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Abstract

About one-third of individuals with 22q11.2 deletion syndrome (22q11.2DS) develop 

schizophrenia. Notably, a full-blown psychotic disorder is usually preceded by subthreshold 

symptoms. Therefore, it is important to identify early signs of psychosis in this population, a task 

that is complicated by the intellectual disabilities typically seen in 22q11.2DS. We aimed to 

identify subthreshold psychotic symptoms that distinguish 22q11.2DS from other 
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neurodevelopmental disorders. The study included two independent cohorts from Tel Aviv and 

Philadelphia. 22q11.2DS (N=171) and typically developing (TD; N=832) individuals were 

enrolled at both sites and further compared to two groups with intellectual disabilities: Williams 

syndrome (WS; N=21) in the Tel Aviv cohort and idiopathic developmental disabilities (IDD; 

N=129) in the Philadelphia cohort. Participants and their primary caregivers were interviewed with 

the Structured Interview for Prodromal Symptoms (SIPS) and psychopathologies were assessed 

using standardized tools; general cognitive abilities were assessed with the Computerized 

Neurocognitive Battery. Negative/disorganized subthreshold syndrome was significantly more 

common in the 22q11.2DS group than in the WS (OR=3.90, 95% CI=1.34–11.34) or IDD 

(OR=5.05, 95% CI=3.01–10.08) groups. The 22q11.2DS group had higher scores than the two 

intellectual disabilities groups on several SIPS negative items, including avolition and decreased 

expression of emotion. Overall, there were few significant correlations between level of cognitive 

deficits and severity of negative symptoms in 22q11.2DS and only in the Tel Aviv cohort. Our 

findings suggest that 22q11.2DS individuals at the age of risk for developing psychosis should be 

closely monitored for negative symptoms.
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1. Introduction

The 22q11.2 deletion syndrome (22q11.2DS) is a common neurogenetic disorder with an 

estimated prevalence of ~1 per 3,000 to 1 per 6,000 live births (McDonald-McGinn et al., 

2015). It is caused by a microdeletion in the long arm of the chromosome 22 and has a 

typical phenotype. Williams syndrome (WS) is a rare genetic disorder, occurring in 

~1:20,000 live births (Stromme et al., 2002) and caused by a microdeletion in the long arm 

of chromosome 7 (7q11.23). Both syndromes have overlapping phenotypic manifestations, 

including cardiovascular anomalies, calcium dysregulation, cognitive deficits and high rates 

of psychiatric comorbidities (Campbell et al., 2009). As a group, individuals with 

neurodevelopmental disabilities (e.g., 22q11DS, WS, fragile X, or Turner syndrome) have 

higher rates of neuropsychiatric, cognitive and social-behavioral deficits including nonverbal 

learning disorder, visuospatial deficits, attention deficit/hyperactivity disorder (ADHD), 

anxiety disorders and affective disorders, compared to typically developing (TD) individuals 

(Schneider et al., 2014; Siegel and Smith, 2011; Weisman et al., 2015; Zarchi et al., 2014). 

Additionally, individuals with 22q11.2DS have a 30-fold increased risk of developing 

psychosis compared to TD individuals and individuals with other neurodevelopmental 

disabilities (10-fold) (Schneider et al., 2014). Therefore, 22q11.2DS is currently considered 

the strongest known genetic risk factor for schizophrenia.

Intense efforts are underway worldwide for early identification and treatment of psychosis in 

22q11.2DS and the syndrome serves as a promising model for deciphering the pathways 

leading to schizophrenia. Previous studies have shown that, as is the case in non-deleted 

individuals, psychotic symptoms develop gradually in 22q11.2DS and that a full-blown 
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psychosis is typically preceded by subthreshold symptoms (Gothelf et al., 2007; Gothelf et 

al., 2013; Tang et al., 2014b). Finally, studies suggest that the prevalence of subthreshold 

psychotic syndromes vary significantly in this population, ranging between 20% to 55% of 

the individuals assessed (Table 1).

The Structured Interview for Prodromal Symptoms (SIPS) is a well validated and commonly 

used tool for the assessment of subthreshold psychotic symptoms in individuals at high risk 

for schizophrenia (Miller et al., 2003a). It was designed for older adolescents and young 

adults with intelligence within the normal range (McGlashan et al., 2010). Although it is 

already being used in individuals with neurodevelopmental disabilities, its validity in 

22q11.2DS has not been thoroughly tested. Specifically, the SIPS scores of individuals with 

22q11.2DS have not been compared to individuals with intellectual disability or other neuro-

genetic syndromes. Due to significant overlap between subthreshold psychotic symptoms 

and intellectual disabilities (e.g., problems with conceptual organization and poor ideational 

richness) and the difficulties of participants with developmental disabilities in understanding 

some questions (e.g., “Do you ever seem to live through events exactly as you have 

experienced them before?”, “Are you feeling emotionally flat?”), it is important to compare 

the rate of subthreshold psychotic symptoms between 22q11.2DS and IQ-matched control 

group.

