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Abstract
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Increasingly, the effects of copy number variation (CNV) in the genome on brain function and
behaviors are recognized as means to elucidate pathophysiology of psychiatric disorders. Such
studies require large samples and we characterized the neurocognitive profile of two cohorts of
individuals with 22q11.2 deletion syndrome (22q11DS), the most common CNV associated with
schizophrenia, in an effort to harmonize phenotyping in multi-site global collaborations. The Penn
Computerized Neurocognitive Battery (PCNB) was administered to individuals with 22q11DS in
Philadelphia (PHL; n=155, aged 12–40) and Tel Aviv (TLV; n=59, aged 12–36). We examined
effect sizes of performance differences between the cohorts and confirmed the factor structure of
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PCNB performance efficiency in the combined sample based on data from a large comparison
community sample. The cohorts performed comparably with notable deficits in executive function,
episodic memory and social cognition domains that were previously associated with abnormal
neuroimaging findings in 22q11DS. In mixed model analysis, while there was a main effect for
site for accuracy (number of correct response) and speed (time to correct response) independently,
there were no main site effects for standardized efficiency (average of accuracy and speed). The fit
of a structural model was excellent indicating that PCNB tests were related to the targeted
cognitive domains. Thus, our results provide preliminary support for the use of the PCNB as an
efficient tool for neurocognitive assessment in international 22q11DS collaborations.
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1. Introduction
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There is growing evidence that copy number variation (CNV) in the genome can impact
brain function and may underlie some symptoms and cognitive deficits present in
neuropsychiatric disorders (Malhotra & Sebat, 2012). The 22q11.2 deletion syndrome
(22q11DS) is a common CNV, affecting approximately 1 in 4000 live births (Botto et al.,
2003; Goodship, Cross, LiLing, & Wren, 1998). A hemizygous deletion of about 60 known
genes (Drew et al., 2011) typically occurs de novo during meiotic recombination, mediated
by low-copy repeats on the chromosome 22q11.2 region (Edelmann, Pandita, & Morrow,
1999; Shaikh et al., 2000). This mutation causes extensive phenotypic manifestations.
Anomalies including congenital heart defect, thymic and palatal defects, abnormal facies
and hypoparathyroidism are common (Bassett et al., 2005; Botto et al., 2003; McDonaldMcGinn et al., 1999; Ryan et al., 1997). High incidences of cortical abnormalities (Bingham,
Lynch, McDonald-McGinn, & Zackai, 1998; Jalbrzikowski et al., 2013; Lynch et al., 1995;
Schaer et al., 2009; Schmitt, Vandekar, et al., 2014; Schmitt, Yi, et al., 2014; Tan, Arnone,
McIntosh, & Ebmeier, 2009), developmental delays and learning difficulties in humans
(Gerdes et al., 1999; Sobin et al., 2005; Swillen & McDonald-McGinn, 2015; Woodin et al.,
2001) and analogous findings in animal models (Fenelon et al., 2013; Karayiorgou, Simon,
& Gogos, 2010; Meechan, Tucker, Maynard, & LaMantia, 2009) have consistently
implicated aberrant neurodevelopment in 22q11DS. Additionally, many neuropsychiatric
conditions emerge during development. Attention deficit/hyperactivity disorder, autism
spectrum disorder and anxiety disorders are prevalent in childhood, while mood disorders
emerge during adolescence (Green et al., 2009; Schneider et al., 2014). Strikingly high rates
of subthreshold psychotic features are observed in adolescents with 22q11DS (Esterberg,
Ousley, Cubells, & Walker, 2013; Schneider et al., 2012; Stoddard, Niendam, Hendren,
Carter, & Simon, 2010; Tang et al., 2014) and approximately 25% of affected individuals
develop schizophrenia (Bassett & Chow, 2008). This 25-fold increased risk relative to the
general population makes the 22q11.2 microdeletion one of the most significant copy
number variations associated with schizophrenia (Hiroi et al., 2013; Rees et al., 2014; Xu et
al., 2008).
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Neurocognitive dysfunction is a central feature of non-22q11DS schizophrenia spectrum
disorders – deficits in global cognitive function as well as in specific domains including
memory, executive and social functioning have been well characterized (Kahn & Keefe,
2013). Impairments in these domains are also found in the clinical high-risk population
(Cosway et al., 2000; Keefe et al., 2006) and family members of patients (Cannon et al.,
2000), implicating such deficits as important endophenotypes of schizophrenia. Similarly,
impairments in executive function, social cognition, non-verbal memory, working-memory
and visual-spatial function have been reported in 22q11DS (Gerdes et al., 1999; Moss et al.,
1999; Swillen et al., 1999). Notably, a decline in verbal IQ has been associated with the
emergence of psychotic disorders in 22q11DS (Vorstman et al., 2015), a finding also present
in the non-22q11DS schizophrenia spectrum disorders (Hedman, van Haren, van Baal,
Kahn, & Hulshoff Pol, 2013). The deficits in comparable neurocognitive domains between
the 22q11DS and non-deleted populations suggest that they may share defects in similar
neural networks.

