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Abstract

Chromosome 22q11.2 deletion syndrome (22q11.2DS), a neurogenetic condition, is the most 

common microdeletion syndrome affecting 1 in 2,000–4,000 live births and involving 

haploinsufficiency of ∼50 genes resulting in a multisystem disorder. Phenotypic expression is 

highly variable and ranges from severe life-threatening conditions to only a few associated 

features. Most common medical problems include: congenital heart disease, in particular 

conotruncal anomalies; palatal abnormalities, most frequently velopharyngeal incompetence 

(VPI); immunodeficiency; hypocalcemia due to hypoparathyroidism; genitourinary anomalies; 

severe feeding/gastrointestinal differences; and subtle dysmorphic facial features. The 

neurocognitive profile is also highly variable, both between individuals and during the course of 

development. From infancy onward, motor delays (often with hypotonia) and speech/language 

deficits are commonly observed. During the preschool and primary school ages, learning 

difficulties are very common. The majority of patients with 22q11.2DS have an intellectual level 

that falls in the borderline range (IQ 70–84), and about one-third have mild to moderate 

intellectual disability. More severe levels of intellectual disability are uncommon in children and 

adolescents but are more frequent in adults. Individuals with 22q11.2DS are at an increased risk 

for developing several psychiatric disorders including attention deficit with hyperactivity disorder 

(ADHD), autism spectrum disorder (ASD), anxiety and mood disorders, and psychotic disorders 

and schizophrenia. In this review, we will focus on the developmental phenotypic transitions 

regarding cognitive development in 22q11.2DS from early preschool to adulthood, and on the 

changing behavioral/psychiatric phenotype across age, on a background of frequently complex 

medical conditions.
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Introduction

Chromosome 22q11.2 deletion syndrome (22q11.2DS), a neurogenetic condition, is the 

most common micro-deletion syndrome affecting 1 in 2,000–4,000 live births [Tezenas et 

al., 1996; Devriendt et al., 1998; Goodship et al., 1998; Oskarsdottir et al., 2004] and 

involving haploinsufficiency of ∼50 genes resulting in a multisystem disorder. Phenotypic 

expression is highly variable and ranges from severe life-threatening conditions to only a 

few associated features. Most common medical problems include: congenital heart defects, 

in particular conotruncal anomalies; palatal abnormalities, most frequently velopharyngeal 

incompetence (VPI); immunodeficiency; hypocalcemia due to hypoparathyroidism; 

genitourinary anomalies; severe feeding/gastrointestinal differences; and subtle dysmorphic 

facial features [McDonald-McGinn and Sullivan, 2011; Philip and Bassett, 2011]. The 

neurocognitive profile is also highly variable, both between individuals and during the 

course of development. From infancy onward, motor delays (often with hypotonia) and 

speech/language deficits are commonly observed. During the preschool and primary school 

ages, learning difficulties are very common. The majority of patients with 22q11.2DS have 

an intellectual level that falls in the borderline range (IQ 70–84), and about one-third have 

mild to moderate intellectual disability. More severe levels of intellectual disability are 

uncommon in children and adolescents, unless there is a secondary insult such as a hypoxic 

ischemic event during cardiac repair or a primary brain malformation such as 

polymicrogyria, but are more frequent in adults. Individuals with 22q11.2DS are at an 

increased risk for developing several psychiatric disorders including attention deficit with 

hyperactivity disorder (ADHD), autism spectrum disorder (ASD), anxiety and mood 

disorders, and psychotic disorders and schizophrenia. In this review, we will focus on the 

developmental phenotypic transitions regarding cognitive development in 22q11.2DS from 

early preschool to adulthood, and on the changing behavioral/psychiatric phenotype across 

age, on a background of frequently complex medical conditions.

