localized to a subset of active promoters with a transcriptional
coactivator called Mediator, in the absence of CTCF. These genes were expressed in embryonic
stem cells through enhancer-promoter interactions that were formed through cohesin-
mediator complexes [95]. Cohesin is also required for homologous-recombinational repair of
DNA damage following DNA replication [96]. Subunits of cohesin become SUMOylated upon
exposure to DNA damaging agents or presence of DNA double-strand breaks by the SUMO
E3 ligase Nse2, a subunit of the related Smc5-Smc6 complex [97]. Cohesin was also shown to
antagonize binding of the histone variant γH2AX at double-stranded breaks, which may allow
for the chromatin remodelling necessary for DNA repair [98].

Normal development and maturation of the human brain relies heavily on the dynamic nature
of chromatin and therefore on many of the factors mentioned above. In the next few sections,
we discuss particular examples of human disorders with overlapping phenotypes, where
mutation of chromatin structure regulators leads to birth defects and intellectual disability
(Figure 1).

3. Cornelia de Lange syndrome

Cornelia de Lange Syndrome (CdLS) is a multi-organ developmental disorder character‐
ized by intellectual disability, distinct facial features, growth impairment, short stature and
upper limb defects (reviewed in [99]). CdLS causes birth defects in both males and females,
and occurs in 1/10,000 to 1/100,000 live births [100, 101]. Clinical manifestations of CdLS
range substantially (reviewed in [102, 103]. Facial features and intellectual disability tend
to  occur  in  all  patients,  but  limb  malformations  of  the  upper  extremities  present  in
approximately one third of CdLS patients and range from olidactyly to absent forearm [104].
About one quarter of patients are affected by a congenital heart defect [105-107] or cleft
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palate [104].  Gastrointestinal abnormalities,  diaphragmatic hernia and ambiguous genita‐
lia have also been reported [105, 108, 109].

Figure 1. Common clinical features of CdLS, RTT and ATR-X syndromes. Each syndrome is represented by a circle. Fea‐
tures common to two or all three syndromes are listed in the areas of overlap. Multiple clinical features, including In‐
tellectual Disabilities, seizures and microcephaly are shared by all three syndromes.

Central nervous system abnormalities in CdLS include cognitive delay, seizures, self-injurious
behaviour, obsessive-compulsive behaviours, attention deficit disorder with or without
hyperactivity, and depression. The incidence of structural brain anomalies is unknown, but
cerebellar abnormalities have been reported in rare cases [108]. Mild to moderate cases of CdLS
are commonly reported to have features of autism [99].

CdLS is caused by mutations in the components of the cohesin complex or its regulatory
proteins (reviewed in [84]). Cohesin is responsible for keeping sister chromatids linked during
mitosis and meiosis, a process termed sister chromatid cohesion, until they are pulled apart
into separating daughter cells (reviewed in [110]). However, abnormal cell division does not
satisfyingly explain the molecular cause of CdLS, as only a small fraction of cells from less than
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half of CdLS patient-derived cell lines show defects in sister chromatid cohesion [111]. Rather,
accumulating evidence suggests that a deregulation of gene expression is likely to be the
biggest contributor to the symptoms in CdLS [112, 113].

Haploinsufficiency for NIPPED-B-LIKE (NIPBL) is the most frequent cause of CdLS, with
NIPBL gene mutations occurring in more than half of all cases [114-116]. NIPBL is a highly
conserved protein that facilitates cohesin loading onto DNA [117]. The causative mutations
tend to occur de novo, and a single mutant allele is sufficient to result in the most common
autosomal dominant form of CdLS [118]. Mutations in SMC1A and SMC3, which belong to the
family of structural maintenance of chromosomes proteins, account for an additional 5-10%
of CdLS cases [119]. Recently, histone deacetylase 8 (HDAC8) was identified as the vertebrate
protein responsible for the deacetylation of SMC3 and the dissolution of the cohesin complex
at anaphase [120]. Loss-of-function mutations in HDAC8, an X-linked gene, were identified in
six of 154 individuals affected by CdLS, including two females [120]. HDAC8 mutations were
also identified in 7 males of a Dutch family affected by a novel syndrome characterized by
intellectual disability, hypogonadism, obesity, short stature and distinct facial features
reminiscent of Wilson-Turner Syndrome (WTS) [121]. Together the findings from this and the
Deardorf et al study suggest that WTS may be an X-linked variant of CdLS, or that CdLS and
WTS share a causative molecular pathway.

Mice carrying one mutant copy of Nipbl have characteristic features of CdLS including facial
anomalies, small size, behavioural disturbances and heart defects [113]. Modest changes in the
expression of hundreds of genes were reported in both the mutant mice and in CdLS cell lines
[113]. This suggests that perhaps the combination of many small changes in expression
culminates into the observed pathology. Experimental manipulation of NIPBL target genes in
a zebrafish model indeed revealed additive and synergistic interactions on phenotypic
outcomes [112]. Similarly, a lymphoblastic cell line generated from one of the CdLS patients
with an HDAC8 mutation showed that the gene expression profile was strongly correlated
with that seen in NIPBL mutant cell lines, and not cell lines from control individuals [120].
Gene expression profiling of Nipbl mutant embryonic brain tissue revealed a marked down‐
regulation of the Protocadherin-beta (Pcdh-β) genes [113]. In mice, the Pcdh-α, -β, and -γ genes
are arranged in tandem arrays on chromosome 18 [122]. The clustered Pcdh genes comprise
>50 putative synaptic recognition molecules that are related to classical cadherins and highly
expressed in the nervous system. They are located at both pre- and post-synaptic terminals,
making them ideal participants in synapse formation. Only a small subset of protocadherins
are expressed in each neuron from the time they are born and a combinatorial effect of
protocadherin expression is generated by alternative splicing and promoter usage and is
postulated to instruct future synaptic connections and shape the brain’s neuronal circuitry
[123, 124]. A similar effect on Pcdh-β was reported in the SA1-null embryonic brain, and also
in CTCF-null pyramidal neurons [113, 125]. SA1 is largely responsible for cohesin accumula‐
tion at promoters and at sites bound by CTCF, emphasizing the linkage between these proteins
and their importance for normal protocadherin gene expression in the brain [126].

NIPBL might regulate gene expression by controlling loading and unloading of cohesin onto
chromatin, thus counteracting its insulating functions [127]. However, it can also recruit
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HDAC1 and HDAC3, suggesting that it may promote chromatin remodelling in this way,
leading to gene silencing [128]. Genome-wide analysis of DNA methylation in cell lines derived
from CdLS patients show specific methylation patterns that differ from controls, specifically
on the X chromosome [129]. It is not clear why DNA methylation is affected in CdLS and
whether this impacts gene expression changes seen in the disorder.

4. Rett syndrome (RTT)

Rett syndrome (RTT) is a neurodevelopmental disorder characterized by intellectual disability,
autistic features, increased risk of epilepsy, and a loss of previously achieved motor and
language milestones. RTT affects about one girl in 10,000-15,000, making it the second leading
cause of intellectual disability in females, after Down syndrome [130]. In 1999, Amir et al found
that RTT was caused by mutations of the Methyl-CpG-binding protein 2 gene (MeCP2) [131].
RTT is mainly sporadic and the majority of mutations appear to be of paternal origin. Mutations
alter protein sequence or result in truncated versions of MeCP2 with residual function [131].
Males carry only a single copy of the MeCP2 gene due to its location on the X chromosome.
Since at least one functional copy of the gene is required, males with mutations in MeCP2 are
rarely affected with RTT but rather exhibit severe encephalopathy [132-134]. In a typical course
of the disease, RTT patients experience normal development up to 6-18 months of age, followed
by a period of arrested developmental progress and eventual regression with poor social
contact and finger skills (reviewed in 135). In early childhood, the majority of patients have
gastrointestinal problems including difficulty swallowing, which likely contributes to malnu‐
trition and pervasive growth problems [136]. In addition, about half of patients have head
circumferences below the 3rd percentile (microcephaly), curvature of the spine (scoliosis), and
are unable to walk [137].

Much debate still surrounds the question of MeCP2 function at the molecular level, perhaps
due to the confounding effects of various post-translational modifications of the protein.
MeCP2 is an intrinsically disordered protein that binds methylated DNA via the methyl-
binding domain (MBD). One of the roles ascribed to MeCP2 is that of a transcription repressor
that binds methylated gene promoters and recruits repressive factors including HDAC1,
HDAC2 and Sin3A [138]. For example, recruitment of this complex by MeCP2 regulates the
expression of brain-derived neurotrophic factor (BDNF), a protein with important roles in
neuronal survival and synaptic plasticity (reviewed in [139]). Neuronal activity leads to
demethylation of the Bdnf gene, dissociation of the MeCP2-HDAC complex, and increased
gene transcription [140, 141].

Despite this somewhat satisfying and simple model of MeCP2 function as a transcriptional
repressor, identification of over-expressed target genes in MeCP2-deficient tissue has been
difficult. Even more unsettling was the discovery that half of the genes with MeCP2 bound
within the promoter in wild type brain actually showed decreased expression in MeCP2-null
tissues [142]. The explanation for these discrepancies may come from emerging data indicating
that MeCP2 may regulate the organization and compaction of chromatin at a more global level.
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A study by Skene et al. proposed that MeCP2 does not act only in a locus-specific manner, but
displays a histone-like distribution across the genome in neurons [143]. Moreover, they found
large-scale chromatin changes in neurons of MeCP2-null mice, including elevated histone H3
acetylation and doubling of histone H1 in chromatin. Supporting data comes from in vitro
studies of MeCP2, showing that it can induce compaction-related changes in nucleosome
architecture that resemble the classical zigzag motif induced by histone H1 and considered
important for 30-nm-fiber formation. The doubling of histone H1 in MeCP2-null neurons may
be explained by the finding of Ghosh et al, which suggests that MeCP2 competes with H1 for
common binding sites [144]. Consistent with a broader role in chromatin structure organiza‐
tion, MeCP2 is homologous to the attachment region binding protein (Arbp) gene in chicken,
which has roles in chromatin looping [145]. ARBP has high affinity for specific DNA sequences
known as MAR/SARs which it organizes onto a nuclear matrix scaffold [146]. This suggests
that ARBP, and by extension perhaps also MeCP2, is involved in chromatin loop organization.
MeCP2 loss-of-function was indeed shown to rearrange chromatin fibre interactions at the
Dlx5 locus in mouse brain cells using the chromatin conformation capture technique [147].
These results may be highly relevant to RTT pathology given that the DLX5 protein is an
important regulator of GABAergic interneuron development [148]. GABAergic signalling
plays a vital role in modulating the activity of the cerebral cortex, and alterations in interneuron
position and/or migration have been linked to mental retardation, autism, schizophrenia,
epilepsy and Down syndrome [149]. Two GABAergic interneuron-specific MeCP2 knockout
mouse lines were generated that exhibited reduced GABA levels in their cortices and displayed
repetitive behaviours reminiscent of RTT, including hindlimb clasping, forelimb stereotypies
and over-grooming leading to fur loss. In addition, these GABA-specific MeCP2 knockout mice
showed progressive motor dysfunction [150].

The methyl binding domain (MBD) of MeCP2 targets the protein to methylated DNA and
allows for clustering of pericentric heterochromatin in vivo [151]. Analysis of 21 RTT patient
mutations showed that two thirds of these decreased the ability of MeCP2 to cluster hetero‐
chromatin in mouse cells [152]. This led to the question whether heterochromatin aggregation
is impaired in these mutants because of the inability to bind methylated DNA or because of a
different function of MeCP2. MeCP2 has multiple chromatin-interacting domains as well as a
methylation-independent DNA binding domain in vitro [153]. There was some evidence
suggesting that the ability of MeCP2 to control chromatin condensation did not require
methylated DNA [147, 154, 155], but it was a study by Casas-Delucchi et al that demonstrated
that the role of MeCP2 in heterochromatin condensation was independent of DNA binding
[156]. They designed an assay in which different mutant MeCP2 proteins from RTT patients
were artificially targeted to heterochromatic regions in living cells by fusion to a heterochro‐
matin-binding protein. This allowed for the effects of MeCP2 mutants on chromatin dynamics
and organization to be observed in vivo. Some RTT mutations led to exclusive decreases in
methylated DNA binding, without influencing the ability of MeCP2 to cluster heterochroma‐
tin, while other mutations affected both functions. In those mutants that were able to cluster
heterochromatin, fusion of large heterochromatic structures (over several micrometers in size)
were visualized in vivo, providing evidence for the ability of MeCP2 to mediate large-scale
chromatin rearrangements [156].
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Several mutant mouse models have been generated to study the effects of MeCP2 deficiency
(reviewed in [157]). Each RTT model strain has a slightly different time of adverse phenotype
onset, but the males usually begin displaying abnormal behaviours between 4-6 weeks after
birth. The defects observed in these strains of mice generally recapitulate the symptoms of RTT
female patients: laboured breathing, reduced exploratory activity, seizures, cognitive deficits
and decreased synaptic plasticity [157-160]. RTT mice clasp their hind paws when suspended
by the tail, which is a common sign of neurological deficits [161]. They also have decreased
brain weight, smaller cortical neurons with increased neuronal cell density, and reduced
dendritic arborisation compared with controls [162, 163]. Importantly, transgenic mice that
overexpress MeCP2 also exhibit behaviours of anxiety and impairments in learning and
memory, demonstrating that neurons are highly susceptible to either decreased or increased
levels of MeCP2.

Several studies provide clues as to the cause of intellectual disability seen in RTT patients.
Some of the findings show deficits in long-term potentiation and long-term depression and
reduction in spontaneous neurotransmission in cortical and hippocampal neurons of Mecp2-
null mice [164-167]. Furthermore, post-mortem tissue displays immature neuronal dendrite
morphology predicted to result from altered synaptic activity [162, 168, 169].

5. Alpha-Thalassemia, mental Retardation X-linked syndrome (ATR-X)

ATR-X syndrome is a rare genetic disorder characterized by moderate to severe intellectual
and motor disability, mild alpha-thalassemia in a subset of cases, as well as specific develop‐
mental abnormalities including facial, skeletal and urogenital defects [170, 171]. ATR-X
syndrome affects very few individuals as it frequently results from familial mutations in the
ATRX gene on the X chromosome that are passed on to sons by carrier females. In 2009, there
were over 200 known male patients [172]. Females are rarely affected due to skewed X
chromosome inactivation, in which the X chromosome carrying the mutant ATRX gene is
preferentially selected for condensation [173, 174].

Manifestation of ATR-X syndrome can be quite variable [175, 176]. Typically, affected males
have severe global delay from birth, developing very little language and motor abilities.
Approximately one third of patients have seizures, and microcephaly is not uncommon
(reviewed in [177]). These patients also often have gastrointestinal abnormalities, including
difficulty swallowing and gastro-esophageal reflux, which has been known to cause death by
asphyxiation in multiple ATR-X cases [178]. Some patients have anatomical abnormalities that
can cause stomach torsion or cause severe constipation [178]. Genital abnormalities exist in
about 80% of cases, and can present as undescended testes, hypospadias, ambiguous genitalia
or normal female genitalia [177].

ATR-X syndrome is caused by mutations in the X-linked ATP-dependent chromatin remod‐
elling protein called ATRX [73]. Mutations in the ATRX gene have also been identified in
previously characterized mental retardation disorders: Juberg-Marsidi syndrome [179],
Carpenter-Waziri syndrome [180], Smith-Fineman-Myers [176] and X-linked mental retarda‐
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tion with spastic paraplegia [181]. These disorders were mistakenly thought to be distinct from
ATR-X syndrome, as there were mild differences in patient presentations. Identification of
ATRX mutations in these cases exemplifies the clinical variation that can occur in ATR-X
syndrome.

The ATRX mutations identified to date alter protein sequence or code for truncated forms of
ATRX, resulting in reduced protein function or protein level [73, 182]. Nearly all of these
mutations are found within the two functional domains of ATRX, located at the end termini
of the protein [73, 182, 183]. The domain located at the N-terminus is known as the ADD (ATRX-
DNMT3-DNMT3L) domain [184]. It consists of DNA-binding zinc fingers, a protein-binding
plant homeodomain finger, and a globular region [185]. The ADD domain is a histone H3-
binding module that is selective for the combinatorial readout of H3K9 trimethylation and the
lack of H3K4 trimethylation [186, 187]. The domain located at the C-terminus displays ATPase
and helicase activity, and is homologous to protein regions found in Swi2 / Snf2 family
members. This region allows for Swi2/Snf2 proteins to modulate histone-DNA interactions
using energy from ATP hydrolysis [188]. ATRX protein-interactions are consistent with a role
in chromatin regulation as ATRX has been shown to interact with HP1α [189, 190], EZH2 [191],
Mecp2 [155, 192], Daxx [193, 194] and cohesin[155]. Together, the domain analyses and protein
interactions of ATRX suggest a role in ATP-dependent alteration of chromatin. ATRX interacts
with EZH2 at repetitive sites in centromeres, telomeres and at ribosomal DNA to control
heterochromatin formation [195-197]. Heterochromatin formation is further induced by the
interaction of ATRX with HP1, a protein that functions in binding and maintaining hetero‐
chromatic marks like trimethylated lysine 9 of histone 3 (H3K9Me3) and trimethylated lysine
20 of histone 4 (H4K20Me3) [198].

Forebrain-specific deletion of ATRX causes increased p53-dependent neuronal apoptosis,
resulting in reduced forebrain size and hypocellularity of the cortex and hippocampus [199,
200]. Many of the mutant mice die in the neonatal period of unknown causes. In contrast, mice
expressing a truncated form of ATRX (ATRX(ΔE2) mice) survive and reproduce normally
[201]. Behavioural analyses of these mice showed that they have defects in contextual fear
memory with dysfunction of calcium/ calmodulin-dependent protein kinase II (CaMKII) and
GluR1 [201]. Further studies showed abnormally increased CamKII activity in the prefrontal
cortex of the ATRX(ΔE2) mice [202]. In addition, their prefrontal cortex contained neurons with
longer and thinner dendritic spines than those found in controls, which is consistent with other
mouse models of intellectual disabilities [202].

Previous work has also shown that genes are deregulated in cells of ATR-X patients and ATRX
mutant mice [203, 204]. Two possible mechanisms by which ATRX can act as a transcriptional
regulator have been demonstrated [193, 205]. The presence of Daxx relieves the repressive
effect of ATRX, but not through alteration of its ATPase activity [193]. This is now understood
to occur through the role of Daxx as a chaperone for histone variant H3.3, a marker of active
chromatin. Daxx assists in H3.3-H4 tetramer deposition at nucleosomes at PML nuclear bodies,
ribosomal DNA, pericentric DNA and telomeres [71, 206]. One theory is that ATRX directs
Daxx to deposit H3.3 at specific chromatin regions that have been made accessible by ATRX
through ATP-dependent remodelling. ATRX also acts as an inhibitor of macroH2A deposition
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into chromatin [205]. In ATRX-null cells, macroH2A accumulates at the HBA gene cluster and
leads to reduced α-globin expression [205]. This is thought to contribute to the symptom of
α-thalassemia seen in ATR-X syndrome patients.

The mechanism by which ATRX may be able to direct Daxx to specific sites is unknown. One
possibility is that ATRX localizes to specific loci through the ADD domain [186, 187, 207]. The
ADD domain of ATRX was shown to contain two binding pockets for histone 3 modifications:
one for unmodified lysine 4 and the other for trimethylated lysine 9 [207]. The combination of
these two histone 3 marks is associated with heterochromatin / silent gene promoters and
methylated DNA (reviewed in [208]).This combinatorial binding is required for ATRX
localization in vivo [207]. Further, mutations in ATRX that disrupt the interaction of the ADD
domain with H3K9me3 cause a loss of ATRX targeting to heterochromatin [187].

The localization of ATRX to H3K9me3 is strengthened by interaction with HP1α, which also
binds H3K9me3 [207]. In addition, ATRX has been shown to be recruited by Mecp2 [192], which
binds the methylated DNA associated with these histone modifications. In fact, loss of MeCP2
in mice results in a loss of ATRX localization at heterochromatic sites in neurons [192]. In
addition, a subset of RTT patient MeCP2 mutations interfere with ATRX-MeCP2 interaction
[192], which suggests that RTT can be caused in some cases by the inability of MeCP2 to recruit
ATRX to specific chromatin sites.

Recently, a family was identified with two men affected by concomitant duplication of both
Mecp2 and ATRX [209]. These men did not exhibit signs of ATRX duplication syndrome (short
stature, and hypoplastic genitalia), but instead presented with severe mental retardation,
muscular hypotonia, and other characteristic features of MeCP2 duplication syndrome. This
finding supports the idea that MeCP2 acts upstream of ATRX. However, there was an added
feature (cerebellar atrophy) in these patients that was inconsistent with Mecp2 duplication
syndrome, which suggests that ATRX may have some additive effect, and not always function
in a pathway with Mecp2.

