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Abstract

22q11 Deletion Syndrome (22q11DS) is a common microdeletion syndrome with multisystem 

expression. Phenotypic features vary with age, ascertainment, and assessment. We systematically 

assessed 78 adults (36 M, 42 F; mean age 31.5, SD 10.5 years) with a 22q11.2 deletion ascertained 

through an adult congenital cardiac clinic (n = 35), psychiatric-related sources (n = 39), or as 

affected parents of subjects (n = 4). We recorded the lifetime prevalence of features requiring 

attention, with 95% confidence intervals (CI) not overlapping zero. Subtle learning difficulties, 

hypernasality and facial gestalt were not included. We investigated ascertainment effects using 

non-overlapping subgroups ascertained with tetralogy of Fallot (n = 31) or schizophrenia (n = 31). 

Forty-three features met inclusion criteria and were present in 5% or more patients, including 

several of later onset (e.g., hypothyroidism, cholelithiasis). Number of features per patient (median 

9, range 3–22) correlated with hospitalizations (P=0.0002) and, when congenital features were 

excluded, with age (P=0.02). Adjusting for ascertainment, 25.8% (95% CI, 9.5–42.1%) of patients 

had cardiac anomalies and 22.6% (95% CI, 7.0–38.2%) had schizophrenia. Ascertainment 

subgroups were otherwise similar in median number and prevalence of features. Non-

characteristic features are common in 22q11DS. Adjusting for ascertainment effects is important. 

Many treatable conditions may be anticipated and features may accumulate over time. The results 

have implications for clinical assessment and management, genetic counseling and research into 

pathophysiological mechanisms.
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INTRODUCTION

22q11 deletion syndrome (22q11DS) (OMIM #188400/#192430) is a multisystem disorder 

associated with chromosome 22q11.2 interstitial deletions. At an estimated prevalence of 

1/4,000, 22q11DS is the most common microdeletion syndrome in humans [Goodship et al., 

1998; Scambler, 2000]. Standard fluorescence in-situ hybridization (FISH) techniques detect 

the common 3.0 Mb, and nested 1.5 Mb, hemizygous deletions [Driscoll et al., 1993]. Most 

deletions occur de novo, with autosomal dominant inheritance observed in 15% or fewer 

cases [Swillen et al., 2000]. The phenotype is highly variable in severity but expression 

appears to be unrelated to the length of the deletion [Lindsay, 2001]. Accurate estimates of 

the prevalence of associated features are important for recognizing the syndrome, genetic 

counseling, and planning long-term health supervision of patients diagnosed with 22q11DS 

[McDonald-McGinn et al., 2001], and have implications for understanding pathophysiology. 

However, the true frequency of features is uncertain as rates vary with developmental stage 

[Vantrappen et al., 1999; Greenhalgh et al., 2003; Oskarsdottir et al., 2005], ascertainment, 

and completeness of assessment [Cohen et al., 1999].

Some characteristic features such as cardiac and other birth defects (e.g., congenital thymic 

hypoplasia), and neonatal hypocalcemia are recognizable in infancy. Others are usually 

identified later, including learning difficulties and the hypernasal speech often associated 

with velopharyngeal insufficiency and/or submucous cleft palate [Shprintzen et al., 1978]. 

Ascertainment of 22q11DS commonly involves major clinical syndromes which share 

overlapping groups of these characteristics and the 22q11.2 deletion. DiGeorge (DGS), 

velocardiofacial (VCFS), and conotruncal anomaly face syndromes all feature 

cardiovascular malformations (CVM), including tetralogy of Fallot [Matsuoka et al., 1998]. 

Rates of major CVM are routinely reported as >70% in 22q11DS [Ryan et al., 1997; 

Matsuoka et al., 1998; McDonald-McGinn et al., 1999], with somewhat lower rates observed 

in older children [Vantrappen et al., 1999; Greenhalgh et al., 2003; Oskarsdottir et al., 2005].

