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CLINICAL FEATURES

Global developmental delay and intellectual disability are complementary chronologically framed entities that 
 encapsulate heterogeneous “symptom complexes” that are frequent reasons for medical evaluation and interven-
tion.1 Global developmental delay is defined as a significant functional delay in two or more developmental domains 
(e.g., motor [gross/fine], speech/language [expressive, receptive, mixed], cognition, personal–social, activities of 
daily living). This delay is evident when compared in a standardized fashion on appropriate norm-referenced evalu-
ations to chronological peers. Typically, the term is used in reference to children less than 5 years of age.2

“Intellectual disability” has supplanted the term “mental retardation,” which is considered to be pejorative ter-
minology, and thus avoided. It also reflects an alteration in the conceptualization of the construct of disability that 
increasingly emphasizes contextual factors and adaptive behaviors rather than objective measurement in contrast 
to a “normative” construct. Originally formulated in strictly psychometric terms as performance greater than 2.5 
standard deviations below the mean on intelligence testing, intellectual disability’s conceptualization has been 
extended to include defects in “adaptive behavior as expressed in conceptual, social, practical and adaptive skills”. 
Employing assessments that incorporate sensitivity to cultural and linguistic diversity, limitations for the indi-
vidual with intellectual disability are apparent within varied environments. These limitations are present from an 
early age, exist across the lifespan, and require the implementation of systems of support to maximize individual 
participation in all environments. The use of the term “intellectual disability” is largely restricted to individuals 
older than 5 years of age.3

As “symptom complexes,” global developmental delay and intellectual disability are in essence never the same 
disorder twice. Presentations, underlying etiologies, associated comorbidities, medical challenges, rehabilitation ser-
vice needs, trajectories, and outcomes vary from case to case.4 Their relative merits as meaningful constructs rest on a 
commonality of approach, evaluation, and management principles. Global developmental delay reflects the parental 
emphasis on the child’s attainment of developmental competencies and skills as a prelude to successful integration 
and autonomy. Intellectual disability reflects our distinctive human capacity to reason, think abstractly, and plan that 
are preconditions to our ability for learning, solving problems, and truly comprehending our surroundings.5 These 
entities are obviously interrelated in that many individuals originally diagnosed with “global developmental delay” 
will later merit a diagnosis of “intellectual disability,” while many individuals with “intellectual disability” were 
once labeled as having “global developmental delay.”

Given the normative population-wide distribution of developmental and intellectual skills, global develop-
mental delay and intellectual disability will, not unexpectedly, affect between 2–3% of the population.3 Roughly 
two-thirds of affected individuals will have a mild-to-moderate level of impairment, while one-third will have a 
severe-to- profound level of impairment. Males are more affected than females and there appears to be an inverse 
socio-economic status gradient with respect to prevalence, although this is not without controversy. The gender and 

C H A P T E R

14



152 14. GlobAl DEvEloPmEnTAl DElAy AnD InTEllECTuAl DIsAbIlITy  

II. NEUROLOGIC DISEASES

socio-economic bias noted appears to be operative for mild-to-moderate degrees of impairment only. Individuals 
with global developmental delay or intellectual disability are at an increased risk for a variety of comorbidities, 
including epilepsy or convulsive disorders, behavioral disturbances, attentional limitations, psychiatric illness, and 
sensory impairments (i.e., vision, hearing). These comorbidities may be the major burden of care needs challenging 
the optimization of intrinsic individual potential and adversely impacting on quality of life at both an individual 
and familial level. The full economic impact of these disorders remains unknown, although a recent study places 
additional lifetime costs per individual at greater than 1 million US$, with a lifetime additional cost for medical care 
above 50 billion US$ for the cohort of US children born in the year 2000 with intellectual disability.

Aside from classifying according to the severity of observed impairment, some authors have distinguished be-
tween syndromic and nonsyndromic intellectual disability (NSID).6 Syndromic intellectual disability is said to oc-
cur when in addition to intellectual disability a distinct clinical phenotype (e.g., Trisomy 21) may be apparent or 
comorbidities in addition to intellectual disability are readily evident. The documentation of dysmorphic features 
or congenital anomalies in non-central nervous system (CNS) organ systems may also suggest a syndromic sub- 
classification. In contra-distinction, NSID is defined by intellectual disability being the sole discernable clinical fea-
ture. This classification may sometimes be somewhat arbitrarily assigned, as comorbid features may evolve over 
time and co-existing clinical features may be subtle and difficult to discern accurately or with certainty.

