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Abstract

Children with 22q11.2 deletion syndrome (22q11DS) present with congenital heart disease (CHD)

and high prevalence of psychiatric disorders and neurocognitive deficits. Although CHD has been

implicated in neurodevelopment, its role in the neuropsychiatric outcome in 22q11DS is poorly

understood. We investigated whether CHD contributes to the high prevalence of psychiatric

disorders and neurocognitive impairments in 22q11DS. Fifty-four children ages 8–14 years with

22q11DS and 16 age-matched non-deleted children with CHD participated. They were assessed

using semi-structured interviews and a Computerized Neurocognitive Battery. CHD status was

assessed using available medical records. Prevalence of psychiatric disorders and cognitive

profiles were compared among the groups. There were no significant differences between the

prevalence of psychiatric disorders in the 22q11DS with and without CHD. In 22q11DS with

CHD, the prevalence rates were 41% anxiety disorders, 37% ADHD and 71% psychosis spectrum.

In 22q11DS without CHD, the rates were 33% anxiety disorders, 41% ADHD and 64% psychosis

spectrum. In comparison, the non-deleted CHD group had lower rates of psychopathology (25%

anxiety disorders, 6% ADHD, and 13% psychosis spectrum). Similarly, the 22q11DS groups,
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regardless of CHD status, had significantly greater neurocognitive deficits across multiple

domains, compared to the CHD-only group. We conclude that CHD in this sample of children

with 22q11.2DS does not have a major impact on the prevalence of psychiatric disorders and is

not associated with increased neurocognitive deficits. These findings suggest that the 22q11.2

deletion status itself may confer significant neuropsychiatric vulnerability in this population.
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INTRODUCTION

Initially described as a syndrome by DiGeorge [1965] and determined to be the result of the

22q11.2 microdeletion [Driscoll et al., 1992], 22q11DS is estimated to occur in 1/4,000 live

births [Devriendt et al., 1998; Botto et al., 2003]. It is characterized by a host of congenital

abnormalities including congenital heart disease (CHD), palatal defects, immune

deficiencies and thymic hypoplasia [Ryan et al., 1997; Botto et al., 2003; McDonald-

McGinn and Sullivan, 2011]. Most affected individuals have deficits in language, motor,

visual-spatial processing, executive function, memory, and social cognition [Golding-

Kushner et al., 1984; Gerdes et al., 1999; Bearden et al., 2001; Kiley-Brabeck and Sobin,

2006; De Smedt et al., 2007; Ousley et al., 2007; Van Aken et al., 2007; Goldenberg et al.,

2012; Howley et al., 2012]. High prevalence of psychiatric disorders has been associated

with the syndrome. Anxiety disorder, major depressive disorder, attention deficit

hyperactivity disorder (ADHD) and obsessive-compulsive disorder may emerge in

childhood [Swillen et al., 1999; Gothelf et al., 2004; Niklasson et al., 2005; Antshel et al.,

2006; Green et al., 2009; Jolin et al., 2009, 2012; Fabbro et al., 2012; Tang et al., 2013] and

schizophrenia spectrum features may emerge in adolescence and early adulthood[Murphy et

al., 1999; Bassett et al., 2003; Gothelf et al., 2007; Vorstman et al., 2006; Green et al., 2009;

Stoddard et al., 2010; Hooper et al., 2013; Tang et al., 2013].

Multiple congenital, psychiatric and neurocognitive phenotypes observed in 22q11DS

enable investigation of interactions among genetic vulnerability and congenital anomalies

that may impact intrauterine brain development and be associated with psychiatric disorders.

CHD is one of the most common defects in 22q11DS and is reported in approximately 60–

75% of cases [Marino et al., 1999, 2012], compared to about 6/1,000 live births in the US

general population [Hoffman and Kaplan, 2002; Hoffman et al., 2004]. The 22q11.2 deletion

is found in increased frequencies in those born with various CHDs such as interrupted aortic

arch, truncus arteriosus, conoventricular septal defects and tetralogy of Fallot (TOF)

[Agergaard et al., 2012]. With advances in corrective and palliative surgical techniques, the

survival rates of infants born with CHDs have dramatically improved [Gilboa et al., 2010;

Marino et al., 2012].