Utilizing two independent cohorts in Tel Aviv (Israel) and Philadelphia (USA), we explored 

the following aims: Establish the utility of the SIPS in 22q11.2DS by testing its ability to 

detect differences in the rate of subthreshold psychotic symptoms and subthreshold 

syndromes between 22q11.2DS, WS and demographically matched TD controls (Tel Aviv); 

and between individuals with 22q11.2DS, individuals with idiopathic developmental 

disabilities (IDD), and demographically matched TD controls (Philadelphia). We 

hypothesized that individuals with 22q11.2DS would have higher rates of subthreshold 

psychotic symptoms and syndromes compared to WS and IDD and that the three clinical 

groups would have higher rates of subthreshold symptoms and syndromes compared to TD 

controls; We further aimed to test whether the differences in rates and severity of 

subthreshold psychotic symptoms between the clinical groups and within 22q11.2DS is 

affected by the overall cognitive deficits. Finally, we aimed to characterize the differences in 

psychiatric comorbidities between 22q11.2DS individuals with and without negative 

subthreshold psychotic syndrome. Based on previous studies in 22q11.2DS (Gothelf et al., 

2007; Gothelf et al., 2013; Yi et al., 2015), we hypothesized that those with subthreshold 

psychotic syndrome would have higher rates of anxiety disorders and higher degree of social 

withdrawal and depressive symptoms, compared to those without subthreshold psychotic 

syndrome.

2. Materials and methods

2.1. Participants

The demographic characteristics of both cohorts are presented in Table 2.

Tel Aviv—Fifty-two participants with 22q11.2DS and 21 with WS were recruited from the 

Behavioral Neurogenetics Center at the Sheba Medical Center in Tel Aviv. The participants 
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were referred from genetic clinics and through parents’ associations. The diagnosis of 

22q11.2DS or WS was confirmed in all participants by fluorescent in situ hybridization 

(FISH) and by multiplex ligation probe amplification (MLPA) (Michaelovsky et al., 2012). 

TD controls were recruited through advertisements within the local community. They all had 

normal IQ and completed the SCL90 questionnaire (Derogatis, 1992) to rule out any major 

psychopathology. Age and sex distribution did not differ among the groups (Table 2).

The study was approved by the Sheba Medical Center Review Board. After providing a 

complete description of the nature of this study, informed consent was obtained from all 

participants and from the parents of minors.

Philadelphia—The Philadelphia cohort consisted of 119 participants with 22q11.2DS, 129 

with IDD and 800 TD controls. Age and sex distribution did not differ among the groups 

(Table 2). 22q11.2DS individuals were recruited through the ‘22q and You Center’ at the 

Children’s Hospital of Philadelphia (CHOP) and online social networks as previously 

described (Gur et al., 2014b; Tang et al., 2014b). FISH and/or MLPA tests were performed 

for all participants to confirm the deleted region. The 129 IDD individuals are a part of the 

Philadelphia Neurodevelopmental Cohort (PNC) and had comorbid medical conditions with 

no known chromosomal anomalies. Organ systems affected were similar to those with 

22q11DS as previously described (Gur et al., 2014b). The TD group included physically 

healthy youth, based on history provided at evaluation and review of electronic medical 

records as well as no psychiatric condition based on the clinical assessment detailed below. 

All procedures were approved by the Review Boards of the University of Pennsylvania and 

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

caregiver.

2.2. Clinical assessments

Tel Aviv—All of the participants were evaluated for the presence of subthreshold psychotic 

symptoms by a trained clinical psychologist using the Hebrew version of the Scale of 

Prodromal Symptoms (SOPS) of the SIPS v. 4 (Miller et al., 2003b). The SOPS is composed 

of 19 items, each representing a different possible subthreshold psychotic symptom, divided 

into four domains: positive, negative, disorganized and general symptoms (McGlashan et al., 

2010).

In line with previous studies (See Table 1), three different definitions of subthreshold 

psychotic syndromes were used to compare between the study’s groups: 1. At least one 

positive symptom with a score of ≥3; 2. At least two negative/disorganized symptoms with a 

score of ≥3; and, 3. At least one positive symptom with a score of ≥3 or at least two 

negative/disorganized symptoms with a score of ≥3.