We previously reported that ATRX, MeCP2 and cohesin might cooperate in transcriptional
regulation in the brain [155]. In this study, we utilized mice that lack the ATRX protein
specifically in the forebrain, by Cre-loxP recombination [199]. These mice have reduced cortical
and hippocampal size, reduced number of GABAergic interneurons and exhibit gene expres‐
sion changes [199, 200, 203]. In control mice, we could show that ATRX and MeCP2 localize
to the maternal allele of the H19 imprinted gene at the upstream imprinting control region
(H19 ICR). In the absence of ATRX, H19 gene repression in the postnatal period was lessened
and correlated with reduced occupancy of cohesin and CTCF at the H19 ICR. These findings
suggest that ATRX is required for optimal gene repression through the recruitment of CTCF
and cohesin or by promoting their stable binding to chromatin. A link between ATRX and
chromatin cohesion was not only found in the context of gene regulation, but also during
mitosis and meiosis. Depletion of ATRX protein in human somatic cells resulted in several
mitotic defects, such as mis-congression, reduced cohesion and condensation, mis-segregation
of chromosomes and the formation of micronuclei [210]. Abnormal chromosome congression
and segregation may in part explain the reduced brain size of forebrain-specific ATRX
knockout mice [210].
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Genome wide assessment of ATRX protein binding was performed in mouse embryonic stem
cells and human erythroblast cells [195]. ATRX binding was often seen at high GC-rich regions
of the genome, including the telomeres. These DNA sequences have a high probability of
forming unusual DNA structures called G-quadruplexes, or G4-DNA, and recombinant ATRX
protein was able to bind these structures in vitro. G-quadruplex structures are believed to
influence many cellular processes such as transcription elongation and DNA replication and
could prove to be an important feature in understanding CNS defects caused by the loss of
ATRX protein activity.

6. Therapeutic implications

The shared phenotypic features of CdLS, RTT and ATR-X syndrome (Figure 1) in combination
with the molecular findings that place cohesin, MeCP2 and ATRX together in the same physical
and functional context (Figure 2) suggest that these three syndromes are in part due to
aberration of the same molecular pathways. In particular, the shared feature of intellectual
disability and the joint role of MeCP2, ATRX and cohesin in chromatin organization demon‐
strate that the regulation of chromatin structure is essential for the development of the brain
and its complex functions. The study of chromatin structure regulation in the brain, and the
identification of defects in gene expression that are caused as a result of abnormal chromatin
organization, have been valuable not only to our understanding of human syndromes, but also
to the development of therapeutics. This has been especially true of MeCP2 and RTT, the most
studied of the three syndromes.

One interesting feature of RTT is that MeCP2-null neurons in the brain do not undergo
programmed cell death, or apoptosis[211]. In fact, mounting evidence suggest that RTT is not
a neurodegenerative disease, but rather a disorder of neuronal activity (reviewed in [212]). The
changes in synaptic maturation and neuronal activity are in part a result of impaired chromatin
regulation. Chromatin modifications are dynamic and reversible, which led to the hypothesis
that RTT defects may be reversible as well. In 2007, Guy et al. demonstrated that activation of
MeCP2 expression in adult MeCP2-deficient mice, even at an advanced stage of illness,
reversed neurological symptoms [213, 214]. Replication studies have also shown reversal of
RTT morphological features, including neuronal size and dendritic complexity, as well as
improvement in functional RTT symptoms such as respiratory function, grip strength and
rotarod performance, with the reactivation of MeCP2 in mice [215]. These results have since
revolutionized the way in which intellectual disability syndromes are understood [212, 216].

However, there are many obstacles for which gene therapy cannot currently be considered in
RTT patients (reviewed in [217]). Gene dosage is one important consideration; since MeCP2 is
located on the X chromosome, the number of neurons affected in each patient is dependent on
X-inactivation. Providing excess MeCP2 to neurons that already express the non-mutant allele
has negative consequences on brain function. This has been observed in mice [214], as well as
in humans where severe intellectual disability caused by MeCP2 duplication has been
documented (MeCP2 Duplication Syndrome [134, 218, 219]). Therefore a specific dose of the
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gene is required. This issue is not unique to MeCP2; over-expression of ATRX in mice led to
disorganization of the cells in the brain at the ventricular zone, seizures and death soon after
birth [220]. Case studies in humans report that ATRX duplication is associated with severe
intellectual disability, genital anomalies and short stature [221, 222].

Due to these and other issues, therapeutic approaches in RTT have had to focus on pathways
downstream of MeCP2. The understanding of how MeCP2 perturbs gene expression through
its effects on chromatin has been indispensable to these advances. For example, a link between
MeCP2 and the regulation of Brain-derived neurotrophic factor (BDNF) expression led Tsai et
al. to test the administration of BDNF on the phenotypic outcomes of MeCP2 mutant mice
[223, 224]. BDNF is a secreted factor of the neurotrophin family that promotes survival of
neurons but also growth and differentiation of new neurons and synapses. BDNF injection led
to a slower progression of disease in the RTT mouse model. Potentially, intravenous injection
of BDNF in RTT patients could increase BDNF levels in the brain and slow the progression of
symptoms. In particular, breathing dysfunction leads to increased mortality and morbidity in

Figure 2. Regulation of chromatin organization by cohesin, ATRX and MeCP2. A: DNA is wrapped around histo‐
nes in a complex known as the nucleosome. The nucleosome-covered DNA is coiled to form a 30 nm fibre which then
further coils and loops to form higher order structures. These chromatin structures are attached to scaffolds in the
nucleus. B: MeCP2 competes for linker DNA with histone H1 at methylated cytosine residues. MeCP2 recruits repres‐
sive complexes which contain HDACs that deacetylate histone tails. Unacetylated histone 3 Lysine 9 becomes trime‐
thylated and attracts HP1alpha. C: ATRX is recruited by MeCP2. MeCP2 and HP1alpha both directly interact with ATRX.
D: ATRX has binding sites for H3K9me3 and unmodified H3K4. ATRX inhibits macroH2A incorporation into nucleo‐
somes and recruits Daxx, which is a chaperone for Histone H3.3. Histone H3.3 is incorporated into nucleosomes and
marks active chromatin. ATRX recruits CTCF and cohesin. Cohesin is loaded onto DNA by NIPBL. E: Cohesin and CTCF
interact to stabilize looping structures. These loops allow transcription machinery to interact with distant activating
complexes bound to enhancers.
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RTT. Reduced levels BDNF in the brain of mice is associated with increased tachypneas and
apneas [225-228]. Pharmacological activation of the BDNF receptor TrkB in RTT mice restored
wild-type breathing, which demonstrates another potential avenue for therapy in RTT [225].
However, the treatment with the most promise in current literature is the administration of
Insulin-like Growth Factor 1 (IGF-1). IGF-1 is an important regulator of synaptic plasticity and
maturation that is widely expressed in the brain (reviewed in [229]). Multiple studies have
supported the hypothesis that dendritic spines are altered in RTT, implicating synaptic
maturation as a major deficit. Treatment of RTT model mice with IGF-1 N-terminal tripeptide,
known as GPE, partially restores dendrite spine number, and improves the cortical plasticity
levels to that of wild type mice [230]. In addition, it improves gait and breathing patterns of
the MeCP2 mutant mice.

7. Conclusions

Animal models have provided an extensive knowledge about the three syndromes discussed
above. However these animal studies cannot recapitulate all of the complexities of human
brain disorders. Neurodevelopmental disorders have been difficult to study in humans
because of the limited supply of post-mortem brain samples and studying peripheral cells from
patients such as lymphocytes is problematic because they do not accurately portray defects of
the target tissue [231]. Human induced pluripotent stem cells (iPSCs) are a novel technology
that may provide a potential solution to this issue. iPSCs are a type of stem cell that are
produced by genetic reprogramming of a differentiated somatic cell [232, 233]. These iPSCs
can be derived from healthy individuals or from those afflicted by a genetic condition, and
then differentiated into the cell type desired for research. Studies of neuronal cells derived
from iPSCs of RTT patients have provided valuable complimentary information to the findings
from in vivo animal studies. Specifically, modeling RTT with iPSCs has allowed for medications
like IGF1 to be tested for efficacy in human RTT patient neurons [234]. Administration of IGF1
was shown to rescue synaptic defects in this model and is currently in clinical trials for
treatment of RTT for which primary outcome measures will be available in 2013 (http://
clinicaltrials.gov/ct2/show/record/NCT01253317?term=rett+syndrome). It has not been shown
whether IGF1 is affected by ATRX or NIPBL knockdown, or whether similar therapies would
be beneficial in ATR-X or Cornelia de Lange syndromes. However, since there is evidence that
ATRX, cohesin and MeCP2 function together in regulating gene expression and brain devel‐
opment, it is possible that downstream targets, like IGF1, are similarly affected in all three
syndromes.

Although more work remains, the study of chromatin modifiers in brain development have
provided insight into inherited forms of intellectual disabilities, as well as target pathways for
future clinical interventions. Continued investigation of chromatin regulation in neurological
and psychiatric disease will help to identify more commonalities between disorders and
further our knowledge of potential treatment avenues.
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Chapter 3

Intellectual and Behavioral Disabilities in Smith —
Magenis Syndrome

Danilo Moretti-Ferreira

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55721

1. Introduction

Smith-Magenis syndrome (SMS) is a rare developmental disorder featuring impaired intellectu‐
al and behavioral abnormalities. SMS is still not well known because it is characterized by subtle
facial dysmorphology that progresses with age, and clinical features that overlap with other
intellectual disability syndromes as Prader–Willi, Williams-Beuren, and Down syndromes. Due
to their intellectual impairment especially their abnormal and frequently anti-social behavior,
most individuals affected with SMS are institutionalized without proper diagnosis and care.

2. Background

Patients with the features of SMS were first described in 1982 by Ann C.M. Smith in an ab‐
stract presented at the Annual Meeting of the American Society of Human Genetics [1]. In 1986,
Ellen Magenis together with Ann C.M. Smith and their colleagues published a clinical review
of nine individuals affected by this nosologic entity. For this reason the syndrome was named
after them [2]. A deletion of chromosome 17p11.2 was identified as the cause of this condition
in approximately 90% of cases, and thus this disorder belongs to the group of contiguous-gene
syndromes, currently referred to as genome diseases [3-5]. SMS patients without deletions
17p11.2 may carry a point mutation in the gene RAI1 [6-10], which codes a transcription factor
acting in several different biological pathways. RAI1 dosage is crucial for normal regulation of
circadian rhythm, lipid metabolism, and melatonin function. SMS affects both sexes equally and
has been found in all ethnic groups. The incidence of SMS was initially estimated at 1:25,000
births [11]. However improvements in cytogenetic techniques and molecular analyses have
allowed the diagnosis of most cases, leading to a current prevalence estimate of 1:15,000 [12].

© 2013 Moretti-Ferreira; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



3. Clinical characteristics

SMS dysmorphysms change with age. The most common facial characteristics of the syndrome
include broad square-shaped face, brachycephaly, prominent forehead, synophrys, deep-set
eyes, broad nasal bridge, midface hypoplasia, micrognathia in infancy, relative prognathism
with age, and everted, "tented" upper lip [13]. Dental anomalies such as premolar agenesis and
taurodontism have also been reported [14].

Individuals  with SMS show mild to  moderate  mental  retardation [11,  15],  and behavio‐
ral  abnormalities  such  as  sleep  disturbances,  stereotypic  movement,  and  self-injurious
behavior  [16-21].

To date, nearly two hundred cases have been described in the literature. In 2011 Gamba and
colleagues presented seven Brazilian cases and a meta-analysis of clinical signs in SMS
reported in the literature, which are summarized in the table below [22].

Clinical

Gamba et al.,

2011

N = 7

Literature

N = 165
Fisher's Exact test

Craniofacial % P value

Brachycephaly 5/7 95/106 89.6 0.1893

Microcephaly 3/7 9/56 16.0 0.1199

Midface Hypoplasia 6/7 87/10 79.8 1.0000

Broad, square-shaped face 7/7 64/82 78.0 0.3367

Broad Nasal Bridge 7/7 41/51 80.39 0.3356

Short Philtrum 7/7 11/11 100.00 1.0000

Everted, "tented" upper lip 6/7 64/83 77.11 1.0000

Cleft lip/palate 0/7 12/47 25.53 0.3275

Relative prognathism with age 6/7 49/62 79.03 1.0000

Micrognathia 1/7 12/28 42.86 0.2197

Skeletal

Short stature 6/7 35/71 49.30 0.1115

Scoliosis 3/7 23/53 43.40 0.6971

Dental anomalies 7/7 4/11 36.36 0.0128

Short broad hands 7/7 n/a n/a

Clinodactyly 6/7 19/30 63.33 0.3891

Brachydactyly 7/7 67/81 82.72 0.5915

Syndactly 5/7 15/50 30.00 0.0837

Ocular abnormalities

Deep-set, close-spaced eyes 6/7 47/72 65.28 0.4156

Synophrys 5/7 31/57 54.39 0.4540
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Clinical

Gamba et al.,

2011

N = 7

Literature

N = 165
Fisher's Exact test

Strabismus 7/7 39/67 58.21 0.0400

Iris Abnormalities 5/7 10/23 43.48 0.3898

Otoryngological

Ear Abnormalities 4/6 48/76 63.16 0.6938

Ear infections 2/7 28/36 77.78 0.0190

Hoarse, deep voice 1/7 40/52 76.92 0.0023

Hearing loss 3/7 46/74 62.16 0.4258

Neurological

Cognitive impairment/developmental

delay
7/7 100/100 100.00 1.0000

Speech delay 7/7 101/111 90.99 1.0000

Motor Delay 7/7 92/114 80.70 0.3479

Infantile hypotonia 4/7 49/77 63.64 0.7054

Sleep disturbance 5/6 97/110 88.18 0.5462

Hyporeflexia 1/7 2/4 50.00 0.4909

Behavior

Self-Hung 7/7 17/20 85.00 1.0000

Onychotillomania 5/7 15/24 62.50 1.0000

Polyembolokoilamania 6/7 14/23 60.87 0.3717

Head Banging/Face Slapping 1/2 36/43 83.72 0.3273

Hand Biting 4/5 19/19 100.00 0.2083

Attention Seeking 5/5 52/54 96.30 1.0000

Aggressive behavior 7/7 62/67 92.54 1.0000

Self-injurious behaviors 7/7 56/61 91.80 1.0000

Hyperactivity 6/7 52/54 96.30 1.0000

Other features

Cardiac defects 0/7 44/88 50.00 0.0139

Renal/urinary tract abnormalities 1/7 12/49 24.49 1.0000

EEG abnormal/ evident seizures 3/5 23/58 39.66 0.6687

Hypogonadism male 1/7 21/60 35.00 0.4116

Obesity 3/7 12/51 23.53 0.3597

Bold type Statistically significant values of P less than 0.05 (two-tailed Fisher exact test).

(+) positive (-) negative (n/a) not available

Table 1. Clinical features of seven Brazilian Smith-Magenis syndrome cases and meta-analysis of 165 cases from the
literature (Gamba et al., Genet. Mol. Res. 10 [4]: 2664-2670, 2011, Published with permission from Genetics and
Molecular Research-Online Journal) [22].
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3.1. SMS features in infancy, childhood/adolescence and adulthood

3.1.1. Infancy

The gestation of children with SMS is commonly uneventful. When maternal report is
available, a diminution of fetal movements is described in 50% of cases. At birth all parameters
(weight, length, OFC) are normal, including time of gestation.

The occurrence of generalized hypotonia and hyporeflexia promotes a marked oral motor
dysfunction, with poor sucking and swallowing, and gastroesophageal reflux. Failure to thrive
is attributed to feeding difficulties. During the first year of life, parents often describe SMS
cases as perfect babies because they sleep very well and cry little.

Behavior disturbances can be observed as early as 4 months. Videotape analysis shows
patients’ motor repertoire is significantly reduced, and fidgety general movements, which are
typical of that age, are missing. Posture is abnormal and overall movements are jerky and
monotonous. These findings indicate a severe motor impairment as early as 4 months of age
[23]. Beyond 18 months, signs of developmental delay become increasingly obvious, with early
stages of intense crying and sleepless nights. Within 2-3 years of age patients have a clear delay
in language acquisition, with lalation [24-25]. Dysmorphic signs subsequently begin to become
more evident, with facial hypotonia, and relative micrognathia.

3.1.2. Childhood/adolescence

It is at this stage of life that patients with SBS have dysmorphisms, significant cognitive delays
and a peculiar behavior and come to the attention of health professionals. Most patients are
diagnosed at this stage of life.

Facial dysmorphisms include broad and square-shaped face, mild face hypoplasia, brachice‐
phaly, short nasal philtrum, a tendency toward an everted upper lip, and relative prognathism.
Patients may present with short stature, scoliosis, dental abnormalities, and brachydactyly
with clinodactyly at 5th and digital syndactyly between the 3th and 4th toe. Ocular abnor‐
malities may be present, such as deep-set eyes and close-spaced, synophrys, strabismus and
iris abnormalities. The main otoryngological alterations are recurrent ear infections resulting
in hearing loss, middle/inner ear abnormalities and deep hoarse voice.

Cognitive impairment and developmental delay are pronounced, however the most pro‐
nounced neurological alteration is sleep modifications. Patients with SMS often exchange
nocturnal sleep for daytime naps, with changes of the circadian cycle and alterations in the
release of melatonin [26-28].

Alterations of behavior are atypical and draw the most attention, because they are often unique
to patients with SMS. Besides hyperactivity and attention seeking, patients with SMS may
present agressive and self-injurious behavior, including hand biting, head banging, face
slapping, self-hanging, onychotilomania and polyembolokotonia [16,19, 29-35]. Other signs
reported in up to 50% of patients include obesity, cardiacs defects, seizures, cleft lip/palate and
male hypogonadism [22].

Developmental Disabilities - Molecules Involved, Diagnosis, and Clinical Care68



Figures 1-7 are patients diagnosed with SMS in Genetic Counseling Service Dept Genetics. IBB/
UNESP- Botucatu, Brazil, and several of these patients were published (Published with
permission from Genetics and Molecular Research-Online Journal, Gamba et al., 2011. Genet. Mol.
Res. 10 [4]: 2664-2670 ).

Figure 1. Patient 1. – 8.25 years-old

Figure 2. Patient 2 – 18.83 years-old

Figure 3. Patient 3. – 12.83 years-old
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Figure 4. Patient 4 – 12.83 years-old

Figure 5. Patient 5. – 13.33 years-old

Figure 6. Patient 6 – 19.0 years-old
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Figure 7. Patient 7. – 20.58 years-old

3.1.3. Adulthood

Adults  with  SMS  have  a  diminution  of  stereotypic  movements,  but  when  frustrated,
develop  aggressive  speech,  with  shouting  or  profanity  at  high  volume.  Little  data  is
published regarding the life expectancy of patients with SMS. However it is believed that
life  expectancy is  normal  or  similar  to  that  of  other  individuals  with  the  same level  of
cognitive dysfunction [36,37].

4. Genetics

Most cases of SMS are caused by a microdeletion on 17p11.2 that encompasses multiple genes,
including the retinoic acid-induced 1, RAI1, gene. This deletion is observed in 90% of the cases,
although in 10% of cases a point mutation in the RAI1 gene is observed [2, 4, 6, 20, 38]. SMS
microdeletions are caused by irregularities in chromosomal recombination mediated by repeat
elements referred to as Low copy number repeats (LCR). Already [39] identified three copies
of an LCR as being responsible for the deletion on 17p11.2. These repeats (LCRs proximal,
middle, and distal - SMS REPs) form substrates for inter- and intrachromosomal recombina‐
tion. In 70% of SMS cases, unequal meiotic crossovers result in nonallelic homologous
recombination between the proximal and distal SMS REPs and a deletion of approximately
3.7Mb. In the remaining 30%, deletions are due to alternate SMS REPs (distal x medial).
Moreover, AT-rich repeats and Alu elements may act as homologous recombination substrates,
and nonhomologous mechanisms can generate deletions of atypical deletions sizes [40-42].

5. Diagnosis

SMS is suspected in individuals presenting distinctive facial features, a behavioral phenotype
and sleep disturbance. Initial clinical suspicion of the disorder is confirmed by the presence of
a microdeletion in the p11.2 region of chromosome 17 or a mutation in the RAI1 gene. The
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unique SMS behavioral phenotype including sleep disturbance, a hoarse voice, characteristic
hands and feet, excellent long-term memory, good ability and focus with computers, self-injury
scars and typical facial features are important clues to the diagnosis. Because SMS will rarely
be the only possible clinical diagnosis, exams are key to diagnosis.

SMS diagnosis is confirmed by detecting 17p11.2 deletion using classic cytogenetic analysis,
molecular cytogenetic analysis, or molecular genetic methods [20].

Cytogenetic analysis by GTG banding at the 550 band level or higher can detect deletions of
approximately 4Mb, which account for 70% of the cases. However fluorescent in situ hybrid‐
ization (FISH) using an RAI1-specific probe is the most frequently used technique [20, 22,
43-44] (Fig.8 and Fig. 9).