Author Manuscript

Individuals with 22q11DS have abnormal brain development that is associated with
cognitive deficits, providing a valuable model for investigating neural circuitry. Several
studies have examined neural networks with functional MRI during task performance and in
resting-state. Montojo et al found that individuals with 22q11DS had reduced activation of
frontal cortical and basal ganglia regions that are associated with response inhibition during
the Stop-signal task when compared to matched controls (Montojo et al., 2015). In another
study, Montojo et al showed that individuals with 22q11DS had reduced activation of
intraparietal sulcus and superior frontal sulcus during spatial working memory task
compared to matched controls (Montojo et al., 2014). Additionally, Azuma et al found that
patients with 22q11DS have reduced activation of fusiform-extrastriate cortices, anterior
cingulate cortex and superomedial prefrontal cortices when viewing increasing intensity of
expression of fear and disgust (Azuma et al., 2015). Notably, reduced activation of
abovementioned brain regions that are implicated in inhibitory control, working memory and
facial emotion processing were further correlated with levels of impulsivity, subthreshold
psychotic symptoms and social difficulties, respectively (Azuma et al., 2015; Montojo et al.,
2014; Montojo et al., 2015). Resting state studies have consistently found decreased
connectivity within the default mode network (DMN) and lack of age-related maturation of
these networks (Debbane et al., 2012; Padula et al., 2015; Schreiner et al., 2014). Taken
together, the associated high genetic risk and deficits in neurocognitive function and neural
networks make the 22q11DS a promising prodrome model for schizophrenia (Jonas,
Montojo, & Bearden, 2014) that is investigated in an international collaboration (Vorstman
et al., 2015).
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Multicenter genomic studies are needed to generate large datasets for integration across
different phenotypic units of analyses including neurocognition. Traditional neurocognitive
batteries have several limitations in large-scale multicenter studies owing to their length,
complexity of administration and scoring, and vulnerability of manual data handling. The
Penn Computerized Neurocognitive Battery (PCNB) was developed to overcome these
limitations and to facilitate comprehensive neurocognitive assessments in large-scale
multicenter studies (Gur et al., 2010). The PCNB consists of 14 tests, designed to assess 5
neurocognitive domains: Executive Function, Episodic Memory, Complex Cognition, Social
Brain Cogn. Author manuscript; available in PMC 2017 July 01.
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Cognition and Sensorimotor Speed (Gur et al., 2012). It takes approximately 1 hour to
complete. Recently, it was utilized to characterize the neurocognitive performances of about
10,000 youths in the Philadelphia Neurodevelopmental Cohort (PNC) (Calkins et al., 2014).
It has established psychometric properties validating its factor structure (Moore, Reise, Gur,
Hakonarson, & Gur, 2015). Additionally, it was validated using functional neuroimaging
(Roalf et al., 2014).

Author Manuscript

The PCNB has been applied in multiple genomic studies (Gur et al., 2015; Kos et al., 2015;
Robinson et al., 2015) and more recently, in patients with the 22q11.2 deletion syndrome
(22q11DS). We reported that predicted cognitive age, based on PCNB performance, was on
average 2–3 years behind those of non-22q11DS individuals with other forms of
developmental delays (R. E. Gur et al., 2014). Additionally, our recent analysis
demonstrated that poor PCNB performance was associated with decreased overall
functioning in individuals with 22q11DS (Yi et al., 2015). To examine a larger dataset
required in a genetic study, we sought to harmonize our measures with other established
sites with 22q11DS cohorts. We have translated PCNB into Hebrew, administered it to a
22q11DS cohort in Israel and conducted mixed model analysis to examine the effect of site
on PCNB performance. We then compared the effect size of differences in performance
between the Philadelphia (PHL) and Tel Aviv (TLV) 22q11DS cohorts. Finally, we
confirmed the factor structure of PCNB efficiency in the combined sample based on our
previous findings from the Philadelphia Neurodevelopmental Cohort (Moore et al., 2015).