Individuals with 22q11.2DS and WS and their main caregivers were interviewed by trained 

psychiatrists using the Hebrew version of the Schedule for Affective Disorders and 

Schizophrenia for School-Aged Children, Present and Lifetime (K-SADS-PL) (Kaufman et 

al., 1997). Adult participants and their parents were interviewed using the Structured 

Clinical Interview for Axis I DSM-IV (SCID) (First et al., 1997). ADHD items from the K-

SADS-PL were added to the SCID to evaluate the presence of ADHD in adults (Zarchi et 
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al., 2014), and psychiatric diagnoses were established, when appropriate, according to the 

fifth edition of the Diagnostic and Statistical Manual of mental disorders (DSM-5) 

(Association, 2013). The 22q11.2DS and WS groups were also assessed for overall 

functioning with the Global Assessment Functioning scale (GAF) (Luborsky, 1962). 

Additional psychiatric symptoms were evaluated using the parental form of the Anxiety, 

Depression and Mood Scale (ADAMS), designed specifically for individuals with 

intellectual disabilities (Esbensen et al., 2003).

Philadelphia—All subjects underwent clinical evaluation of psychopathology including 

subthreshold psychotic symptoms. The measures applied in the PNC study to TD and IDD 

participants were based on epidemiologic version of the NIMH Genetic Epidemiology 

Research Branch Kiddie-SADS as previously detailed (Calkins et al., 2015; Calkins et al., 

2014). Individuals with 22q11.2DS were further evaluated using the GAF scale for overall 

functioning, SCID modules C and D for differential diagnoses among mood and psychotic 

disorders, and a modified version of the K-SADS sections for psychosis, ADHD, mood 

disorders, generalized anxiety, separation anxiety, obsessive-compulsive and substance-

related disorders (Tang et al., 2014a).

Among the IDD and TD groups, three screening tools to assess the psychosis spectrum were 

embedded within the psychopathology assessment as previously described. Positive 

subthreshold psychotic symptoms in the past year were assessed using the 12-item, assessor 

administered, PRIME Screen-Revised (PS-R) (Kobayashi et al., 2008; Miller et al., 2004); 

positive subthreshold psychotic symptoms (lifetime hallucinations and/or delusions) were 

assessed with the K-SADS psychosis screen; negative/disorganized symptoms were assessed 

using six assessor-rated SOPS items: N2, avolition; N3, expression of emotion; N4, 

experience of emotions and self; N6, occupational functioning; D3, trouble with focus and 

attention; and P5, disorganized communication, in line with recently published study (Gur et 

al., 2014a). IDD and TD participants were assessed for overall functioning using the 

Children’s Global Assessment Scale (CGAS) (Shaffer et al., 1983).

2.3. Neurocognitive assessment

All participants in the Tel Aviv and the Philadelphia cohorts underwent the Computerized 

Neurocognitive Battery (CNB) (Gur et al., 2012). A Global Neurocognitive Performance 

(GNP) efficiency score was calculated as the mean of five domains (executive function, 

episodic memory, complex cognition, social cognition and sensorimotor speed). The GNP 

efficiency scores were calculated by taking the arithmetic mean of the standardized (z-

transformed) accuracy and speed scores. The z-scores for accuracy (number of correct 

responses) and speed (median time for correct responses) were based on the means and 

standard deviations of TD participants from each cohort (Yi et al., 2016). The Tel Aviv 

cohort participants were also evaluated for full scale IQ (FSIQ) using the age appropriate 

Wechsler test (Zarchi et al., 2014).

2.4. Statistical analysis

Data were analyzed using SPSS 20.0. Categorical variables were compared by Pearson’s χ2 

for proportions analysis, and with the Fisher exact test when the χ2 test assumptions were 

Mekori-Domachevsky et al. Page 5

Schizophr Res. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



not met. Continuous variables were checked for normality using the Shapiro-Wilk test. Most 

variables were skewed, therefore group means were compared using the non-parametric 

Kruskal–Wallis when comparing three groups, and the Mann–Whitney U test when two-

group comparisons were done. Odds ratio (OR) with 95% confidence intervals (CI) were 

calculated in order to estimate the effect of variables. Spearman correlations were used to 

assess potential links between GNP scores and SOPS item scores. Weighted kappa intraclass 

correlation coefficients (ICC) were calculated for assessment of inter-sites reliability in 

SOPS items.

3. Results

3.1. Subthreshold psychotic syndrome in the study groups

Tel Aviv—Individuals with 22q11.2DS and WS participants had significantly higher rates 

of subthreshold psychotic syndrome compared to TD controls based on all three definitions 

(all p values < 0.001, see Table 3a). None of the TD controls had SOPS scores within the 

subthreshold range. 22q11.2DS participants were more likely to have subthreshold psychotic 

symptoms compared with WS. Differences reached statistical significance only for the 

negative/disorganized subthreshold psychotic syndrome (OR=3.90, 95% CI=1.34–11.34, 

p=0.01; Table 3a and Figure 1a). We then analyzed the SOPS scores as continuous variables, 

summing the total positive, negative and disorganized symptom scores. N5- ideational 

richness was not included in the negative symptom score, as it is highly correlated with IQ. 