Genetics And Presenting Phenotype

The association of thymic aplasia and congenital hypoparathyroidism was reported by 

Sedlakova [1955], Lobdell [1959], and by DiGeorge [1965]. Multiple etiologies have been 

identified over time including teratogens such as maternal diabetes [Sulik et al., 1986; 

Digilio et al., 1995] and maternal retinoic acid exposure [Coberly et al., 1996]; single gene 

disorders such as CHARGE syndrome due to mutations in CHD7 [Sanlaville et al., 2006; 

Jyonouchi et al., 2009]; and chromosome abnormalities involving 4q21.3-25ter [Fukushima 

et al., 1992], 10p13-14 [Elstner et al., 1984; Greenberg et al., 1988; Gottlieb et al., 1998], 

11q23-ter [Grossfeld et al., 2004], and 22q11.2 [De la Chapelle et al., 1981; Kelley et al., 

1982; Greenberg et al., 1984] deletions, all affecting neural crest cell migration, in particular 

the 3rd and 4th pharyngeal pouches, causing thymic hypoplasia leading to 

immunodeficiency, hypoplasia of the parathyroid glands leading to hypocalcemia, and 
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structural abnormalities of the outflow tract of the heart leading to conotruncal cardiac 

anomalies [Graham, 2001].

In the early 1980's, following the identification of patients with DiGeorge syndrome (DGS) 

and unbalanced translocations involving chromosome 22q11.2 [De la Chapelle et al., 1981; 

Kelley et al., 1982; Greenberg et al., 1984], visible cytogenetic deletions of 22q11.2 were 

identified in ∼25% of patients with DGS [Greenberg et al., 1988]. But the puzzle remained, 

what about the remaining 75% of patients with DGS? By the early 1990's, with the advent of 

fluorescent in situ hybridization (FISH) studies, this question was answered as the majority 

of patients with DGS were found to have a submicroscopic deletion of 22q11.2 [Scambler et 

al., 1991; Driscoll et al., 1992; Desmaze et al., 1993; Driscoll et al., 1993a]. Thereafter, the 

list of associated characteristics expanded rapidly to include palatal abnormalities, 

dysmorphic craniofacial features such as asymmetric crying facies, 

laryngotracheoesophageal abnormalities, speech, language and developmental delay 

[McDonald-McGinn et al., 1997; Ryan et al., 1997; McDonald-McGinn et al., 1999]. 

Concurrently leading to the recognition that patients with other previously described 

diagnoses actually had a chromosome 22q11.2 deletion, including the majority of patients 

with velocardiofacial syndrome (VCFS) [Driscoll et al., 1993b] and conotruncal anomaly 

face syndrome (CTAF) [Burn et al., 1993; Matsuoka et al., 1994], as well as a subset of 

patients with Opitz G/BBB syndrome [McDonald-McGinn et al., 1995; LaCassie and 

Arriaza, 1996; Fryburg et al., 1996] and Cayler cardiofacial syndrome [Gianotti et al., 1994]. 

This was understandable as each condition was originally described by clinicians 

concentrating on his/her own area of expertise, such as Endocrinology (DGS), Cardiology 

(CTAF) and Speech Pathology (VCFS) [McDonald-McGinn et al., 1997]. Currently the term 

DiGeorge “syndrome” continues to be utilized when the etiology is not due to a hemizygous 

22q11.2 deletion but otherwise the diagnosis, with its broad phenotypic spectrum, has 

collectively become referred to by the cytogenetic abnormality, 22q11.2DS, as it is the 

single common denominator amongst all patients regardless of phenotypic presentation 

[Bassett et al., 2011; McDonald-McGinn et al., 2011].