2. Methods
2.1. Participants
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2.1.1. Philadelphia 22q11DS cohort—The data for the current study was drawn from
the PHL 22q11DS cohort established through the Brain-Behavior and Genetic Studies of the
22q11DS, a collaborative project between the Children’s Hospital of Philadelphia (CHOP)
and University of Pennsylvania. The study aims to characterize the developmental trajectory
of 22q11DS and has been recruiting individuals with 22q11DS from the “22q and You
Center” at CHOP and nationally through social media. Inclusion criteria were: ability to
provide informed consent/assent, proficiency in English, medical stability, and IQ ≥70 by
available records or standardized score ≥70 on the reading section of the Wide Range
Achievement Test-IV (Wilkinson & Robertson, 2006). Exclusion criteria were: pervasive
developmental disorder (PDD), IQ <70, medical conditions that may affect brain function
(e.g., uncontrolled seizures, head trauma, brain tumors or infections). Individuals with PDD
or IQ <70 were excluded to increase the reliability of the assessments and generalizability of
findings to the non-22q11DS population. At the time of this study, approximately 260
participants had been enrolled and received PCNB. The 22q11.2 deletion status for all
participants was confirmed using multiplex ligation-dependent probe amplification (Jalali et
al., 2008). University of Pennsylvania and CHOP Institutional Review Boards approved all
study procedures associated with the PHL cohort. All participants or parents in the PHL
cohort provided informed consent/assent prior to participating in the study.
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2.1.2. Tel Aviv 22q11DS cohort—TLV 22q11DS cohort was recruited from the
Behavioral Neurogenetics Center, Sheba Medical Center, Tel Aviv University, Israel. This
center receives referrals of individuals with 22q11DS from across Israel. For the current
study, 59 individuals with 22q11DS were recruited and received the Hebrew version of
PCNB. Inclusion criteria were FSIQ ≥ 60, ability to provide informed consent/assent,
proficiency in Hebrew, lack of medical conditions that may affect brain function (e.g., brain
tumors and uncontrolled seizures). The 22q11.2 deletion status in TLV cohort was confirmed
with a fluorescent in situ hybridization and multiple ligation-dependent probe amplification
tests (Michaelovsky et al., 2012). The Institutional Review Board of Sheba Medical Center
approved all procedures relevant to the TLV cohort. All participants or parents in the TLV
cohort provided informed consent/assent prior to participating in the study.
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2.1.3. A subset of PHL cohort for the current study—The PHL 22q11DS cohort
was demographically different from the TLV cohort. The age range for TLV cohort was 12
to 36 years while the PHL cohort’s age range was 8 to 52 years. Additionally, the TLV
cohort was comprised of all Caucasians. Therefore, to demographically match the two
samples, younger (<12 years) and older (>39 years) and all non-Caucasian participants from
the PHL cohort were excluded in the current study. The resultant PHL sample (n=155) had
comparable demographic features in age, sex, race, participant education, and handedness
(all, p >0.05) to TLV sample (Table 1). The parental education level, the highest number of
years in a formal education setting attained by either parent, was significantly higher in the
PHL cohort (p <0.0001).
2.2. Penn Computerized Neurocognitive Battery (PCNB)
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2.2.1. PCNB—A detailed description of the PCNB is reported elsewhere (Gur et al., 2012;
Gur et al., 2010; Moore et al., 2015). Briefly, PCNB is a 1-hour computerized battery
consisting of 14 tests assessing five neurocognitive domains: Executive Function, Episodic
Memory, Complex Cognition, Social Cognition and Sensorimotor speed. Each test provides
measures of both accuracy (number of correct responses) and speed (median time for correct
responses) except Sensorimotor Processing and Motor Speed tests that provide only the
speed measure. Efficiency score is calculated by averaging the accuracy and speed scores of
each test. Executive Function domain includes Abstraction & Mental-Flexibility, Attention
and Working Memory tests; Episodic Memory includes Verbal, Facial, and Spatial Memory
tests; Complex Cognition is measured by Language Reasoning, Non-Verbal Reasoning and
Spatial Processing tests; Social Cognition is assessed by the Emotion Identification,
Emotion Differentiation and Age Differentiation tests and Sensorimotor Speed is examined
by Motor Speed and Sensorimotor Speed tests.

Author Manuscript

2.2.2. PCNB translation into Hebrew—For the administration of PCNB in the TLV
cohort, a linguist proficient in both English and Hebrew first translated the instruction of
each test into Hebrew. Upon review by senior bilingual researchers (D.G., R.E.G. & R.C.G.),
they were field tried on three non-22q11DS healthy participants and adjustments were made,
prior to administration to 22q11DS participants.
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The Hebrew version of PCNB consisted of the same tests found in the English version with
the exception of omitting tests that required translation of test stimuli in addition to
instructions. These included omission of 30 stimuli from Attention test that contained Latin
alphabets and the entire Verbal Memory and Language Reasoning tests.
2.2.3. PCNB data preparation—For each PCNB test, based on its distribution, outliers
(more than 3 SD away from mean) were removed prior to analysis. For Attention, because
the total number of items administered in the TLV cohort was 30 (just the stimuli containing
Arabic numerals) and in PHL sample it was 60 (both Arabic numerals and Latin alphabets),
the proportion of correct responses out of total items administered was used for accuracy
score. For the current study, only participants who completed >50% of the PCNB were
included. Approximately, 5% of PHL cohort and none of TLV cohorts were excluded for
this reason.