Studying adults could provide more information on the prevalence of lifetime features of 

22q11DS. For example, a review of adult 22q11DS cases reported 36 (30%) of 120 patients 

had CVM [Cohen et al., 1999]. However, apart from a high prevalence of psychiatric illness, 

especially schizophrenia [Murphy et al., 1999], there is limited information on the adult 

phenotype [Cohen et al., 1999]. Also, there is an ascertainment bias to transmitting parents, 

who often have a mild phenotype [Ryan et al., 1997; Cohen et al., 1999; McDonald-McGinn 

et al., 2001]. Few studies document other ascertainment biases or involve systematic 

assessment of features.

We comprehensively investigated the lifetime prevalence of clinical features in 78 adults 

with 22q11DS. We hypothesized that features other than those characteristic of 22q11DS 

would be common, and that the rates of individual features would differ between two non-

overlapping subgroups of patients ascertained with tetralogy of Fallot or schizophrenia.
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METHODS

We investigated adults (≥17 years) diagnosed with 22q11DS and confirmed to have a 

chromosome 22q11.2 deletion by standard methods using metaphase chromosomes from 

peripheral blood lymphocytes and FISH techniques using a probe, most commonly TUPLE1 

(Vysis) or N25 (ONCOR), from the commonly deleted 22q11.2 region [Driscoll et al., 

1993]. Informed consent was obtained in writing, and the study approved by the Research 

Ethics Boards of the University of Toronto, Centre for Addiction and Mental Health, and 

University Health Network.

Sample

There were 78 (36 male, 42 female) patients: 72 (92.3%) were caucasian, three (3.9%) 

black, one (1.28%) Asian, and two (2.56%) other ethnicity (native-caucasian). We 

ascertained subjects through four methods: 35 patients attending the Toronto Congenital 

Cardiac Centre for Adults (TCCCA, a tertiary centre following adults with congenital 

cardiac defects, where we screen patients, primarily those with tetralogy of Fallot, for 

22q11DS features); 39 patients through psychiatric-related sources: 31 diagnosed with 

schizophrenia, and 8 referred for psychiatric assessment of other disorders; and 4 parents of 

four other adults in the sample. All patients met clinical screening criteria for 22q11DS in 

adults: 2 or more of 7 broad categories of features (dysmorphic facies, hypernasal speech, 

history of learning difficulties, cardiac defect, thymic hypoplasia, other birth defect, or 

hypocalcemia) [Bassett and Chow, 1999]. 54 (69.2%) received a clinical diagnosis of 

22q11DS after age 17 years. FISH was performed at a median age of 24 (range 7–67) years.

Evaluations

We used a combination of semi-structured direct interviews with patients and family 

members and comprehensive review of lifetime medical records, including pediatric records, 

to systematically evaluate medical, surgical, and psychiatric history. Only features assessed 

by a specialist and/or requiring significant investigation and/or management were included. 

Hospitalizations included documented emergency room visits and day surgery. We 

systematically compiled and coded diagnoses and results of investigations, including ionized 

calcium and thyroid stimulating hormone testing, electrocardiograms, echocardiograms, and 

abdominal ultrasounds for all patients. As previously described [Scutt et al., 2001; Bassett et 

al., 2003], we confirmed DSM-IV lifetime psychiatric diagnoses using standard methods, 

determined DSM-IV diagnosis of mental retardation from functioning and IQ testing results, 

assessed hypernasality of speech and directly measured height, weight, and maximum 

occiptofrontal head circumference. We determined body mass index (BMI) using the 

formula: weight (kg)/height (m)2; BMI ≥ 30 was considered obesity. Percentiles for height 

were assessed using norms for Caucasian North Americans (http://www.cdc.gov/nchs/about/

major/nhanes/growthcharts/datafiles.htm). Features directly assessed are noted in Table I.