Current detection methods still include FISH but Multiplex Ligation-dependent Probe 

Amplification (MLPA) [Sorensen et al., 2010] and single nucleotide polymorphism (SNP) 

arrays are now preferred as they both size the deletion and arrays do not require an elevated 

index of suspicion. Most deletions (90–94%) are de novo [McDonald-McGinn et al., 1997, 

1999] as a result of non-homologous recombination due to the presence of low copy repeats 

(LCR 's) [Edelmann et al., 1999; Shaikh et al., 2000], also known as segmental duplications 

(SD's), which bracket the region leading to aberrant meiotic interchromosomal exchanges 

resulting in either a 22q11.2 deletion or duplication. Four discrete blocks are located in this 

region and each block is comprised of multiple repeats. These blocks are named LCR A–D, 

with A being the most proximal. They define the breakpoints and are used to describe the 

size of the resultant deletion/duplication. The typical 3 Mb (million base pair) deletion, 

involving haploinsufficiency of ∼50 genes, extends from LCR A–D, whereas a nested 

deletion is smaller extending from A–B, A–C, B–C, B–D or C–D [McDonald-McGinn et al., 

2011]. FISH probes and the important developmental gene TBX1, thought to be responsible 

for many associated features such as congenital heart defects [Papangeli and Scambler, 

2013; Jerome and Papaioannou, 2001], are located between A–B. In contrast, patients with 
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nested B–D/C–D deletions would have been missed by FISH studies and do not include 

TBX1 (Fig. 1). Nonetheless, these patients have considerable overlapping features including 

conotruncal cardiac anomalies, palatal defects, and developmental differences, which may 

be explained by haploinsufficiency of other important developmental genes such as CRKL1 
and SNAP29, a downstream effect of TBX1, or modifier genes on other chromosomes 

([McDonald-McGinn et al., 2011].

Estimated prevalence figures vary from 1 in 2,000–4, 000 births [Tezenas et al., 1996; 

Devriendt et al., 1998 Goodship et al., 1998; Oskarsdottir et al., 2004] and are extrapolations 

of limited populations using FISH studies. However, based on the wide phenotypic 

variability and in light of data from a recent prenatal SNP array study [Costain et al., 2014], 

these figures may be underestimates and something that may be better defined following the 

introduction of non-invasive prenatal testing (NIPT) for microdeletions including 

22q11.2DS [Saldivar et al., 2015]; the incidental identification of neonates with 22q11.2DS 

via newborn screening for severe combined immunodeficiency (SCID) [Chien et al., 2015]; 

and newborn screening studies for 22q11.2DS utilizing qPCR on Guthrie cards in selected 

populations [Tomita-Mitchell et al., 2010]. Moreover, the existing data do not take into 

account the rising prevalence due to increasing numbers of affected adults having their own 

affected children [McDonald-McGinn et al., 1999, 2001]. As a haploinsufficiency disorder, 

50% of children born to affected adults will have the 22q11.2 deletion. Therefore, since 

survival with cardiac anomalies was low until the mid-1980's, the familial cases and thus the 

overall prevalence are expected to rise over time [McDonald-McGinn et al., 2011; Bassett et 

al., 2011].

Males and females are equally affected with 22q11.2DS and there is no evidence that the 

deletion is more frequently associated with any particular ethnic background, although non-

Caucasians may be less likely to come to early diagnosis, perhaps related to more subtle 

dysmorphic features [McDonald-McGinn et al., 2005]. Unlike the early reports of DGS, 

mortality in childhood is low (∼5%) and is most often associated with complications of 

congenital heart defects [McDonald-McGinn et al., 2001]. However, premature death has 

been reported in adulthood [Bassett et al., 2009].

The presence and severity of associated features varies by age and the focus changes over 

time [McDonald-McGinn et al., 2011; Habel et al., 2014]. Likewise, the indications for 

testing vary by age (Fig. 2) and the diagnosis can be missed. This is especially true in 

adolescents, adults and non-Caucasians, in light of the broad inter and intrafamilial 

variability, even between identical twins [McDonald-McGinn, 2001; Goodship, 1995]. 