Author Manuscript

2.3. Statistical analyses
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For linear mixed effect model analysis, the accuracy, speed and efficiency scores for each
PCNB test in both PHL and TLV 22q11DS samples were first z-transformed using the mean
and SD of demographically-matched typically developing sample from PNC as previously
described (Gur et al., 2012). The z-transformation allows a comparison of PCNB
performance measures across each test and cognitive domain. For consistency, higher zscores always reflect better performance (e.g., z-scores of response times were multiplied by
−1 so that z-score of +1 and −1 indicates a score that is one SD better or worse than the
mean, respectively). Three independent mixed model analyses (PROC MIXED procedure)
with z-transformed accuracy, speed and efficiency as outcome variables were conducted
using SAS, version 9.4 (SAS Institute Inc., Cary, NC). The mixed model allows for subjects
to be included who are missing one or more of the PCNB values. Each analysis included
fixed effects for Site with Parental Education and the interaction term as covariates. Parental
Education was entered as a covariate as it is known to affect PCNB performance (R. E. Gur
et al., 2014) and was significantly different between the two sites. The random effect for
subject accounted for the repeated measurements from each subject.

Author Manuscript

Comparison of demographic features, effect size calculations and paired t-test of accuracy
and speed scores for each PCNB test between PHL and TLV cohorts were conducted using
JMP, version 11 (SAS Institute Inc., Cary, NC). For effect size, Cohen’s d (Cohen, 1977)
was calculated by subtracting the PHL mean efficiency score from the TLV mean efficiency
score (i.e., mean difference = TLV – PHL) and dividing the difference by a pooled SD. Thus,
a positive Cohen’s d indicates that the TLV cohort did better than PHL while a negative
Cohen’s d indicates that the TLV cohort did worse than PHL in a given test. For t-test, 2tailed equal variance test with a significance level of p <0.05 was used except where
indicated otherwise.
To assess the factor structure of the PCNB, we performed a confirmatory factor analysis
using the PCNB efficiency scores and based on the bifactor (Holzinger, 1937; Reise, Moore,
& Haviland, 2010) structure presented in Moore et al. (2015). However, note that our model
differs slightly from Moore et al. (2015) insofar as our cross-site battery did not include a
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Language Reasoning test or Verbal Memory test. The data from the combined sample was
used. The analysis was conducted with Mplus, version 7 (Muthén & Muthén, 2013) using
maximum likelihood estimation.

3. Results
3.1. Neurocognitive profile across PCNB domains

Author Manuscript

To examine the neurocognitive profiles across tests between the two cohorts, we compared
the z-transformed efficiency scores (Figure 1). Overall, both cohorts had impaired
performance, reflected by negative z-scores across all cognitive domains assessed. The
pattern of performance was similar between the PHL and TLV cohorts with the lowest
performance in Emotion Identification (−1.63 in PHL and −2.28 in TLV) and the best
performance in Spatial Processing (−0.44 in PHL and −0.45 in TLV). Additionally, both
cohorts exhibited impaired performance in two of the Executive Function domain tests,
Attention (−1.26 in PHL and −0.7 in TLV) and Working Memory (−0.8 in PHL and −1.2 in
TLV), as well as in Facial Memory (−1.2 in PHL and −1.3 TLV), a test in the Episodic
Memory domain.
3.2. Linear mixed effect model analysis of standardized PCNB measures

Author Manuscript

To examine the effect of site on neurocognitive profile, we conducted mixed effect model
with z-transformed efficiency score as an outcome variable and site as fixed effect and
parental education and its interaction with site as covariates (Table 2). There was no
significant main effect by site (F1,202 = 0.31, p = 0.58) or parental education (F7,196 =1.64, p
= 0.12). The effect remained non-significant for site even when parental education (F1,195
=0.07, p = 0.79) and site x parental education interaction term (F1,188 = 1.65, p = 0.20) were
entered as covariates. To examine whether there was a site effect on accuracy and speed
measures, we conducted additional mixed effect model analysis with accuracy and speed as
outcome variables (Table S1). We found that there were significant site effects for both
accuracy (F1,202 = 19.53, p<0.001) and speed (F1,202 = 13.99, p = 0.0002). The effects
remained significant even when parental education (Accuracy: F1,195 = 11.82, p = 0.0007;
Speed: F1,195 = 14.03, p =0.0002) and site x parental education interaction term (Accuracy:
F1,188 = 12.16, p =0.0006; Speed: F1,188 = 7.30, p = 0.0075) were entered as covariates
(Table S1).
3.3. Comparison of PCNB Accuracy between PHL and TLV 22q11DS cohorts