The overall between-group differences were driven by higher scores of 22q11.2DS and WS 

compared to controls on all three SOPS total sub-scores (Table 3a). In post-hoc pair-wise 

comparisons only the negative symptoms total scores were significantly higher in 

22q11.2DS compared with WS (5.80±5.72 vs. 2.43±3.17, Z=−2.67, p<0.01; Table 3a). 

Further analysis showed that two negative symptoms were significantly higher in 22q11.2DS 

compared to WS: avolition (N2) and expression of emotion (N3). Social isolation or 

withdrawal (N1) emerged as marginally significant (Table 3a). Both 22q11.2DS and WS 

groups had significantly lower scores than TD on the GAF scale, but there were no 

significant differences in GAF scores between 22q11.2DS and WS (Table 3a).

Philadelphia—Since the SIPS data of the Philadelphia cohort included only 6 items, all of 

them evaluating negative and disorganized symptoms (Gur et al., 2014a), only the negative/

disorganized subthreshold psychotic syndrome was assessed in this cohort. In line with the 

results from the Tel Aviv cohort, both 22q11.2DS and IDD had significantly higher rates of 

subthreshold psychotic syndrome compared to TD controls (Table 3b; Figure 1b). 

Individuals with 22q11.2DS had higher rates of negative/disorganized subthreshold 

psychotic syndrome compared to IDD (OR=5.05, 95% CI=3.01–10.08, p<0.01). Further 

analysis revealed that the 22q11.2DS group scored significantly higher than the IDD group 

on all 6 SOPS items (Table 3b). Both 22q11.2DS and IDD groups had significantly lower 

scores than TD on the global functioning scale (GAF for 22q11.2DS, and CGAS for IDD 

and TD), but the two clinical groups (22q11.2DS and IDD) did not differ between 

themselves in this measure (Table 3b).
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3.2 Association between level of cognitive deficits and SOPS scores

Tel Aviv—In the 22q11.2DS group, GNP efficiency score was found to significantly and 

negatively correlate with SOPS item D3 Trouble with Focus and Attention (r=-.54, p<.001) 

and with item N6, Occupational functioning (r=-.31, p=.03). No significant correlations 

were found between the other 4 SOPS items and GNP scores (Table 4). GNP score was 

significantly lower among 22q11.2DS participants with negative subthreshold syndrome vs. 

those without (−1.2±.51 vs. -.67±.37, p<.05).

Philadelphia—In the 22q11.2DS group, GNP efficiency score was not associated with any 

of the SOPS item scores, all p’s>0.1, suggesting that differences in SOPS scores between 

these groups were not derived by the differences in cognitive ability (Table 4).

3.3 Psychiatric comorbidities in 22q11.2DS individuals with vs. without subthreshold 
psychotic syndrome

Tel Aviv—Compared to 22q11.2DS participants without subthreshold psychotic syndrome, 

22q11.2DS participants with negative/disorganized subthreshold psychotic syndrome had 

significantly higher rates of ADHD (72.2% vs. 13.3%, p<0.01). Affected (with subthreshold 

psychotic symptoms) vs. non-affected 22q11.2DS subgroups did not differ in the rates of 

other psychiatric disorders including anxiety disorders, mood disorders and obsessive-

compulsive disorder. Several differences were found between 22q11.2DS participants with 

subthreshold psychotic syndrome vs. those without on the dimensional measures of 

psychopathology; Compared to non-affected participants, those affected had higher ADAMS 

total scores (p < 0.05; Table 5), as a result of significantly higher scores on the manic/

hyperactive behavior, depressed mood, and social avoidance. However, following Bonferroni 

corrections for multiple comparisons, only depressed mood remained statistically 

significant. On the GAF scale, the affected 22q11.2DS subgroup had significantly lower 

scores compared to the non-affected 22q11.2DS subgroup (p=0.01; Table 5).

Philadelphia—Generalized anxiety disorder (GAD) was significantly higher in 22q11.2DS 

participants with subthreshold psychotic syndrome compared to those without (29.3% vs. 

13.1%, p<0.05, respectively), but significance was lost following Bonferroni correction. On 

the GAF scale, the affected subgroup had significantly lower scores compared to the non-

affected 22q11.2DS subgroup (p=0.02, Table 5).

4. Discussion

In this coordinated two-site study we used the SIPS to detect attenuated psychotic symptoms 

in individuals with 22q11.2DS. In addition to the 22q11.2DS group, SIPS was administered 

to two other groups diagnosed with developmental disability –WS in the Tel Aviv cohort and 

IDD in the Philadelphia cohort, as well as to healthy controls in both sites.