However, subtle dysmorphic features can often provide clues to the diagnosis and most 

frequently include: hooded eyelids with or without upslanting palpebral fissures and hyper-

telorism; auricular anomalies in particular thick overfolded helices, attached lobes, 

protuberant or cupped ears, microtia, anotia, preauricular tags or pits; a prominent nasal root, 

bulbous nasal tip with hypoplastic alae nasi, and nasal dimple/crease/hemangioma; malar 

flatness; asymmetric crying facies, a small mouth especially in infancy, and micrognathia 

[McDonald-McGinn et al. 1997, 1999, 2001, 2011].
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Many patients are now being identified prenatally via fetal ultrasound/echocardiography, 

most often due to congenital heart disease. Other prenatal clues to the diagnosis include 

polyhydramnios, cleft palate, cleft lip/palate, polydactyly, clubfoot, renal anomalies, 

diaphragmatic hernia, spina bifida, and craniosynostosis [McDonald-McGinn, 2011].

In childhood, major phenotypic physical features involve: congenital heart defects, most 

often conotruncal cardiac anomalies, immunodeficiency including T-cell lymphopenia, IgA 

deficiency, delayed IgG production, humoral defects and autoimmune disease, and palatal 

anomalies, including VPI, overt cleft palate, cleft lip with or without cleft palate, and Pierre 

Robin, in three-quarters of patients; hypocalcemia/hypoparathyroidism in half of patients 

often presenting in the neonatal period or initially/as a recurrence during times of stress such 

as during puberty, illness or perioperatively; and genitourinary problems such as renal 

anomalies/agenesis, hydronephrosis, cryptorchidism, hypospadias, absent uterus, and 

gastrointestinal differences including gastroesophageal reflux disease, severe dysphagia, and 

constipation in one-third of patients [McDonald-McGinn et al., 2011].

Less common but important associated physical features include: thyroid dysfunction, 

IUGR, failure to thrive, short stature/growth hormone deficiency; intestinal malrotation, 

Hirschsprung disease, imperforate anus, umbilical, and inguinal hernia; laryngeal web, 

esophageal atresia, tracheoesophageal fistula, choanal atresia, sensorineural, and conductive 

hearing loss, microtia/anotia; diaphragmatic hernia; cervical and thoracic vertebral 

anomalies, scoliosis, club foot, polydactyly, radial ray defects, craniosynostosis; 

microcephaly, asymmetric crying facies, unprovoked seizures, hypotonia, polymicrogyria, 

myleomeningocele; autoimmune disease including idiopathic thrombocytopenia, juvenile 

rheumatoid arthritis, immune mediated hypo and hyperthyroidism, neutropenia, vitiligo; 

malignancy including hepatoblastoma; scleracornea, microphthalmia/anophthalmia, ptosis, 

retinal coloboma, posterior embryotoxon, tortuous retinal vessels, hypertelorism; and enamel 

hypoplasia leading to chronic caries [McDonald-McGinn et al., 2011].

The considerable morbidity associated with 22q11.2DS in the face of extremely wide 

variability poses significant challenges for both individual and population based health care 

management. In light of this difficulty The International 22q11.2 Consortium developed 

practical guidelines for managing patients with 22q11.2DS that emphasizes the multi-system 

nature of the condition and includes recommendations for assessment by age and at 

diagnosis [Bassett et al., 2011].

Important additional genetic considerations include: reports of germline mosaicism affecting 

recurrence risk counseling for parents of children with de novo deletions [Sandrin-Garcia et 

al., 2002]; somatic mosaicism supporting parental 22q11.2DS testing in all cases [Halder et 

al., 2008; McDonald-McGinn et al., 2011]; phenocopies due to mutations in TBX1 only 

[Zweier et al., 2007]; the presence of co-occurring conditions such as 22q11.2DS and 

trisomy 8 mosaicism [McDonald-McGinn et al., 2005b] and 22q11.2DS and CHARGE 

syndrome due to a CHD7 mutation [McDonald-McGinn et al., 2011]; and the 22q11.2 

deletion unmasking an autosomal recessive condition due to the presence of a mutation on 

the remaining allele such as with a GP1BB mutation leading to Bernard–Soulier syndrome 
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[Budarf et al., 1995] or a SNAP29 mutation [McDonald-McGinn et al., 2013] leading to 

CEDNIK syndrome.