Figure 8. GTG banding of metaphase chromosomes showing the normal chromosome 17 (a) and deleted chromo‐
some 17 (b). Courtesy of the Cytogenetics Laboratory - SAG / IBB-UNESP-Botucatu, SP-BRAZIL
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Figure 9. Metaphase FISH using the probe in the Smith-Majenis Cytocell ® (RAI 1 and Flii) / Miller-Dieker. The red area
shows the control the green gene responsible for SMS. Courtesy of the Cytogenetics Laboratory - SAG / IBB-UNESP-
Botucatu, SP-BRAZIL

Beyond these cytogenetic methods, methods that require only DNA for analysis are newer, cost-
efficient, and can be used in a large number of patients at the same time. Additionally, MLPA or
qPCR can identify smaller deletions at a higher resolution than FISH or G-banding [45].

6. Differential diagnosis

The differential diagnosis for SMS includes [13, 44].

• 1q36 deletion syndrome

• 9q34 deletion syndrome

As the clinical characteristics of SMS and these syndromes overlap, specific FISH tests are
required for establishing a final diagnosis

• 22q11.2 deletion syndrome: velopharyngeal abnormalities and facial characteristics
differentiate this syndrome from SMS
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• Down syndrome: despite having several ovelapping features with SMS, Down syndrome
can be diagnosed by simple karyotype analysis

• Williams-Beuren syndrome (WBS): SMS and this syndrome show opposing behavioral
characteristics. While WBS patients are overfriendly, loquacious and frequently smiling,
SMS individuals are shy, aggressive and restless

• Prader-Willi syndrome (PWS): although obesity may be present in both PWS and SMS, it is
always of the morbid type in PWS patients:

• Sotos syndrome (SS): in SS patients, bone age is advanced while in SMS it is normal.

7. Treatment of manifestations

Patients  with  SMS  present  functional  disturbances  (obesity,  sleep  disturbances)  and
behavioral  abnormalities  (aggression,  self-injury)  which  have  prompted  attempts  to
medically  treat  these  alterations.  Due  to  the  low  frequency  of  SMS,  classical  placebo-
controlled prospective clinical drug trials have not been feasible. Clinical experience to date
indicates that no drug is effective in alleviating any SMS symptoms in more than 60% of
cases. There are a number of anecdotal reports of successful treatments, however many of
unsuccessful treatments are likely unreported.

A review of pharmacological treatments with psychotropic drugs in patients with SMS was
reported [46]. The medications were grouped into seven main categories: [1] stimulants; [2]
antidepressants; [3] antipsychotics; [4] hypnotics; [5] mood stabilizers; [6] alpha 2 agonists; [7]
and benzodiazepines. The stimulant category included methylphenidate, amphetamines, and
others (e.g., pemoline). Antidepressants were subdivided into selective serotonin reuptake
inhibitors (SSRIs), tricyclics (TCA), and others. The antipsychotic category was divided into
typical and atypical. The hypnotic category included melatonin, diphenhydramine,and others.
Mood stabilizers included ithium and anticonvulsants used for mood stabilization. Clonidine
and guanfacine were grouped under alpha 2 agonists and all benzodiazepines were grouped
together. The beta-blockers category was excluded due to a small number of reports. The study
was conducted using medical histories of 62 patients with SMS. This study concluded that no
consistent results were observed for any medicine or drug group, although the study did not
exclude any of the drugs used.

Another elegant work [47,48] tested the effect of administration of B1-adrenergic antago‐
nists  together  with  melatonin  in  10  patients  with  SMS,  in  an  attempt  to  improve  the
circadian disturbances.  These authors concluded that the administration of acebutolol  in
the  morning and melatonin  in  the  early  evening allowed the  biological  clock  reset  and
restore the normal rhythm of melatonin in SMS patients. The patients had improvements
in sleep, diminution of naps during the day, with a higher state of attention and diminu‐
tion of aggressive behavior.
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8. Conclusions

Significant overlap between SMS’s clinical features with other similar syndromes does makes
it very difficult establish a clinical diagnosis. However, the uniqueness of the behavioral
features of this condition should lead health care providers to request specific FISH testing.
Treatment for SMS is merely relies on managing the symptoms. Individuals with SMS often
require several forms of support, including physical therapy, occupational therapy, speech
therapy, and particularly behavioral therapy, which are most effective if started early in life.
Therefore, having an early diagnosis can help guide a person’s health care through life, and
open the doors to a network of information from professionals and other families dealing with
the syndrome.
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Chapter 4

Humans Walking on All Four Extremities With Mental
Retardation and Dysarthric or no Speech: A Dynamical
Systems Perspective

Sibel Karaca, Meliha Tan and Üner Tan

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55685

1. Introduction

1.1. Quadrupedal locomotion (walking on four extremities)

Locomotion is the movement of an organism from one place to another, often by the action of
appendages such as flagella, limbs, or wings. In some animals, such as fish, a lumbering
locomotion results from a wavelike series of muscle contractions (The American Heritage®
Science Dictionary, 2005). Walking is travelling by foot; gait is the manner of locomotion;
running is the act of travelling on foot at a fast pace; crawling is a slow mode of hand-knee or
hand-foot locomotion. Walking on all four extremities (quadrupedal locomotion, QL) is the
trait of the quadruped animals. Non-primate mammals usually utilize lateral-sequence QL, in
which the hind limb touchdowns are followed by the ipsilateral forelimb touchdowns
(symmetric gait). On the contrary, the non-human primates usually utilize a diagonal-
sequence QL, in which the hind-limb moves with the contralateral forelimb in a diagonal
couplet (asymmetric gait). Interestingly, only the animals exhibiting the diagonal-sequence
QL with symmetrical gait evolved towards species with enlarged brains associated with highly
complex neural circuits, till the emergence of human beings. The animals exhibiting lateral-
sequence QL did not show such a phylogenetic progress compared to those with diagonal-
sequence QL. Figure 1 shows the differences between lateral-(left) and diagonal-sequence
(right) patterns of QL.

1.2. Evolutionarily preserved neural networks for QL

With regard to the origins of the diagonal-sequence QL, it is reasonable to conclude that the
neural circuits for this kind of locomotion existed even in the most primitive tetrapods, lived

© 2013 Karaca et al.; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



in the Devonian period during transition from water to land. Thus, this type of locomotion is
indeed phylogenetically the oldest locomotor trait, not the lateral-sequence QL. Namely, fossils
due to the first fish-like tetrapods, lived approximately 395 MYA, were recently discovered on
the Polish coast. From the fossil tracks left by a tetrapod, it was concluded that this most
primitive quadruped animal walked with diagonal strides (see Figure 2), reflecting the
lumbering locomotor movements as their ancestors lived in marine environments [1]. Inter‐
estingly, the quintessence of this diagonal-sequence coordination of the extremities during QL,
did not change throughout the course of evolution, through salamanders and tuataras [2], to
the emergence of non-human primates and even human beings during upright locomotion on
two extremities [3, 4]. On the other hand, these results also suggest that the neural circuits
responsible for the diagonal-sequence QL have been preserved for about 400 million years
since the first emergence of QL in the fishlike tetrapods. In accord, the lumbering locomotor
movements of tetrapods may even be visualized in human infants during crawling (see Figure
3), reasonably resulting from the activity of the ancestral neural networks still functioning
approximately 400 million years later from the first emergence of the fishlike tetrapods. In
accord, there are reports in the scientific literature supporting these considerations, i.e., the
neural networks controlling the diagonal-sequence QL have been preserved throughout the
evolutionary development for at least 395 million years since the emergence of the tetrapod-
like fishes lived during the Devonian period [1,5,6].

As mentioned above, the neural networks playing a role in the emergence of the QL have been
preserved for at least 395 million years since the Devonian tetrapod-like fishes [1]. Accordingly,
it was reported an evolutionarily conserved daldh2 intronic enhancer in the frog, mouse, and
chicken, being also involved in the formation of the neural tube throughout vertebrate species
[7]. This evolutionary conservation of the enzyme playing a role in shaping the neural tube is
essentially related to the evolutionary conservation of the neural networks for the diagonal-
sequence QL. The mechanisms of this evolutionary preservation of the basic neural networks
remain, however, unresolved. The genetic and/or epigenetic mechanisms contributing to the
evolutionary development would shed some light on this subject.

Figure 1. Difference between walking styles of primate (right) and non-primate (left) mammals. Most non-primate
animals utilize lateral-sequence locomotion, but most primates utilize diagonal-sequence locomotion. Notice the filled
vs unfilled extremities during lateral (left) and diagonal (right) locomotion and the interference between the fore- and
hind limbs on the left side during diagonal gait.
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2. Human beings with QL; Üner Tan Syndrome (UTS)

2.1. History

A human being habitually walking on all four extremities (quadrupedalism) was first discov‐
ered by Childs [8], the notable British traveler and writer, nearly a hundred years ago, on the
famous Bagdad road near Havsa/Samsun on the middle Black Sea coast, at time of Ottoman
Empire. This man probably belonged to a Greek family, since this region was populated by
Greeks during this time. And, he probably was the son of a consanguineous family living in
this closed Greek population with a high probability of consanguineous marriages. Childs
described this man on page 29 of his book as follows:

“As we rose out of the next valley a donkey and a figure on the ground beside it attracted my attention…the figure moved

in a curious fashion, and I went up to look more closely. And now it appeared I had fallen into the trap of a beggar…He

sprang up and asked for alms, and because there were not immediately forthcoming went on all fours and showed a

number of antics, imitating a dog and goat and other animals to admiration. Then I saw he was without thighs; that the

knee-joint was at the hip, the leg rigid, and only half the usual length.”

Fig. 4 shows the man walking on all four extremities reported in 1917 for the first time in the
scientific literature by Childs, a famous British traveler and writer.

Figure 2. The trackway on the left (a) shows the hand and foot shapes in a diagonal stride pattern with a generic
Devonian tetrapod fitted to this tackways (b). Notice the lumbering diagonal-sequence QL of this tetrapod, similar to
its ancestral forms living in water.
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Since the first discovery of a man with quadrupedalism, in 1917, not a similar human being
was reported in the scientific literature, until the first description of five consanguineous
kindred, resident in Southern Turkey, who exhibited a symptom complex with habitual QL,
mental retardation, and dysarthric speech with limited conscious experience [9-15]. This
pointed out a novel syndrome, which was referred to Uner Tan Syndrome (UTS) in some books,
book chapters, and journal articles, accentuating the discovery’s name. This novel syndrome
was first reported, in 2005, in front of the members of the Turkish Academy of Sciences, in
Ankara and Istanbul [9,10], also being published in some Turkish and English journals [11-15,

Figure 3. Diagonal-sequence QLs (see arrows) with lumbering in a generic Devonian tetrapod during the time of tran‐
sition from water to land (A), proposed picture of a most primitive tetrapod, Acanthostego, with lumbering diagonal-
sequence QL, a half fish, half reptile, lived in a swamp, 360 million years ago (MYA), see B. C, D: a contemporary
human child crawling on all fours with accompanying lumbering movements, more or less similar to the very primitive
Devonian animal lived almost 400 MYA.
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see for reviews [16, 17]. This remarkable syndrome soon sparked a world-wide interest (see
for reviews [18,19,], mainly because of its relation to human evolution.

2.2. UTS type-I and type-II

According to the childhood hypotonia in skeletal muscles, two subgroups of cases exhibiting
the UTS could be distinguished: (i) UTS Type I, which included UTS cases without childhood
hypotonia. Of 32 cases hitherto discovered in Turkey, 25 (78.1%) patients had UTS Type I. (ii)
UTS Type II, which included UTS cases with childhood hypotonia. This was observed in 7
(21.9%) cases, who had no early ambulation during childhood. However, the childhood
hypotonia disappeared and replaced with normal muscle tonus accompanied with QL during
adolescence (see for reviews [16,17]. Figure 5 illustrates some of the UTS Type-I cases exhibiting
diagonal-sequence QL, with coincidence of limbs and feet on the same side (interference effect),
which would be disadvantageous for proper walking and running on all four extremities.

2.3. Forelimb and hind limb weight supports during QL

Non-primate mammals usually support their body weight more on the forelimbs than their
hind limbs during QL [20,21]. Contrarily, most primates support their body weight more on
their hind limbs than their forelimbs during QL [20,22,23]. The decreased forelimb weight
support in non-human primates was interpreted as an adaptation to reduce stress on the
forelimb joints, and facilitate the forelimb motility, especially for arboreal locomotion [24,25].
However, the human beings with QL without arboreal habits showed similar body mass
distribution on the footfall patterns, i.e., less support on their hands (24% of their body weight)
than their feet (76.0% of their body weight). Similarly, monkeys also support less than 30.0%
of their body weight on their forelimbs [24,26,28]. According to Reynolds [24], 30-45% of the
body weight was exerted on the forelimbs during QL of eight primates. Thus, the human beings

Figure 4. First man habitually walking on all four extremities, who was first discovered in Turkey during Ottoman Em‐
pire, in 1917, by Childs, the famous British traveler and writer, in Havsa/Samsun, Middle Black-Sea coast. The man was
standing beneath his donkey, carrying torn trousers and shirt, pointing out his poverty.
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with habitual QL also support their body weight more on their hind limb than their forelimbs,
like their close relatives, the non-human primates. This body weight support pattern on hands
and feet in human quadrupeds is consistent with the hypothesis that less body weight exerted
on the hands than on the feet would be beneficial for fine manual skills in primates. A complete
freeing of hands of human beings due to upright walking would be entirely associated with
their highly developed hand skills and their accompanying co-development of their brains, all
resulting from the replacement of a weight carrying function with a cognitive function of
human hands. The severe mental retardation associated with the habitual QL in UTS cases
could, therefore, be considered as an evolutionary example for the coupling between locomo‐
tor and mental abilities. The close coupling between the manual skill and cognitive ability was
previously reported in humans [29-31] and great apes [32], consistent with Tan’s psychomotor
theory [33].

  

  

  
 

Figure 5. UTS cases walking on all four extremities exhibiting diagonal-sequence QL. Notice the interference between
arms and legs on the same side due to diagonal sequence QL. Straight lines, forward and dotted lines, backward mo‐
tions of the contralateral extremities.
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2.4. Neurological examinations

All of the UTS-cases could understand simple questions and demands, but 24 cases (75.0%) in
7 families had no expressive speech at all, so that they replied the simple questions with one
or two simple sounds. Only 8 cases (25.0%) had a dysarthric speech with a very limited
vocabulary. Cognitive tests showed a severe mental retardation in all cases. Brain MRI scans
revealed a cerebello-vermial hypoplasia with mild gyral simplification in cerebral cortex,
except one case with normal cerebellum and impaired peripheral vestibular system instead of
the central vestibular system in other cases. Truncal ataxia was present in all cases, but muscle
tone was normal with strong arms and legs in these adult cases. The results of the neurological
examinations, MRI and PET scans, and cognitive tests were presented in two review articles
[16,17]. The clinical characteristics of the affected cases of the families from Turkey are
summarized in Table 1.

2.5. Gender differences

There were 19 men and 13 women with UTS from Turkey, 2 men and 1 women from Morocco,
4 brothers from Brazil, 2 men from Iraq, 1 man from Mexico and 1 man from Chile. The number
of men (n = 29, 67.4%) exceeded that of women (n = 14, 32.6%), the difference (34.8%) being,
however, only marginally significant (χ2 = 3.34, df = 1, p =.07).

2.6. Cognitive tests

All of the patients exhibited severe mental retardation, according to the results of two cognitive
tests. “Mini Mental State Examination Test” (MMSE), also known as the “Folstein test” [34],
consisting of a 30-point questionnaire, testing for the individuals’ attention, calculation, recall,
language and motor skills, showed severe mental retardation in all of the cases (range = 0 to 2
points). The healthy siblings of the affected individuals were relatively normal in the MMSE
test, with scores ranging between 25 and 29 points, although tey all shared the same environ‐
ment. The Wais-R (Wechsler Adult Intelligence Scale-Revised) showed also severe mental
retardation in the UTS cases, who obtained “0” to “4” points of a total 30 points. The results
of the MMSE test are summarized in Table 2.

2.7. Genetics

The UTS is genetically heterogeneous. Namely, we found missense mutations in the following
genes: VLDLR in Canakkale and Gaziantep families [35], WDR81 in Iskenderun family [36],
ATP8A2 in Adana family [37]. Interestingly, the mother of the affected siblings in the Isken‐
derun family had type-I diabetes, which may be associated with developmental malforma‐
tions, such as caudal regression in mice [38]. The VLDLR gene is involved in the controlling
neuroblast migration in the developing central nervous system, see [35]. This gene shows an
evolutionary conservation for at least 200 million years [39]. WDR81 gene is evolutionarily
highly conserved trans-membrane protein, which is highly expressed especially in cerebellum
and corpus callosum, see [36]. However, different mutations in a single gene may lead to
different expressions of the same phenotype (allelic heterogeneity). Moreover, similar genetic
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lesions can have entirely different phenotypes [40]. Thus, mutations in a single gene like VLDLR
cannot be solely associated with quadrupedal locomotion in human beings. Given the genetic
heterogeneity of the UTS, a specific gene directly responsible for the emergence of human
quadrupedalism does not seem to be reasonable. Moreover, the missense mutations found in
the affected cases may also be involved in neural functions other than the QL. Accordingly,
missense mutation in VLDLR gene was also associated with congenital cerebellar hypoplasia
[41], along with Norman-Roberts syndrome, characterized by microcephaly, hypertonia,
hyperreflexia, severe mental retardation, and agyric cerebral cortex [42]. The VLDLR gene
works with a protein, reelin, which is also associated with disorders such as Alzheimer’s
disease, schizophrenia, and bipolar disorder.

Findings Iskend.

Type-I

Adana

Type-I

Antep

Type-I

Canak.

Type-I

Kars

Type-I

Afyon

Type-I

Diyarb.

Type-II

N (QL)

Men

Women

Age

6

2

4

21-35

3

2

1

29-39

7

5

2

14-48

4

2

2

24-64

2

2

0

44-45

3

2

1

12-24

7

4

3

9-27

Mutation 17p.13 13q.12 9p.24 9p.24 (?) 9p.24 (?)

Ves.Imp. Central Pripheral Central Central Central Central Central

Cerebel. Hypopl. Normal Hypopl. Hypopl. Hypopl. Hypopl. Hypopl.

Vermis Hypopl. Normal Hypopl. Hypopl. Hypopl. Hypopl. Hypopl.

Cer.cort. Gy.simp Normal Gy.simp Gy.simp Gy.simp Gy.simp Gy.simp

DTR upp Normal Normal Normal Normal Normal Normal Normal

Strength Normal Normal Normal Normal Normal Normal Normal

Babinski + (3/6) Absent + (3/7) Absent + (1/2) + (1/3) + (1/7)

Tremor Mild Mild + (1/7) (-) (-) (-) (-)

Nystag. (+) (+) (-) (-) (-) (-) + (2/7)

E.Hypoto (-) (-) (-) (-) (-) (-) (+)

Men.ret. Severe Severe Severe Mild Severe Severe Severe

Speech Dysarth. Dysarth. No No No No No

Standing Yes No (1/3) Yes Yes Yes Yes Yes

Bip.walk (+) (-):(1/3) (+) (+) (+) (+) (-):(1/7)

Table 1. Findings from families with UTS. Iskend.: Iskenderun (mutation in WDR81 gene), Adana (mutation in ATP8A2
gene), Canak.:Canakkale (mutation in VLDLR gene), Afyon (mutation in VLDLR gene), Diyarb.:Diyarbakir.
Ves.Imp.:vestibular impairment; Cerebel.:cerebellum; Cer.cor.: cerebral cortex; DTR upp.: upper extremity deep tendon
reflexes; DTR low: lower extremity deep tendon reflexes; M.tone: muscle tone; Nystag.:nystagmus; E.hypoto.:
extremity hypotonia; Men.ret.: mental retardation; Bip.walk.: bipedal walking.
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Merlberg et al [43] re-evaluated the disequilibrium syndrome [44] in Swedish patients with
non-progressive cerebellar ataxia, dysarthria, short stature, childhood hypotonia, and mental
retardation, without VLDLR mutation. Interestingly, MRI showed a spectrum from normal to
severe cerebellar hypoplasia. Similarly, the UTS cases of the Adana family did not exhibit
cerebellar hypoplasia [13-15], despite a missense mutation in the ATP8A2 gene [37], suggesting
no genetic association of the cerebellar hypoplasia in UTS.

Taking together, the genetic associations hitherto reported for the UTS seem to have no or only
minor explanatory power, if any, for the origins of human quadrupedalism. In accord, Hall
[45] argued how genetics failed to find solutions for the discrepancies concerning the so-called
genetic diseases: evidence is growing that your DNA sequence does not determine your entire genetic
fate.. Larger scale genomic studies over the past five years or so have mainly failed to turn up common
genes that play a major role in complex human maladies. This argument seems to be also true for
well-known disorders including diabetes, schizophrenia, and cancer, as Maher [46] stated:

Questions Patients’ answers

What is today’s date?