Non-deleted individuals with CHDs who survive to infancy or toddler years often have

neurodevelopmental delays, while those who survive to pre-school or school age have

higher rates of learning difficulties, ADHD, anxiety disorder, and behavioral problems
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[Rogers et al., 1995; Forbess et al., 2002; Wernovsky et al., 2005; Karsdorp et al., 2007;

Shillingford et al., 2008; Kovacs et al., 2009]. A growing literature suggests that severity of

CHDs as well as pre- and peri-operative factors are implicated in early brain development

and may confer neuropsychiatric vulnerability [Glauser et al., 1990; Fallon et al., 1995;

Miller et al., 1995; Bellinger et al., 1999; Marino et al., 2012]. Presently, studies focus

primarily on early neurodevelopmental outcomes during infancy or pre-school age. There is

a lack of research examining psychiatric disorders in school-aged children or adolescents.

Similarly, studies in 22q11DS have been limited to early neurodevelopmental outcomes and

have not consistently found a correlation between the CHD status and neurodevelopmental

measures [Maharasingam et al., 2003; Gothelf et al., 2004; Swillen et al., 2005; Atallah et

al., 2007; Carotti et al., 2008; Cheung et al., 2013]. These studies suggest that 22q11.2

deletion alone may substantially contribute to neurodevelopmental delays and perhaps to

neuropsychiatric vulnerability. Neuroimaging studies report that CHDs in 22q11DS

correlate with reduction of total cerebral volume and certain cortical regions, and abnormal

gyrification, implicating a role for CHDs in neurodevelopment in 22q11DS [Schaer et al.,

2009, 2010].

We examined whether the high prevalence of psychiatric disorders in 22q11DS was partly

due to effects of CHD on early neurodevelopment. We compared the prevalence of

psychiatric disorders, across three clinical groups: 22q11DS with a CHD, 22q11DS without

a CHD, and non-deleted with a CHD. We chose the age range of 8–14 years old as many

psychiatric disorders are diagnosed during this period in 22q11DS. We also investigated the

effect of CHDs on cognition and applied the Computerized Neurocognitive Battery [Gur et

al., 2010, 2012]. CNB assesses five cognitive domains commonly impaired in 22q11DS—

executive, memory, language, social, and sensorimotor. We hypothesized that 22q11DS

with CHDs group would be associated with a higher prevalence of psychiatric disorders and

neurocognitive impairments than 22q11DS without a CHD or non-deleted individuals with

CHDs.

MATERIALS AND METHODS

Study Population

The sample was drawn from a prospective study, Brain-Behavior and Genetic Studies of the

22q11DS, at the University of Pennsylvania and Children’s Hospital of Philadelphia

(CHOP) [Tang et al., 2013]. All individuals ≥8 years old and with the confirmed diagnosis

of 22q11DS were eligible for the study. They were recruited from the “22q and You Center”

at CHOP and through social media nationally. Inclusion criteria were: age ≥8, ability to

provide informed consent/assent, English proficiency, ambulatory and stable medical status,

and estimated IQ >70 by Wide Range Achievement Test IV (WRAT-IV) [Wilkinson and

Robertson, 2006]. Exclusion criteria were: pervasive developmental disorder per medical

records or mental retardation (IQ < 70), medical or neurological disorders that may affect

brain function (e.g., uncontrolled seizures, head trauma, CNS tumor, and infection) or visual

performance (e.g., blindness). For the present study, data from enrolled participants within

the larger study were selected based on age (8–14 years old). Demographically matched,
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non-deleted CHD participants were recruited from the department of cardiothoracic surgery

at CHOP and underwent identical assessment procedures as the 22q11DS participants.

Of the 54 participants with 22q11DS, 43 had the typical 3 MB pair deletion and 6

participants had 1.5–1.7 MB deletions; deletion size was unknown for five participants. Half

of the participants (n = 27) with 22q11DS were classified as having a CHD (22q-CHD) and

the other half were classified as not having a CHD (22q-noCHD). The 16 non-deleted CHD

(CHD-only) participants had a confirmed CHD with surgical repair and were matched to the

deleted groups in age, gender, and race. They were screened and confirmed to have no

deletion in the chromosome 22q11.2 region or other chromosomal abnormalities. Data from

48 demographically matched, typically developing (TD) participants without known genetic

syndromes, CHD, other medical conditions, or psychopathology were drawn from our

existing cohort [Gur et al., 2012] and served as a comparison group for the Computerized

Neurocognitive Battery analysis.

Cardiac phenotypes, other vascular anomalies and history of cardiac surgery were

determined by review of available medical records by a board certified pediatric cardiologist

(E.G.). All study participants were assessed for CHD status. CHD was defined as having

intra-cardiac defect at birth and included TOF, truncus arteriosus, interrupted aortic arch,

ventricular septal defect, atrial septal defect, biscuspid aortic valve and post-natal persistent

patent ductus arteriosus. Other vascular anomalies such as vascular ring, right aortic arch

with mirror-image branching of brachiocephalic vessels, and aberrant origin subclavian

artery were also noted but not designated as a CHD due to their minimal effect on

circulatory efficiency.