The etiology of global developmental delay and intellectual disability as befitting their characterization as “symp-
tom complexes” is quite heterogeneous. Causes may be congenital or acquired with prenatal, perinatal, and postna-
tal pathogenic timing. Over the past decade, various groups have formulated practice parameters and guidelines to 
assist the clinician in the standardized evidence-based evaluation of these entities.2,7–9 At present, it appears that be-
tween one-quarter to one-half of identified causes are genetic in origin. Genetic etiologies are multiple and pleiotro-
pic, including chromosomal anomaly (e.g., aneuplodies), sub-microscopic deletions/duplications/rearrangements 
(copy number variant changes) and monogenic disorders.10 Indeed 450 genes have been implicated in intellectual 
disability, with 400 attributed to syndromic intellectual disability and 50 to NSID. All manner of Mendelian inheri-
tance (autosomal dominant, autosomal recessive, X-linked) have been documented with the bulk of genes known to 
result in NSID having an X-chromosome location. Although the number of genes implicated in intellectual disability 
has increased substantially over the last decade, the majority of suspected genetic causes currently lack a specific 
molecular diagnosis. At present, only a few specific well-characterized single-gene associations with a highly rec-
ognized clinical phenotype (i.e., FMR1-Fragile X, MECP2-Rett syndrome) are tested for at a molecular level during 
diagnostic evaluation.9 In addition to the nuclear genome, defects in the mitochondrial genome can give rise to syn-
dromic intellectual disability featuring a maternal pattern of inheritance.

Progress in the identification of genes responsible for global developmental delay and intellectual disability has 
furthered our understanding of the molecular basis for learning and memory that is fundamental for comprehending 
cognition and intellect from a neurological perspective.6,10 Increasing knowledge of molecular pathways will enable 
the eventual selection of pharmacologic and candidate gene therapeutic approaches. Furthermore, while there may 
be evidence for a bewildering array of genes involved, there appears to be a merger of action into several discrete net-
works of functional processes that yield a convergence of phenotypes of intellectual disability. These basic networks 
include neurogenesis (i.e., neuronal proliferation), neuronal migration, inter- neuronal connectivity (i.e., pre-synaptic 
vesicle formation, synaptogenesis, synaptic plasticity, dendrite morphogenesis, post-synaptic density), cellular sig-
naling cascades, and regulation of transcription and translation (both genetic and epigenetic in origin).

DIAGNOSIS

Accurate diagnosis of global developmental delay or intellectual disability is an essential pre-condition to initi-
ating a proper evaluation relevant to service referrals, appropriate ongoing management directed at expected co-
morbidities, and counseling that meets the needs of families.11,12 This diagnosis is predicated on careful attention 
to the operational definition of these entities as outlined above. The diagnosis is typically formulated initially on 
the basis of clinical judgement. The validity of such a diagnosis is related to the degree of direct experience with 
these individuals by the diagnostician. Validity is increased by direct observation, inputs from reliable third-party 
informants (e.g., educators), repeated observation over time, and input either concurrently or subsequently from 
an inter-disciplinary professional team offering complementary skill sets (e.g., physicians, occupational therapists, 
physiotherapists, speech–language pathologists, psychologists). A contextual sensitivity to social, cultural and lin-
guistic diversity is also especially pertinent. Indeed, such varying contexts may preclude the availability for admin-
istration of standardized evaluations that are the hallmark of an objective corroborating diagnosis.
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A variety of widely used standardized measures for cognitive function exist.3 These measures have been ex-
tensively used on a variety of populations and demonstrate a normative distribution psychometrically. To qualify 
for a diagnosis of intellectual disability, performance greater than 2.5 standard deviations below the mean is ex-
pected. Those administering a test must be trained and experienced in its application and interpretation requires an 
awareness of the tests standard error of measure (SEM). Routinely used measures in practice include: the Wechsler 
Intelligence Scales for Children, 4th edition (WISC-IV), the Wechsler Preschool and Primary Scales of Intelligence, 3rd 
edition (WPPSI-III), and the Standford-Binet Intelligence Scales, 5th edition (SBS). To merit the diagnosis of intellec-
tual disability, concurrent deficits in adaptive behavior must also be demonstrated. Typically these can be obtained 
in an indirect way through functional ratings obtained through interviews of a parent or caregiver. An example of 
one such widely used measure of adaptive behavior is the Vineland Adapted Behavior Scale, 2nd edition (VABS-II).

A diagnosis of global developmental delay is chronologically limited typically to children less than 5 years. Hence, 
for this diagnosis there must be a reliance on accepted widely used standardized measures of developmental perfor-
mance and attainment in the young child that are psychometrically robust. Measures generally acknowledged to meet 
this threshold include the Bayley Scales of Infant Development, 2nd edition (Bayley-II) and the Battelle Developmental 
Inventory (BDI). An indirect evaluation measure that utilizes third-party reports is the Child Development Inventory 
(CDI).3

An important component of accurate diagnosis for both global developmental delay and intellectual disability 
include the delineation of any autistic features meriting a possible diagnosis of an autistic spectrum disorder.13 If 
autistic features are suspected on the initial clinical assessment, a trio of standardized autism diagnostic tools are 
readily available in practice. These include: the Autism Diagnosis Observation Scale (ADOS), the Autism Diagnosis 
Inventory (ADI), and the Childhood Autism Rating Scale (CARS). At present, there is no unifying consensus of opin-
ion to suggest that one evaluation measure is consistently superior.