What is the month?

What is the year?

What is the day of the week

today?

What season is it?

Orientation in time:

They gave unrelated answers such as 80,90,house,cow,dog, or did not give an

answer at all, except thinking.

Whose house is this?

What room is this?

What city are we in?

What country are we in?

Orientation to place:

Nobody could give a correct answer, or they replied with unrelated words such as

summer, me, winter, cow, dog, mother, father, etc.

Repeat:ball,flag,tree Immediate recall:

Only a few of them could recall these words.

Count backwards from 100 by 7 Attention:

They even could not count forwards from 0 to 10.

Recall 3 words I asked previously Delayed verbal recall:

Nobody could recall the words previously asked

Name these items: watch, pencil Naming:

Only some of them could name these items

Repeat following:

No if, ands, or buts

Repetition:

Nobody could repeat them

Take the paper in your hand, fold

it in half, and put it on the floor.

3-stage command:

Nobody could follow this command, and only some of them took the paper in the

hand.

Table 2. Questions from the MMSE test and patients’ answers.
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even when dozens of genes have been linked to a trait, both the individual and cumulative effects are
surprisingly small and nowhere near enough to explain earlier estimates of heritability.

3. Darwinian medicine; UTS

Why are only some rare cases predisposed to walk on all four extremities similar to our
early ancestors? The quest to find an answer to this and similar questions was the start‐
ing point  for  establishing a  new discipline,  “Darwinian medicine”,  which is  a  novel  con‐
cept providing a foundation for all medicine [47]. The aim of the Darwinian medicine is
the evolutionary understanding of aspects of the body with regard to its vulnerability to
disease(s), as Zampieri [47] stated: It tries to find evolutionary explanations for shared charac‐
teristics that leave all people vulnerable to a disease. Evolutionary or Darwinian medicine may
be  useful  to  understand  better  why  diseases  exist  despite  natural  selection  [48,49].  A
number of diseases were considered as Darwinian disorders,  such as tuberculosis,  Hun‐
tington’s disease,  depression,  obesity,  anxiety,  pain,  nausea,  cough, fever,  vomiting,  fati‐
gue,  epilepsy,  obsessive  compulsive  disorder,  and  schizophrenia  [50-53].  In  this
framework, the UTS with the reappearance of the ancestral features such as quadrupedal
locomotion and primitive cognition including no speech in most of the cases, and severe
mental  retardation  may  also  be  considered  as  a  further  example  related  to  Darwinian
medicine.

Rapoport  [54]  first  introduced  the  concept  of  “phylogenic  diseases”,  such  as  Alzheimer’s
disease  as  a  “phylogenic  regression”,  comparing brain  aging involution to  the  reversed
phenomenon of Darwinian evolution [55. Accordingly, many neurodegenerative diseases
such as Parkinson’s disease,  schizophrenia,  Alzheimer’s disease,  and many highest  level
gait disorders including the UTS with ancestral QL, i.e., the re-emergence of old automa‐
tism of pre-human gait, may also be considered under these phylogenic diseases. In this
context, the recently introduced paleoneurologic standpoint may help us to more deeply
understand the pathogenesis of the neuropsychiatric diseases, provided that they are re‐
considered under evolutionary perspective.

4. Complex systems; Self-organization

The  word  “complex”  may  be  defined  as  “consisting  of  interconnected  or  interwoven
parts” [56]. Many complex systems have the tendency to spontaneously generate novel
and  organized  forms,  such  as  ice  crystals,  galactic  spirals,  cloud  formation,  lightning
flashes  in  the  sky,  or  polygonal  impressions  in  the  earth.  The  spontaneously  generated
formation in the nature are in no way designed by anything, not even by natural selec‐
tion, being entirely the art of nature with self-organizing properties within complex sys‐
tems,  following  the  principle,  the  sum  of  the  parts  is  greater  than  the  parts  taken
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independently,  Contrary  to  Isaac  Newton’s  arguments,  …the  whole  is  the  sum  of  all  the
parts..

Complex systems have a strong tendency to self-organize, i.e.,  spontaneous formation of
patterns in open nonequilibrium systems.  This is  also the quintessence of  all  living sys‐
tems.

For instance, insects can spontaneously build their nests or hives, hunt in groups, and ex‐
plore the food resources in their environment. The evolution of the biological forms and
structures  may also be associated with self-organization.  Some authors  have even ques‐
tioned the centrality of natural selection in evolution, since Darwinism essentially ignores
the principles of self-organization. Accordingly, Oudeyer [57] argued: Thus, the explanation
of the origins of forms and structures in the living can not only rely on the principle of natural
selection,  which  should  be  complemented  by  the  understanding  of  physical  mechanisms  of  rom
generation in which self-organization plays a central role.

Self-organization  is  closely  coupled with  “emergence”,  a  fundamental  property  of  com‐
plex systems, which is the unpredictable product of the system, resulting from intercon‐
nections and interactions between parts of a dynamical system; entities, interactions, and
the  environment  are  key  contributors  to  emergence  [58].  The  main  characteristic  of  the
UTS, human quadrupedalism, may also be an emergent property of the locomotor devel‐
opment. In accord with the dynamical systems theory, and the principles of self-organiza‐
tion,  it  can be stated that no genetic or neural  code may be the causative factor for the
emergence  of  the  human quadrupedalism.  As mentioned above,  we could not  isolate  a
single gene responsible only for the QL in human beings, minimizing the role, if any, of
any genetic code in the emergence of human QL.

Human quadrupedalism may be considered as a strange attractor, a state of a dynamical
system toward which that system tends to evolve. For instance, the EEG may exhibit one type
of strange attractor while a person is at rest, but another type of strange attractor during
mathematical thinking. The common property of strange attractors is their unpredictability.
The rarely occurring locomotor pattern in the UTS cases, i.e., QL, may be related to its
unpredictability as a strange attractor. An entirely different locomotor strange attractor
emerged in a man from Tanzania, who exhibited all of the symptoms of the UTS, including
truncal ataxia and no upright ambulation with mental retardation and no speech. However,
an entirely novel and unpredictable locomotor pattern emerged in this man as a strange
attractor. Namely, his QL was upside down, i.e., in face-up position. He used his hands and
feet for QL, but used palms and heels instead of the soles (see Fig. 6). This is the first reported
case exhibiting the UTS with inverse QL.

In essence, the dynamical systems tend to control the outcome of the system to find which
patterns can possibly be built from the systems components to begin with, and the structural
constraints of the environment, the self-organizing phenomena being basic mechanisms for
the emergence of any adaptive behavior, such as the adaptive self-organization phenomena
playing a role in the developmental emergence of the human quadrupedalism.
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5. Central Pattern Generators (CPG)

The locomotor system is closely related to CPGs embedded in the spinal cord, which is a set
of motoneurons responsible for locomotion [59], probably also involved in the human QL. The
spinal motor system seems to be similar in all quadrupeds and human beings [4]. Individuals
with or without UTS may all share the same neural networks responsible for the diagonal-
sequence quadrupedal locomotion as the nonhuman primates, because they all are using the
common neuronal control mechanisms for locomotion [60]. However, the CPGs do not reflect
the coordinated walking pattern in intact animals, since there are separate CPGs for each leg
in the cat [61]. On the other hand, the presence of the CPGs in higher primates is much less
convincing. This could be due to the increased role of the corticospinal tractus in primates,
suppressing the spinal motor circuitry responsible for relatively rough locomotor movements,
and facilitating the skilled hand movements. According to Duysens et al [61], CPGs have no
direct equivalent in human beings.

The concept of CPGs did not find supporters among system theoreticians. For instance, Thelen
and Smith [62] argued the notion of the CPGs as the essence of locomotion does not fit the
data…They simply do not account for what we really observe in developing organisms..The
fact of development is not explained by a list of innate ideas. Just as the assumption of a built-
in CPG does not explain the development of walking. These authors further stated that real
data from real frogs, chicks, cats, and humans render the construct of the CPG illusory.. If the
program contains the instructions for the entire sequence of behaviors ahead of time, how can
novel and adapted forms be generated? Actually, the CPGs exhibit one of the principles of
biological self-organization as dynamic entities, i.e., different neural networks may induce

Figure 6. Tanzanian man with UTS, walking on all four extremities but with inverse quadrupedal locomotion: further
example for a locomotor strange attractor.
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similar outcomes, while similar neural networks can produce different outcomes. Namely, the
CPGs are not static, previously hard-wired, firmly organized neural networks, they are rather
loosely organized systems under the influence of the steadily changing chemical or sensory
control, with newly emerged functional circuits [63]. Moreover, Neuronal networks within
CPGs can change itself according to current conditions and exhibit transitions between
functional states, resulting from dynamic instabilities occurring within the system with
dynamic interactions at the neuronal, synaptic, and network levels [63].

6. Maturation theories

The concept of motor development showed a gradual shift from the traditional neuronal
maturation theory towards the dynamic systems theory. It was believed, in the mid-1990s, that
the development of the central nervous system occurred through the genetically predeter‐
mined neural networks and spinal reflexes, under the control of the cerebral cortex. Accord‐
ingly, the locomotor actions such as standing and walking in infants would result from the
gradual maturation of the CNS under the influence of the cerebral cortex, not learnt by
experience. The traditional maturation theory utilized the longitudinal studies to show the
developmental sequence of motor behaviors in infants and young children. This was mainly
elaborated by Gessel [64], Shirley [65], and McGraw [66,67], who searched for rules governing
the order of changes during motor maturation. Konner [68] stated that motor development
sequences are largely genetically programmed. The development of early motor behaviors was
attributed to the maturation of the cortico-spinal pathways [69,70]. Despite some valuable
information gained from the traditional maturation theory, it was far from explaining the
dynamics of locomotor development. In this context, Ulrich [71] argued that it is not at all clear
how genetic codes can be translated into even simple patterned neural organization…behavior is much
more than a simple neural pattern (p.321).

Contrary to the traditional maturation theories, the contemporary approaches considered the
properties of complex systems with many dynamically interacting subcomponents, to be able
to solve the problems related to locomotor development. This dynamic systems theory
considers the behavior of a system, not by taking it as separate parts, but by taking these parts
to see under which circumstances they dynamically cooperate to produce the whole behavioral
pattern such as locomotor functions. According to the dynamic systems theory, the behavioral
patterns can emerge from the dynamic interactions of multiple subsystems; genetic or neural
codes are not represented a priori in the brain, nor are locomotor patterns, such as walking and
running. The emergence of locomotion is a self-organizing process, as in other complex
systems. According to Ulrich [71, p.324], the coordination pattern emerges spontaneously and is
self-organized and opportunistic. Taking together, there are two major but current and conflicting
theories involved in the development of locomotor control: neuronal maturationist theory and
the dynamic systems theory. According to the first theory, the maturation of the CNS occurred
through the genetically predetermined neural networks; the locomotor development results
from progressively maturated and hence increased cortical control on the spinal reflexes.
Controversially, however, the system theoreticians did not accept the neural-maturationist
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theories, asking how can the timetable of motor solutions be encoded in the brain or in the
genes. Accordingly, Kelso et al [72] utilized the dynamic systems theory to better explain the
developmental emergence of locomotion in human beings. These authors argued that a
behavior, such as a locomotor pattern may result from the combined dynamic actions of, for
instance, muscle strength, body weight, postural support, motivation, and brain development,
in addition to the environmental initial conditions and task requirements.

7. Neuronal group selection theory

In addition to the neuronal maturation theory and the dynamic systems theory, there is a third
theory, the neuronal group selection theory (NGST) [73], which combines the “nature” part of
the neural-maturationist theories with the “nurture” part of the dynamic systems theory. The
neuronal groups are collections of many neurons interconnected by excitatory and/or inhibi‐
tory synapses as well as recurrent feedback circuits. According to the NGST, the structural and
functional characteristics of these neuronal groups are determined by evolution. During
locomotor development, behavior and experience produce afferent information for the central
nervous system, which is used for the neuronal selection, according to the strength of the
synaptic connections. The changed connectivity allows for a situation-specific selection of
neuronal groups, which can be adapted to environmental constraints. The NGST emphasizes
the role of the complex information processing originating from an intertwining of information
from genes and the environment. This is not consistent with the “nature-nurture” debate.
During motor development in early fetal life, the spontaneous fetal movements (primary
variability), i.e., the self-generated motor activity with the consequent self-generated afferent
information, may explore all the locomotor possibilities within the neurobiological and
anthropometric constraints within the CNS, preserved during evolution.

During postnatal development, all of the intentional motor behaviors are within the frame of
“primary variability”. The neuronal networks emerging during this developmental phase,
especially prominent in the cerebral cortex are suitable for the selection of the appropriate
locomotor circuits, responsible, for instance, for the infantile crawling. The most effective
motor pattern gradually emerges following exploratory continuous information processing
within the CNS. The time-sequence for the selection process changes with function, for
instance, the second half year after birth for arm reaching. The postural activity of neck and
truck muscles are direction specific before infants cat sir independently at about five months
after birth. The most efficient selection for the postural balance occurs around 12-18 months
of age.

The long duration of the developmental processes suggests that long-lasting motor experiences
are needed for the establishment of the secondary neuronal networks. This may be associated
with the late-onset quadrupedalism in some UTS cases [74]. Actually, exercise may be
beneficial for the selection of the most effective neuronal pattern, by reducing the amount of
secondary variation [75]. The reverse occurs in the absence of exercise, similar to the UTS cases
without exercise at all.
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The NGST for the locomotor development is closely related to the concept of the adaptive self-
organization. Namely, the developmental selection is the differential survival of developmen‐
tal units, which was proposed as an explanation for examples of self-organization [76].

8. Dynamics of locomotor development in humans

The contemporary views on the ontogenic development of locomotor skills accentuate the
role of the self-organizing processes within the scope of complex systems. As mentioned
above, the neural patterns playing a role in the emergence of the diagonal-sequence QL
have existed since about  400 MYA during the Devonian period,  having arisen with the
first appearance of the ancestral tetrapods. That is, this type of locomotion is indeed phy‐
logenetically the oldest locomotor trait of tetrapods. Interestingly, the quintessence of this
locomotor  activity  did  not  change  during  evolution  through  salamanders  and  tuataras
[2],  till  the emergence of non-human primates and even human beings exhibiting diago‐
nal-sequence movements between arms and legs,  even during their upright walking [3].
It  may  thus  be  concluded  that  the  neural  generators  responsible  for  the  diagonal-se‐
quence  QL  may  already  be  present  in  the  complex  locomotor  systems  of  primates,  in‐
cluding humans.  Taking together,  it  may be argued that the neural  patterns responsible
for the QL in human beings may emerge through exploration of available solutions with‐
in the CNS, such as the ancestral neural generators for the QL and then selection of pre‐
ferred patterns,  such  as  the  CPGs [77-79].  Following this  ontogenetic  theory,  it  may be
concluded that the emergence of the diagonal-sequence QL in human beings may be the
result of a prenatal exploration and subsequent neuronal group selection process follow‐
ing the principles of the self-organizing dynamic systems [80].

The cases exhibiting UTS seem to be unable to make the secondary selection for the neu‐
ral  networks  appropriate  for  bipedal  locomotion  during  infantile  development.  That  is,
they could not make the transition from the infantile stage of crawling on all fours to up‐
right  standing  and  bipedal  walking.  Their  brain  apparently  explored  the  possible  solu‐
tions  for  locomotion,  but  could  not  select  the  neural  patterns  for  bipedal  locomotion,
because of  the  structural  anomalies  in  their  brain.  Instead,  their  brain could select  only
one ancestral locomotor pattern available for their locomotion, which was already present
since about 400 MYA. This is the ancestral neural network responsible for the diagonal-
sequence QL,  emerged during the Devonian period of  evolution.  This  gait  unstable  ini‐
tially apparently becomes stable with practice during childhood, so that they later move
with  great  ease,  speed,  and  well-developed  balance.  On  the  other  hand,  the  locomotor
self-organizing process may take a long time in some UTS cases with late emergence of
QL at about puberty, see [16,17], a period associated with hormonal changes with benefi‐
cial  effects  on  the  motor  system,  accelerating  the  self-organizing  processes,  resulting  in
the emergence of a most suitable locomotor pattern to travel around, walking on all four
extremities.
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9. UTS vs socio-economic status

Neither  the  complex  systems  including  the  self-organizing  processes  nor  the  neuronal
group selection mechanisms alone can be realized without considering the dramatic influ‐
ence of the environmental factors on the holistic processes occurring in the emergence of
the UTS. Namely, the single environmental factor shared by all of the cases was their ex‐
tremely poor living conditions due to their very low socio-economic status. Accordingly,
all  of  the hitherto discovered UTS cases all  over the world lived in poverty,  resident in
developing  countries.  According  to  the  Databank  of  the  World  Bank,  the  mean  GDP
(gross domestic product) of the developed countries where no UTS cases were found was
4520.00  US$,  whereas  the  mean GDP of  the  developing countries  where  all  of  the  UTS
cases were found was 1202.7 US$. The above results suggest that the UTS is a disease of
poverty.  In  other  words,  UTS with  human quadrupedalism and severe  mental  retarda‐
tion  may  be  triggered  by  the  environmental  factor,  low  socio-economic  status.  In  this
context,  the rates of the developmental disorders are almost twice as high in the poorer
countries and in the lower income populations than the higher income groups. Over 80%
of  cases  with  intellectual  disabilities  are  living  in  low-  and  middle-income  developing
countries [81] Actually there is strong relationship between poverty and common mental
disorders, which were found to be about twice as frequent among the poor people com‐
pared to rich people [82], where some cases with UTS except Turkey were also found to
be resident.

The  malnutrition,  due  to  low-income  socio-economic  status,  may  cause  epigenetic
changes,  leading to  impaired prenatal  development  of  the  CNS.  A close  association be‐
tween epigenetic status as measured by global DNA methylation and socio-economic sta‐
tus was indeed recently reported [83];  the global  DNA hypomethylation was associated
with the most deprived group of individuals, compared to the least deprived group [84].
The close relationship between the epigenetic  status  and the socio-economic status  may
also  be  applied  to  the  UTS,  a  multifactorial-complex  disorder,  similar  to  other  neuro‐
psychiatric and neurodegenerative diseases. Epigenetics refer to modifications in gene ac‐
tivity without changing the original  DNA sequence,  depending upon the environmental
clues. Similar to other neurodegenerative diseases, the UTS may also comprise multifacto‐
rial processes, such as genetic, epigenetic,  and environmental components [85] There are
consistent reports suggesting the epigenetic mechanisms are responsive to environmental
exposures  during both pre-  and post-natal  development in  humans.  With regard to  the
most  effective  environmental  factor,  the  under-nutrition  due  to  low socio-economic  sta‐
tus, Heijmans et al [86] reported that persons prenatally exposed to famine showed epi‐
genetic changes compared to their unexposed same-sex siblings. Apparently, these results
are consistent with the hypothesis that the triggering factor for the emergence of the UTS
with quadrupedalism, mental  retardation,  and impaired speech may be the under-nutri‐
tion,  which  may  detrimentally  affect  the  pre-  and  postnatal  psychomotor  development
through changing the epigenetic mechanisms.
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10. Concluding remarks

The first man habitually walking on all four extremities was discovered nearly a hundred years
ago in Turkey by the famous British traveler and writer, Childs, on the Black Sea coast, near
Samsun, on the famous Baghdad Road, during the time of Ottoman Empire. After a silent
period lasting for almost 100 years, in 2005, 6 cases with habitual quadrupedal locomotion
(QL) were described in Southern Turkey. These individuals exhibited a never-before-described
syndrome with habitual quadrupedal locomotion, severe mental retardation, and dysarthric
speech without conscious experience, mostly cerebello-vermian hypoplasia and mildly
simplified cortical gyri, referred to Uner Tan Syndrome (UTS). The number of men exceeded
the number of women at p =.07 level, suggesting a male preponderance in the UTS. The
syndrome showed genetic heterogeneity.

UTS can be considered within the framework of the autosomal recessive cerebellar ataxias,
associated with different genetic mutations, such as the disequilibrium syndrome, Cayman
ataxia, and Joubert syndrome. These closely related syndromes show overlapping symptoms,
such as truncal ataxia, psychomotor delay, and dysarthric speech. These syndromes also show
genetic heterogeneity, which is shared by many diseases. Thus, genetics alone cannot be
informative for the origins of many syndromes, including the UTS. This is consistent with the
dynamical systems theory, with the essential argument there may not be a single element, such
as a genetic and/or a neural code, that predetermines the emergence of human quadrupedal‐
ism. Rather, the self-organizing processes occurring within a complex system may be involved
in the developmental origins of the UTS, consisting of many decentralized and local interac‐
tions among neuronal, genetic, epigenetic, and environmental subsystems.