Negative symptoms (specifically, avolition and decreased expression of emotion) 

differentiated 22q11.2DS from both WS and IDD groups. In addition, in the Tel Aviv cohort, 

22q11.2DS individuals with negative subthreshold psychotic syndrome vs. those without had 

higher rates of ADHD and affective symptoms, and lower scores on the GAF scale (in both 
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cohorts). As lower functioning and severity of psychiatric symptoms has already been shown 

to predict the later onset of psychosis in 22q11.2DS (Gothelf et al., 2013; Schneider et al., 

2014), the findings of the current analysis support the utility of negative symptoms as 

potential predictors of the likelihood to convert to psychosis in 22q11.2DS.

A limitation of previous studies was the lack of a control group of individuals with 

intellectual disabilities. Individuals with developmental disabilities are likely to score high 

on negative symptoms such as social isolation and expression of emotion and indeed in our 

study we found that all groups of developmental disabilities (22q11.2DS, WS and IDD) had 

higher scores on the negative symptoms scale than TD group. The 22q11.2DS group, 

however, also scored higher on five out of six negative SOPS items compared to WS group, 

even though the 22q11.2DS had significantly higher FSIQ than WS (Table 2). The only 

negative item that 22q11.2DS participants scored lower than WS was N5 (Ideational 

richness) as this item is strongly related to aspects of cognitive functioning reflected in IQ 

(e.g., abstraction). The 22q11.2DS participants also had significantly higher rates of negative 

subthreshold psychotic syndrome compared to WS. Similarly, the findings were replicated in 

the Philadelphia cohort, where 22q11.2DS individuals compared to individuals with IDD 

scored higher on all SOPS negative and disorganized items tested and also had higher rates 

of negative subthreshold psychotic syndrome. Taken together our findings suggest that there 

are higher rates of negative symptoms in 22q11.2DS beyond what is expected from their 

developmental disabilities.

As noted previously, there is a potential overlap between negative symptoms and cognitive 

deficits. We therefore examined correlations between overall cognitive level, as measured by 

GNP scores in both sites, and SOPS items. We found that none of the SOPS items correlated 

with GNP scores in the Philadelphia cohort. In the Tel Aviv cohort, none of the items that 

were significantly higher in 22q11.2DS compared to WS (i.e., N2- avolition and N3- 

expression of emotions) correlated with GNP scores. These findings further indicate that the 

high scores on negative SOPS items found in our 22q11.2DS are beyond their overall 

cognitive deficits and highlighting their potential role as indicators for future evolution of 

psychosis.

Studies in non–22q11.2DS schizophrenia have shown that negative symptoms predict the 

conversion to psychosis in high-risk population (Piskulic et al., 2012; Schneider et al., 

2012). In the large multi-site North American Prodromal Longitudinal Study (NAPLS), 

moderate and severe attenuated negative symptoms were prevalent in individuals with high 

risk for psychosis and the severity and persistence of these symptoms were associated with 

higher rates of conversion to psychosis as assessed at follow-up visits 6- and 12-months post 

baseline (Piskulic et al., 2012).

In addition, we found significantly higher rates of ADHD and lower GAF scores as well as a 

tendency towards a higher rate of generalized anxiety disorder (GAD) in 22q11.2DS 

participants with subthreshold psychotic symptoms vs. those without. Both ADHD and 

anxiety disorders have been shown to be common in 22q11.2DS and, importantly, to 

significantly predict the likelihood to convert to psychosis in this population (Antshel et al., 

2006; Feinstein et al., 2002; Gothelf et al., 2004). Taken together, our results suggest that 
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negative symptoms are potentially important risk factors for the evolution of psychosis in 

22q11.2DS.

A limitation of the current analysis might be related to its cross sectional rather than 

longitudinal design. As such, it is unable to identify predictive features of symptom 

progression over time. Another limitation is the fact that assessment protocols in Tel Aviv 

and Philadelphia were different in several aspects. At both centers, psychiatric diagnoses 

were made by interviewing the participants and their available caregivers using the K-SADS 

and for older adults in the Tel Aviv cohort, the SCID was also used. The GAF scores were 

similarly evaluated at both centers. Cognitive assessment, at both centers, was conducted 

using the CNB battery and in Tel Aviv participants were also assessed for FSIQ using the 

Wechsler test. Evaluation of subthreshold psychotic symptoms at both centers was 

conducted using the SOPS. While in Tel Aviv all SOPS items were rated, only six SOPS 

items were rated in the Philadelphia cohort in the IDD group, and therefore these six items 

were included in the comparison with 22q11.2DS. Of note, that the Tel Aviv team was 

trained by the PI in Philadelphia (REG) to achieve reliability in administering the SOPS. 