Statistical Analysis

Features recorded in four or more (≥5%) patients were included in this study; lower 

frequencies were considered insufficient to provide reliable estimates. Broad 22q11DS 

clinical screening criteria (dysmorphic facies, hypernasal speech, non-specific learning 
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difficulties) were excluded, as were common but non-specific features like headache or 

constipation, and post-operative complications. In all, over 200 features, mainly due to low 

frequency, were excluded. Of the 43 features included (see Table I), all were considered to 

be observable and/or potentially requiring monitoring or other medical attention in 

adulthood. To assess the effects of major ascertainment biases, we used two non-overlapping 

subgroups: 31 TCCCA patients with tetralogy of Fallot (16 male, 15 female, mean age 28.1 

SD 7.9 years) and 31 patients ascertained with schizophrenia (16 male, 15 female, mean age 

34.8 SD 8.6 years); small sample size precluded using other subgroups.

Ninety-five percent confidence intervals (CI) for frequency of features, with adjustments for 

frequencies <5, were calculated [Richardson et al., 2000]. Chi-square or two-tailed Fisher’s 

exact tests were used to compare these frequencies and categorical variables between 

subgroups of patients. Wilcoxon rank sum tests and Spearman rank correlations were used to 

compare ordinal data, and two-tailed Student’s t tests for continuous variables, using SAS 

8.2 (SAS Institute, Cary, NC); P values <0.05 were considered significant.

RESULTS

Lifetime Features of 22q11DS

Forty-three lifetime features, and 12 subcategories of these features, met our inclusion 

criteria. Their respective prevalences with 95% CI are presented in Table I, grouped into 15 

areas representing most medical and surgical specialties. The features included 38 that were 

not part of typical clinical criteria for 22q11DS. There were no significant differences in 

frequency of features between males and females (results not shown), except for hernias (14 

males, 3 females; P = 0.0009). Excluding neonatal hypocalcemia which may resolve in 

infancy [Weinzimer, 2001], non-neonatal hypocalcemia was detected in 50% (95% CI, 38.7–

61.3%) of patients in this sample. Median ages of onset (and ranges) in years were 

consistently available for this and three other later onset conditions: schizophrenia 21 (14–

36), hypothyroidism 24 (8–56), non-neonatal hypocalcemia 25 (5–48), and cholelithiasis 

requiring cholecystectomy 27.5 (15–56).

Other Clinical Findings

All patients had facial features of 22q11DS, ranging from subtle to characteristic, as 

previously reported [Bassett et al., 1998; Scutt et al., 2001]. Most (89.7%) had some 

hypernasality of speech. Estimated IQ ranged from 45 to 95 (mean 71.8; SD 11.3), although 

all patients had a history of some learning difficulties in school. Patients had a median of 6 

(range 0–19) documented non-psychiatric hospitalizations, of which a median of 1 (range 0–

10) occurred at age 17 years or older. There were three (3.8%) deaths: two female patients at 

18 and 68 years, neither of whom had a major congenital cardiac defect, and a 23-year-old 

man with tetralogy of Fallot. Causes of death were: shock secondary to acute pancreatitis 

after elective endoscopic retrograde cholangiopancreatography, stroke, and arrhythmia, 

respectively.
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Ascertainment Effects

As expected, after adjusting for ascertainment source, rates of patients with major CVM 

(25.8%; 95% CI 9.5, 42.1) and schizophrenia (22.6%; 95% CI 7.0, 38.2) were lower than 

unadjusted frequencies in the total sample: 41/78 (52.6%) and 39/78 (50.0%), respectively. 

However, there were no significant differences in frequencies of other individual features 

between the two ascertainment subgroups (results not shown), despite older age of the 

schizophrenia group (t = −3.20, P =0.002). There were also no significant differences 

between the tetralogy of Fallot and schizophrenia ascertainment subgroups, respectively, in 

mean percentile for height (19.2 SD 19.4, 18.0 SD 19.9; t = 0.24, P = 0.81), BMI (27.1 SD 

4.5, 27.3 SD 4.5; t = −0.09, P = 0.93), or estimated IQ (71.8 SD 11.0, 67.8 SD 9.4; t = 

−1.56, P = 0.12).