Author Manuscript

The accuracy on most PCNB tests was similar between the two cohorts (Table 3). In all
tests, the effect sizes ranged from small (Face Memory, Cohen’s d = −0.15) to medium
(Emotion Identification, d = −0.61). The PHL cohort performed better than the TLV cohort
(negative Cohen’s d) in all tests except in Abstraction and Mental-Flexibility and Attention.
The t-test was significant for Abstraction and Mental-Flexibility (p = 0.01), Non-Verbal
Reasoning (p = 0.01) Age Differentiation (p = 0.02), Working Memory (p = 0.006), Emotion
Identification (p = 0.0008) and Spatial Processing (p <0.0001). However, when Bonferroni
correction for multiple comparisons was applied (Bonferroni corrected p = 0.004), only
Emotion Identification and Spatial Processing remained significant. There were no
significant differences between the two cohorts in any other tests.
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3.4. Comparison of PCNB Speed between PHL and TLV 22q11DS cohorts
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The two cohorts performed comparably in speed (Table 4). The effect size of differences
ranged from small (Abstraction and Mental-Flexibility, d = −0.05) to medium (Emotion
Identification, d = −0.5). There was no large effect size of difference between the two
samples. In seven out of twelve tests (Abstraction and Mental-Flexibility, Working Memory,
Face Memory, Non-Verbal Reasoning, Spatial Processing, Emotion Identification, Age
Differentiation), PHL cohort performed better than the TLV cohort while in the remaining
five tests (Attention, Spatial Memory, Emotion Differentiation, Motor, Sensorimotor), TLV
outperformed the PHL cohort. While t-test was significant for Sensorimotor (p = 0.03), Face
Memory (p = 0.02), Spatial Memory (p = 0.01) and Emotion Identification (p = 0.01), they
did not remain significant when Bonferroni correction was applied (all p > Bonferroni
corrected p of 0.004).
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3.5. Confirmatory bifactor model of PCNB efficiency scores in the PHL 22q11DS cohort
Figure 2 shows the confirmatory bifactor model of the PCNB efficiency scores. The fit of the
model was good (Comparative Fit Index = 0.95; Root Mean-Square Error of Approximation
= 0.056 ±0.021; Standardized Root Mean-Square Residual = 0.041). Results are
standardized such that the variances of the factors are 1.00, and all coefficients are
significant at the p <0.05 level except where indicated by†. The contribution to the general
factor was highest for Non-verbal Reasoning, Emotion Differentiation, Emotion
Identification, and Spatial Processing with loadings of 0.65, 0.59, 0.59, and 0.56,
respectively. By contrast, Attention and Spatial Memory contributed the least to the general
factor, with loadings of 0.33 and 0.38, respectively. Additionally, Social Cognition and
Memory factors were non-significant (p >0.05 for all loadings).