All procedures were approved by the Institutional Review Boards of University of

Pennsylvania and CHOP. Informed consent/assent was obtained from each participant and

accompanying parent at the time of initial evaluation.

Clinical Assessment

Psychopathology was assessed with the Kiddie-Schedule for Affective Disorders and

Schizophrenia [Kaufman et al., 1997], Structured Interview for Prodromal Syndromes

(SIPS) [Miller et al., 2003], and the psychotic and mood diagnoses modules of the

Structured Clinical Interview for DSM-IV (Modules C and D) [First and Gibbon, 2004].

Due to time considerations, only sections for ADHD, mood disorders, generalized anxiety,

separation anxiety, OCD, and substance-related disorders from Kiddie-Schedule for

Affective Disorders and Schizophrenia were included. For assessment of subthreshold and

threshold psychotic symptoms, portions of the Kiddie-Schedule for Affective Disorders and

Schizophrenia psychosis section were integrated into the SIPS. As detailed previously [Tang

et al., 2013], positive, negative and disorganized symptoms were rated on a 7-point scale.

They were designated as typical (0 = “absent,” 1 = “questionably present,” and 2 = “mild”),

clinically significant but subthreshold (3 = “ moderate,” 4 = “moderately severe,” and 5 =

“severe but not psychotic”), or psychotic (6 = “severe and psychotic”). Prodrome diagnoses

were given for at least one positive symptom rated ≥3 or at least two negative and/or

disorganized symptoms rated ≥3. Psychosis spectrum refers to prodrome diagnoses based on

SIPS and psychotic disorders.
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The participants’ overall disease burden and function was rated using the SIPS Global

Assessment of Function (GAF) [Miller et al., 2003]. Current reading level was estimated

using the WRAT-IV reading segment, and serves as an estimate of IQ.

Participants were examined by a psychiatrist and semi-structured interviews were

administered by supervised research assistants. Participants age 8–10 were assessed with

parent interviews alone and age 11–14 with independent proband and collateral interviews.

Each interview information and medical records were integrated into a summary and

presented for a case conference where consensus diagnosis was reached by at least two

doctoral-level clinicians (J.Y., M.E.C., and R.E.G).

As detailed previously [Gur et al., 2010, 2012], the CNB evaluates accuracy (number of

correct responses) and speed (response time to correct responses) on the following domains:

Executive—abstraction and mental-flexibility, attention, working memory; Episodic

memory—verbal memory, face memory, spatial memory; Complex cognition—language,

nonverbal reasoning, spatial processing; Social cognition—emotion identification, emotion

differentiation, age differentiation; Praxis speed—motor speed and sensorimotor speed.

Data Analysis

Clinical data were analyzed with SAS version 9.3 (SAS Institute Inc., Cary, NC).

Categorical variables were analyzed using Fisher’s Exact test while continuous variables

were analyzed with single-factor analysis of variance. The z-scores of CNB speed and

accuracy were calculated based on the TD participants [Gur et al., 2012]. Missing CNB

values (0.48% of CHD-only, 8.83% of 22q-noCHD and 6.12% of 22q-CHD) were excluded

from the corresponding analysis. The Z-scores less than four standard deviation from mean

of demographically matched TD group were set to a floor value of −4 to reduce undue

influence of outliers. The Z-scores for each cognitive domain were calculated by averaging

the Z-scores of the corresponding CNB measures (i.e., Executive function = abstraction and

mental-flexibility, attention, working memory; memory = verbal memory, face memory,

spatial memory; complex cognition = language, non-verbal learning, spatial processing;

Social cognition = emotional identification, emotional differentiation, age differentiation;

praxis speed = sensorimotor, motor). The Z-scores were analyzed using linear mixed effects

model approach. Each analysis included fixed effects for group, performance (accuracy or

speed) and interaction terms. Random effect for subject was included and accounts for the

repeated measurements from each subject. When the group effect was significant,

performance effect was further analyzed in a pairwise comparison among different groups.

Subsequently, two-tailed t-test with equal variance was performed for each CNB measure.

For most analysis, variances were equal between the comparison groups and exceptions

were noted in Table III. Cohen’s d effect size was also calculated for each CNB measure.

RESULTS

Study Population

Demographic information for the three groups is presented in Table I. The age range for the

CHD-only group was 9–13 years old while it was 8–14 for the 22q11DS groups. Overall,
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60% of participants were male and 40% were female. A higher ratio of males was present in

the 22q11DS groups compared to CHD-only group. The majority of participants across

groups were Caucasians. There was no statistically significant difference in the distributions

of age, gender, race, or parental education among the groups. WRAT-IV and GAF scores

were significantly higher for the CHD-only group compared to 22q11DS groups. There were

no significant differences in WRAT-IV and GAF scores between the 22q11DS groups.