EVALUATION AND TESTING

The diagnostic evaluation of global developmental delay and intellectual disability begins with a detailed his-
tory.7,9,11,12 Particular attention needs to be directed to potential clues for a genetic or acquired etiology. A genetic 
etiology may be suspected by family history, prior stillbirths or postnatal deaths of prior offspring. Antenatal history 
may ascertain adverse toxic or infectious exposures or substantive intra-uterine difficulties. Labor, delivery and neo-
natal historical details are of essence in identifying a potentially causal perinatal event. Furthermore, developmen-
tal progression, possible regression and current developmental and functional status must be determined. Possible 
co-existing medical conditions must be elicited as these will impact on future management as well as the presence or 
absence of appropriate rehabilitation service provision.

The requisite physical examination of the affected individual begins with informed indirect observation through-
out history taking. Ideally this should be in a setting that enables the formulation of an awareness of the individu-
al’s developmental, functional, and cognitive skills. Specific aspects of the physical examination of interest include 
measurements of height, weight and head circumference, and screening for dysmorphology, hepatosplenomegaly, 
the cutaneous stigmata of a phakomatosis, spinal dysraphism, as well as the integrity of the hearing and vision ap-
paratus. This needs to be accompanied by a thorough neurological examination that may yield clues to localization 
and as full as possible developmental, functional, and cognitive assessment as permitted by individual co-operation.

Laboratory testing is directed towards the determination of an underlying etiologic cause for an individual’s 
global developmental delay or intellectual disability, with a particular emphasis on possible treatable causes. Recent 
consensus papers have assisted the clinician by the formulation of an approach based on a systematic review of the 
relevant literature. The consensus recommendations incorporate both the use of specific identifying clinical features 
to suggest disease specific testing based on a heightened pre-test probability and screening investigations with an 
established greater than 1% yield. Indeed, if subsequent to history and physical examination a specific etiology is 
suspected, then testing is directed and focused on confirming this diagnostic suspicion.

In the absence of a strong specific etiologic suspicion subsequent to history and physical examination, present con-
sensus opinion suggests the following diagnostic approach:7,9 Chromosomal microarray (i.e., comparative genomic 
hybridization [CGH], single nucleotide polymorphism [SNP]) directed at the determination of potentially pathogenic 
genomic structural variations in DNA copy number is the single test with the highest etiologic yield in this particular 
clinical setting. “Abnormal” results must be compared to known reference databases as well as the determination 
of parental copy number variation (CNV) status to establish specific pathogenicity. Further genetic testing that can 
be conducted on a screening basis include determining a possible FMR-1 triplet expansion that underlies fragile X 
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syndrome in all individuals and MECP 2 analysis for Rett syndrome in moderately to severely impaired females. An 
X-linked inheritance pattern evident in a particular family will direct testing preferentially towards a group of now 
identified X chromosome-located genes predominantly involved in synaptic function. Additionally, high-resolution 
magnetic resonance imaging (MRI) provides the detection of cerebral dysgenesis (some of which have a known 
 genetic relationship) and acquired injuries (cortical and sub-cortical; gray and/or white matter involvement). When 
paired with proton spectroscopy, there exists a potential for detection of central mitochondrial disorders (i.e., lactate 
peaks) and disorders of creatine deficiency.

Consideration must also be given to diagnostic testing targeting inborn errors of metabolism, especially those that 
are amenable to causally beneficial therapy.14 At present, 81 such disorders have been delineated. A recent review 
highlights that 65% of such disorders can be identified by first-tier screening tests that are both generally available 
and inexpensive.15 Such first-tier testing includes serum ammonia, lactate, copper, ceruloplasmin, homocysteine, 
plasma amino acids, and urine organic acids, purines, pyrimidines, creatine metabolites, oligosaccharides, and gly-
cosaminoglycan. Such first-tier testing must be considered when no diagnosis is evident following history or phys-
ical exam and completion of microarray, imaging, FMR1 and MECP2 testing. The remaining treatable inborn errors 
of metabolism can only be diagnosed by second-tier testing that are characterized by a highly specific orientation 
(e.g., cerebrospinal fluid [CSF] neurotransmitter analysis) that feature a “single test for a single disease” yield that 
are directed primarily by phenotypic recognition. Such recognition is typically dependant on the subspecialty input 
of a medical or biochemical geneticist. To assist in the diagnosis and management of these treatable inborn errors of 
metabolism, a recent freely available smart phone app (www.treatable-id.org) has been developed for clinical use.