UTS was considered in two subgroups: Type-I and Type-II, the former exhibiting persistent
early-onset QL without infantile hypotonia, the latter exhibiting late-onset QL with early-onset
hypotonia in skeletal muscles. Comparison with other closely related syndromes such as
dysequilibrium syndrome, Cayman ataxia, and Joubert syndrome, suggested that UTS may
be differentiated from other similar ataxic syndromes by exhibiting early- or late-onset QL, no
hypotonia in skeletal muscles, and no short stature, contrary to severe hypotonia without
ambulation, and short stature, among others, in related syndromes, see [16].

Similar to non-human primates, but contrary to non-primate species, the UTS cases utilized
the diagonal-sequence quadrupedal locomotion to travel around. The evolutionary advantage
of this type of locomotion is obscure. Interestingly, however, only primates with this evolu‐
tionarily primary locomotor trait followed an evolutionary route favoring the emergence of
higher primates till the human beings. The non-primate mammals with lateral-sequence QL
did not follow such a phylogenetic progress. The diagonal-sequence QL was phylogenetically
oldest type of locomotion, since the first tetrapods within the Devonian period utilized this
kind of locomotion. This suggests that the neural networks for the diagonal-sequence QL were
reserved during the evolution from first tetrapods till human beings since about 400 MYA.

A remarkable advantage of the primates with diagonal-sequence QL was that only they could
utilize their hands for fine manipulations, freed from weight-bearing functions following erect
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posture and bipedal walking. The reduced body weight support on hands than feet in non-
human primates and human beings with habitual QL (see above) would be beneficial for the
development of fine uni- and bi-manual motor skills.

It was suggested that UTS may be considered as a phylogenetic regression in light of Darwinian
medicine, associated with an evolutionary understanding of disorders using the principles of
evolution, such as natural selection. In some UTS cases, prominent supraorbital tori were
observed in cranial MRIs, more or less similar to those in non-human primates. In addition to
the diagonal-sequence QL and the body weight support predominantly on the hind limbs more
than the forelimbs, this was taken consistent with the theory of evolution in reverse, i.e., the
reappearance of a lost function or structure that was typical of remote ancestors.

The developmental emergence of the human QL was related to the self-organizing processes
occurring in complex systems, selecting one preferred behavioral state or locomotor trait out
of many possible attractors. Since the dynamic systems provide enormous flexibilities in this
respect, this is an unpredictable event. With regard to locomotor patterns, the dynamical
systems of the developing child may prefer or create some kind of locomotion, resulting from
interactions of the internal components and the environmental conditions, without a direct
role of any causative factors, such as genetic and/or neural codes. The developmental emer‐
gence of human locomotion including QL is a developmental event in which the self-organi‐
zation processes play the major role, no innate or previously prescribed codes being essential
for the emergence of walking during locomotor development. In UTS with impaired balance,
the system will find the most suitable and most comfortable, and hence preferred, mode of
locomotion, spontaneously generating novel and organized forms and attractor states. These
spontaneously occurring unpredictable attractors may result in the emergence of the face-
down or face-up diagonal-sequence QL. In light of the dynamical systems theory, the contri‐
bution of single factors such as genetic and/or neural codes to the emergence of these locomotor
patterns were rejected, considering the current scientific research in these fields, which are
consistent with the concept of self-organization, suggesting no single element has causal
priority.

The low socio-economic status leading to malnutrition in all UTS cases, all of them being from
developing countries, was suggested as a triggering factor for the epigenetic changes occurring
during the pre- and post-natal development of the brain. Namely, under-nutrition may trigger
epigenetic changes in the brain, affecting the primary variability, in the first phase of locomotor
development. In fetuses undergoing to epigenetic changes, the developing brain is then
influenced by the aberrant proprioceptive information from fetus, resulting in impaired
outcome of the developing brain, associated with psychomotor retardation and selection of
the evolutionarily preserved neuronal groups with ancestral locomotor networks, leading a
so-called reverse evolution in bipedal locomotion.

With regard to the neuronal group selection theory, the neural system can explore all motor
possibilities by means of the self-generated, spontaneous motor activity, and with conse‐
quently self-generated afferent information transmission to CNS. The selection of the neuronal
groups within the ancestral neural networks in the CNS, available since about 400 MYA, may
then lead to the motor development in the next phase, i.e., the neuronal group selection by
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experience during infancy. In UTS cases, this phase of the locomotor development would stop
because of the unavailability of the neuronal groups contributing to the postnatal emergence
of bipedal locomotion, continuing ancestral locomotion on all four extremities, resulting from
selection of the available ancestral neural networks for QL. So, the infants with UTS cannot
select the appropriate neural networks for bipedal locomotion, since some of the neural
structures necessary for the well-balanced upright locomotion are damaged in these infants,
due to the cerebellar hypoplasia and cortical gyral simplification.

Following the phase of the ancestral neuronal groups responsible for human locomotion, the
adaptive variability phase occurs at two to three years of age, with maturation in adolescence
through experience. In cases with UTS within the same age range, this adaptive variability
phase for bipedal locomotion cannot be accomplished, instead they keep the more primitive
motor repertoires from the first variability and neuronal selection phase, resulting in persis‐
tence of the selection of the ancestral neuronal groups responsible for the very primitive
diagonal-sequence quadrupedal locomotion, evolutionarily conserved since about 400 MYA.
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Chapter 5

Sexuality and Sex Education in Individuals with
Intellectual Disability in Social Care Homes

Stanislava Listiak Mandzakova

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55782

1. Introduction

Sexuality is a natural part of person's life, which accompanies a person throughout his/her live.
Unfortunately, rules concerning sexuality in individuals with intellectual disability (ID) are
not the same as those imposed on the rest of society. Generally, sexuality in people with ID is
considered a problem. There are still persistent myths and prejudice in this area related to
incorrect thoughts, that individuals with ID are asexual or they remain eternal children or, on
the contrary, they are sexually impulsive. Individuals with ID are often not allowed to express
themselves in the area that has a sexual content.

This chapter aims to analyze specific aspects of quality-of-life in individuals with ID with
regard to sexuality, partnerships, and sex education implementation in social care homes
(SCHs), and to identify some of the determining factors. The current study does not deal only
with “low-risk” sexual activities, e.g. kissing and cuddling but also with sexual activities that
present pregnancy risk, disease transmission or injury of the sexual partners.

The purpose of the current study is a deeper insight and understanding of sexuality in
individuals with severe intellectual disability (SID)1 in SCHs, and sex education implementa‐
tion in these people and aims to improve their life in SCHs.

2. The current status of knowledge — Theoretical and research findings

In Slovakia, the attention to the issue of sexuality in individuals with ID has been studied
sporadically. Sexuality and partnerships in people with ID are very complex. Only few acquire
such extent of independence that enables them to live with a natural partner and sex life

© 2013 Mandzakova; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
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without their parents or care assistant’s supervision. Prevendárová [17] found that more than
80% of individuals with ID stay at the mental age of eight. According to this author [17], it is
necessary to understand their sexuality manifestations, e.g. kissing or simply a feeling of
closeness, in a similar way. A similar opinion has been expressed by Škorpíková [24] who
believes that many individuals with SID do not desire or need an intercourse in their life. They
find themselves in so-called pregenitality, which is a form of child sexuality. According to this
author, people with SID prefer caressing, cuddling, and exhibition to an intercourse. Šurabová
[24] has identified the following specific characteristics of sexuality in individuals with SID:

• Individuals with SID do not incline towards so-called total sexual behavior that involves
coital contact. As for the erotic behaviors, tactile contacts and snuggling– rather than contact
satiation, seems to be sufficient for them.

• If behaviors resembling masturbation occur, it is only a contact with one's genitals accom‐
panied by pleasant feelings, but it is not a specifically conscious behavior.

From these observations, it can be concluded that, in comparison to the general public,
individuals with SID generally do not possess offensive or active sexual behavior. However,
not everyone agrees with these conclusions. For instance, Mellan [23] emphasizes that it is
incorrect to assume that a need for sexual life is not created in individuals with ID. Sexuality
could only be imperfectly expressed or delayed. Accordingly, Šedá [24] concludes that, an
individual with SID cannot usually cope with his/her own sexuality, does not have an
opportunity to satisfy it, and often does not know how to do it. In regard to the above-
mentioned contradictory opinions, we find it necessary to study sexuality in individuals with
SID. In the following sections we introduce some of the findings, in particular international
research studies of sexuality and its manifestation in individuals with SID that can help us
better understand this issue in terms of Slovak research.

There is a paucity of studies around the world evaluated in a large and representative sample
concerning the question that what individuals with ID expect from sexuality, in terms of
intercourse, emotions, marriage, and children upbringing. Our aim is to review and evaluate
research studies carried out on the subject of sexuality in people with ID.

Perhaps because of society‘s attitudes to sexuality in individuals with SID, this topic has not
been studied extensively. Studies of sexuality problems, and therefore of reproduction, have
for many centuries been restricted in the European territory mostly by an influence of religious
opinions. Perhaps it is not necessary to specify in detail, rigid, non-scientific, and still spread
and fiercely defended opinions of the Church on questions of sex life, reproduction, and in
particular attempts to control and regulate it with birth control methods. Despite the significant
changes in people's attitude particularly after World War II, sexologists working in this field
have identified areas around the world that still have no clear understanding of this issue,
particularly if the results should threaten the existing attitudes. In the following section, we
will conduct a review of some of sexuality research studies in individuals with SID that has
formed the basis of our research.

Our investigation shows that many individuals in institutional care have experienced some
sexual activities, even though the range of their sexual behavior is probably limited partially
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due to their sexual repression [23]. Timmers and colleagues [23] found that 65% of men and
82% of women with ID had had sex, although the frequency was much lower in comparison
to others. Unfortunately, problems such as low sample size, inability to describe the serious‐
ness of disability, and relying on intermediated reports about behavior of individuals with ID
(not obtained by direct observation or statements of individuals with ID) weaken the strength
of research studies in this field.

Conod and Servais [1] believe that expectations of individuals with ID regarding sexuality and
its manifestation differ significantly in regard to the level of their ID. According to these
authors, studies specifically concerning sexual activity in individuals with ID found that, 50%
of women with moderate to severe ID, at age 11 to 23, had had sex. McGillivary and colleagues
confirmed these findings [13] showing that, out of 60 interviewed adults (35 men and 25
women) with mild to moderate ID, 42% were sexually active. Similarly, Diederich and Graecen
[3] via email interviews with institutions found that 41% of adults with SID in institutional
care in the Paris area had already had sex. Using a similar methodology [5], it has been reported
that 48% of directors of public residential institutions with less than 50% representation by
individuals with SID point to the fact that sexual relations have occurred, whereas in 15%, it
has been considered to be common. Obviously, these activities depend not only on expecta‐
tions of individuals with ID, but also on opportunities provided by their social environment.

In a study by McGillivary [13], 82% of women with moderate ID living in coeducational
institutions already had sex, whereas in non-coeducational institutions only 4% of individuals
have had sex. Another finding points to the fact that 14.5% of individuals with mild and
moderate ID without previous sexual experience claim to consider becoming sexually active
as soon as an opportunity arises.

Pueschel and Scola [18] interviewed parents of 73 teenagers with Down syndrome (36 men
and 37 women) and concluded that more than half of the teenagers expressed an interest in
the opposite sex, masturbation was registered in 40% of men and 22% of women, only four
parents stated that their son or daughter had ever mentioned desire for an intercourse.
Contradictions with McGillivary's results are likely caused by methodological differences
between the two studies (interviews with individuals with ID versus parents), as well as by
individualities of people with Down syndrome in terms of their sexual expectations.

The knowledge of individuals with ID about sexuality and related topics differ in those living
in institutional and non-institutional environments, but overall is very low [12]. The findings
from the two studies in author's opinion suggest that:

• Young individuals living in coeducational environment have a slightly higher level of
knowledge than those living in non-coeducational institutions. The more accurate predictor
of cognition is mental age rather than IQ or real age.

• The young individuals with or without a handicap have a rather low knowledge level.
Individuals with a handicap, however, have a bigger chance to obtain information from
their contemporaries (often ill informed) than from reliable sources, such as books by
experts. The access to the exact information is limited and it increases a need for complex
programs of sex education for this population.
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In many developing countries, the premarital sexual activity is much less socially acceptable
and therefore it is likely to expect and assume a significant difference in sexual expectations
also in people with ID.

Another possible factor influencing human sexual behavior is the gender. It has been shown
that sexual behavior is influenced by biological factors as well as by the influence of parental
upbringing, attitude of society to men and women and, by economical factors [18].

Next, we present an analysis of attitudes to sexuality in individuals with ID, as attitudes are
very important elements and they influence our behavior and actions. In the context of our
study, we refer to SCHs‘ employees, who are in touch with individuals with SID.

McCabe [12] studied attitudes of both parents and care assistants. The findings about care
assistants' attitudes are contradictory – those working in institutions are often aware of the fact
that sexual activity exists, although not every time they are able to acknowledge and deal with
it. The author explains the differences in care assistants' responses by such factors as environ‐
ment in which a care assistant works, the choice of questions asked, and the time and the
country in which data are collected.

As for the Slovak research studies, we can refer to a survey by Števková [10] focused on
attitudes to sexuality in individuals with ID. The results of this though non-representative
survey suggests that emotional manifestations of individuals with ID are not accepted and
there is absence of awareness.

At the end of this theoretical analysis, it can be concluded that the Kinsey Reports on human
sexual habits based on personal interviews, formed an inestimable basis of sociological
information about types of sexual manifestation. The evaluation of the work-study could
considerably expand the research on sexual manifestations and sex education implementation
in the general public and also in individuals with SID.

3. Research of the quality-of-life of individuals in SCHs in regard to
sexuality, partnerships, and sex education

3.1. Research problems and objectives

The main Aim of our study was to analyze and describe particular aspects of quality-of-life in
individuals with SID in the area of sexuality and partnerships, and identify factors determining
the individuals' sexuality and sex education in SCHs.

Our main aim has been divided into four sub aims:

1. To identify quality indicators of social services provided by institutions in general (a size
of an institution, coeducation, a number of individuals sharing a room, employees – a
number, education, etc.).

2. To obtain new information about the sexuality in individuals with SID in terms of intensity
and frequency of their occurrence.
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3. To identify attitudes of employees to sexuality and sex education in individuals with SID
and to describe differences in terms of their sexual education.

4. To study the level of awareness of SCHs‘ employees in sexuality and sex education in
individuals with SID.

3.2. Research hypotheses and justification

In relation to research on individuals with SID behavior in the area of sexual content, we
propose three hypotheses:

According to our hypotheses, specific aspects of sexuality will vary in terms of:

1. Gender; men with SID will show a significantly higher frequency and intensity of the
sexuality in comparison to women with SID.

2. The severity of ID; individuals with moderate ID will show significantly higher frequency
and intensity of the sexuality in comparison to individuals with SID.

3. Institution's coeducation; individuals of coeducational institutions will show a signifi‐
cantly higher frequency and intensity of the sexuality in comparison to individuals of non-
coeducational institutions.

In respect of SCHs employees' attitudes to sexuality in individuals with SID, we have assumed
that attitudes of employees to sexuality in individuals with SID will vary in terms of:

4. The presence of a training program in sex education; employees who have completed a
training program in sex education will show significantly more positive attitudes to
sexuality in individuals with SID in comparison to employees who have not completed a
training program in sex education.

5. The attitudes of male employees; male employees will be significantly more positive to
sexuality in individuals with SID than female employees.

6. The attitudes of employees to sexuality in general public; the more positive attitudes to
sexuality in general, the more positive attitudes they will have to sexuality in individuals
with SID.

7. The type of sexual behaviors; employees will show significantly more positive attitudes
to non-reproductive sexual behavior than parenthood of individuals with SID.

3.3. Justifications

1. As Raboch [19] and Oakleyová [16] reported, the sexual behavior is influenced by
biological factors, parental upbringing, general public attitudes to men and women, and
economical factors. According to Weiss and Zvěřina [25], men mention higher need and
frequency for sexual satisfaction than women. On the other hand, as the authors note,
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there is only little evidence that differences in a sexual activity between men and women
would be conditioned biologically.

2. Formulating hypothesis 2, there are studies that suggest sexual behavior in a person with
ID correlates with the severity of the ID. Mellan [14] believes that sexual behavior in
individuals with SID differ from other people particularly because there is no phase of
rational barriers. According to Matulay [11], in general, the more serious ID, the less
sexuality. Another argument is that most individuals with SID have seriously defective
motor skills or other accompanying disabilities, defective reproductive organs, hormonal
disorders – resulting in the possible distortion of sexuality. However, whilst describing
characteristics of the sexuality in individuals with moderate and SID, many commonalities
can be detected. For these reasons, we have decided to analyze more deeply differences
in sexual behavior of individuals with SID in terms of their ID.

3. We assume that individuals of coeducational institutions will show significantly higher
frequency and intensity of sexuality in comparison to individuals of non-coeducational
institutions. Also, several research studies suggest that many individuals in institutional
care have experienced some sexual activities, even though the range of their sexual
behavior is probably limited partially due to their sexual repression [12]. This situation
can occur in non-coeducational institutions where individuals do not have a possibility,
or such possibility is considerably limited, to meet the opposite sex. It can influence the
intensity of sexual manifestations as well.

4. It has been suggested that less educated participants, express less positive attitudes to
sexuality [2].

5. We studied sexuality in men and in women separately, as sexual expression in women
and men is traditionally different and attitudes could be influenced by this factor [2].
According to Weiss and Zvěřina [25] gender has the most significant influence on
liberalism and restrictions of sexual attitudes. Despite the fact that many authors discover
that attitudes in men and women to sex questions have over the last decades equaled,
most research studies testify on a double standard for a male and female sexual role and
its reflection in participants' attitudes. Almost all authors agree that attitudes of men are
more liberal than attitudes of women in this area.

6. We assume that, the more positive attitudes that employees show in general, the more
positive their attitudes to sexuality in individuals with SID will be [2]. Attitudes to
sexuality are then often influenced by the personality of experts and that can influence
the attitudes to individuals with SID.

7. Study by Cuskelly and Gilmore [2] showed that employees were least positive to questions
of parenthood than to other aspects of sex life. We have reached similar conclusions with
a questionnaire focused on attitudes of teams of interdisciplinary experts of SCHs‘ em‐
ployees, psychologists, psychiatrists, and gynecologists. Most experts did not accept the
possibility that individuals with SID have their own children [8].
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4. Operationalization of variables

In terms of evaluation of the intensity of the sexual behavior in individuals with SID, we have
regarded as sexuality manifestations not only actions of explicitly sexual character, such as
intercourse or masturbation, but also dreams, romantic thoughts and temporary or permanent
affection, a need to look attractive to a person whom a person with ID grows fond of and whose
interest he or she wishes to arouse. To perform data analysis, we have divided sexual behavior
manifestations of individuals into two levels:

1. Pregenitality (sexuality does not occur) – asexuality, no interest in any sexual manifesta‐
tions, manifestations on the level of tactile contacts, caressing, cuddling, touching,
snuggling, stroking – rather tactile satisfaction.

2. Sexuality occurs – interest in masturbation, coital contact, etc.

We have made an overview of sexuality manifestations in the first and second level (Table 1).

Code
Sexualitymanifestations

ofthefirstlevel
Code

Sexualitymanifestations

ofthesecondlevel

K1 Cuddling of same-sex individuals K5 Touching intimate parts of a same-sex individual

K2 Cuddling of opposite-sex individuals K6 Touching intimate parts of an opposite-sex individual

K3 Stroking a same-sex individual K10 Watching erotic pictures and porn

K4 Stroking an opposite-sex individual K15 Kissing a same-sex individual

K7

Desire to look attractive to a same-sex individual

(taking care of one's appearance, highlighting

femininity, masculinity)

K16 Kissing an opposite-sex individual

K8
Desire to look attractive to an opposite-sex

individual
K17 Indecent public exposure

K9
Listening to love songs, songs about being in

love
K18 Sexual assaults (attacks)

K11 Blushing in the presence of the same sex K19 Intercourse (coitus)

K12 Blushing in the presence of the opposite sex K20 Masturbation

K13 Individuals rivalry K21 Fetishes (touching nylons, etc.)

K14
Manifestations of joy, happiness in the presence

of the opposite sex

Table 1. Coding of the chosen sexuality manifestations of the first and second level

Whilst verifying our hypotheses, we monitored differences in specific aspects of sexuality – in
terms of their frequency and intensity.
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5. Sampling characteristics

A sample group was formed of 459 individuals with ID. In terms of institutional coeducation,
61.1% of individuals lived in coeducational and 15.5% in non-coeducational institutions. In
terms of gender, the representation of individuals was relatively equal – 50.3% (221) of
individuals were males and 49.7% (218) were females. Out of the total number of individuals,
49.8% (225) of individuals had moderate ID, 31.2% (141) had SID and 1.3% (6) had profound
ID. The second sample group included 259 SCHs‘ employees, 76.5% (198) were females and
16.9% (44) were males, and 6.6% (17) of respondents did not specify the gender. The age was
specified in total of 214 employees (45 did not specify it). The youngest respondent was 20,
and the oldest was 60 years old. The length of experience was specified in total of 47 employees
(212 did not specify it). The average length of experience was 9.17 years; the shortest was one
year, the longest 26 years. The length of experience in an institution was specified in total of
219 employees (40 did not specify it). The shortest length of experience was less than one year
and the longest was 36 years. Out of the total number of employees, 73.4% (190) were single,
10.4% (27) married, 8.5% (22) stated an option “other” (a widow/divorced) and 7.7% (20) of
employees did not specify their family status. In terms of religion, 78.4% (203) of the respond‐
ents were religious, 8.1% (21) non-religious, 7.7% (20) nondescript, and 5.8% (15) did not
specify it.