Cognitive Phenotype In 22Q11 DS Across Development

Developmental and educational concerns are frequently reported in 22q11.2DS. One of the 

first and most important questions parents and care-givers ask of children with 22q11.2DS is 

what the impact will be of the 22q11.2 deletion on the global cognitive development. During 

infancy and toddlerhood, cardiac defects, feeding difficulties, frequent infections, gross/fine 

motor difficulties and expressive language delays and speech problems dominate, but 

already from preschool age on learning difficulties and abnormal behavior become apparent. 

However, it is important to keep in mind that each infant/child/adolescent/adult with 

22q11.2DS is unique, and that they may have concerns in a few or in many of the areas 

described. Both genes and environmental factors play essential roles in shaping brain growth 

and cognitive development throughout life.

What Do We Know about the Intellectual Abilities and Cognitive Profile in 22q11.2DS?

The majority of studies have focused on the intellectual abilities in children and adolescents. 

Less is known about the intellectual functioning of adults with 22q11 DS [Henry et al., 

2002].

The level of intelligence in children and adolescents with 22q11 DS is highly variable and 

follows a normal distribution (similar to the IQ distribution in the general population), but is 

shifted about 30 IQ points to the left [De Smedt et al., 2007]. The average mean full scale IQ 

is in the mid-seventies (70–75) with about 55% having a borderline to normal intelligence 

(FSIQ > 70) and about 45% having a mild (to moderate) intellectual disability (ID) (FSIQ 

55–70) and a minority experiencing moderate to severe intellectual disability [Swillen et al., 

1997; Moss et al., 1999; Niklasson et al., 2009]. In addition, a significant number of 

individuals with 22q11DS show a discrepancy between verbal comprehension and 

perceptual reasoning abilities, favoring the verbal domain [Swillen et al., 1997; Moss et al., 

1999; Shprintzen, 2008; De Smedt et al., 2007; Niklasson et al., 2009]. This VIQ > PIQ 

cognitive profile in children with 22q11DS seems to change with age: from adolescence on 

this VIQ > PIQ profile is less common [Campbell and Swillen, 2005].

Within the 22q11DS child/adolescent population there is a wide variability in intelligence: 

some patients function within the limits of borderline-normal intelligence while others 

function in the range of moderate-severe intellectual disability (ID). Current findings 

indicate that the genetic architecture of ID is complex, consistent with other 

neurodevelopmental disorders, with an important role for rare variants with large effects 

[Najmabadi et al., 2011]. In the 22q11DS literature, several factors have been put forward to 

explain this wide variability in IQ: origin of the deletion (patients with a familial deletion 

have been associated with lower IQ scores as compared to de novo deletions) [Swillen et al., 

1997; De smedt et al., 2007], genetic variation within the 22q11.2 region [Gothelf et al., 

2005; Raux et al., 2007], and environmental factors such as socioeconomic status [Shashi et 

al., 2010] and parental IQ and siblings IQ [Olszewski et al., 2014]. Several other possible 

factors that contribute to this variability in IQ have not been systematically studied yet and 
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therefore should be the focus of future research, for example: the size of the deletion, genes 

within the region (COMT, PRODH, TBX1, CRKL1, etc.), the remainder of the genome/

genetic background, personality and temperament, and risk and protective factors in the 

environment such as the impact of therapy/remediation/anticipatory guidance, quality of life, 

coping strategies in the family, availability of social network support and resources.

What Do We Know about the Developmental Trajectory of Intelligence in 22q11 DS?