Rapid advances in genetic diagnostic technology will in the very near future enable the clinical introduction on a 
widespread basis of next-generation sequencing, whole-genome sequencing and whole-exome sequencing.9 A par-
ticular challenge will be the interpretation of results of particular relevance to a single individual and family. Family-
based analysis using trios (affected individual and parents) will likely emerge as the methodology of choice to detect 
de novo point mutations that are linked causally to global developmental delay (GDD) and intellectual disability 
(ID). The application of such technology and a demonstration of its utility and cost–benefit still requires validation 
in clinical population samples.

MICRODELETION SYNDROMES

Microdeletion syndromes involve chromosomal deletions that include several genes, but are too small to be de-
tected by karyotype. They are usually de novo, and tend to recur in the same regions due to homologous recombination 
of flanking low-copy repeat gene clusters.16 These low-copy repeats (duplicons) are prone to deletion, duplication, 
and inversion. The classical microdeletion syndromes include, amongst others, Angelman syndrome (15q11.2-q13), 
Prader–Willi syndrome (15q11.2-q13), Williams–Beuren syndrome (7q11.23), Smith–Magenis (17p11.2) and velocar-
diofacial/DiGeorge syndrome (22q11.2). A list of the common syndromic microdeletion syndromes along with their 
main clinical characteristics is provided in Table 14.1. Each of these syndromes was first described based on common 
clinical and phenotypic features, and the underlying associated chromosomal defect was later identified. In the past, 
the confirmation of a clinically suspected microdeletion was done using fluorescence in situ hybridization (FISH), 
since karyotype did not have the necessary resolution. Chromosomal microarray (CMA) allows the rapid screening 
of the entire genome for CNVs, thus circumventing the requirement of a hypothesis-driven locus-based approach 
(such as for FISH studies). CMA has enabled the delineation of new microdeletion syndromes. Although some of 
these are characterized by recognizable clinical features (e.g., chromosome 17q2117,18 and 15q2419–21 microdeletion syn-
dromes), the majority of recurrent pathogenic microdeletions are not, and thus can only be diagnosed by screening. A 
list of selected microdeletion/duplication syndromes is available in Table 14.2. (For a more complete list, please refer 
to 22,23.) Furthermore, CNVs can be associated with significant clinical heterogeneity, even within the same family. For 
example, deletions in 15q13.3 were first described in patients who had ID, epilepsy, and facial dysmorphisms,24 then 
subsequently associated with a spectrum of phenotypes including idiopathic generalized epilepsy, attention-deficit 
and hyperactivity disorder, autism spectrum disorder, speech delay, and bipolar disorder.25,26 Importantly, CNVs can 
have incomplete penetrance, as well-described pathogenic microdeletions have been inherited from phenotypically 
normal parents. The reasons for the variability in phenotype are several-fold. The exact breakpoints of the CNV can 
vary, along with the genes it encompasses. Additional genomic variants can also have an impact on the expressivity 
of the phenotype. These may include the “unmasking” of recessive single nucleotide variants or insertion/dele-
tions on the hemizygous allele. For example, mutations in the nondeleted SNAP29 gene in individuals with 22q11 
microdeletions are believed to account for atypical clinical features such as polymicrogyria or skin abnormalities.27  

http://www.treatable-id.org
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This mechanism, however, likely explains only a minority of the variability. Another hypothesis involves the “com-
pound inheritance” model, where a second hit such as a second rare CNV or simple nucleotide variant (SNV) in 
combination with the microdeletion accounts for the variable clinical presentation. In this model, the microdeletion 
is considered the primary causal insult, and the “second hit,” a modifier of the phenotype. This mechanism can be 
illustrated by the 16p12 microdeletion syndrome. The 16p12 deletion has been found at a higher frequency in pa-
tients with GDD/ID than in control individuals. In 95%, these deletions were inherited from a parent that was either 
normal or had neuropsychiatric symptoms. Importantly, one-quarter of the probands also possessed a second large 
CNV, which likely explains the more severe phenotype.28 In addition, another study revealed that, among 2312 chil-
dren known to carry a rare CNV associated with intellectual disability and congenital abnormalities, those carrying a 
second rare CNV were at a 8-fold higher risk of having developmental delay.29 Finally, epigenetic modifications may 
contribute to the variability of the phenotype associated with CNVs.