6. Research methods

In the course of our research, we used the following methods: direct non-participating
observation, questionnaire, and sexual stories – the statements of employees about individuals
with SID.

Observational studies. To clarify and describe sexual manifestations, we mainly used direct
non-participating observation. Here we focused on developing suitable observation-coding
sheets and their records. Observation and the records of sexual manifestations of individuals
with SID were enabled by employees volunteering to participate in this study. The first part
contained detailed instructions on how to fill it in and data about individuals and institutions.
The main part of the observation-coding sheet was formed of: the frequency table of sexual
manifestations in SCHs – with the aim to study in details the sexual behavior in SCHs. The
employees over a 7-day period observed and marked into an observation sheet in an appro‐
priate column (day and hour) with an assigned symbol/code, observed sexual behavior of
individuals in everyday activities during the entire day. The symbols were listed in a separate
appendix and divided into individuals-to-individuals sexual behavior and individuals-to-
employees sexual behavior. If an observed manifestation was not recorded in the table, the
respondents were instructed to complete it and mark its frequency in the table (on appropriate
days and hours).

1. A Table listing sexual manifestations of an SCH client – with the aim to identify conse‐
quences of coded sexual behavior (reactions of employees and subsequent reactions of
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individuals). The employees were supposed to characterize more closely the specific
observed sexual behavior of a client and their eventual reactions in the provided table.

2. The overall characteristics sheet of sexual behavior of a client – the purpose of the third
part of the observation-coding sheet was to obtain materials to create sexual stories or
statements on sexual behavior of individuals. The employees were supposed to give
characteristics of sexual behavior of individuals in this part, based on long-term observa‐
tions of a client.

7. Attitudes to Sexuality Questionnaire (ASQ)

Given the fact that there are rather unfavorable attitudes in public to sexuality in individuals
with ID, we were interested in SCHs employees' attitudes. To study these, we used a stand‐
ardized ASQ questionnaire – Attitudes to sexuality questionnaire (individuals with an ID) by
Cuskelly and Gilmore [2]. ASQ consists of two parts:

1. Attitudes to sexuality questionnaire (Individuals from the general public: ASQ – GP).

2. Attitudes to sexuality questionnaire (Individuals with ID: ASQ – ID) – This part contains
34 questions divided into four aspects: sexual rights, parenthood, non-reproductive sexual
behavior, and self-control.

Respondents answered using a 6-point scale, varying from "strongly agree" to "strongly
disagree". Both questionnaires contain questions concerning sexuality in women and sexuality
in men, answered by respondents separately. The advantage of the questionnaire is a wide
range of areas, which are available to select for research. The disadvantage could be its length
that could discourage potential candidates.

8. The employees' opinions on the sexuality of individuals with SID and
sex education in SCHs questionnaire

The questionnaire was designed with the aim to obtain data concerning sexuality and sex
education in SCHs. The analysis was relatively a time-consuming process that went through
several stages and relied on various sources of data. Thus, we obtained a holistic view of factors
that can influence result. Once the questionnaire had been reviewed, a two-phase pilot study
began with the aim of confirming whether respondents understood questions and were able
to answer them without problems. The questionnaire items contain categories and phenomena
elicited within pre-research. The questionnaire monitored the following research areas:

1. Quality indicators of social services provided by a particular institution (a size of an
institution, coeducation, a number of individuals sharing a room, education of employees,
etc).

2. Sexuality and its manifestations in individuals with SID in SCHs.
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3. Training and awareness of employees and individuals in SCHs in terms of sexuality and
sex education of individuals with SID.

4. Opinions of employees on sexuality and sex education in individuals with SID and the
current situation in sex education implementation in SCHs.

5. Problem in sexuality and sex education and ways of solving them in a particular institu‐
tion.

The questionnaire, that was designed for this research consisted of 46 items. Despite the fact
that we were aware of somewhat broad questionnaire, we were compelled to use the items in
such quantity in regard to absence of valid data to build on, and rather broad-spectrum aims
that we had set. Respondents were instructed via a letter containing essential instructions to
fill in the questionnaire. The questionnaire items were mostly structured in such a manner,
that respondents were offered a certain number of predefined answer choices. The question‐
naire consists of mostly semi-closed items and respondents were able to fill in the offered
answers and their own opinions in an option other. Besides answer choices, there were also
unstructured items in the questionnaire to allow respondents formulate their own answers. It
should be noted that in the Slovak Republic, such research of sexual behavior of individuals
with SID and the implementation of sex education in SCHs has been generally missing.

9. The statements — Written sexual stories of SCHs‘ employees and
individuals with SID

To be complete, the information was acquired not only from respondents' point of view
through the questionnaire, but primarily from providers and users of social services. This part
was carried out through interviews, using a recorder with a transcription following.

10. Research results and interpretation

10.1. The first procedure results: an analysis of the sexuality of individuals with SID

In regard to outlined disagreement of experts and with the aim to describe the sexuality of
individuals with SID in SCHs and to draw conclusions, we will interpret the results using
observation-coding sheets.

The first phase of analysis: the general interpretation of the frequency of sexuality manifestations
occurrence in individuals with SID

We focused on the general interpretation of the frequency of sexuality manifestations occur‐
rence in 459 individuals in SCHs. There were in total 3457 sexual manifestations of individuals-
to-individuals with SID registered. From the general evaluation of the observation coding
sheets we found that there were 68.8% (2273) of sexuality manifestations of the first level (so-
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called pregenitality) in the following order: manifestations of joy, happiness in the presence
of the opposite sex (12%); cuddling of same-sex individuals (11.2%); stroking of a same-sex
individual (10.5%); stroking of an opposite-sex individual (9.2%); cuddling of opposite-sex
individuals (7.3%); listening to love songs, songs about being in love (5.8%); other manifesta‐
tions of this level were registered with an occurrence of less than 5% (Figure 1).

N – the number of sexual manifestations, K1 – cuddling of same-sex individuals, K2 – cuddling of opposite-sex individ‐
uals, K3 – stroking of a same-sex individual, K4 – stroking of an opposite-sex individual, K7 – desire to look attractive to
a same-sex individual (taking care of one's appearance, highlighting femininity, masculinity), K8 – desire to look attrac‐
tive to an opposite-sex individual, K9 – listening to love songs, songs about being in love, K11 – blushing in the pres‐
ence of the same sex, K12 – blushing in the presence of the opposite sex, K13 – individuals rivalry, K14 –
manifestations of joy, happiness in the presence of the opposite sex. The results reflect representation of the first level
manifestations in individuals with SID.

Figure 1. The frequency of the first level sexuality manifestations in individuals with SID toward other individuals.

Some of the registered sexuality manifestations of the first level are demonstrated through
statements of SCHs‘ employees:

A 34-year-old female with SID. The client likes to groom herself in front of a mirror. She blushes
when an opposite-sex client comes. During the day she cuddled his waist more times. She listens to love
songs and smiles while doing it. In the evening she got changed more times and watched herself in a
mirror again, checking her look.

A 39-year-old male with moderate ID. The client listens to love songs. He expresses a lot of joy
while doing it. He is happy when they speak in the room about a female client he fancies. He cares about
his appearance and he wants to look attractive. He beautifies himself, puts some cream on and combs his
hair. He repeats the same ritual several times a day. He smiles and he's nice, he likes the girls from the
next room.

In regard to the sexuality manifestations of the second level (in total 980, i.e. 28.4% of all
manifestations), they primarily consist of masturbation (8.8%), kissing an opposite-sex
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individual (6.4%), kissing a same-sex individual (2.8%), touching intimate parts of a same-sex
individual (2.2%), intercourse (coitus) (1.3%) (Figure 2).

N – number of sexual manifestations, K5 – touching intimate parts of a same-sex individual, K6 – touching intimate
parts of an opposite-sex individual, K10 – watching erotic pictures and porn, K15 – kissing a same-sex individual, K16 –
kissing an opposite-sex individual, K17 – indecent exposure, K18 – sexual assaults, K19 – intercourse, K20 – masturba‐
tion. The results reflect that besides the first level manifestations there are also manifestations of the second level in
individuals with SID. These data show that sexuality occurs in individuals with SID and that individuals with SID are
also interested in activities of sexual character, such as masturbation or coitus.

Figure 2. The frequency of the second level sexuality manifestations in individuals with SID toward other individuals.

The analysis of the frequency of sexuality manifestations of the first and second level does not
include other sexuality manifestation (204, i.e. 5.9% of all recorded manifestations), which was
provided by the employees, but without further specification of particular manifestations,
therefore, we were not able to specify a relevant level. The results of sexual manifestations of
the second level are supported by statements of SCHs‘ employees:

A 44-year-old individual with SID. Besides the stated diagnoses the client has a motor
disability, but nonetheless her sexual activity is increased. It has led to coitus with an opposite-
sex client; in same-sex individuals it is manifested through cuddling, kissing, etc.

A 31-year-old individual, with moderate IS. The client manifests his sexuality particularly through
masturbation on a bed lying flat on his stomach and rubbing on a bed forward and backward (on average
twice or three times a day – while taking a rest, after lunch and before bedtime). He behaves as if he needs
privacy and dark – he doesn't want anybody to take any notice of him. He fancies uncovered female toes,
gazes at them and tries to touch them. In the past, he caught a foot of a new educator who had her toes
uncovered and he tried to rub it against his penis. His sexual potency is increased in summer, he's moody
and it lasts two or three weeks.
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An 18-years-old individual with Down syndrome, with moderate ID.There are mostly non-
verbal manifestations; it's mostly difficult to understand his words. He often throws himself at female
individuals and tries to kiss them. He's too vivid and hyperactive. He masturbates every day without
ejaculating and if it takes him too long, he gets nervous and hits his penis.

On the basis of our results, we can state that in SCHs‘ individuals, a sexual need is present and
is, in regard to ID and the conditions in which individuals live manifested through the above-
mentioned sexual manifestations. Despite that, it is obvious from some of the employees’
statements that they classify sexual activities as an asexual manifestation. A very interesting
factor that would enable a deeper analysis of sexuality, is perhaps an environment in which
individuals live (coeducation, a number of individuals sharing one room, etc.), as well as
opportunities to meet each other, be alone, attitudes of employees to individuals' sexuality,
etc.

Figure 3. The frequency of sexuality manifestations occurrence in individuals with SID toward employees2

As seen in Figure 3, in relation to employees, the most frequent manifestation included joy,
happiness in the presence of an employee of the opposite (20.7%) or same (19%) sex, cuddling
of employees of the same (13.5%) or opposite (11.9%) sex, stroking of a same-sex employee
(9.6%), desire to look attractive to an opposite-sex employee (6.3%), stroking of an opposite-
sex employee (5.2%). Other manifestations were registered with an occurrence of less than 5%.
From the listed overview of the registered sexuality manifestations we draw attention to non-
selective sexual behavior of individuals, which is many times focused on employees of the
opposite but also the same sex. Here, we present a few examples, documenting this behavior:

A 22-year-old individual with moderate ID.When larking and being relaxed, looking at a female
educator the client gets ecstatic and reddens. The intensity grows until the moment of physical touch,
when a male educator has to step in.
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A 35-year-old person with SID. The client likes listening to love songs. She's very happy seeing an
employee starting his shift. She blushes when a female social worker comes. She beautifies herself, puts
some cream on and combs her hair. She repeats the same ritual.

We found reasons of non-selective sexual behavior in outer (absence of sex education,
providing unsuitable models, institutionalized environment, etc.) and inner conditions of
individuals with SID (a primary deficit – the total subnormal intelligence, secondary deficits
– limited thinking, emotional immaturity, non-independence, lack of experience, non-
criticality, suggestibility, inability to differentiate a level of behavioral adequacy, etc.). For
these reasons, there is a need to explain to individuals with SID sexual behavior in context,
e.g. we do not cuddle all people and we do not cuddle them without a reason. It is obvious,
that clear instructions and counseling on how to solve practical problems manifested in relation
to individuals' sexual behavior, are primarily necessary for SCH‘ employees.

10.2. The second phase of analysis: factors influencing the sexuality of individuals with SID

Human sexual behavior is primarily determined by biological dispositions. The outer envi‐
ronmental circumstances could significantly modify its particular manifestations. In the
second phase of our study, we focused on a finding, whether the sexuality of individuals with
SID are influenced by endogenous factors, such as sex and a level of ID. At the same time we
detected the influence of an endogenous factor, i.e. the type of the institution in terms of its
coeducation on sexuality in people with SID.

10.3. A comparison of the sexuality of individuals in terms of gender

In the first hypothesis we were interested whether men with SID would show a significantly
higher frequency and intensity of the sexuality in comparison to women with SID. To analyze
the nature of research data we used the Anderson-Darling Normality Test, together with a
calculation of the basic descriptive characteristics of the samples.

There were in total 221 males and 218 females compared. None of the research samples showed
a normal distribution (p < 0.05) and therefore we used the non-parametric Mann-Whitney U-
test to compare the samples.

Numberofmanifestations(intotal) N(thenumberofsexualmanifestations) Median

Men 221 5.000

Women 218 9.000

Point estimate for ETA1-ETA2 is -2.000

95.0 Percent CI for ETA1-ETA2 is (-4.000; -1.000) W = 44638.5

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.0027

The test is significant at 0.0027 (p-value) (adjusted for ties)

Table 2. The Mann-Whitney U-test coefficients to compare the frequency of sexual manifestations of individuals in
terms of gender
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Table 2 shows that in our sample, using the Mann-Whitney U-test, the p-value3 was 0.0027,
suggesting that there was a significant difference in the sexuality manifestations between men
and women with SID.

Next, we observed differences in the intensity of the sexuality in men and women with SID.
To analyze our data, we similarly used the Anderson-Darling Normality Test, together with
a calculation of the basic descriptive characteristics of the samples. To compare the samples
we used Mann-Whitney U-test. As shown in Tables 3 and 4, there were not significant
differences in the intensity of sexuality manifestations between men and women with SID.

Manifestationsofthefirstlevel(intotal) N(thenumberofsexualmanifestations) Median

Women 143 6.000

Men 105 6.000

Point estimate for ETA1-ETA2 is -0.000

95.0 Percent CI for ETA1-ETA2 is (-1.001; 1.000) W = 17623.5

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.7478

Table 3. The Mann-Whitney U-test coefficients to compare the first level sexuality manifestations of individuals in
terms of gender.

Manifestationsofthesecondlevel(intotal) N(thenumberofsexualmanifestations) Median

Women 70 3.500

Men 99 4.000

Point estimate for ETA1-ETA2 is -1.000

95.0 Percent CI for ETA1-ETA2 is (-1.000; -0.001) W = 5572.0

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.2283

Table 4. The Mann-Whitney U-test coefficients to compare the second level sexuality manifestations of individuals in
terms of gender.

Based on these results, we suggest that our first hypothesis, in which we assumed men with
SID would show significantly higher frequency and intensity of sexuality in comparison to
women with SID, has not been confirmed. In this respect, a statement of Weiss and Zvěřina
[25] has been proved, suggesting that there is only little evidence that differences in a sexual
activity between the genders would be conditioned biologically. According to these, social
norms in women prevail regarding a sex and emotions relationship. To obtain a deeper
qualitative analysis of the data and as we wanted to obtain the maximum amount of informa‐
tion on differences in sexuality between men and women with SID, we proceeded with the
next part studying the differences in the frequency of occurrence of particular sexual mani‐
festations, which were common, and predicted significant differences in terms of their
representation in men and women with SID.
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Manifestation'scode Men Women Sum Wstatistics p-value

K15 61 36 97 241 0.0021*

K9 111 86 197 1055.5 0.0013*

V1 13 148 161 419 0.0074*

V11 16 249 265 244 0.0008*

V12 218 58 276 519.5 0.0012*

K15 – kissing a same-sex individual, K9 – listening to love songs, songs about being in love, V1 – cuddling of same-sex
employees, manifestations of joy, happiness in the presence of a same-sex employee, V12 – manifestations of joy,
happiness in the presence of an opposite-sex employee,*p < 0.05 – a statistically significant difference

Table 5. Significant effects of gender on the frequency of sexuality manifestations.

As shown in Table 5, in women, there were significantly more manifestations on the level of
cuddling and signs of joy and happiness, especially in relation to employees than in men. Men
showed more manifestations, such as listening to love songs, songs about being in love, kissing
a same-sex individual and manifestations of joy, happiness in the presence of an opposite-sex
employee than women.

10.4. A comparison of sexuality in terms of ID levels

In the second hypothesis we asked whether individuals with a moderate ID would show
significantly higher frequency and intensity of the sexuality in comparison to individuals with
a SID. We analyzed the compared groups using the Anderson-Darling Normality Test,
together with a calculation of the basic descriptive characteristics of the samples (225 individ‐
uals with a moderate ID and 141 individuals with a SID.

Numberofmanifestations(intotal) N Median

MID 225 8.000

SID 141 4.000

Point estimate for ETA1-ETA2 is 3.000

95.0 Percent CI for ETA1-ETA2 is (2.001; 5.000) W = 45584.0

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.0000

The test is significant at 0.0000 (p-value) (adjusted for ties)

MID – moderate ID, SID – severe intellectual disability, N – number of sexual manifestations

Table 6. The Mann-Whitney U-test coefficients to compare sexuality manifestations frequency of individuals in terms
of ID level.

Based on our results (Table 6), there was a significant difference in the sexual manifestations
between individuals with moderate and severe ID.
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To study the differences in the intensity of the sexuality in terms of an ID level, we used
Anderson-Darling Normality Test, together with a calculation of the basic descriptive charac‐
teristics of the samples. As the following calculations of the samples comparison specified in
Tables 7 and 8 show, we did not detect significant differences in the sexual manifestations
intensity between individuals with moderate and SID.

Manifestationsofthefirstlevel(intotal) N Median

MID 149 6.000

SID 48 4.000

Point estimate for ETA1-ETA2 is 1.000
95.0 Percent CI for ETA1-ETA2 is (-0.001; 2.999) W = 15364.5

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.0744

MID – moderate intellectual disability, SID – severe intellectual disability, N – number of sexual manifestations

Table 7. The Mann-Whitney U-test coefficients to compare the first level sexuality manifestations of individuals in
terms of ID level.

Manifestationsofthesecondlevel(intotal) N Median

MID 79 3.000

SID 52 4.000

Point estimate for ETA1-ETA2 is 0.000
95.0 Percent CI for ETA1-ETA2 is (-0.999; 1.001) W = 5127.5

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.6858

MID – moderate intellectual disability, SID – severe intellectual disability, N – number of sexual manifestations

Table 8. The Mann-Whitney U-test coefficients to compare the second level sexuality manifestations of individuals in
terms of ID level.

On the basis of these results, we suggest that the second hypothesis, in which we assumed
that individuals with moderate ID would show a significantly higher frequency and intensity
of  the sexuality  in comparison to individuals  with SID,  has not  been confirmed.  Whilst
comparing differences in an occurrence of the specific sexuality manifestations, we found
that in individuals with moderate ID prevailed sexual behavior manifestations on the level
of  pregenitality,  whereas  in  individuals  with  SID  were  more  than  in  individuals  with
moderate  ID  registered  activities  of  sexual  character.  We  consider  a  difference  in  the
frequency of masturbation occurrence interesting, as it occurred more often in individuals
with SID than in individuals with moderate ID. In individuals with SID we found out at the
same time a higher frequency of  indecent exposure and intercourse occurrence.  We can
conclude that it was due to the fact that individuals with SID expressed the activities more
often in front of the staff than in privacy. However, the differences in the specific sexuality
manifestations were statistically not significant.
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10.5. A comparison of the sexuality in terms of institution's coeducation

We used the Anderson-Darling Normality Test together with a calculation of the basic
descriptive characteristics of the samples. We compared sexual manifestations of 298 individ‐
uals of coeducational institutions and 68 individuals of non-coeducational institutions.

Numberofmanifestations(intotal) N(thenumberofsexualmanifestations) Median

A coeducational institution 298 4.000

A non-coeducational institution 68 10.000

Point estimate for ETA1-ETA2 is -4.000
95.0 Percent CI for ETA1-ETA2 is (-5.000; -3.000) W = 50738.0

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.0000
The test is significant at 0.0000 (p-value) (adjusted for ties)

Table 9. The Mann-Whitney U-test coefficients to compare sexuality manifestations frequency of individuals of
coeducational and non-coeducational institutions.