Number of Lifetime Features Per Patient

Figure 1 shows the distribution of features per patient. Patients had a median of 9 (range 3–

22) of the 43 clinical features studied. The patient with the most features (22) died at age 18 

years. There were no significant differences in median number of features per patient 

between males (n = 10) and females (n = 9), or between the two ascertainment subgroups 

(tetralogy of Fallot n = 10; schizophrenia n = 10). The number of features per patient was 

significantly correlated with the number of lifetime hospitalizations (Spearman rho = 0.41; P 
= 0.0002). After excluding constitutional features (short stature, microcephaly) and major 

congenital anomalies (CVM, thymic hypoplasia, renal agenesis), the number of features per 

patient also showed a modest correlation with age at assessment (Spearman rho = 0.27; P = 

0.02).

DISCUSSION

This is the largest sample of adults with 22q11DS investigated to date and the first to 

systematically assess multiple features, present CI for frequencies meeting standard criteria 

for significance (95% CI not overlapping zero), and assess potential effects of ascertainment. 

The methods used increase the probability that the features included are directly or indirectly 

related to syndrome expression rather than co-occurring by chance alone. The results thus 

provide an overview of 43 conditions commonly encountered in 22q11DS that would pertain 

to individuals who meet conventional clinical criteria for the syndrome and live to 

adulthood. The lifetime burden of illness in 22q11DS appears substantial, and includes 

congenital and later onset conditions, many chronic disorders and risk factors for other 

conditions. However, many of the associated conditions are treatable once detected, 

highlighting the importance of appropriate follow-up.

Effects of Ascertainment and Age

As expected, we detected marked ascertainment bias effects with respect to the features 

directly related to the sampling strategies used. Adjusted rates of both CVM and 

schizophrenia were about half the unadjusted rates. The adjusted rate of CVM observed is 

consistent with studies involving adults or patients with velopharyngeal insufficiency [Cohen 

et al., 1999; Boorman et al., 2001; Shooner et al., 2005], while the unadjusted rate is more 

comparable to reported rates using samples that may have predominantly originated through 
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congenital cardiac services [Ryan et al., 1997; Matsuoka et al., 1998; McDonald-McGinn et 

al., 1999]. The adjusted rate of schizophrenia observed is consistent with smaller samples of 

individuals over age 17 years using systematic [Momma et al., 2001] or diverse 

ascertainment [Murphy et al., 1999]. The results confirm schizophrenia as a common 

characteristic of 22q11DS.

None of the 41 other features showed significantly different rates between the two 

ascertainment subgroups although sample sizes would have limited power to detect 

differences for features with lower frequencies. There was also no difference in quantitative 

measures assessed or median number of features between the two subgroups. Patients who 

were older at assessment had significantly more non-congenital features, indicating that, 

even within an adult sample, age appears to be a factor in expression of 22q11DS.

Specific Features

The significant morbidity of the associated features is indicated by the number of features 

per patient, the lifelong clinical implications of many of these, and the high correlation with 

number of hospitalizations, predominantly in the pediatric age group. As expected, given the 

clinical diagnostic strategy, five of the 43 features studied (intellectual disabilities, 

hypocalcemia, palatal anomalies, CVM, and thymic hypoplasia) are characteristic features 

of 22q11DS. The high lifetime rate of hypocalcemia is consistent with previous reports, 

including late-occurring onset or recurrence [Ryan et al., 1997; Brauner et al., 2003; 

Greenhalgh et al., 2003]. Routine assessment through our clinic contributed to the high 

prevalence and late median age at onset/detection. Hypocalcemia in 22q11DS, which is 

usually due to functional hypoparathyroidism, likely contributed to the high rate of recurrent 

seizures documented [Ryan et al., 1997]. A generally lowered seizure threshold may also be 

part of the central nervous system involvement in the 22q11DS phenotype. Psychiatric 

disorders are common in 22q11DS, especially schizophrenia but including an array of other 

disorders such as attention deficit hyperactivity disorder, mood and anxiety disorders 

[Bassett et al., 1998; Cohen et al., 1999; Murphy et al., 1999]. Psychiatric illness and 

learning difficulties represent important contributors to functional disability in 22q11DS 

[Swillen et al., 2000; Momma et al., 2001], and may interfere with obtaining appropriate 

medical care and maintaining compliance with recommended management.