Author Manuscript

4. Discussion
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The 22q11DS is an informative risk model for schizophrenia and provides a unique
opportunity to examine cognitive endophenotypes as well as their association to genetic
findings. Increasingly, large multicenter studies are conducted in genomic investigations to
provide adequate sample size for gene discovery. This is also true in the 22q11DS field and
there is an on-going effort to harmonize assessments across multiple sites through the
International 22q11.2 Brain Behavior Consortium. Notably, because PCNB has been used in
other relevant populations including clinical high risk for psychosis and family members of
schizophrenia (Gur et al., 2015; R. C. Gur et al., 2014), use of PCNB in 22q11DS should
allow a comparison across multiple at-risk populations. In the present study, we have
administered a Hebrew translation of the PCNB to a 22q11DS cohort in Tel Aviv (TLV),
Israel and compared their neurocognitive profile to one of the largest 22q11DS cohorts
based in Philadelphia (PHL), United States.
In agreement with others, we found clear neurocognitive impairments across multiple
domains in 22q11DS. In particular, marked deficits in Executive Function, Episodic
Memory and Social Cognition domains were observed. Notably, there was no significant site
effect on the neurocognitive profile. We have previously demonstrated that higher parental
education was associated with better performance on PCNB (R. E. Gur et al., 2014) and this
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may be due to parental education being an indirect measure of having more resources and
higher socioeconomic status (Shashi et al., 2010). As we did not find a significant main
effect for parental education or for site with parental education and interaction term entered
as covariates, our study showed a minimal mediating effect of parental education.
Additionally, because we did not measure socioeconomic status, the current study could not
directly examine its potential effect on neurocognitive function but can be investigated in
future efforts.
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An overall analysis indicated no site effect for efficiency, but significant effect was found
when accuracy and speed were analyzed separately. Indeed, while a majority of tests did not
survive the Bonferroni correct, there were six tests (two surviving the Bonferrorni correction
and four reaching p <0.05) in accuracy and four (all with p <0.05, but not surviving
Bonferroni correction) in speed that differed between two samples. The efficiency score,
accounting for both accuracy and speed, is an index for the optimal decision making process
in terms of the accuracy/speed trade-off and it reflects the integration of neural processes for
producing an accurate and timely response to a stimulus. The presence of main effects for
accuracy and speed, but not for efficiency, suggests that while the two sites are performing
differently in accuracy and speed in some of tests, when the two measures are combined, the
accuracy/speed trade-off is such that it “cancels out” these differences. It is possible that
differences observed in accuracy and speed could be due to differences in the presence of
psychopathology in two sites. For example, individuals with anxiety disorders, which are
common in 22q11DS, may perform better in accuracy than in speed as they are more likely
to focus on getting the correct answer to avoid negative prompts (e.g., “incorrect answer,
please try again”) that can be perceived as threatening (Bar-Haim, Lamy, Pergamin,
Bakermans-Kranenburg, & van, 2007). In contrast, individuals with hyperactivity and
impulsivity, also equally common in 22q11DS, may do better in speed than in accuracy as
they are more likely to be quick with their responses in general. It would be important to
examine the effect of psychopathology on PCNB performance and we are currently
examining this subject.
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The biggest differences between the two sites were in Accuracy for Emotion Identification
(Cohen’s d = −0.61) and Spatial Processing (d = −0.60) with PHL cohort outperforming
TLV in both tests. The Emotion Identification test requires a participant to identify one of
four emotions (happy, sad, anger, fear) and neutral faces. The faces are presented one at a
time, and the participant is asked to identify the emotion displayed from the set of four
listed. As the facial stimuli are balanced for sex, age, and race (Carter et al., 2009; Gur et al.,
2002), it is possible that the better performance in the PHL sample is due to greater
familiarity with diverse races. Previous studies have demonstrated cultural effects on
performance (Pinkham et al., 2008) and differential activation of neural networks during
emotion identification task (Derntl et al., 2012; Han & Ma, 2014), perhaps partly due to the
effect of cultural practices and experiences in shaping the neural correlates of social
cognition. In 22q11DS, reduced activation of fusiform-extrastriate cortices, anterior
cingulate cortex and superomedial prefrontal cortices during facial emotion processing has
been reported (Azuma et al., 2015), suggesting abnormal maturation of these regions.
Therefore, it remains unclear how cultural differences may ultimately influence the
development of brain regions for social cognition. Future work can employ functional
Brain Cogn. Author manuscript; available in PMC 2017 July 01.
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neuroimaging to examine the potential cultural effects on social neural networks in the two
cohorts. Additionally, as social cognition has been consistently implicated in
psychopathology and functioning in 22q11DS (Jalbrzikowski et al., 2012; Shashi et al.,
2012), the difference in Emotion Identification is possibly due to differences in the level of
psychopathology between the two samples. We intend to investigate the effect of
psychopathology on PCNB performance between the two cohorts in a future study. In
particular, a study examining neurocognitive deficits in 22q11DS individuals with and
without psychotic features will be of importance as it is unclear whether specific deficits are
associated with psychosis in 22q11DS.
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The Spatial Processing test presents two lines at an angle, and asks participants to click on a
button to make one line rotate until the two lines are parallel to each other. The relative
location of the lines and their sizes vary across trials (Gur et al., 2012). In our experience
working with 22q11DS individuals, we found that many participants did not understand the
concept of ‘parallel’ even when it was expected based on their education level. In the PHL
cohort, we have routinely opted to provide more explicit example of parallel lines (e.g.,
demonstrating parallel line using two fingers) until the participant understood the concept.
This adaptation was not routinely used in the TLV cohort and may explain the differences
observed. A closer coordination of the administration process may control for such
differences in a future study. Additionally, cultural differences have been implicated in DMN
activity during visuo-spatial task (Goh et al., 2013) and cultural differences may account for
some observed difference. Abnormal maturation of connectivity in DMN in 22q11DS
(Debbane et al., 2012; Padula et al., 2015; Schreiner et al., 2014) likely also contribute to the
deficits observed in the Spatial Processing task and this would be an important area for
future study as DMN disconnectivity have been associated with prodromal symptoms in
22q11DS (Debbane et al., 2012).
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Our confirmatory bifactor model demonstrated good fit. In a bifactor model, as each test
loads onto two factors, one general (“Efficiency”) and one specific (e.g. “Memory”), the
factors compete for variance. Consequently, it is a truly orthogonal model where modeling
of the natural covariance among the specific factors is not necessary due to the presence of
the general factor. Therefore, if other predictors or outcomes were to be added to the model,
their relationships with the specific or general factors could be considered independent of all
other factors. We found non-significance in Social Cognition and Memory factors,
suggesting that most of the covariance among those tests is accounted for by the general
factor. This is consistent with findings that the most dominant general factor loadings
(Emotion Differentiation, Emotion Identification, Non-verbal Reasoning, and Spatial
Processing) are for tests on these two factors. These results mostly replicate findings using
the same model of the PCNB in a large community sample, suggesting that the PCNB can
safely be used in 22q11DS samples (Moore et al., 2015). It is not unusual for tests or
batteries to demonstrate different psychometric properties when used in population versus
unique clinical samples. For example, one might find that a particular test is an excellent
measure of nonverbal reasoning in a community sample but is less valuable in a clinical
sample (e.g. because it is too hard). Such problems do not appear to be the case here.
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While there are some site differences in PCNB performance, we demonstrate that PCNB can
be effectively translated into Hebrew and employed in 22q11DS cohort in Israel. Moving
forward, for effective implementation of PCNB, several factors need to be considered. As
discussed with Emotion Identification and Spatial Processing, there are known cultural
effects on certain cognitive tasks, so it will be important to establish local neurotypical
controls in TLV for direct comparison with 22q11DS participants. To this aim, additional
cross-cultural testing should be conducted with sites in Europe, Australia and South America
that are part of International 22q11.2 Brain Behavior Consortium. Furthermore, to more
stringently harmonize the administration process, it will be necessary to conduct a cross-site
validation of administration process, for example by recording and reviewing PCNB
administrations to identify and reduce any adaptations or modifications during
administration. Furthermore, potentially confounding administration variables (such as
laptop computer quality, testing setting, time of day, lighting level) can be standardized
across sites to minimize any differences that may affect PCNB performance.
In conclusion, we demonstrate that the PCNB can be used in an international 22q11DS
cohort and the neurocognitive profiles between the PHL and TLV samples are similar with
marked deficits in Executive Function, Episodic Memory and Social Cognition domains.
Furthermore, we have confirmed a factor structure of PCNB previously found in the PHL
sample, suggesting the PCNB is suitable for use in 22q11DS studies.
4.1. Limitations
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There were several limitations of the current study. As the study sample excluded those with
more severe intellectual disability (e.g., IQ ≤60), the findings are generalizable only to those
in the higher functioning spectrum. The standardization (z-transformation) of PCNB
efficiency scores in both samples was done using a subset of the Philadelphia
Neurodevelopmental Cohort (PNC). Although we have no reason to believe that typicallydeveloping healthy individuals in Israel would perform differently from their counterparts in
the United States, it is nevertheless possible that standardization using PNC may have
introduced unintended bias in the TLV data. Such bias could be due to differential effect of
culture on typically-developing versus 22q11DS individuals in Israel, which would have
been masked by using PNC for standardization. A future study should replicate our findings
using typically-developing healthy individuals from Israel. Finally, the current study did not
account for other potential confounding variables including level of psychopathology,
psychiatric care, socioeconomic status and functioning that may affect PCNB performance.
Future studies underway which do account for these variables can explore their relationships
to PCNB performance.
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•