CHD Phenotype

The 22q-CHD group represents seven different types of CHD (Table II), while only three

different variants of CHD (TOF, ventricular septal defect, and interrupted aortic arch)

constituted the CHD phenotype in the CHD-only group. TOF was the most common defect

found in both groups. It constituted 38% and 26% of CHD variants in CHD-only and 22q-

CHD group, respectively. In the CHD-only group, ventricular septal defect was the next

most common defect (56%) while in 22q-CHD group, interrupted aortic arch was the second

most common defect (22%). The difference in the distribution pattern of CHD variants was

statistically significant (P < 0.05).

The majority of 22q11DS participants also had other vascular anomalies (Table II). Forty

percent of 22q-noCHD and 70% of 22q-CHD groups had vascular anomalies while these

diagnoses were unavailable in the CHD-only group. All of the CHD-only participants had

cardiac surgery while 78% of 22q-CHD participants had surgery. This difference was not

statistically significant. Six 22q-CHD participants (one with atrial septal defect, one with

biscuspid aortic valve and four with post-natal persistent patent ductus arteriosus) did not

have cardiac surgery.

Psychopathology in Association With CHD

To examine the association between CHD and psychopathology in 22q11DS, the prevalence

of psychiatric disorders was compared among the CHD-only, 22q-noCHD and 22q-CHD

groups (Fig. 1). Significant differences were present for ADHD, psychosis spectrum and

overall psychiatric burden between the CHD-only and 22q11DS groups. Forty-one percent

and 37% in 22q-noCHD and 22q-CHD group, respectively, had ADHD compared to 6% in

CHD-only group. Sixty-four percent of 22q-noCHD and 71% of 22q-CHD had a psychosis

spectrum diagnosis compared to only 13% in CHD-only group. Prodrome diagnosis

constituted the majority (94% of 22q-noCHD and 85% of 22q-CHD) of psychosis spectrum

(Supplementary Table I). The majority of 22q11DS participants (85% in 22q-noCHD and

89% in 22q-CHD), regardless of CHD status, had at least one psychiatric diagnosis while

only 31% of CHD-only group had one or more diagnosis. The differences in prevalence of

ADHD, psychosis spectrum or overall psychiatric burden within the 22q11DS groups were

not significant. There was no significant difference for anxiety disorders and major

depressive disorder among the three groups.

Because the six participants without cardiac surgery were unlikely to have had the same

degree of hemodynamic instability as those who had undergone surgery, the analyses were

repeated after excluding these participants. The significant effects remained unaltered.
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Computerized Neurocognitive Battery (CNB)

Figure 2 presents the Z-scores of (A) accuracy and (B) speed of each CNB measure for each

group, with results of significance testing presented in Table III. Overall, both 22q11DS

groups performed significantly worse in accuracy than the CHD-only group across all

measures. The overall pattern for accuracy was similar between the 22q11DS groups with

the exception of emotion-identification, in which the 22q-noCHD performed worse than the

22q-CHD group. A significant overall effect, across all four groups, was present for group

(F = 40.39, df = 3, 113 and P < 0.0001), measure (F = 4.86, df = 11, 113 and P < 0.0001),

and group × measure interaction term (F = 2.0, df = 33, 113 and P = 0.004). There was no

significant difference in accuracy across all cognitive domains between 22q-noCHD and

22q-CHD (Table III). The 22q11DS groups showed significant impairment across most of

the domains compared to the CHD-only group (effect size ranged from −0.74 to −2.03) and

TD group (effect size ranged from −1.22 to −2.07). There was no significant difference for

all measures in accuracy between the CHD-only and TD group (Supplementary Table II).

For speed, the overall patterns were similar among the three groups (Fig. 2). The 22q-CHD

group had decreased speed in attention, verbal memory, face memory, spatial-processing,

emotion-identification, and sensorimotor relative to the other three groups; the 22q11DS

groups were slower than the CHD-only group in emotion-identification and motor speed; the

22q11DS groups and CHD-only group were faster than TD group in emotion-differentiation

and age-differentiation; the CHD-only group was slower than 22q11DS groups in

abstraction and mental-flexibility, spatial memory, language and non-verbal learning.