In Figure 3 the developmental cognitive trajectories from preschool to adolescence are 

presented. Several cross-sectional studies have found a negative correlation between age and 

IQ scores in 22q11DS, particularly a decline in VIQ, suggesting that at least some of these 

individuals show a gradual decline in cognitive development as they grow into adulthood 

[Gothelf et al., 2005; Green at al., 2009]. Recent longitudinal studies [Duijff et al., 2012; 

Duijff et al., 2013] have shown that already from primary school age on several divergent 

cognitive trajectories become apparent: a) a relative stable IQ-trajectory: a number of 

children showed adequate progress in their performance to keep up with the gradual increase 

of the level of cognitive requirements with age; b) a decrease in IQ score or a growing into 

deficit trajectory due to insufficient cognitive development leading to an increasing 

discrepancy with age-required norms, and c) an absolute decline in cognitive abilities as 

manifested by lower subtest raw scores for at least two subtests in a subgroup of children. 

The authors stated that “It could be speculated that the observed decline (in a subgroup) is 

likely to be the first symptom of schizophrenic disorder in 22q11DS. Interestingly, the 

absolute decline does not occur in all subjects, but rather in a subgroup, parallel to the 

observation that only a subgroup of people with 22q11DS will develop schizophrenia. 

However, in order to answer this question a continued follow-up into adulthood is required”. 

A recent collaborative study by the international 22Q11 Brain Behavior Consortium (22q11 

DS IBBC, an international group of more than 100 scientists from 22 sites) on the 

(longitudinal) cognitive development of 829 patients ages 8–24 years, showed that on 

average children with 22q11DS show a cognitive decline of 7 FSIQ-points or 9 VIQ-points 

[Vorstman et al., 2015]. In the subgroup that developed psychotic symptoms, this decline 

was significantly steeper. Based on VIQ trajectories, those who subsequently developed a 

psychotic disorder and those who did not, could be distinguished already from age 11 

onwards. In accordance to what is observed in general population regarding the early 

precursors of psychosis, a decline in verbal IQ precedes the onset of psychosis in 22q11 DS.

What Are the Implications of This Variability in IQ and These Divergent Cognitive 
Trajectories?

Depending on their overall cognitive capacities (borderline intelligence vs. intellectual 

disability), children and adolescents with 22q11.2DS will follow either normal school with 

additional learning and educational support (starting from an individualized educational plan 

(IEP), or they will need special education with IEPs that are adapted to the individual needs 

of the child/adolescent. Secondly, given the changing cognitive phenotype with age and the 

possible cognitive decline with age, the cognitive abilities of children and adolescents should 

be followed-up and re-evaluated at a regular basis. Additionally, since in an important 

subgroup of children and adolescents a decline in IQ occurs, a continuous adaptation of the 

expectations and the learning environment will be necessary in order to have a good balance 
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between the capacities of the child/adolescent and the demands of the environment. In this 

way, anticipatory guidance can be implemented at home and in school, and unnecessary 

stress can be prevented.

From a research perspective, given the early cognitive decline in 22q11.2DS, this 

microdeletion syndrome/CNV is an interesting model to investigate possible genes, genetic 

mechanisms and central neurotransmitter systems in the 22q11.2 region that contribute to 

cognitive deterioration. A nice illustration of this approach is a recent study by Evers et al. 

[2014]. Their results suggest that a subgroup of adults with 22q11DS may be affected by a 

neurodegenerative process affecting at least three neurotransmitter systems (serotonin, 

dopamine and norepinephrine), but the precise mechanism in the cognitive deterioration as 

seen in 22q11DS, has to be elucidated.

Behavioral-Psychiatric Phenotype In 22Q11 DS Across Age

Children with intellectual disabilities (ID) show a greater tendency to engage in problem 

behavior than individuals without ID [Dykens, 2000; Dekker et al., 2002; Emerson, 2003; 

De Ruiter et al., 2007] and there is evidence in the literature that the prevalence of problem 

behavior among individuals with certain genetic syndromes conditions associated with ID is 

higher than in individuals with idiopathic ID [Bodfish and Lewis, 2002; Arron et al., 2011; 

Powis and Oliver, 2014]. This is also the case for 22q11 DS.

What Do We Know from the Behavioral-psychiatric Phenotype in 22q11 DS?