We characterized cognitive profile of two cohorts with 22q11.2 deletion
syndrome.

•

US and Israeli cohorts performed alike on Penn Computerized
Neurocognitive Battery.

•

Deficits were present in executive function, episodic memory and social
cognition.

•

Fit of structural model of performance based on a community sample was
excellent.

•

The Computerized Neurocognitive Battery can be applied in an
international cohort.
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Figure 1.
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Neurocognitive profile across PCNB domain in PHL and TLV 22q11DS cohorts.
1Efficiency (average of accuracy and speed) score on each PCNB test was z-transformed
using demographically-matched typically developing sample from a large community
sample. Each cognitive domain is assessed by their corresponding PCNB tests: Executive
Function – Abstraction and Mental-Flexibility (ABF), Attention (ATT) and WorkingMemory (WM), Episodic Memory – Facial Memory (FMEM) and Spatial Memory
(SMEM), Complex Cognition – Non-Verbal Reasoning (NVR) and Spatial Processing
(SPA), Social Cognition – Emotion Identification (EID), Emotion Differentiation (EDI) and
Age Differentiation (ADI)
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Figure 2.
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Confirmatory bifactor model of PCNB efficiency in 22q11DS. Results are standardized such
that the variance of the latent variables is 1.00; all path coefficients are significant at the p
<0.05 level except where indicated by†; Comparative Fit Index (CFI) = 0.95; Root MeanSquare Error of Approximation (RMSEA) = 0.056 ± 0.021; Standardized Root-Mean
Residual (SRMR) = 0.041; FMEM = Facial Memory; SMEM = Spatial Memory; EDI =
Emotion Differentiation; AGD = Age Differentiation; EID = Emotion Identification; WM =
Working Memory; ATT = Attention; ABF = Abstraction and Mental Flexibility; NVR =
Non-Verbal Reasoning; SPA = Spatial Processing.
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Demographic characteristic of 22q11DS cohorts.
Philadelphia
N = 155
19.7±6.3

Age, mean±SD

Tel Aviv
N = 59
21.4±6.3

p
0.08
1.0

Sex (%)
Male

82 (52.9)

31 (52.5)

Female

73 (47.1)

28 (47.5)

155 (100)

59 (100)

Participant Education mean±SD

10.3±3.0

11.0±2.2

Parental Education1 mean±SD

15.6±2.3

14.1±2.3

130 (83.9)

43 (72.9)

25 (16.1)

16 (27.1)

Race (%)
Caucasian

Author Manuscript

Left/Bilateral

<0.0001*
0.08

Handedness (%)
Right

0.12

1

The highest number of years in a formal school setting attained by either parent. The p-values for Age, Participant and Parent Education were
calculated using ANOVA; the p-values for sex and handedness were calculated using Chi-square test.