There was no significant overall effect, across the four groups, for group (F = 2.69, df = 3,

114 and P = 0.05); however, there was a significant effect for measure (F = 3.82, df = 13,

114 and P < 0.0001) and group x measure interaction term (F = 1.94, df = 39, 114 and P =

0.004) across the four groups. There was no significant difference in speed for all domains

between 22q-noCHD and 22q-CHD (Table III). For most measures, there was no significant

difference between the 22q11DS groups and CHD-only or TD group (Supplementary Table

II). Exceptions were: the 22q11DS groups were significantly slower in non-verbal learning

and emotion-identification, compared to CHD-only; they were also slower in face memory,

emotion-identification and age-differentiation, compared to TD only; the CHD-only group

was significantly slower than TD group only in non-verbal learning.

The analysis for the 22q-CHD group was repeated after excluding the six participants

without cardiac surgery. The results remained the same except that the accuracy of spatial

memory became significant (from P = 0.07 to P = 0.04) when compared between the 22q-

CHD and CHD-only group.

DISCUSSION

Individuals with 22q11DS have high neuropsychiatric and medical burdens. CHD is one of

the most common medical conditions in 22q11DS and has been independently implicated in

early neurodevelopmental delays in non-deleted populations. We hypothesized that in

22q11DS, CHDs may potentiate the neuropsychiatric burden manifested later in

development. We therefore examined the association between CHDs and neuropsychiatric
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outcomes in school-age children with 22q11DS. We included a 22q-noCHD comparison

group to control for the 22q11.2 deletion background and examine the effect of CHD alone.

We found that individuals with 22q11DS are at increased risk for psychiatric disorders and

neurocognitive deficits regardless of CHD status. The majority of participants with

22q11DS had at least one psychiatric diagnosis. In agreement with other studies [Gothelf et

al., 2004, 2007; Green et al., 2009; Niklasson et al., 2009; Jolin et al., 2012; Tang et al.,

2013], they had high prevalence of ADHD, anxiety disorders and psychosis spectrum, which

was most common. The majority of psychosis spectrum individuals exhibited subthreshold

symptoms rather than threshold psychotic disorders. Our rate of subthreshold psychosis was

higher than previously reported and this may reflect ascertainment bias, variability in

assessment methods and the instability of psychosis phenomenon in developing children.

SIPS ratings have not been validated in developmentally delayed children. Although it is

likely sensitive in detecting subthreshold symptoms in children, the SIPS ratings may not be

specific enough and a portion of subthreshold symptoms observed is likely better accounted

for by developmental challenges and high level of anxiety in 22q11DS population. We plan

to address this issue with a larger sample of 22q11DS in the future.

Notably, the prevalence rates of all psychiatric disorders evaluated were comparable

between the two 22q11DS groups. ADHD and psychosis spectrum were significantly higher

in the 22q11DS groups than in the non-syndromic CHD-only group, but there was no such

contrast for anxiety disorders or major depressive disorder. This lack of a CHD effect on

psychopathology in 22q11DS could be due to several possibilities. The neurodevelopmental

vulnerability conferred by 22q11.2 deletion may dominate and obscure the effect of CHD.

These attenuated effects of CHD are detectable by neuroimaging studies [Schaer et al.,

2009, 2010]. However, while these studies demonstrate effect of CHD on brain morphology,

it is unclear how they correlate with neuropsychiatric outcomes. CHD is one of many

modifying factors involved in the development of psychiatric disorders in 22q11DS. Sample

size and time limitations currently preclude investigation of other potential risk factors such

as additional co-occurring medical conditions, family history of mental illness and

psychosocial stressors. We are likewise unable to account for potential protective factors,

such as early mental health utilization, consistent medical care and supportive family

environment. The effects of CHD observed in early neurodevelopment may be compensated

later in development. Previous studies examining non-deleted school-age children with CHD

showed higher rates of learning difficulties, ADHD, anxiety, and behavioral issues and

suggest that the CHD effect may persist into later in development [Karsdorp et al., 2007;

Shillingford et al., 2008; Marino et al., 2012]. However, it is difficult to draw a conclusion

due to the cross-sectional nature and variability of assessment tools used in these studies.

We observed no difference in the rates of anxiety disorder and major depressive disorder

among the CHD-only and 22q11DS groups. The prevalence of major depressive disorder

was relatively low in our 22q11DS sample compared to other studies [Fabbro et al., 2012;

Jolin et al., 2012] and may reflect ascertainment and assessment bias. In agreement with

other studies [Karsdorp et al., 2007; Spijkerboer et al., 2008; Marino et al., 2012], anxiety

disorders were elevated in the CHD-only group relative to the expected rate in the general
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population; thus, the prevalence of anxiety disorders is comparable to the levels observed in

the 22q11DS groups.