MONOGENETIC CAUSES OF ID

Over the past 15 years, many single-gene causes of syndromic and nonsyndromic ID have been identified, in great 
part due to the tremendous molecular technological advances. Prior to the advent of massive high-throughput paral-
lel technologies, the identification of ID genes was limited by the great genetic heterogeneity of neurodevelopmental 
disorders, and the inability to study or lump together affected individuals if they did not share specific recognizable 

TABLE 14.1 selected Classical syndromes Associated with GDD and ID

Classical syndrome Locus Clinical features Causal/candidate genes

Angelman syndrome 15q11.2-q13 Severe GDD or ID, gait ataxia, tremulousness 
of limbs, inappropriate happy demeanor, 
microcephaly, seizures

UBE3A

Prader–Willi syndrome (PW) 15q11.2-q13 Neonatal hypotonia and poor suck, GDD or 
mild ID, eventual hyperphasia and obesity

Unknown
Loss of paternally expressed genes 
in the PW chromosome region
– SUNRF-SNRPN, MKRN3, 
MAGEL2, NDN

Smith–Magenis syndrome 17p11.2 FTT, dysmorphisms, sleep abnormalities, 
GDD and mild–moderate ID, behavioral 
abnormalities

RAI1

Williams–Beuren syndrome 
(WBS)

17q11.2 GDD and mild ID, cardiovascular 
disease (SVAS, PPS), distinctive facies 
(periorbital fullness, full lips), short stature, 
endocrine abnormalities (hypercalcemia, 
hypothyroidism), voice, “cocktail personality”

WBS chromosome region
– LIMK1, GTF2I, STX1A, BAZ1B, 
CLIP2, GTF2IRD1, NCF1
ELN for cardiovascular 
abnormalities

Fragile X syndrome Xq27.3 Males: moderate ID, characteristic appearance 
(large head, long face, prominence  
chin, protruding ears), post-pubertal  
macro-orchidism, behavioral abnormalities.
Females: mild ID, behavioral abnormalities

FMR1

Rett syndrome (classical) Xq28 Female with normal early psychomotor 
development followed by regression, 
microcephaly, loss of purposeful hand 
movements, ataxia, spasticity

MECP2

Rubinstein–Taybi syndrome 16p13.3 (CREBBP)
and
22q13.2 (EP300)

Distinctive facies, broad angulated thumbs  
and great toes, short stature, moderate to 
severe ID

CREBBP and EP300

Velocardiofacial/DiGeorge (DG) 
syndrome

22q11.2 Congenital heart abnormalities (TOF), 
palatal abnormalities, characteristic facies, 
learning difficulties, immune deficiencies, 
hypocalcemia, schizophrenia

DG Chromosome Region

Abbreviations: FTT, failure to thrive; GDD, global developmental delay; ID, intellectual disability; PPS, peripheral pulmonic stenosis; SVAS, supraventricular aortic stenosis; TOF, 
tetralogy of Fallot.
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clinical characteristics. The use of classic mapping techniques relied on large families with multiple affected individ-
uals, which was rare in recessive ID, and uncommon in dominant ID.

X-LINKED ID

Given the higher male-to-female ratio in ID (30–50% more common in males),30–33 the availability of large X-linked 
pedigrees (since carrier females could reproduce) and the easier mapping of deletion breakpoints in hemizygous 
chromosomal aberrations, many genetic studies focused on X-linked ID (XLID). There are over 100 genes that are 
associated with nonsyndromic X-linked ID (NS-XLID).34 Together with CNVs, these explain the genetic etiology in 
60% of males with apparent XLID, and 10–12% of ID in males even in the absence of clear X-linked inheritance.34,35 In 
2009, Tarpey et al. performed a systematic sequencing of 718 genes on the X chromosome in 208 families with XLID 
and identified nine novel XLID genes.36 The genes on chromosome X account for part, but not all, of the increased 
prevalence of ID in males.

The most common etiology of XLID, accounting for 0.5–3% of males with ID, is fragile X syndrome, which is caused by 
a dynamic CGG triplet-repeat expansion mutation in the FMR1 gene.37 Boys with a CGG repeat above 200 generally have 
moderate intellectual impairment. They have typical facial characteristics such as long face, large ears, prominent fore-
head, prominent jaw, and develop post-pubertal macro-orchidism. Autistic features are present in 25%. Approximately 
half of carrier females are phenotypically normal and half have a mild fragile X phenotype. Males with a pre-mutation 
(55–200 repeats) are at risk of developing fragile X-related tremor and ataxia syndrome, a neurodegenerative disorder 
that usually presents after age 50 years (75% of pre-mutation carrier males develop the syndrome by age 80). Females 
with a pre-mutation are at risk of premature ovarian failure (30%). In addition, because the triplet repeat expansion is un-
stable in females but not males, females with pre-mutations have a high risk of having progeny with a full mutation.34,38

Rett syndrome is another important cause of X-linked ID. Mutations in MECP2, which encodes methyl-CpG- 
binding protein 2, result in Rett syndrome in girls, and is usually lethal in boys.39 Classically, affected girls have a 
normal psychomotor development during the first 6–18 months, and then develop rapid regression of motor and 
language skills with microcephaly. They lose purposeful hand movements and develop repetitive, stereotyped 
hand  movements. Other characteristic features include gait ataxia, tremor, autistic features, bruxism, breathing 

TABLE 14.2 selected microdeletion and microduplication syndromes Associated with GDD and ID