Cross-sectional studies using parental and teachers reports have shown that children with 

22q11DS showed significantly more internalizing behavior than peers [Swillen et al., 1999; 

Briegel et al., 2008], children with speech-language delays [Swillen et al., 2001] and 

children with clefts [Jansen et al., 2007]. Specifically, children with 22q11DS are described 

as showing more withdrawn behavior, social interaction problems with peers, attention 

problems, and anxiety problems. This is consistent with several clinical studies in 22q11DS 

in which high rates of attention deficit disorder with hyperactivity (ADHD) [Niklasson et al., 

2001; Gothelf et al., 2005], autism spectrum disorders [Niklasson et al., 2001, 2009; Fine et 

al., 2005; Antshel et al., 2006; Vorstman et al., 2006] and anxiety and affective disorders 

[Antshel et al., 2006; Jolin et al., 2009] are reported. There has been some controversy 

regarding the diagnosis of ASD in 22q11 DS; recent studies have shown that individuals 

with 22q11 DS and ASD had significant problems in social interaction and communication 

while stereotyped behaviors were not reported, suggesting a unique type of ASD [Kates et 

al., 2007; Bruining et al., 2010].

The increased rate of most psychiatric disorders in children with 22q11 DS is similar to that 

in children with other developmental disabilities [Feinstein et al., 2002; Baker and Skuse, 

2005]. However, by late adolescence and early adulthood, this picture seems to change as up 

to one-third of the patients with 22q11DS develop psychotic disorders mostly resembling 

schizophrenia and schizoaffective disorder [Murphy et al., 1999; Bassett et al., 2003; 

Gothelf et al., 2005]. Psychotic disorders are far more common in adolescents and young 

adults with 22q11 DS than in matched IQ subjects without the syndrome. In addition, many 

adults with 22q11DS suffer from depression or generalized anxiety disorder [Fung et al., 
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2010]. The largest study of lifetime psychiatric diagnoses to date in 22q11DS (n = 1402; 

ages 6–68 years) combined data from 22q11DS cohorts from 22 sites in the world 

[Schneider et al., 2014 and 22q11 DS IBBC] and found remarkably similar prevalence and 

developmental trends across countries. Attention-deficit/hyperactivity disorder, autism 

spectrum disorder and anxiety disorders were the most common diagnoses during childhood, 

whereas rates of psychosis and mood disorders increased dramatically during adolescence 

and young adulthood. Anxiety disorders were especially prevalent among children and 

adolescents. Generalized anxiety disorder, specific phobia, and social phobia were the most 

frequent anxiety disorders during childhood and adolescence. Whereas the rate of specific 

phobia is similar to that in individuals with intellectual disability, social phobia and 

generalized anxiety disorder appear to be overrepresented in 22q11.2 deletion syndrome 

[Dekker and Koot, 2003]. This finding, combined with the high rate of autism spectrum 

disorders, indicates that difficulties in the social domain may represent key characteristics of 

the syndrome [Baker and Vorstman, 2012]. Sex differences in the rates of several psychiatric 

disorders were comparable to those reported in the general population. Specifically, 

disruptive disorders and ADHD were more frequent in males than females, as documented 

in the general population [Maughan et al., 2004; Merikangas et al., 2010]. There was a 

predominance of females among those diagnosed with anxiety and mood disorders as adults. 

Numerous studies have observed that sex differences in the rate of internalizing disorders 

emerge around puberty [Hayword and Sanborn, 2002], suggesting the possible impact of 

hormonal changes in the development of affective symptoms in females. In contrast, the 

male predominance of autism spectrum disorders and to a lesser extent psychotic disorders 

in the general population was not observed in 22q11.2 deletion syndrome. This may be 

related to the strong genetic contribution to the pathogenesis of social deficits and psychosis 

in 22q11.2 deletion syndrome and deserves investigation in future studies [Schneider et al., 

2014].

What Are the Implications of This Changing Behavioral-psychiatric Phenotype?