Similar to the findings in psychopathology, we did not observe significant differences in

neurocognitive profiles between the 22q11DS groups. Moreover, 22q11DS groups showed a

robust reduction in accuracy compared to both CHD-only and TD individuals, suggesting

that the observed neurocognitive impairments in 22q11DS are not attributable to cardiac

anomalies and their sequelae. 22q11DS groups were particularly impaired in social

cognition domain, performing poorly in both accuracy and speed. CHD-only group also

performed poorly in social cognition but only in speed. This difference in the type of

impairment suggests that different brain regions could be affected in these groups. Notably,

our neurocognitive data showed no clear deficit in the CHD-only group compared to the TD

group, suggesting that the effect of CHD or heart surgery status may not persist into school-

age. However, the type of CHD and severity of complications related to surgery may affect

the cognitive outcomes. Due to a relatively small sample size, we could not match the study

groups to specific CHD.

Limitations

Previous studies have suggested that the complexity of CHD and extent of hemodynamic

compromise measured by perinatal and perioperative hypoxia in non-syndromic population

is correlated with worsening developmental delays and functional outcomes [Karsdorp et al.,

2007; Marino et al., 2012]. In the current study, we did not measure these aspects of CHD

and therefore could not investigate their relationship to neuropsychiatric outcome. It will be

important to consider such measures in future studies.

Because the study focused on brain-behavior measures, we included individuals without

significant intellectual disabilities and the results may not be generalized to patients with

more marked impairment. Similarly, the age range of 8–14 precludes generalization to

individuals with the deletion younger or older than the selected range. Notably, the pattern

of neurocognitive deficits observed in this sample is similar to that reported in younger

children and in older adolescents and young adults.

CONCLUSION

Although we cannot rule out subtle contributions of CHD to psychopathology due to a

relatively small sample size, the similar outcomes within the 22q11DS groups suggest that

the effect of CHD is obscured by the more prominent risk associated with 22q11DS itself.

Other modifying factors are at play in the emergence of psychiatric disorders and

longitudinal cohort studies will allow identification of such factors in this vulnerable

population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
Prevalence of psychiatric disorders in CHD-only, 22q-noCHD and 22q-CHD. Anxiety

disorder, anxiety disorder-not otherwise specified, generalized anxiety disorder, separation

anxiety disorder, and obsessive-compulsive disorder. MDD, major depressive disorder.

ADHD, attention deficient hyperactivity disorder. Psychosis spectrum, positive and negative

prodrome diagnosis based on Structured Interview for Psychosis Risk Syndrome and

psychotic disorders. Psychiatric burden, at least one psychiatric diagnosis. P-values are

determined by Fisher’s Exact test. NS designates non-significance (P > 0.05).
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FIG. 2.
Computerized neurocognitive battery profile in CHD-only, 22q-noCHD and 22q-CHD.

ABF, abstraction, mental-flexibility; ATT, attention; WM, working memory; WME, verbal

memory; FME, face memory; SME, spatial memory; LAN, language; NVR, non-verbal

learning; SPA, spatial processing; EMI, emotion identification; EMD, emotion

differentiation; AGD, age differentiation; SM, sensorimotor; MOT, motor.
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TABLE II

CHD Phenotype of Participants With CHD-Only, 22q-noCHD, and 22q-CHD

CHD-only 22q-noCHD 22q-CHD P-value

CHD phenotype 0.02

 Tetralogy of fallot (%) 6 (38) — 7 (26)

 Interrupted aortic arch (%) 1 (6) — 6 (22)

 Ventricular septal defect (%) 9 (56) — 2 (7)

 Truncus arteriosus (%) 0 — 5 (19)

 Patent ductus arteriosus (%) 0 — 4 (15)

 Atrial septal defect (%) 0 — 2 (7)

 Biscuspid aortic valve (%) 0 — 1 (4)

Other vascular anomaliesa NS

 yes (%) — 11 (40) 19 (70)

 no (%) — 8 (30) 5 (19)

 unknown (%) 16 (100) 8 (30) 3 (11)

CHD surgery (%) 16 (100) — 21 (78) NS

P-values are determined by Fisher’s exact test. NS designates non-significance (P > 0.05).

a
Includes vascular ring, right aortic arch with mirror-image branching of brachiocephalic vessels, and aberrant origin subclavian artery.