Chromosome 
region

Deletion or 
duplication

Coordinates in  
Mb (Hg 18) Size Main clinical features

Identified in 
unaffected 
parent

Candidate  
genes References

1q21.1 Deletion Chr1:145.0-146.35 1.3 Nonsyndromic; mild 
ID, microcephaly, mild 
dysmorphic facial 
features

Yes PRKAB2, FMO5, 
CHD1L, BCL9, 
ACP, GJA5, GJA8, 
and GPR89B

65–67

15q13.3 Deletion Chr15:28.7-30.2 2.0 ID, epilepsy, 
schizophrenia, autism, 
cardiac abnormalities

Yes CHRNA7 9,11,68–70

15q24 Deletion Chr15:72.2-73.3 1.1 Moderate ID, facial 
dysmorphisms, FTT, 
growth retardation, 
congenital malformations

No CYP11A1, 
SEMA7A, CPLX3, 
SRTA6, ARID3B, 
SIN3A, CSK

4,5,71

16p11.2 (distal) Deletion Chr16:29.5-30.1 0.2 ID, ASD, obesity, 
schizophrenia

Yes SH2B1 72–74

16p11.2 
(proximal)

Deletion/ 
duplication

Chr16:28.7-29.0 0.5–0.6 ID, language delay, ASD, 
obesity

Yes MVP, CDIPT1, 
SEZ6L2, 
ASPHD1, 
KCTD13

75–77

Xq28 Duplication ChrX:152.9-123.1 0.2 Males: hypotonia, severe 
GDD and ID, progressive 
spasticity, seizures, ASD
Females: milder 
phenotype

No MECP2 78–80

Abbreviations: ASD, autism spectrum disorder; FTT, failure to thrive; GDD, global developmental delay; ID, intellectual disability.
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 irregularities, inconsolable crying, and peripheral vasomotor disturbances. Atypical variants include a more severe 
phenotype, where affected girls do not have a period of normal development, or a milder phenotype where girls 
have milder or no regression, and less severe ID. Boys with severe ID have also been described with a severe neonatal 
encephalopathic form (for review see 40).

AUTOSOMAL DOMINANT ID

Again, due to high locus heterogeneity, large reproductive disadvantage of the probands, and the fact that many 
of the mutations are de novo, autosomal dominant causes of ID were previously difficult to explore by classical 
methods such as linkage mapping. Sequencing of trios that include the proband and both parents has proven a suc-
cessful strategy for identification of ID genes. The Canadian consortium Synapse to Disease Sanger-sequenced 197 
synapse genes in 95 sporadic individuals with NSID and identified 10 de novo potentially deleterious mutations.41 
This strategy has also been applied using whole exome and whole-genome sequencing (WES). WES in 10 trios with 
individuals with sporadic NSID identified nine de novo variants in six individuals.42 The de novo variants were in  
known ID genes in two individuals, and in a plausible candidate gene that needed confirmation in four other individ-
uals. O’Roak et al. used the trio approach in 20 children with autism, and found potentially causative de novo events 
in four patients.43 Rauch et al. used the WES in trios approach and studied 45 probands with NSID and 14 controls.44 
The de novo mutation rate in the control and proband groups was comparable, but the proband group had a much 
higher incidence of loss-of-function variants, suggesting the important contribution of the de novo events to the ID 
phenotype. Sixteen of the 45 patients carried de novo variants in known ID genes, with mutations in multiple patients 
in STXBP1, SYNGAP1 and SCN2A, and loss-of-function mutations in an additional six novel candidate ID genes. It 
is estimated that mutations in SYNGAP1, which encodes a component of the N-methyl-D-aspartic acid (NMDA)-
receptor complex, cause 3–5% of NSID.41,45,46 Mutations involving SHANK2 and SHANK3, which encode a synaptic 
scaffolding protein, are another recurrent cause of NSID and Autism.47–49

AUTOSOMAL RECESSIVE ID

Autosomal recessive ID is extremely heterogeneous, and common nonsyndromic forms do not exist.

DISEASE MECHANISMS

Common Pathways

As the number of single genes associated with ID is exploding, one way of making sense of the complexity is to 
consider common pathways in which genes are acting. The structure and function of the synapse is central to ID as 
it modulates plasticity, cellular signaling and transcriptional regulation.