Given the increased risk for developing behavioral problems and psychiatric disorders, early 

psychological/psychiatric follow-up and intervention is warranted in individuals with 22q11 

DS. It will be key to find a balance between follow-up and intervention, and to monitor in a 

flexible way the changing and increasing environmental demands with age. In school-age 

children with 22q11.2 deletion syndrome, special emphasis is needed with regard to the 

diagnosis and management of attentional deficits, as these can interfere with learning and 

academic achievement. The presence of attentional deficits should be screened 

systematically and at regular intervals. The emergence of social deficits during adolescence 

can represent a major source of disability in individuals with 22q11.2 deletion syndrome. 

Interventions focusing on appropriate adaptation of social demands and on socio-cognitive 

remediation programs and cognitive-behavioral therapy to improve social skills are 

recommended. As part of anticipatory care, individuals with 22q11.2 deletion syndrome 

should be screened for anxiety and mood disorders throughout their lifetimes. Given the 

markedly elevated risk for schizophrenia spectrum disorders, individuals with 22q11.2 

deletion syndrome should be closely monitored for prodromal and fullblown symptoms of 

psychosis [Schneider et al., 2014]. Clinically significant psychotic symptoms should be 

treated in accordance with the most recent recommendations for effective management. 
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Antipsychotic medications are mainstays of treatment for schizophrenia spectrum disorders, 

as are psycho-education, rehabilitation, and active stress reduction strategies.

From a research perspective, more large scale prospective studies that focus on the 

interaction between genesclinical/somatic phenotype-cognitive/psychiatric phenotype and 

environmental factors will be needed to understand the complex interplay of cognitive, mood 

and psychotic symptoms that are present in 22q11DS and that contribute to the variable 

neuropsychiatric phenotypes of 22q11 DS [Jonas et al., 2014].

Summary And Conclusions

• Persons with 22q11DS present with a distinctive but dynamic and 

developing cognitive, behavioral and psychiatric phenotype due to the 

interaction between genes – environment.

• This profile is often colored by a complex associated medical phenotype 

which frequently results in multiple hospitalizations beginning at an early 

age.

• Children with a parent who also has 22q11.2DS are at greater risk for a 

poorer long term outcome.

• Educators/teachers and psychologists/child psychiatrists are important 

members of the multidisciplinary team of professionals who provide 

services to a child/adolescent and adult with 22q11.2 DS.

• Information on the cognitive trajectory of children/adolescents/adults with 

22q11DS has recently become available but more longitudinal studies are 

important as a means of elucidating the cognitive changes in individuals 

with the syndrome throughout the lifespan.

• More large scale prospective studies that focus on the interaction between 

genes-clinical/somatic phenotype-cognitive/psychiatric phenotype and 

environmental factors will be needed to understand the complex interplay 

of cognitive, mood and psychotic symptoms that are present in 22q11DS 

and that contribute to the variable neuropsychiatric phenotypes of 22q11 

DS.

• There is an urgent need for studies with focus on risk and protective 

factors in the environment that contribute to the variable medical/

neurocognitive/neuropsychiatric phenotypes in patients with 22q11DS.
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Figure 1. 
Low copy repeats, represented here as A, B, C, and D, bracket the 22q11.2 deletion and 

define the breakpoints with the standard ∼3Mb 22q11.2 deletion extending from A–D. 

Atypical nested deletions include A–B, A–C, B–C, B–D, and C–D. Notable genes within the 

deleted regions of chromosome 22q11.2 include PRODH, TBX1 and COMT within A–B 

and SNAP 29 and CRKL1 within C–D. Note that FISH probes D22S75 (N25) and HIRA 

(TUPLE1) are located within A–B and would be present in those patients with nested 

deletions excluding the A–B region.
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Figure 2. 
Most common indications for 22q11.2 deletion testing varies by age.
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Figure 3. 
Developmental cognitive trajectories in 22q11 DS.
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