As we show in Table 9, p < 0.05, therefore we may state that there was a significant difference
in the frequency of sexual manifestations between individuals living in non-coeducational or
coeducational institutions.

It is also possible to conclude from the box graph, that in the coeducational institutions there
was an excessive occurrence of sexually active individuals registered, in a non-coeducational
institution such individuals did not occur.

Next we studied the differences in the intensity of sexuality in terms of institution's coeduca‐
tion. Not even in this case the samples showed a normal distribution. Calculations of the non-
parametric Mann-Whitney U-test presented in Tables 10 and 11 show, that there were not
significant differences in intensity of sexual manifestations in individuals with SID in terms of
institution's coeducation (p > 0.05).

Manifestationsofthefirstlevel(intotal) N(thenumberofsexualmanifestations) Median

A coeducational institution 152 5.000

A non-coeducational institution 49 4.000

Point estimate for ETA1-ETA2 is 1.000
95.0 Percent CI for ETA1-ETA2 is (-0.000; 2.000) W = 15766.0

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.2429

Table 10. The Mann-Whitney U-test coefficients to compare the first level sexuality manifestations of individuals of
coeducational and non-coeducational institutions.

On the basis of these results, we suggest that the third hypothesis, in which we assumed that
individuals of coeducational institutions would show a significantly higher frequency and
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intensity of the sexuality in comparison to individuals of non-coeducational institutions, has
not been confirmed. Further structural analysis of the sexuality enabled us to search for an
answer to a question, which of the observed sexual activities are specific for the institution or
what are differences in specific sexual behavior of individuals of coeducational and non-
coeducational institutions.

Next, we evaluated differences in sexuality manifestations of individuals of coeducational and
non-coeducational institutions. The results of the analysis and the statistical difference
between the specific sexual manifestations of individuals of coeducational and non-coeduca‐
tional institutions point to the main conclusions presented in Table 12.

Manifestation'scode CI NI Sum Wstatistics p-value

K2 121 1 122 - -

K4 138 4 142 - -

K5 47 3 50 - -

K6 20 - 20 - -

K10 26 - 26 - -

K16 90 - 90 - -

K19 26 - 26 - -

K20 193 5 198 - -

V11 74 138 212 921.5 0.0141*

K2 – cuddling of opposite-sex individuals, K4 – stroking an opposite-sex individual, K5 – touching intimate parts of a
same-sex individual, K6 – touching intimate parts of an opposite-sex individual, K10 – watching erotic pictures and porn,
K16 – kissing an opposite-sex individual, K19 – intercourse (coitus), K20 – masturbation, V11 – manifestations of joy,
happiness in the presence of a same-sex employee, CI – coeducational institution, NI – non-coeducational institution, *
p < 0.05 – a statistically significant difference

Table 12. Differences in the frequency of sexuality manifestations occurrence of individuals in terms of institution's
coeducation.

Manifestationsofthesecondlevel(intotal) N(thenumberofsexualmanifestations

)
Median

A coeducational institution 119 3.000

A non-coeducational institution 12 2.000

Point estimate for ETA1-ETA2 is 1.000

95.1 Percent CI for ETA1-ETA2 is (-1.000; 2.000) W = 7981.0

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.3128

Table 11. The Mann-Whitney U-test coefficients to compare the second level sexuality manifestations of individuals of
coeducational and non-coeducational institutions.

Sexuality and Sex Education in Individuals with Intellectual Disability in Social Care Homes
http://dx.doi.org/10.5772/55782

125



As shown in Table 12, a statistically significant difference in the frequency of sexuality
manifestations was confirmed only in one manifestation, i.e. manifestations of joy, happiness
in the presence of a same-sex employee – significantly more in non-coeducational institutions
than in coeducational institutions. Despite what has been stated, we want to highlight other
differences, which we consider very significant in this regard. In terms of the first level
sexuality manifestations, there were in the coeducational institutions more manifestations
focused on opposite-sex individuals. Whilst observing the frequency of sexuality manifesta‐
tions occurrence of the second level, we highlight a significant difference in implementation
of masturbation, registered in the individuals of the coeducational institutions more often than
in the individuals of the non-coeducational institutions, and in implementation of an inter‐
course, similarly registered more often in the coeducational than in the non-coeducational
institutions. In non-coeducational institutions, as shown by other studies, sexual behavior on
the level of masturbation or an intercourse is probably limited, partially due to sexual
manifestations repression of the individuals.

11. The second procedure results: an analysis of SCHs employees' attitudes
to sexuality and sex education in individuals with SID

11.1. The first phase of interpretation: the interpretation of employees' attitudes

Here we focused on the interpretation of employees' attitudes to sexuality in individuals with
SID. The complex analysis including all the sexuality concludes an ambiguous evaluation of
sexuality and sex education in individuals with SID by SCHs‘ employees. This suggests that
attitudes of employees to sexuality in individuals with SID are neutral.

In the next part, we present results of the interpretation of employees’ attitudes to particular
sexuality aspects in individuals with SID, which are included in our attitudes questionnaire.

Thesexualityaspects Scale
1- 3 - 6

P–––––– N

1. Sexual rights of individuals with more severe ID 3.5385*

P–––––– N

2 Parenthood of individuals with more severe ID 4.0714*

P–––––– N

3 Non-reproductive sexual behavior of individuals with more severe ID 3.1000*

P–––––– N

4. Self-control of individuals with more severe ID 3.5000*

P – positive attitude, N – negative attitude, * – the median values

Table 13. An overview of employees' attitudes to the sexuality.
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As shown in Table 13, positive attitudes of the interviewed staff occurred only in the area of
non-reproductive sexual behavior. We introduce some examples of the respondents' most
positive: Masturbation in privacy is an accepted form of a sexual manifestation in men/women
with ID. It is sensible to maintain privacy for men/women with ID, who want to masturbate
at home. We encounter a neutral attitude to the questions of self-control.

11.2. The second phase of interpretation: The analysis of the influence of specific factors on
employees' attitudes

A comparison of attitudes in SCHs‘ employees to sexuality in individuals with SID in regard to training
programs.

According to our fourth hypothesis, employees who completed a training program in sex
education would show significantly more positive attitudes to sexuality in individuals with
SID in comparison to employees who did not complete training programs in sex education.

Trainingprogram N(thenumberofsexualmanifestations) Median

Yes 66 3.5714

No 193 3.4464

Point estimate for ETA1-ETA2 is 0.0714

95.0 Percent CI for ETA1-ETA2 is (-0.0536; 0.1785) W = 9198.0

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.2398

Table 14. The Mann-Whitney U-test coefficients to compare a training program in sex education.

The calculated p-value seen in Table 14 is not significant; therefore we suggest that there was
not a significant difference in attitudes between employees who have completed a training
program in sex education, and those who have not.

According to our hypothesis, employees who completed a training program in sex education
would show significantly more positive attitudes to sexuality in individuals with SID in
comparison to employees who did not complete a training program in sex education was not
confirmed. The presented conclusion is inconsistent with the research findings presented by
Moatti, Manesse and colleagues [25] who believed that the more restrictive attitudes are
expressed by less erudite people. We may suppose, that the attitudes of the employees, who
have completed a training program, could have been influenced by a level and range of a
program itself and therefore their cognitive part of attitudes was not positively influenced.
This could also be a result of the respondents' negative experiences with sexuality in individ‐
uals with SID, resulting from everyday direct activities with them. Hence we find the results
to be a strong argument for improving the level of training programs of employees in sex
education in individuals with SID.

The comparison of attitudes in employees to sexuality in individuals with SID in terms of gender of
employees
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In the fifth hypothesis, we assumed that attitudes of male employees would be significantly
more positive to sexuality in both male and female individuals with SID in comparison to
attitudes of female employees. We found that gender does not have a statistically significant
influence on attitudes of employees. There are several studies that suggest that gender itself
has the most significant influence on liberalism or restriction of sexual attitudes. As we
mentioned before in our research study, almost all authors agree, that attitudes of men are in
this area more liberal than attitudes of women. According to Weiss and Zvěřina [25], however,
many authors discover that attitudes of men and women to sexual questions have over the last
decades come closer. Nowadays, men and women become more alike not only in work life,
but as Walker-Hirsch [24] writes, even in sexual expression and in attitudes to sexuality – and
our results support it. It could be caused by the general social climate, too, which becomes
more liberal (influence of mass media, etc.) and allows women to freely express their opinions
and adopt a point of view to them.

A comparison of attitudes in SCHs‘ employees to sexuality in individuals without a disability versus
individuals with SID

The attitudes to sexuality in individuals with ID are certainly linked to our attitudes to human
sexuality in general. Hence, in the sixth hypothesis, we assumed that the more positive
attitudes would employees show to sexuality in individuals without a disability, the more
positive their attitudes to sexuality in individuals with SID would be. To test this hypothesis
we used a correlation analysis. At the beginning of the correlation analysis we picture the
researched data graphically using a two-dimensional point graph, where each point represents
one pair of measurements.

It is possible to estimate positive correlation between attitudes to sexuality in individuals
without a disability and individuals with SID. We further verified this assumption using the
Pearson correlation coefficient (r)4 (r = 0.6085; Table 15). Our data suggest that those attitudes
to sexuality in individuals with no SID significantly correlate with sexuality in individuals
with SID.

N=259
Correlation–significanceonthelevelα<0.0500

AM SD r(X,Y) r^2 t p N

An attitude to sexuality
in individuals without a
disability

2.7473 0.6229 - - - - -

An attitude to sexuality
in individuals with a
more severe ID

3.5240 0.4406 0.6086 0.3703 0.0000 0.0000 259

AM – the arithmetic mean, SD – standard deviation, r – the Pearson correlation coefficient, XY – the observed variables,
t, p – coefficients and values calculated by the test, N – number of respondents

Table 15. A table of auxiliary calculations of the Pearson correlation coefficient of an attitudes correlation to sexuality
in individuals without a disability and individuals with more severe ID.
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On the basis of the presented data in Table 15 we suggest that the sixth hypothesis, in which
we assumed that the more positive attitudes in employees to sexuality in the general public,
the more positive their attitudes to sexuality in individuals with SID would be, has been
confirmed. Thus, the assumption has been confirmed that the way that we perceive sexuality
in individuals with SID is to a great extent influenced by our personal experience or an attitude
to own sexuality. Furthermore, an opinion of SCHs‘ employees on sexuality in these individ‐
uals is influenced by an attitude to human sexuality in general. The assumption of sex
education in these individuals is a possibility to obtain personal positive opinions, attitudes,
and experiences to human sexuality. In the seventh hypothesis we assumed, that employees
would show significantly more positive attitudes to non-reproductive sexual behavior in
comparison to parenthood of individuals with SID.

Sexuality N(thenumberofsexualmanifestations) Median

Non-reproductive sexual behavior 259 3.1000

Parenthood 259 4.0714

Point estimate for ETA1-ETA2 is -0.9571

95.0 Percent CI for ETA1-ETA2 is (-1.0571;-0.8572)W = 43793.5

Test of ETA1 = ETA2 vs. ETA1 not = ETA2 is significant at 0.0000

The test is significant at 0.0000 (p-value) (adjusted for ties)

Table 16. The Mann-Whitney U-test coefficients to compare attitudes to non-reproductive sexual behavior and
parenthood.

Using The Mann-Whitney U-test, the p value was less than 0.05 indicating that there was a
statistically significant difference between the two groups (Table 16). Based on our data, we
can suggest that employees had a significantly more positive attitude to non-reproductive
sexual behavior than to parenthood in individuals with SID.

On the basis of the above results, we form a thesis that the seventh hypothesis, in which we
predicted that employees would show significantly more positive attitudes to non-reproduc‐
tive sexual behavior in comparison to parenthood in individuals with SID, has been confirmed.
According to this hypothesis, employees (and a society in general) incline more to sexual
activities in individuals with SID, which do not pose a pregnancy risk. Moreover, prejudices
persist in a society as well as in providers of social care resulting from lack of information, and
that could, as a result, lead to the denial of basic rights of individuals with SID – the right to
have a child. It is a very sensitive issue – on one hand the right to have a child cannot be violated
because it is an individual with SID, on the other hand there is a risk of immense emotional
value in relation to a future child and future parents.

Finally, it should be noted that attitudes are the key factors, which explain human social
behavior. We believe that the results of our research on this issue would create an opportunity
to study the quality of educational impact of employees on individuals with SID in terms of
their sexuality.
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11.3. The third procedure results: An analysis of sexuality in individuals with SID and sex
education implementation in SCHs

In Slovakia, sexuality in individuals with ID is only marginally studied. Yet, sexual partner‐
ships are fundamental elements of a social life and have important social consequences [9]. To
what extent are conditions for freedom of sexual expression in individuals with SID and the
quality of sex education implementation in SCHs fulfilled, is beyond the scope of this study.
Our research study is the first of its kind in Slovakia.

The quality indicators of social services provided by an institution

The first objective in this phase of research was to identify quality indicators of social services
provided by institutions in general. We were particularly interested in the size of the institu‐
tion, the number of individuals sharing each room, and the number of staff. These indicators
would certainly influence sex education in these institutions. The largest institution partici‐
pating in this research provides its services to 240 individuals with multiple disabilities in
people 18 years and older. The smallest institution participated in our research provides its
services to 18 individuals with ID from birth to 18 years old. Of SCHs that participated in
research, 82.1% (23) of institutions provide their services to more than 30 individuals. We used
the limit of 30 individuals, as this limit in particular is considered by European experts to be
the key in terms of quality of service assessment. According to these experts, in an institution
with over 30 residents, there is higher probability, that the basic human rights will be violated
[7]. An important quality indicator of provided residential services is also the number of
individuals sharing a room. We investigated the minimum and maximum number of indi‐
viduals sharing a room. Around 25% (7) of the questioned institutions reported a minimum
of one resident per room. On the other hand, rather serious information was that one institution
stated a minimum of 8 residents living in one room. Surprisingly, in one case the maximum
number was 11 individuals. Out of 28 SCHs, only one institution was non-coeducational. We
compared sexual manifestations of 298 individuals placed in coeducational institutions and
68 individuals placed in non-coeducational institutions.

On the basis of our research, it is possible to suggest that there are relatively big differences in
the institutions in terms of quality of services provided. On one hand, the Slovak Republic
used modern facilities offering their services to individuals who have their own room and on
the other hand, there are big, sometimes even non-coeducational institutions where individ‐
uals have to share with ten other individuals. We believe that an institution should open up
as much as possible to an ambient society, to use social teaching of individuals directly "in
terrain" to the limit. Being in touch with the general population motivates individuals to
constantly develop and learn. Thanks to a very important feedback, they learn faster, and a
positive feedback motives them much more than learning in a non-stimulating rigid environ‐
ment, which does not allow an individual to put everything learnt into practice.

Partner’s sexual activities and their conditions in SCHs

Circumstances of partners and sex life are certainly one of the basic indicators of human sexual
behavior. These manifestations could have an influence on sexual behavior of an individual
with SID. Therefore, we asked questions concerning sexual rights, the sexuality, conditions of
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forming partnerships, and satisfying of individuals' sexual desire in SCHs. We also included
questions in the questionnaire that detected attitudes of respondents on application of sexual
rights of individuals with SID. We found that although most employees were able to accept
right to sex and partnership in individuals with SID, they express negative attitudes to the
right of these people to marriage. The respondents were even stronger in their disapproval of
the right to parenthood in individuals with SID. It confirms the findings acquired from the
attitudes questionnaire, where the most negative attitudes had the respondents in particular
to the questions of parenthood in individuals with SID. Here we provide an example of a
client's interest in being in a marriage according to a statement of a social care worker:

A 46-year-old female with moderate ID.The client was telling me about her son's father. She likes
talking about men. She asks various questions. She often asks about her music therapy teacher. Today
she was telling me that somebody will marry her. She does not like to hear that a man, whom she had a
son with, has got married and has children. She longs for a family life with her dream husband. She likes
to put some make-up on in order to be attractive for her music therapy teacher.

In the next questionnaire item, we aimed to study whether employees encountered sexual
manifestations in individuals with SID. We found that almost half (52.1%) of employees
have encountered such manifestations. Similarly, almost one third (28.9%) of the respond‐
ents expressed negative attitudes toward this. The respondents were also supposed to speci‐
fy the type of sexual behavior of individuals. The most commonly answer suggests a
preference for masturbation over other sexual manifestations (32%). Other manifestations
included: kissing (17.8%), cuddling (13.1%), touching intimate parts of another client (9.7%),
stroking, caressing (7.7%) and an intercourse (5%). We consider these results to be another
evidence of the presence of sexuality in individuals with SID and an interest in activities of
sexual character (masturbation, coitus). We also consider it as a strong argument for sex ed‐
ucation implementation in these individuals. Occurrence of masturbation is demonstrated
here through statements of an SCH educator:

A 42-year-old female, with moderate ID.The client puts her hands between her legs and touches
her sex organs at least once a day, either in the evening in her bed or in the room on the floor. She
sways and lets out different sounds. She's very irritated. She sometimes goes to an empty room and
repeats her behavior, she often screams furiously.

Our results support the thesis of Tóthová [23] about insufficient respect of sexual needs and
sexual rights of SCHs‘ individuals. We have also come to the same conclusion, that most in‐
stitutions do not create conditions for implementation of sex and partners life of individuals
with SID. We evaluate it negatively in terms of violation of sexual rights of such individuals
to the freedom to pursue their own sexuality. Only less than one-third of the employees stat‐
ed, that individuals did have such an opportunity, but only on the premises of SCHs. Un‐
fortunately, only 5% of the questioned institutions allowed to create sexual relationships
and partnerships even outside of institution. We give an example of a client's interest in be‐
ing in a partnership with a female client:

A 36-year-old male with SID. The client often holds a hand of an opposite-sex client. He's already
told me couple of times, that he'd want to be in a room just with her. They're walking together in the
corridor and they're happy. The whole morning they've been seating together, holding their hands
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and sometimes they're talking as well. He was passive on that day, she was active and was looking for
him. When she managed to find him, he was lying in his bed. She was sitting at his side, smiling and
was content. Then she took his hand and they went for a walk again. After lunch she took some meat
of her plate and went to give it to him. In the evening they shared food again. I've registered deep
manifestations of mutual affection. Then they started to kiss, he was stroking her. She attracts his at‐
tention, e.g. I've lost weight, I've washed.

Those who answered that their institutions created conditions for partners and sex life of
individuals with SID were then asked to specify its concrete form. We found that in SCHs, a
couple is mainly allowed to meet up during common activities at the institution. The results
show that in SCHs conditions are not created to allow individuals with SID to pursue their
own sexuality. Also currently, such form of cohabitation collides perhaps with prejudice and
entrenched ideas of asexuality of these people.

Another question investigated the opinions of employees on enabling implementation of
sexual life in individuals with SID. Here, implementation of sexual life refers to enabling sexual
life according to particular needs of these individuals. In this part of the questionnaire, we
found some contradictions in the responses of the employees in relation to previous statements
about not accepting the right to sexual life in individuals with SID and/or not creating
conditions for its implementation in particular institutions. We found that most respondents
inclined to implementation of sexual life according to a particular social need or desire of
individuals (74.1%). According to the statements by the employees, in case that an institution
allowed their individuals to practice sex life, it was mainly on the level of kissing (65.6%) and
cuddling (64.5%). Another accepted form is masturbation (47.1%), which – as we mentioned
before, was the most frequent form of individuals' sexual expression. Next we studied
manifestations of the second level, in particular touching intimate parts of another individuals
and intercourse. In cases when the employees (N = 22) did not allow implementation of sex
life of their individuals, it occurred due to several reasons: there were not conditions for it
(limited capacity, no premises, etc.) (5%), majority was children (1.9%), individuals do not have
a need (1.5%), and there was not a representation of individuals in terms of sex (0.4%).

The attitude of employees to sexuality in individuals with SID

Whilst questioning the employees about their reactions to individuals' sexual behavior, we
sub grouped responses in the questionnaire (and also in the observation coding sheet), in
accordance to the levels that we had formed. Their overview is introduced in Table 17.

STAFFREACTIONS

ELIMINATIONOF

SEXUALITY

TOLERATIONOF

SEXUALITY

ACCEPTANCEOF

SEXUALITY

CULTIVATIONOF

SEXUALITY

Punishment,

Rebuke

Other activities

The first level manifestations

Masturbation

Intercourse

The first level manifestations

Masturbation

Intercourse

Dialogue,

Explanation

Table 17. Categorization of reactions of employees to individuals' manifestations of sexual behavior5
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Response Number Expressedin%

Acceptance of sexuality 71 27.4

Cultivation of sexuality 64 24.7

Tolerance of sexuality 28 9.8

Elimination of sexuality

(Verbal rebuke, warning)
24 9.3

Elimination of sexuality

(Diverting attention – ergo therapy, game, medications)
16 6.2

I don't know 16 6.2

Table 18. Reactions of employees to individuals' manifestations of sexual behavior.