The Synapse and Ionotropic Glutamate Receptors
The majority of excitatory synapses in the CNS are glutamatergic, and these have long been suspected to have an 

important role in neurodevelopmental and psychiatric diseases.50,51 The two main ionotropic glutamatergic channels 
found in the post-synaptic density are α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and NMDA re-
ceptors. Mutations in genes encoding components of glutamateric receptors such as GRIA3, GRIK2, GRIN2A, GRIN2B, 
NR2A and NR2B have been associated with various degrees of neurodevelopmental impairment.52–61 SYNGAP1 is a 
component of the NMDA receptor complex and binds to the NR2B subunit.46 It is a negative regulator of NMDA-
mediated extracellular signal-regulated kinases (ERK) activation and causes inhibition of the Ras/ERK pathway.62,63

The membrane-associated guanylate kinase (MAGUK) proteins are multidomain scaffolding proteins involved 
in the clustering, targeting and anchoring of ionotropic glutamate receptors in the post-synaptic density. Mutations 
in several MAGUK or MAGUK-associated genes have been involved in ID. Mutations in IL1RAPL1, a gene with 
several known mutations in NSID and autism, result in abnormal localization of DLG4, a MAGUK family protein. 
IL1RAPL1 also inhibits calcium-dependent exocytosis and neurotransmitter release and thus has an important role 
in vesicle cycling in the presynaptic membrane. CASK encodes a calcium/calmodulin-dependent serine protein ki-
nase and is another MAGUK family protein that is mutated in individuals with ID.36,64

Other important ID genes that encode synaptic scaffolding proteins include SHANK2 and SHANK3.
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Several ID genes are involved in neurotransmitter release at the pre-synaptic membrane. The SNARE complex has 
a key role in this process as it mediates membrane fusion of the vesicle with the pre-synaptic membrane.65 Mutations 
in STXBP1, a subunit of the plasma membrane SNARE complex, result in a severe infantile epileptic encephalop-
athy but have also been identified in patients with isolated ID.66,67 SYN, another ID gene, encodes synaptophysin, 
a pre-synaptic transport vesicle membrane protein that interacts with synpatobrevin, a component of the vesicle 
SNARE complex.36 The scaffolding proteins also are important for vesicle cycling.

Intracellular Signaling Cascades
Activation of glutamate receptors initiates a number of post-synaptic signaling cascades including the RAS-

MAPK signaling pathway. Disruption of this pathway at multiple levels gives rise to a group of conditions termed 
 neuro-cardio-facio-cutaneous conditions (NCFCs). These include Noonan, Noonan-like, Costello, neurofibromatosis, 
LEOPARD, cardio-facio-cutaneous (CFC) and Legius syndromes. The typical features of the NCFCs are congenital 
heart defects, short stature and distinctive craniofacial features (for review see 68). Cognitive impairment is frequent 
and can be of variable severity. Patients also have an increased risk of developing tumors. NCFCs can result from 
mutations in the RAS GTPases HRAS and KRAS, the downstream effectors of RAS (RAF1, BRAF, MEK1, MEK2 and 
RSK2), as well as the regulators of the RAS-MAPK pathway such as SHP2, SOS, NF1, SPRED1 and SHOC. RAS and 
RAF have long been known as proto-oncogenes. The individual NCFC syndromes can be each caused by mutations 
in several genes in the pathway, and inversely, mutations in the same gene can cause several individual NCFCs.

The P13K-mTOR pathway is another major signaling cascade that is disrupted in neurodevelopmental disorders. 
It has a role in regulating protein translation at the dendrites, participating in dendrite and spine morphogenesis 
and playing an important role in spine plasticity.69 Disruption of this pathway has been reported in multiple ID and 
autism spectrum disorder (ASD) syndromes such as tuberous sclerosis, Cowden syndrome, fragile X syndrome, Rett 
syndrome, and trisomy 21.

Epigenetic Regulation of Transcription
Epigenetics refer to changes in gene expression that occur by mechanisms that do not permanently alter DNA 

sequence.70 The main epigenetic mechanisms are DNA methylation and histone post-translational modification (e.g., 
acetylation, methylation, phosphorylation) that result in modification of the chromatin structure and modulation of 
the access of the translational machinery, thus affecting gene expression. Epigenetic regulation of transcription has 
an important role in synaptic plasticity, memory formation, and consolidation.71

Examples of ID disorders that implicate epigenetic regulation of transcription as an underlying mechanism in-
clude fragile X, Rett syndrome, Rubinstein–Taybi and Coffin Lowry syndrome.

FMR1, the gene responsible for fragile X syndrome, encodes the fragile X mental retardation protein (FMRP), a 
member of the nuclear ribonucleoprotein family of RNA-binding proteins that regulates the transport to synapses 
and represses the translation of a subset of neuronal mRNAs. Approximately one-third of all mRNAs encoding 
post-synaptic and pre-synaptic proteins are targets of FMRP.72 Methylation of the CGG expansion results in hyper-
methylation of a CpG island in a promotor region and a subsequent decrease or silencing of FMR1 transcription and 
loss of FMRP. This leads to subsequently dysregulated and exaggerated protein synthesis.73–75

Rubinstein–Taybi syndrome is a multiple congenital anomaly syndrome characterized by mental retardation, 
postnatal growth deficiency, microcephaly, broad thumbs and halluces, and dysmorphic facial features. In 50–70% of 
cases it is associated with mutations in CREBBP (cAMP response element-binding protein), and in 3% of cases with 
mutations in EP300, both transcriptional coactivators and potent histone acetyltransferases.76,77