Many of the other features observed are commonly reported ancillary findings in 22q11DS, 

including infections (pneumonia and otitis media), scoliosis, thrombocytopenia, hernias, and 

short stature [Ryan et al., 1997; Matsuoka et al., 1998; McDonald-McGinn et al., 1999; 

Swillen et al., 2000]. Other features, such as obesity, hypothyroidism, hearing deficits, and 

dermatologic conditions have been reported less frequently [Wilson et al., 1993; Lindsay et 

al., 1995; Bassett et al., 1998; Digilio et al., 2001], perhaps due to later onset, lesser severity, 

and/or lack of recording.

Limitations

We recognize the limitations of this cross-sectional study. Larger, prospective studies would 

provide more details about onset of conditions, changes with development, relationships 

between features, effects of medications, lifestyle and other factors, and death as an outcome 
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in 22q11DS. Each feature warrants individual study. Detailed molecular studies would be 

needed to determine if there were length of deletion or parent of origin effects, although 

most studies have not found these [Scambler, 2000; Lindsay, 2001]. Incorporation bias 

effects [Richardson et al., 2000] would predict that rates for features commonly used in case 

finding for 22q11DS may be overestimates for the total population of adults with 22q11DS. 

On the other hand, frequencies reported in Table I may represent underestimates for features 

associated with early mortality or those not systematically assessed using specific 

investigations, e.g., nasendoscopy for velopharyngeal insufficiency. Infrequent features, such 

as overt cleft palate (n = 2/78), were not reported. We are confident however that features 

directly assessed and those contributing to hospitalization and/or surgery were recorded, 

given access to universal health care in Canada and diligence in obtaining lifetime medical 

records. There is a wide variability of severity of features reported. This is consistent with 

previous studies of 22q11DS which show variable expression in both severity of individual 

features and the number of features observed, even within families or between identical 

twins [Vincent et al., 1999]. Some features (e.g., obesity, hypothyroidism) are common in 

aneuploidies [Conway, 2004], and many are common in the general population. Further 

studies would be needed to determine sensitivity and specificity of individual features to the 

diagnosis of 22q11DS. For example, schizophrenia is rarely associated with other genetic 

syndromes but is 20–25 times more common in 22q11DS than in the general population 

[Bassett et al., 2000]. Demographically comparable general population frequencies would be 

needed to derive relative risks for 22q11DS. The prevalences of most of the features reported 

would, however, appear to exceed general population expectations for young to middle-aged 

adults. The long term outcome of older individuals remains unknown.

Implications

This study provides an overview of features likely to be found in young to middle-aged 

adults with 22q11DS over their lifetime. The phenotype is broader than the characteristic 

features usually associated with the syndrome, and several features would not be apparent at 

young ages and/or with limited assessments. The results provide a sense of the frequency of 

commonly associated conditions that case reports, questionnaire surveys and studies of 

infants cannot. The variable expression and incomplete penetrance suggest it may be 

difficult to denote a particular phenotype as “atypical.” The clinical heterogeneity of 

22q11DS and limited data on later onset manifestations have contributed to its under-

recognition. The results could thus be useful for suggesting new patient populations in which 

to consider 22q11DS, if suggestive facial features (see Fig. 2), hypernasal voice, and 

learning difficulties are present.

The results reinforce the need for a thorough assessment at diagnosis, genetic counseling, 

and long term follow-up with active monitoring for frequently associated conditions, most of 

which are readily treatable once identified. We have suggested some guidelines for the 

assessment and follow-up of adults with 22q11DS in Table II. As for other syndromes 

[Conway, 2004], specialty clinics for patients with 22q11DS and a multidisciplinary 

approach could help individual physicians coordinate care and provide necessary long term 

follow-up, systematic monitoring, and interventions appropriate to the patient’s 
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developmental stage and manifestations [Swillen et al., 2000; Greenhalgh et al., 2003; 

Oskarsdottir et al., 2005].