The negative subthreshold symptoms, the focus of our manuscript, that were more 

prominent in 22q11.2DS compared to WS were N2, avolition and N3 expression of emotion. 

These two negative symptoms were among the six SOPS items assessed in the Philadelphia 

cohort and thus we could replicate the findings from the Tel Aviv cohort in the comparison 

of 22q11.2DS to IDD in the Philadelphia cohort. Since there were some differences between 

the two cohorts- the control group with developmental disability (WS and IDD, at Tel Aviv 

and Philadelphia, respectively), age range (Philadelphia cohort were younger than Tel Aviv 

cohort) and number of SOPS items assessed- we did not merge the cohorts but analyzed the 

two cohort separately. Our results are consistent showing in both cohorts high level of 

negative subthreshold symptoms in 22q11.2DS and their association to psychiatric 

comorbidities and lower functioning.

5. Conclusions

Our findings suggest that negative subthreshold psychotic symptoms should be carefully 

evaluated and monitored in individuals with 22q11.2DS. The next step should be 

longitudinal studies, now underway, to test whether indeed pre-psychotic negative symptoms 

predict the onset of schizophrenia-spectrum disorders in 22q11.2DS population.
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Fig 1. 
Prevalence of negative/disorganized subthreshold psychotic syndrome in (A) 22q11.2 

deletion syndrome (22q11.2DS) compared to Williams syndrome (WS) and typically 

developing (TD) controls in the Tel Aviv cohort, and in (B) 22q11.2DS compared to 

idiopathic developmental disabilities (IDD) and TD controls in the Philadelphia cohort.

p < .001 for both cohorts.

Mekori-Domachevsky et al. Page 13

Schizophr Res. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mekori-Domachevsky et al. Page 14

Ta
b

le
 1

St
ud

ie
s 

of
 s

ub
th

re
sh

ol
d 

ps
yc

ho
tic

 s
yn

dr
om

e 
in

 2
2q

11
.2

 d
el

et
io

n 
sy

nd
ro

m
e 

(2
2q

11
.2

D
S)

.

A
ge

 in
 y

ea
rs

A
ge

 R
an

ge
N

D
ef

in
it

io
n 

of
 P

ro
dr

om
al

 S
yn

dr
om

e
So

ur
ce

 o
f 

In
fo

rm
at

io
n

R
at

es
 o

f 
P

ro
dr

om
al

 
Sy

m
pt

om
s

St
od

da
rd

 e
t a

l. 
20

10
15

.1
 (

4.
3)

12
 –

 2
2

20
A

t l
ea

st
 o

ne
 p

os
iti

ve
 s

ym
pt

om
 s

co
re

d 
≥3

 o
n 

SI
PS

Pa
rt

ic
ip

an
ts

 a
nd

 c
ar

eg
iv

er
s 

in
te

rv
ie

w
ed

 
to

ge
th

er
45

%

A
nt

sh
el

 e
t a

l. 
20

10
15

.0
 (

1.
9)

12
.0

–1
9.

9
70

A
t l

ea
st

 o
ne

 p
os

iti
ve

 s
ym

pt
om

 s
co

re
d 

≥3
 o

n 
SI

PS
Pa

rt
ic

ip
an

ts
 a

nd
 c

ar
eg

iv
er

s 
in

te
rv

ie
w

ed
 

co
lla

te
ra

lly
20

%

Sh
ap

ir
o 

et
 a

l. 
20

11
17

.5
 (

2.
5)

14
 –

 2
2

23
A

t l
ea

st
 o

ne
 p

os
iti

ve
 s

ym
pt

om
 s

co
re

d 
≥3

 o
n 

SI
PS

Pa
rt

ic
ip

an
ts

 a
nd

 c
ar

eg
iv

er
s 

in
te

rv
ie

w
ed

 
co

lla
te

ra
lly

56
.5

%

Sc
hn

ei
de

r 
et

 a
l. 

20
12

15
.4

 (
2.

3)
11

 –
 2

0
47

A
t l

ea
st

 o
ne

 p
os

iti
ve

 s
ym

pt
om

 s
co

re
d 

≥3
 o

r 
at

 le
as

t o
ne

 n
eg

at
iv

e 
sy

m
pt

om
 

sc
or

ed
 ≥

3 
on

 S
IP

S
Pa

rt
ic

ip
an

ts
 o

nl
y

83
%

 n
eg

at
iv

e
40

.4
%

 p
os

iti
ve

Ta
ng

 e
t a

l. 
20

14
15

.2
 (

4.
8)

8 
– 

25
15

7
A

t l
ea

st
 o

ne
 p

os
iti

ve
 s

ym
pt

om
 s

co
re

d 
3 

– 
5 

or
 a

t l
ea

st
 tw

o 
ne

ga
tiv

e 
or

 
di

so
rg

an
iz

ed
 s

ym
pt

om
s 

sc
or

ed
 ≥

3 
on

 S
IP

S
Pa

rt
ic

ip
an

ts
 a

nd
 c

ar
eg

iv
er

s 
in

te
rv

ie
w

ed
 

co
lla

te
ra

lly
44

%
 p

os
iti

ve
54

%
 p

os
iti

ve
 o

r 
ne

ga
tiv

e

M
ea

n 
(S

D
);

 S
IP

S 
– 

T
he

 S
tr

uc
tu

re
d 

In
te

rv
ie

w
 f

or
 P

ro
dr

om
al

 S
ym

pt
om

s.