MECP2 encodes methyl CpG-binding protein 2, which is believed to act as a transcriptional modulator by re-
pressing or activating genes through long-range chromatin reorganization by binding methylated CpG DNA.78

MANAGEMENT

The comprehensive care of individuals with global developmental delay or intellectual disability is based on an 
inter-disciplinary patient and family centered approach.3,80 A heterogeneous mix of challenges and care needs arise 
that are both individual in their occurrence or severity and fluctuating in their impact and burdens. Non-medical 
health professionals are an essential component in care provision. These include occupational therapists, physiother-
apists, speech language pathologists, psychologists, special educators, nurses, and social workers. Each brings their 
own particular skill set, professionalism, and complementary orientation that is directed at both minimizing disabil-
ity and maximizing health and wellbeing. Indeed to minimize impairments and maximize activity and participation, 
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particular attention needs to be paid to the importance of personal and environmental contexts. Such an approach 
is consistent with the International Classification of Functioning, Disability and Health (ICF) model of health and 
disease promulgated and endorsed by the World Health Organization.

Requisite physician expertise crosses professional specialty boundaries as well. General pediatricians, develop-
mental pediatricians, pediatric neurologists, geneticists, psychiatrists, family practitioners, internists, physiatrists, 
neurologists, orthopedic surgeons, and palliative care specialists amongst others each have something tangible and 
important to contribute. Particular medical issues that frequently arise include epilepsy (i.e., convulsive disorders), 
movement disorders, behavioral challenges, orthopedic deformities, and sleep disturbances.

Seizures may be a prominent part of the underlying disorder responsible for global developmental delay or in-
tellectual disability or they may incidentally arise as a result of increased risk. Seizure type varies and the seizures 
themselves may be attributed to medical disturbances or associated cerebral dysgenesis. General principles include 
the individuation of antiepileptic drug selection according to seizure type, the avoidance where possible of polyphar-
macy, and the minimal use of sedating or cognitively depressing antiepileptic drugs (i.e., barbiturates, benzodiaze-
pine, topiramate). Valproic acid derivatives are avoided in the context of possible mitochondrial cytopathies, while 
the use of the ketogenic diet is precluded as a means of effecting seizure control for refractory seizures in disorders of 
carbohydrate or fatty acid metabolism. The ketogenic diet is, however, an option of first choice for GLUT1 deficiency.

Movement disorders include prominent spasticity. Conservative measures of first resort include physiotherapy 
and stretching exercises. Spasticity that results in pain or functional limitation will lead to a consideration of in-
tramuscular botox injections (in conjunction with intensive physiotherapy) and oral antispasmodic agents such as 
baclofen, a GABA-B antagonist. Pronounced burdens of care issue may lead to the administration of baclofen intra-
thecally through a continuous pump infusion. Disorders affecting deep gray matter structures (i.e., basal ganglia) 
may lead to prominent extrapyramidal symptoms characterized by dyskinesias such as dystonia and choreoathe-
tosis. For the former, dopamine agonists and anticholinergics are therapeutic options, and for the latter dopamine 
antagonists should be considered.

Behavioral challenges may be particularly disruptive, with a substantial impact on quality of life. These include 
disorders of attention and impulsivity (i.e., executive function), agitation, opposition, disinhibition, and aggression 
towards both others and self. Psychological and psychiatric intervention emphasizing behavioral management ap-
proaches is the standard first line. If need be, a pharmacologic approach can then be utilized, employing stimulant 
(i.e., methylphenidate) and nonstimulant (i.e., amotexine) alternatives for prominent inattention with or without 
associated hyperactivity. Atypical antipsychotics (e.g., respiradone) for agitation and opposition have been found to 
be effective in this population. Pharmacologic therapy beyond these first-line agents needs to be individualized and 
directed at major adverse symptoms and managed by an experienced psychiatrist. Often, sleep disorders are over-
looked in this clinical setting, though evidence exists that these disorders are increased in frequency and impact in 
neurodevelopmental disabilities collectively. Proper sleep hygiene is a first step, followed, if need be, by the judicious 
use of antihistamines (diphenhdramine), hypnotics (chloral hydrate) and melatonin.

A final aspect of medical management is predicated on the accurate diagnosis of a precise underlying etiology 
if at all possible. Such a diagnosis may reveal a specific potentially beneficial therapeutic adjunct that is directed at 
the underlying cause. Treatment paradigms in this instance are individualized depending on the specific cause and 
include approaches such as substrate restriction, cofactor activation, the promotion of alternative or elimination 
pathways, deficient product replacement, and protein replacement. The promise of gene therapy “fixes” has not yet 
been realized due to issues of the development of reliable gene delivery systems that reach the target tissue prior to 
the time by which the deleterious effect of the underlying gene defect has become irreversible. Advances in this area 
are both presently being intensively investigated and anxiously awaited.
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