The results of this study also have implications for genetic counseling in 22q11DS. In 

particular, counseling about common later onset conditions, including psychiatric disorders, 

and the importance of early detection and treatment will represent an important addition to 

standard practice [Hodgkinson et al., 2001]. The results from this study and others indicate 

that the majority of patients with 22q11DS do not have major cardiac anomalies [Cohen et 

al., 1999; Boorman et al., 2001] and most survive childhood [Ryan et al., 1997; McDonald-

McGinn et al., 1999]. It therefore appears likely that general population prevalence rates 

reported for 22q11DS [Goodship et al., 1998], which are largely based on major cardiac and 

other anomalies leading to molecular testing, are underestimates [Liling et al., 1999].

The frequency and medical importance of associated features invite further study to 

determine their origins. Most of the dozens of genes in the 22q11.2 region are well 

characterized [Scambler, 2000; Lindsay, 2001; Maynard et al., 2003], and recent studies are 

advancing our understanding of the pathogenesis of specific congenital features of 22q11DS 

[Yagi et al., 2003; Liao et al., 2004]. However, much of the mechanism of expression of 

22q11DS remains unknown. Some of the lifetime features of 22q11DS may be long term 

consequences of developmental abnormalities, including those of the neural crest [Budarf 

and Emanuel, 1997]. Endocrinological disorders may involve functional disruption of the 

pharyngeal apparatus [Lindsay, 2001], and/or autoimmune mechanisms related to abnormal 

thymic development [Weinzimer, 2001]. Schizophrenia and other neuropsychiatric aspects 

may involve disrupted neurodevelopment and neuronal function [Maynard et al., 2003]. 

However, developmental and functional anomalies of multiple other systems may underlie 

other features. Models of 22q11DS will need to take into account the broader phenotype to 

improve representativeness [Lindsay, 2001; Maynard et al., 2003].

In summary, an increased index of suspicion for 22q11DS, informed management of those 

diagnosed, and further longitudinal studies could benefit not only patients and their families 

but could also help further our understanding of the complex pathogenesis of this common 

condition.
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Fig. 1. 
Frequency of number of lifetime features per patient with 22q11DS.
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Fig. 2. 
Adult patient with 22q11DS.
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TABLE II

Proposed Initial Assessments and Health Monitoring for Adults With 22q11DS

Baseline work-up at adult 
diagnosis of 22q11DS

Initial adult assessment at 
transition (childhood 
diagnosis of 22q11DS)

Annual or biennial follow-up as 
an adult

Recommended clinical assessments Comprehensive medical 
history; psychiatric assessment; 
cognitive assessment; family 
history; physical examination; 
BMI

Comprehensive medical 
history; psychiatric 
assessment; update family 
history; physical examination; 
BMI

Systems review; interim medical, 
surgical, psychiatric, family 
history; targeted physical 
examination; BMI

Recommended genetic assessments 
and management

Consultation with medical 
geneticist and/or clinic 
experienced in 22q11DS; FISH 
for 22q11.2 deletion and 
karyotype; genetic counseling 
for proband; genetic counseling 
and testing for parents (siblings 
if parents unavailable) and 
offspring

Genetic counseling update; 
family planning and prenatal 
counseling, as needed

Genetic counseling update; family 
planning and prenatal counseling, 
as needed

Recommended investigations Complete blood count; TSH; 
pH-corrected ionized calcium, 
PTH; creatinine; abdominal 
ultrasound; echocardiogram

Complete blood count; TSH; 
pH-corrected ionized calcium, 
PTH; creatinine

Complete blood count; TSH; pH-
corrected ionized calcium, PTH; 
creatinine; others as needed based 
on history and physical 
examination; Seizure work-up to 
include pH-corrected ionized 
calcium, magnesium

Consider ECG; audiological assessment; 
EEG; brain MRI; cervical spine 
x-rays

Cognitive reassessment Fasting glucose and lipid profile; 
ECG; pulmonary function studies

As needed Endocrinological consultation; 
psychiatric consultation; other 
consultations

Relevant/targeted investigations; 
audiological assessment; ECG; 
EEG; abdominal ultrasound; 
antibiotic prophylaxis (if CVM); 
diet/exercise counseling; 
endocrinological consultation; 
psychiatric consultation; other 
consultations; vocational 
counseling; life skills assessment; 
disability pension
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