Schizophr Res. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mekori-Domachevsky et al. Page 15

Ta
b

le
 2

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

an
d 

ps
yc

hi
at

ri
c 

m
ed

ic
at

io
ns

 in
 th

e 
Te

l A
vi

v 
an

d 
th

e 
Ph

ila
de

lp
hi

a 
co

ho
rt

s.

Te
l A

vi
v

P
hi

la
de

lp
hi

a

22
q1

1.
2D

S 
(n

 =
 5

2)
W

S 
(n

 =
21

)
T

D
 (

n 
= 

32
)

St
at

is
ti

cs
 (

df
=2

, 1
02

)
22

q1
1.

2D
S 

(n
 =

 1
19

)
ID

D
 (

n 
= 

12
9)

T
D

 (
n 

= 
80

0)
St

at
is

ti
cs

 (
df

=2
, 1

04
7)

A
ge

 in
 y

ea
rs

20
.9

7 
(6

.4
9)

21
.5

0 
(6

.1
2)

20
.0

5 
(6

.5
2)

F=
0.

36
1

p=
0.

70
16

.5
1 

(2
.7

1)
15

.8
3 

(2
.4

3)
16

.2
9 

(2
.7

0)
F=

2.
27

6
P=

0.
10

A
ge

 R
an

ge
12

.0
0–

36
.0

0
11

.1
0 

– 
36

.0
1

11
.0

0 
– 

34
.0

0
12

.0
8 

– 
22

.0
12

.0
0 

– 
21

.4
2

12
.0

0–
 2

1.
83

Se
x 

(n
, %

 m
al

e)
26

 (
50

.0
)

8 
(3

8.
0)

12
 (

47
.0

)
χ

2 =
0.

85
P=

 0
.6

5
75

 (
63

.0
)

78
 (

60
.5

)
48

3 
(6

0.
4)

χ
2 =

0.
31

p=
0.

86

Fu
ll 

sc
al

e 
IQ

77
.9

8 
(1

1.
4)

65
.9

5 
(1

1.
3)

10
3.

23
 (

7.
6)

F=
91

.0
1

p<
0.

00
1

77
.0

4 
(1

2.
83

)
N

A
N

A

IQ
 R

an
ge

58
–1

00
40

–8
8

88
–1

20
47

 –
 1

06
N

A
N

A

A
ve

ra
ge

 p
ar

en
ta

l e
du

ca
tio

n 
in

 
ye

ar
s

13
.4

3 
(2

.3
)

14
.0

5 
(2

.0
5)

14
.7

2 
(2

.2
)

χ
2 =

1.
37

p=
0.

51
14

.5
7 

(2
.0

4)
14

.1
1 

(2
.1

2)
14

.8
1 

(2
.3

6)
ID

D
 >

 T
D

χ
2 =

8.
31

P 
=

 0
.1

6

E
th

ni
ci

ty
 (

n,
 %

)

 
C

au
ca

si
an

52
 (

10
0.

0)
21

 (
10

0.
0)

32
 (

10
0.

0)
10

3 
(8

5.
1)

80
 (

63
.0

)
52

8 
(6

6.
8)

 
A

fr
ic

an
 A

m
er

ic
an

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)

12
 (

9.
9)

34
 (

26
.8

)
19

5 
(2

4.
7)

 
O

th
er

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)

6 
(5

.0
)

13
 (

10
.2

)
67

 (
8.

5)

M
ed

ic
at

io
n 

(c
ur

re
nt

)*

 
A

nt
ip

sy
ch

ot
ic

s
1 

(1
.9

)
0 

(0
.0

)
0 

(0
.0

)
2 

(1
.7

)
7 

(5
.4

)
2 

(0
.2

5)

 
M

oo
d 

st
ab

ili
ze

rs
0 

(0
.0

)
1 

(4
.8

)
0 

(0
.0

)
5 

(4
.2

)
16

 (
12

.4
)

1 
(0

.1
3)

 
A

nt
i-

 d
ep

re
ss

an
ts

11
 (

21
.2

)
2 

(9
.5

)
0 

(0
.0

)
12

 (
10

.1
)

18
 (

14
.0

)
12

 (
1.