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2014 September 04.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Yi et al. Page 18

T
A

B
L

E
 II

I

Pa
ir

w
is

e 
A

na
ly

si
s 

of
 C

og
ni

tiv
e 

D
om

ai
ns

 A
ss

es
se

d 
in

 C
om

pu
te

ri
ze

d 
N

eu
ro

co
gn

iti
ve

 B
at

te
ry

G
ro

up
s 

A
 v

s.
 g

ro
up

 B
M

ea
su

re
a

D
f

A
cc

ur
ac

y
Sp

ee
d

F
 o

r 
tb

P
-v

al
ue

C
oh

en
’s

 d
c

F
 o

r 
tb

P
-v

al
ue

C
oh

en
’s

 d
c

22
q-

C
H

D
 v

s.
 2

2q
-n

oC
H

D

O
ve

ra
ll

1,
 5

1
1.

70
0.

20
—

3.
55

0.
06

—

E
xe

cu
tiv

e 
fu

nc
tio

n
51

0.
72

0.
47

0.
20

−
0.

78
0.

44
−

0.
21

M
em

or
y

50
1.

02
0.

31
0.

28
−

1.
35

0.
18

−
0.

38

C
om

pl
ex

 c
og

ni
tio

n
51

0.
39

0.
70

0.
11

0.
55

0.
59

0.
15

So
ci

al
 c

og
ni

tio
n

50
1.

88
0.

07
0.

52
−

0.
74

0.
47

−
0.

20

Pr
ax

is
 s

pe
ed

52
−

0.
79

0.
44

−
0.

21

22
q-

C
H

D
 v

s.
 C

H
D

-o
nl

y

O
ve

ra
ll

1,
 4

1
28

.9
6

<
0.

00
1d

—
1.

39
0.

24
—

E
xe

cu
tiv

e 
fu

nc
tio

n
41

−
2.

35
0.

02
d

−
0.

74
−

0.
64

0.
53

−
0.

20

M
em

or
y

40
−

4.
41

<
0.

00
1d

−
1.

40
−

0.
61

0.
54

−
0.

19

C
om

pl
ex

 c
og

ni
tio

n
41

−
4.

52
<

0.
00

1d
−

1.
43

1.
87

0.
07

0.
59

So
ci

al
 c

og
ni

tio
n

40
−

4.
12

<
0.

00
1d

−
1.

31
−

2.
20

0.
03

d
−

0.
70

Pr
ax

is
 s

pe
ed

41
−

1.
14

0.
26

−
0.

36

22
q-

C
H

D
 v

s.
 T

D

O
ve

ra
ll

1,
 7

3
62

.0
6

<
0.

00
1d

—
7.

48
<

0.
01

d
—

E
xe

cu
tiv

e 
fu

nc
tio

ne
73

−
5.

08
<

0.
00

1d
−

1.
22

−
1.

22
0.

23
−

0.
29

M
em

or
y

72
−

5.
67

<
0.

00
1d

−
1.

38
−

1.
95

0.
05

−
0.

48

C
om

pl
ex

 c
og

ni
tio

n
73

−
6.

11
<

0.
00

1d
−

1.
47

0.
53

0.
60

0.
13

So
ci

al
 c

og
ni

tio
ne

72
−

5.
60

<
0.

00
1d

−
1.

36
−

1.
63

0.
11

−
0.

40

Pr
ax

is
 s

pe
ed

73
−

1.
48

0.
14

−
0.

36

22
q-

no
C

H
D

 v
s.

 C
H

D
-o

nl
y O

ve
ra

ll
1,

 4
0

42
.4

7
<

0.
00

1d
—

0.
02

0.
9

—

E
xe

cu
tiv

e 
fu

nc
tio

n
40

−
2.

96
<

0.
01

d
−

0.
94

0.
09

0.
93

0.
03

M
em

or
ye

40
−

4.
94

<
0.

00
1d

−
1.

57
0.

54
0.

59
0.

17

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2014 September 04.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Yi et al. Page 19

G
ro

up
s 

A
 v

s.
 g

ro
up

 B
M

ea
su

re
a

D
f

A
cc

ur
ac

y
Sp

ee
d

F
 o

r 
tb

P
-v

al
ue

C
oh

en
’s

 d
c

F
 o

r 
tb

P
-v

al
ue

C
oh

en
’s

 d
c

C
om

pl
ex

 c
og

ni
tio

n
40

−
5.

21
<

0.
00

1d
−

1.
66

1.
38

0.
17

0.
44

So
ci

al
 c

og
ni

tio
n

40
−

6.
38

<
0.

00
1d

−
2.

03
−

1.
38

0.
18

−
0.

44

Pr
ax

is
 s

pe
ed

41
−

0.
41

0.
68

−
0.

13

22
q-

no
C

H
D

 v
s.

 T
D

O
ve

ra
ll

1,
 7

2
89

.8
1

<
0.

00
1d

—
0.

14
0.