Whilst questioning the employees about what reaction to manifestations of sexual behavior of
individuals with SID they considered right, we came to the following conclusions supported
by statements of the employees (Table 18):

Most respondents were in favor of acceptance of sexuality in these individuals. On the second
place the employees expressed tendencies towards cultivation in their opinions, which is a
positive finding, even though percentage of the answers (less than a third) in terms of a
necessity to educate individuals with SID in the area of sexuality, is not very encouraging. „We
have discussed with a client about an intercourse, about an influence on her as well as the other
individuals. We have also spoken to a partner and explained a pregnancy issue, an influence
on other individuals, etc.“ The next in line were the reactions on the level of tolerance (ignoring
– neglecting, let it take its course, no reaction), and a relatively high percentage were for
elimination of sexuality – on the level of punishments (verbal), as well as elimination of
sexuality by diverting attention of individuals through other activities. „Ignoring, as reproving
in front of the group isn't effective, the client doesn't understand instructions when she's told
not to do it, that it is inappropriate in public. When masturbation and stripping take longer, I
dress the client and try to draw her attention away from masturbation through various
educational activities – I give her a book, puzzle.“

We perceive the presented findings negatively. For this reason, we also used the observation-
coding sheet to study reactions of the staff. Next, we will compare the results obtained from
the questionnaire with employees' reactions to sexual behavior of individuals in SCHs.

As shown in Table 19, most employees react negatively to manifestations of sexuality of
individuals with SID especially through punishment or rebuke. Second in line are reactions
on the level of tolerance of sexuality manifestations of the first level, and masturbation.
Toleration of an intercourse was registered only in one respondent's statement. It is likewise
with reactions on the level of acceptance, where employees are most often able to accept the
first level manifestations of sexual behavior, less often they accept masturbation, not in one
case do they tolerate an intercourse. Reactions on the level of cultivation of sexuality were
registered only in one case. While comparing results acquired from the observation coding
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sheets with results presented in the questionnaire, we suggest that employees tend to evaluate
their reactions more positively in general evaluation, a more negative attitude we found while
dealing with a particular registered sexual expression of individuals directly in contact with
them in an institution.

Code
1 2 3 Total Nospecification

N % N % N % N % N %

a 89 19.4 11 2.4 - 0.0 100 21.8 0 0.0

b 43 9.4 41 8.9 1 0.2 85 18.5 1 0.2

c 54 11.8 26 5.7 0 0.0 80 17.4 0 0.0

d 1 0.2 0 0.0 0 0.0 1 0.2 55 12.0

a1 – elimination of sexuality through punishment, a2 – elimination of sexuality through other activity, b1 – tolerance of
the first level manifestations, b2 – tolerance of masturbation, b3 – tolerance of coitus, c1 – acceptance of the first level
manifestations, c2 – acceptance of masturbation, c3 – acceptance of coitus, d – cultivation of sexuality

Table 19. Reactions of employees to registered sexual expression of individuals.

Opinions of employees on sexuality in individuals with SID

As it is necessary to address the problem of sexuality of individuals with SID, and as we are
aware of the presence of inappropriate behavior, which could be a consequence of cumulated
energy, we were interested which manifestations of individuals' behavior in SCHs have
employees come across with. The most common manifestations of cumulated sexual energy
according to the respondents are: quick mood swings, aggression, neurotic, and other inap‐
propriate social behavior (head banging against the wall, hands biting). Others are stereotyp‐
ical movements, neurotic drooling or sexual symbolic substitutions. There were also
statements claiming that such behavior is not manifested, and other answers where the
respondents stated – cannot identify (4.2%), insomnia (1.2%), the others with an occurrence of
0.8% – crying, questioning, enhanced nervousness and seeking quarrels, rubbing intimate
parts against a bed or sofa, harassing other individuals, and agitation (0.4%). Our question‐
naires also contained questions concerning opinions of respondents on sexuality in individuals
with SID in general. Our further questions concerned opinions of employees on sexual
motivation (sexual impulse) and sexual maturity in individuals with SID, with whom they are
in direct contact. As our results show, most questioned regard sexual motivation in individuals
with SID the same as in individuals without a disability. However, in the answers, we often
found statements that sexual impulse in these individuals is reduced (27.4%) or increased
(16.6%), and 25.9% could not answer this issue. We also found that most employees did not
have enough information in this area. In relation to sexual maturity in individuals with SID,
most respondents believe that sexual maturity occurs in people with SID later (36.3%), a
relatively high percentage could not answer this question (29.7%), and some believe that it
occurs earlier (17.4%). These results show, that awareness of employees about issues of
sexuality in individuals with SID is at a low.
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Masturbation activities and an intercourse in individuals with SID

A part of research on sexual behavior mostly relates to the frequency of masturbation. In the
current study, we provide results studying masturbation activities – as detected by directly
asking employees as well as data obtained through anonymous questionnaires.

Particularly positive are responses of the staff about masturbation as a normal phenomenon
(57.1%) or even useful (releasing sexual tension) (52.9%). It is likely to be perceived as a sign
of a positive trend and recognition of reality, that in relation to unsatisfactory conditions for
partners’ sexual life in SCHs (see above), individuals really have no other choice. Actual
behavior or a form of sexual auto stimulation (masturbation) was specified by staff as follows:
client themselves touch vagina or penis, rub a sex organ against an object, use some sex aids.
In the option “other” they stated I don't know, he/she masturbates in privacy, I'm not inter‐
ested, I don't have an experience.

It should be noted that masturbation is a manifestation of healthy sexual expression and it
should be supported in case it is manifested in a way that does not bother the others or it is
not performed in a self-harming way. In regard to a positive perception of masturbation, we
were interested on employees‘ reaction to such manifestations in individuals with SID. We
provide an example of a statement of a SCH employee:

A 32-year-old male with moderate ID.The client was touching his private parts and smiling while
doing it. He pulled his pants down and masturbated on a chair in his room. Then he laid down on the
floor flat on his stomach and rubbed his genitals against the floor, and he was laughing while breathing
loudly.

Reactions of employees to masturbation are, similar to above analyzed reactions to sexual
behavior in general, mostly on the level of tolerance (34.3%) (i.e. they do not solve, take no
notice or let presented behavior take its course), and acceptance (33.6%) (they perceive
masturbation as a natural manifestation and need that releases tension, it is allowed to
individuals in privacy). We rarely found cultivation of sexuality (thus advising individuals,
engaging in conversations, sex education, regulation of masturbation in public in connection
with acceptance of masturbation) (around 18.1%). We evaluate negatively reactions on the
level of elimination of masturbation, either through punishment or through diverting their
attention to other activities – a prayer, work or relaxation (4.6%).

One of the means of a restrictive “solution“ of sexuality in individuals with SID is the use of
drugs that can reduce the ability to masturbate and experience libido (e.g. antipsychotics).
While unethical, this method is still applied in many institutions (21.6%). Based on our
experience, obtained from interviews with both professional caregivers and psychiatrists, we
concluded that the situation in SCHs is even worse. We have also come to the conclusion, that
most respondents similarly dismissed the idea of on allowing an intercourse (49%). Statements
of professional caregivers and individuals themselves support an interest in the intercourse in
individuals with SID:

A 37-year-old female with moderate ID.The client needs surveillance; she is moody, sometimes
even impulsively aggressive – once she hit another client in a conflict. Her behavior is infantile,
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problematic for insufficient regulation, a possibility of short-circuit behavior. Everyday she wants to see
a penis and without educators' surveillance she would be able to carry out an intercourse. Kissing,
touching intimate parts of the opposite sex and manifestations of sexual impulse in verbal communica‐
tion and spontaneous stripping in front of other individuals, occur on a daily basis.

A 40-year-old male with SID.The client has a girlfriend and they cuddle and kiss. Another female
client takes care of him, she brings him lunch, pours coffee, etc. He spends almost all his time with her,
they listen to music, go for a walk holding their hands. In the past, they had an intercourse, too.

To find more information on partnerships of individuals with SID in SCHs, we further
questioned if they had a stable partnership. According to the staff in most institutions, they do
not form a stable partnership. The reasons for the lack of stable partnership included, that
individuals swap partners (they don't care for a stable partner) (8.9%), an age category doesn't
correspond (under or over age) (6.2%), an institution doesn't create conditions (5%), they form
only friendships (5%), a more SID (4.6%), non-coeducation (2.7%), and the lack of support by
the institution (0.8%).

Homosexual orientation and activities in individuals with SID

There has also been a lot of research done recently focusing on the prevalence of homosexuality
and homosexual experiences in the general public [25]. A few research studies have implied
that the prevalence of homosexuality in individuals with a disability is similar to the general
public. For example, several British studies have confirmed, that individuals with ID (mostly
men) have in fact the same sexual contact with the same sex as the others, but it is hard for
people in their environment to accept it [22]. Therefore, we were interested in a situation among
individuals with SID and opinions of employees on these complex issues. Whilst seeking
opinions of employees on a sexual interest of individuals in a person of the same sex, the
findings of other authors are being documented and suggest, that even in individuals with
SID an interest in a same-sex person occurs. In many responses of employees, such interest
comes both from men and women (38.2%), some think it comes more from men (26.3%), and
only 7.3% indicate that it comes only from women. These results are perhaps a reflection of
the specific surrounding in which individuals are situated, as well as possibilities to meet up
with the opposite sex (so called pseudo homosexual relations). Despite what has been
presented, the results imply that it is sensible to expect that homosexual orientation or
homosexual activities exist among individuals with SID. Under such circumstances in SCHs,
it might be very difficult for a young person with SID to find support for his/her homosexual
identity.

In relation to the results on the prevalence of interest in homosexuality among individuals
with SID, it is not surprising to find that most respondents wrongly perceived homosexuality
as an illness (45.2%). Next (with relatively smaller representation) is homosexuality perceived
by respondents as a variation (23.6%). The other responses sound pejorative and are not
consistent with up-to-date knowledge and current views of homosexuality by the society.

Reproductive – contraceptive behavior in individuals with SID in SCHs

According to all available information about sexual behavior in humans, over the last decades,
a dramatic increase in a number of individuals using some forms of contraceptives at an
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intercourse has occurred in most countries around the world. This is related to a variety of
social and cultural factors that have changed the attitudes of whole society to reproductive
behavior. Planned and desired parenthood is applied more and more often. In the current
study, we analyzed the most common birth control methods in women with SID and evaluated
opinions of SCHs‘ employees in this area. Specifically, the respondents gave the following
answers: none (we don't deal with it) (12%), I don't know (5.4%), they don't have an intercourse
so nothing can happen (3.1%), separated bedrooms (2.7%), constant surveillance (2.7%), we
prevent an intercourse with the opposite sex (2.3%). The presented methods of preventing
unplanned pregnancies are perceived negatively, as it is a violation of the rights to the freedom
of sexual manifestation of individuals with SID.

The optional use of contraceptives (N = 45) included: condom (6.2%), an intrauterine device
(4.2%), contraceptive pills (2.7%), and sterilization (2.3%). These results reflect low prevalence
of contraceptives use and an occurrence of sterilization that is currently an obsolete and with
etiquette irreconcilable form of birth control. They also point to negative attitudes of employees
to the questions of parenthood of individuals with SID. It confirms the results acquired within
the attitudes questionnaire and also within the opinions of employees on the rights of these
individuals to have children.

One of the consequences of not using contraception is undoubtedly an unplanned pregnancy.
Fortunately, most employees have not encountered an unplanned pregnancy in SCHs. The
employees who have encountered this problem (N = 22), suggested: abortion (68.2%) or the
client's transfer to another institution (4.5%).

Opinions of employees on sexual abuse of individuals with SID

The problem of sexual abuse has gained increased public attention all over the world in the
past few decades. In our research, we have focused on detecting prevalence of sexual abuse of
individuals with SID in SCHs. We found that that most employees have not encountered
problems in individuals in SCHs (66.8%). However, 23.5% alert to presence of sexual abuse
among individuals with SID. Employees, who have encountered sexual abuse, further
identified the sexual abuse offender. In most cases the offender was another client on a higher
intellectual level (22%), a client on a lower intellectual level (6.2%), other relatives (4.6%), and
strangers (1.2%). We also registered a SCH employee (0.8%) and even a parent of a client (0.4%)
in the responses.

According to opinions of employees, the most commonly identified forms of sexual abuse were
inappropriate touching of a client's body only, a client was forced to perform oral sex, an
offender demanded that a client stimulate him with a hand, an offender demanded coitus in
the anus, an offender demanded coitus in the vagina, others were registered with an occurrence
of less than 5%.

In accordance with criminal law, which rigorously determines procedures detecting sexual
abuse, we were interested how employees react to such situations. Most respondents deal with
a report of sexual abuse through an interview with a client (23.6%). The respondents then
indicate a possibility of reporting sexual abuse of a client to the management of an institution
(12.4%). In an option other the questioned gave these statements: most individuals with SID
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don't communicate, they cannot express their emotions and impressions, they moved the client
to another part of the building of the SCH, a report to a paramedic, the client didn't report it,
stronger surveillance and preventing the situation from happening again by communication
with the client and a psychiatrist.

Finally, our results show high latent criminality in the area of sexual abuse. Our results indicate
that only a small number of incidences (whether it was sexual abuse or sexual harassment)
were reported to the police. In most cases sexual abuse occurred in milder forms (inappropriate
touching, masturbation), only a smaller number involved penetrative behavior of an offender
(a vaginal or anal intercourse). Also from this point of view, occurrence of sexual abuse rising
latent criminality and severity of such kind of crime in population of individuals with SID,
too, is particularly alarming.

An analysis of professional training of SCHs‘ employees in sexuality

The other dimension, which we investigated in terms of analysis of the quality-of-life in
individuals with SID in SCHs, was the degree of awareness of employees and individuals on
questions of sexuality and sex education. At first, we present evaluation of awareness of
individuals with SID by employees. The respondents were asked to evaluate it on a five-point
scale in a questionnaire.

In the responses of the employees, we found that a negative opinion dominates on sex
education and enlightenment of individuals with SID. Despite minimal awareness of individ‐
uals in the area of sex education, the majority did not find it necessary to increase awareness
in this group of individuals (63.3%). The same negative conclusion bring the data which reflect,
that most respondents have not completed any professional training in the area of sexuality
or sex education of individuals with ID.

The respondents who completed professional training (N = 66) were asked to evaluate its
benefit on a five-point scale. Responses to this question showed the quality of employees'
preparedness to solve problems of sexuality in individuals with SID in SCHs. The participants
considered completed training as beneficial.

The respondents were given an opportunity to evaluate their own awareness in the questions
of a partnership and sexuality of individuals with SID in the following questionnaire item
(again, evaluation was done using a five-point scale). We found out, that most respondents
stated that it was average.

The presented conclusions of employees' education in the area sex education suggest a
necessity to improve the situation by implementing continuing education ensuring the quality
of training to solve the complex problem of individuals with SID. Sexual socialization of
individuals with SID is in fact accomplished through symbols and patterns, submissions,
expectations, rules and deputations, particularly from SCHs‘ employees.

An analysis of the situation in the area of sex education and its implementation in SCHs

Sex education has become a public issue around the world including the Slovak republic.
Political conservatives and religious fundamentalists have often voiced their displeasure
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against open sex education. According to Murphy [15], the main arguments of opponents of
sex education are statements that sex education is inefficient and is responsible for greater
sexual engagement in adolescents or early sexual initiation. Yet, according to the majority of
research, the opposite is correct.

We found that the ratio of number of the respondents' answers commenting on advantages
versus disadvantages of sex education was around 2 (161 advantages: 84 disadvantages). The
employees found advantages in better awareness of individuals, improvement of sexual
behavior, prevention, improvement of communication with a partner, sexual self-acceptance,
releasing sexual tension, etc. Disadvantages include stress, creating sexual tension, early
interest in sexual intercourse, etc. The opinions of employees show differences in responses,
which prove a low degree of preparedness to solve sexuality issues in individuals with SID in
SCHs. Finally, according to the World Health Organization sex education leads young people
in sexual activities to adopt safer sexual practices, postpone sexual initiation and decrease
overall sexual activity. At the same time it declares, that the study has showed neither increase
nor decrease of sexual activity in young people under the influence of sex education [25].

Other various international studies have monitored the main information population sources
about sexual issues. The responses showed, that the main sources of sex education in individ‐
uals with SID were employees (57.9%) followed by the family, and educational institutions,
e.g. SCH. Professional caregivers generally prefer sex education implementation at school to
family.

The current status in sex education in SCHs

Here we studied the particular situation in SCHs in the implementation of sex education.
Therefore, in the next questionnaire item, employees were asked whether there was an
appointed person or a supervisor in the institution who was in charge of dealing with sexuality
and partnerships issues. Unfortunately, in most SCHs there were no such persons. This finding
indicates low (if any) degree of sex education in SCHs. Only 7.7% of the employees stated, that
the institution has an appointed person (e.g. the director, appointed employee, head of nursing
or social division, doctor, head nurse or psychologist).

Another finding revealed that with the exception of two institutions, there were no rules or
guidelines used in SCHs, which would instruct on how to deal with basic issues occurring in
an institution in the area of sexual and partnerships in individuals with SID. According to
Kozáková [7], it is essential for SCHs to have exact guidelines on how to manage basic issues
occurring in this area. As we mentioned before, such a practice is standard in many countries
and essential for successful sex education implementation.

According to several published studies, sex education is implemented only in a small number
of public schools [25]. We were interested in situations in SCHs and found most institutions
do not perform sex education.
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12. Conclusions

Clearly, evaluation of sexuality and partnerships in people with SID in SCHs will significantly
help to improve quality of life in these individuals. Based on our research, we may state that,
in the area of sexuality and sex education in individuals with SID, there are still many gaps.
We believe that through understanding opinions and attitudes of employees, it would be
possible to get a better picture about the problem. Therefore, we hope that the present study
will serve as a tool for further discussions in the area of sexuality and sex education in
individuals with SID in SCHs. We consider our conclusions as the beginning of long-term
research of sexual behaviors that would enable us to precisely study the main characteristics
of sexual behavior in individuals with SID, changing opinions and attitudes of employees and
other specialists, who are in touch with these individuals, and last but not least, to study how
the changes reflect in the quality of provided sex education and its reflection in quality of life
in individuals with SID.

Finally, it should be added that manifestations of sexuality in individuals with SID would be
more complicated if a person with ID lives within a system with no support for sexual
knowledge and relations, and if he/she has not acquired correct and accurate information about
their sexuality and sexual presentations. It is important, that employees and all others who
participate in education of individuals with SID understand the specifications of the sexuality
in people with SID. Only then, we can open the way for effective sex education in these
individuals.
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Appendix

1. We regard individuals with more SID as individuals with moderate and SID in this paper.

2. Coding of the observed sexual manifestations:

The sexual behavior in individuals-to- employees: V1 – cuddling of same-sex employees, V2
– cuddling of opposite-sex employees, V3 – stroking of a same-sex employee, V4 – stroking of
an opposite-sex employee, V7 – desire to look attractive to a same-sex employee, V8 – desire
to look attractive to an opposite-sex employee, V9 – blushing in the presence of a same-sex
employee, V10 – blushing in the presence of an opposite-sex employee, V11 – manifestations
of joy, happiness in the presence of a same-sex employee, V12 – manifestations of joy, happi‐
ness in the presence of an opposite-sex employee, V13 – kissing of a same-sex employee, V15
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– sexual assaults (attacks), V17 – masturbating in the presence of an employee, V19 – V22 other
atypical sexuality manifestations

3. The p-value is the level calculated from the Mann-Whitney U-test and represents the
probability of error caused by accepting the hypothesis of difference between tested
variables. If p > α, we accept the null hypothesis H0; if p < α, we reject the null hypothesis
and accept the alternative hypothesis H1.

4. Pearson correlation coefficient r (1) falls between [-1, 1], (2) if |r| = 1, then all points are
lying on a straight line, (3) if r = 0, we call X and Y uncorrelated variables, (4) if r<0, then
Y decreases and it indicates a negative association, (5) if r>0, then Y increases and it
indicates a positive association.

5. Reactions on the level of elimination of sexuality and sex education of individuals with SID
– we have as reactions, which hold an opinion that if a sexual need and desire occur in
individuals, it is necessary to keep them occupied with entertainment or work, so they do
not have time to think about these needs, or its fulfilling is prevented by a punishment
(verbal).

Reactions on the level of tolerance – we have as reactions, which tolerate their sexual needs or
desires and their satisfying through masturbation. Employees are aware of sexual needs, they
tolerate them, but they do not provide any support in this area (mostly on the level of igno‐
rance).

Reactions on the level of acceptance – employees are aware that individuals have the same sexual
needs as the others; they are equally sexually active, "sexually normal".

Reactions on the level of cultivation – we have perceived as the highest level, when employees
are aware that individuals not only have the same sexual needs as the others, but they also
need open sex education, support and counseling in this area and their task is to provide the
support.
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