*

p <0.05 (two-tailed).
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Table 2

Author Manuscript

Linear mixed model analysis of efficiency across PCNB tests.
Efficiency

F

df

p1

Main effect

Site

0.31

1, 202

0.58

Covariate

Parental education

0.07

1, 195

0.79

Parental education × site

1.65

1, 188

0.20

The p-values were calculated in mixed model analysis with z-transformed efficiency (average of accuracy and speed) scores as an outcome variable
with fixed effect for site with parental education and site × parental education interaction term as covariates. The random effect for subjects
accounted for repeated measurements.
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16.00 (3.69)

Working Memory

13.47 (2.54)

Spatial Memory

6.91 (4.57)

Spatial Processing

22.28 (4.66)
20.69 (4.84)

Emotion Differentiation

Age Differentiation

18.78 (5.23)

20.91 (4.61)

25.75 (5.66)

4.33 (3.25)

5.50 (3.59)

12.67 (2.70)

24.31 (3.57)

−0.39

−0.30

−0.61

−0.60

−0.39

−0.31

−0.15

−0.46

0.23

0.46

Cohen’s d2

−3.53, −0.30

−2.82, 0.07

−4.52, −1.23

−3.79, −1.36

−2.72, −0.34

−1.58, −0.01

−1.61, 0.52

−2.91, −0.50

−0.32, 2.37

0.10, 0.79

95% CI

0.06
0.02*

−1.87
−2.36†

0.0008**

<0.0001**

−4.21†

−3.47†

0.01*

0.05

−2.55†

−1.99

0.32

0.006*

−1.00

0.14

1.50

0.01*

−2.82†

−2.54†

p

Negative Cohen’s d indicates better performance in PHL relative to TLV cohort and positive d indicates better performance in TLV compared to PHL cohort.

Accuracy reflects the number of correct responses on each test.

28.63 (4.36)

Emotion Identification

Social Cognition

7.03 (4.00)

Non-Verbal Reasoning

Complex Cognition

24.85 (3.48)

Face Memory

14.30 (3.81)

25.08 (5.57)

2.00 (1.11)

Tel Aviv

p <0.005 (two-tailed), significant even after Bonferroni correction.

**

p <0.05 (two-tailed), but non-significant after Bonferroni correction (i.e., p >Bonferroni corrected p of 0.005);

*

2

1

24.06 (3.95)

Attention

Episodic Memory

1.57 (0.91)

Philadelphia

Accuracy1
mean, (SD)

Abstraction & Mental-Flexibility

Executive Function

Penn Computerized Neurocognitive Battery
(Neurocognitive Domain/Individual Tests)
t

Author Manuscript

Comparison of accuracy on PCNB between PHL and TLV 22q11DS Cohorts.
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−2744.00 (1224.68)

Age Differentiation

Sensorimotor

Motor2
−780.36 (231.15)

97.99 (17.66)

−3171.20 (1031.92)

Emotion Differentiation

Sensorimotor Processing

−2237.26 (594.78)

Emotion Identification

−704.24 (215.66)

102.75 (17.75)

−2853.10 (1443.17)

−3065.80 (779.81)

−2588.21 (935.92)

−10756.60 (4593.70)

−7457.06 (4440.08)

−1691.40 (580.86)

−2425.34 (1905.32)

0.34

0.27

−0.08

0.11

−0.50

−0.25

−0.28

0.41

−0.35

−0.19

0.19

−0.05

Cohen’s d3

8.58, 143.67

−1.01, 10.52

−510.07, 291.80

−197.89, 408.73

−615.71, −86.19

−2457.70, 403.50

−2244.4, 179.00

61.12, 417.23

−738.92, −52.60

−81.27,19.41

−8.84, 39.37

−386.98, 289.93

95% CI

0.11
0.03*

2.23†

0.59

0.49

0.01*

0.16

1.63

−0.54

0.69

−2.64†

−1.42

0.09

0.01*

−1.68

0.02*

2.66†

0.23

0.21

0.78

p

−2.27

−1.21

1.25

−0.28

t

Negative Cohen’s d indicates better performance in PHL compared to TLV cohort while positive d indicates better performance in TLV compared to PHL cohort.

p <0.05 (two-tailed), but non-significant after Bonferroni correction (i.e., p >Bonferroni corrected p of 0.004).

*

−9729.60 (3918.43)

Spatial Processing

Social Cognition

−6424.37 (3385.83)

Non-Verbal Reasoning

Motor test measures a total number of spacebar-tapping in one minute.

2

3

−1930.57 (586.00)

Spatial Memory

Complex Cognition

−2029.58 (639.37)

Face Memory

−542.23 (213.85)

−465.98 (111.52)

−2575.28 (858.23)

Tel Aviv

Speed is calculated by multiplying the response time, a median time in milliseconds to correct response, by −1 so that higher value indicates worse performance.

1

−511.30 (134.69)

Working Memory

Episodic Memory

−481.25 (63.38)

−2526.76 (1107.87)

Philadelphia

Speed1
mean, (SD)

Attention

Abstraction & Mental-Flexibility

Executive Function

Penn Computerized Neurocognitive Battery
(Neurocognitive Domain/Individual Tests)
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Comparison of speed on PCNB between PHL and TLV 22q11DS Cohorts.
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