71
—

E
xe

cu
tiv

e 
fu

nc
tio

ne
72

−
6.

03
<

0.
00

1d
−

1.
47

−
0.

18
0.

86
−

0.
04

M
em

or
y

72
−

6.
64

<
0.

00
1d

−
1.

62
0.

02
0.

98
0.

01

C
om

pl
ex

 c
og

ni
tio

n
72

−
6.

82
<

0.
00

1d
−

1.
66

−
0.

14
0.

89
−

0.
03

So
ci

al
 c

og
ni

tio
n

72
−

8.
51

<
0.

00
1d

−
2.

07
−

0.
47

0.
64

−
0.

11

Pr
ax

is
 s

pe
ed

73
−

0.
43

0.
67

−
0.

10

C
H

D
-o

nl
y 

vs
. T

D

O
ve

ra
ll

1,
 6

2
0.

09
0.

76
—

0.
32

0.
57

—

E
xe

cu
tiv

e 
fu

nc
tio

n
62

−
1.

30
0.

20
−

0.
38

−
0.

30
0.

77
−

0.
09

M
em

or
y

62
−

0.
04

0.
97

−
0.

01
−

0.
77

0.
44

−
0.

22

C
om

pl
ex

 c
og

ni
tio

n
62

0.
12

0.
91

0.
03

−
1.

79
0.

08
−

0.
52

So
ci

al
 c

og
ni

tio
n

62
0.

23
0.

82
0.

07
1.

71
0.

09
0.

49

Pr
ax

is
 s

pe
ed

62
0.

14
0.

89
0.

04

a E
ac

h 
co

gn
iti

ve
 d

om
ai

n 
is

 a
 c

om
po

si
te

 s
co

re
 o

f 
re

sp
ec

tiv
e 

C
N

B
 ta

sk
s 

(E
xe

cu
tiv

e 
fu

nc
tio

n 
=

 a
bs

tr
ac

tio
n 

an
d 

m
en

ta
l-

fl
ex

ib
ili

ty
, a

tte
nt

io
n 

an
d 

w
or

ki
ng

 m
em

or
y;

 M
em

or
y 

=
 v

er
ba

l m
em

or
y,

 f
ac

e 
m

em
or

y,
 a

nd
sp

at
ia

l m
em

or
y;

 C
om

pl
ex

 c
og

ni
tio

n 
=

 la
ng

ua
ge

, n
on

-v
er

ba
l l

ea
rn

in
g 

an
d 

sp
at

ia
l p

ro
ce

ss
in

g;
 S

oc
ia

l c
og

ni
tio

n 
=

 e
m

ot
io

na
l i

de
nt

if
ic

at
io

n,
 e

m
ot

io
na

l d
if

fe
re

nt
ia

tio
n 

an
d 

ag
e-

di
ff

er
en

tia
tio

n;
 P

ra
xi

s 
sp

ee
d 

=
se

ns
or

im
ot

or
 a

nd
 m

ot
or

).

b L
in

ea
r 

m
ix

ed
 e

ff
ec

ts
 m

od
el

 w
as

 u
se

d 
to

 a
ss

es
s 

th
e 

gr
ou

p 
ef

fe
ct

 a
cr

os
s 

al
l m

ea
su

re
s 

an
d 

su
bs

eq
ue

nt
ly

, e
ac

h 
co

gn
iti

ve
 d

om
ai

n 
w

as
 a

na
ly

si
ze

d 
in

 a
 p

ai
rw

is
e 

gr
ou

p 
fa

sh
io

n,
 u

si
ng

 th
e 

tw
o-

ta
ile

d,
 e

qu
al

va
ri

an
ce

 t-
te

st
.

c C
oh

en
’s

 d
 e

ff
ec

t s
iz

e 
w

as
 c

al
cu

la
te

d 
by

 d
iv

id
in

g 
th

e 
m

ea
n 

di
ff

er
en

ce
 (

m
ea

n 
of

 G
ro

up
 A

—
m

ea
n 

of
 G

ro
up

 B
) 

by
 p

oo
le

d 
st

an
da

rd
 d

ev
ia

tio
n;

 n
eg

at
iv

e 
va

lu
e 

in
di

ca
te

s 
w

or
se

 p
er

fo
rm

an
ce

.

d Si
gn

if
ic

an
ce

 w
ith

 P
 <

 0
.0

5.

e A
na

ly
si

s 
w

ith
ou

t e
qu

al
 v

ar
ia

nc
e.

 T
D

, t
yp

ic
al

ly
 d

ev
el

op
in

g.
 D

f,
 d

eg
re

es
 o

f 
fr

ee
do

m
.

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2014 September 04.