5)

 
St

im
ul

an
ts

9 
(1

7.
3)

2 
(9

.5
)

0 
(0

.0
)

7 
(5

.9
)

19
 (

14
.7

)
18

 (
2.

3)

 
A

nx
io

ly
tic

s
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
2 

(1
.7

)
1 

(0
.8

)
1 

(0
.1

3)

M
ea

n 
(S

D
);

* Se
ve

ra
l p

ar
tic

ip
an

ts
 a

re
 o

n 
m

ul
tip

le
 m

ed
ic

at
io

ns
.

Schizophr Res. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mekori-Domachevsky et al. Page 16

Ta
b

le
 3

a

C
om

pa
ri

so
n 

of
 r

at
es

 o
f 

su
bt

hr
es

ho
ld

 p
sy

ch
ot

ic
 s

yn
dr

om
es

 a
nd

 s
ub

th
re

sh
ol

d 
ps

yc
ho

tic
 s

ym
pt

om
 s

co
re

s 
in

 2
2q

11
.2

 d
el

et
io

n 
sy

nd
ro

m
e 

(2
2q

11
.2

D
S)

 

co
m

pa
re

d 
to

 W
ill

ia
m

s 
sy

nd
ro

m
e 

(W
S)

 a
nd

 ty
pi

ca
lly

 d
ev

el
op

in
g 

(T
D

) 
co

nt
ro

ls
 in

 th
e 

Te
l A

vi
v 

co
ho

rt
.

22
q1

1.
2D

S 
(n

=5
2)

W
S 

(n
=2

1)
T

D
 (

n=
32

)
St

at
is

ti
cs

 (
df

=2
, 1

02
)

P
os

t-
ho

c

R
at

es
 o

f 
su

bt
hr

es
ho

ld
 p

sy
ch

ot
ic

 s
yn

dr
om

e

 
Po

si
tiv

e 
sy

m
pt

om
s 

(%
)

20
 (

38
.5

)
7 

(0
.3

)
0 

(0
.0

)
χ

2 =
16

.1
2

p<
0.

00
1

22
q1

1.
2D

S,
 W

S 
>

 T
D

 
N

eg
at

iv
e/

di
so

rg
an

iz
ed

 s
ym

pt
om

s 
(%

)
36

 (
69

.2
)

8 
(3

8.
1)

0 
(0

.0
)

χ
2 =

40
.3

3
p<

0.
00

1
22

q1
1.

2D
S 

>
 W

S 
>

 T
D

 
B

ro
ad

 d
ef

in
iti

on
 (

%
)

38
 (

73
.1

)
13

 (
61

.9
)

0 
(0

.0
)

χ
2 =

44
.2

2
p<

0.
00

1
22

q1
1.

2D
S,

 W
S 

>
 T

D

SO
PS

 s
co

re
s

Po
si

tiv
e 

– 
to

ta
l

5.
46

 (
4.

86
)

5.
71

 (
5.

35
)

0.
37

 (
1.

19
)

χ
2 =

41
.0

0
p<

0.
00

1
22

q1
1.

2D
S,

 W
S 

>
 T

D

 
P1

. U
nu

su
al

 th
ou

gh
t c

on
te

nt
1.

31
 (

1.
39

)
0.

86
 (

1.
32

)
0.

07
 (

0.
25

)
Z

=
20

.6
4

p<
0.

00
1

22
q1

1.
2D

S,
 W

S 
>

 T
D

 
P2

. S
us

pi
ci

ou
sn

es
s

1.
40

 (
1.

33
)

1.
48

 (
1.

50
)

0.
09

 (
0.

39
)

Z
=

27
.3

3
p<

0.
00

1
22

q1
1.

2D
S,

 W
S 

>
 T

D

 
P3

. G
ra

nd
io

si
ty

0.
73

 (
1.

19
)

1.
48

 (
1.

40
)

0.
13

 (
0.

43
)

Z
=

18
.0

8
p<

0.
00

1
W

S>
22

q1
1.

2D
S,

 T
D

 
P4

. P
er

ce
pt

ua
l A

bn
or

m
al

iti
es

1.
06

 (
1.

27
)

1.
10

 (
1.

58
)

0.
06

 (
0.

25
)

Z
=

19
.0

1
p<

0.
00

1
22

q1
1.

2D
S,

 W
S 

>
 T

D

 
P5

. C
on

ce
pt

ua
l d

is
or

ga
ni

za
tio

n
0.

96
 (

1.
30

)
0.

81
 (

0.
98

)
0.

00
 (

0.
00

)
Z

=
20

.0
4

p<
0.

00
1

22
q1

1.
2D

S,
 W

S 
>

 T
D

N
eg

at
iv

e 
– 

to
ta

la
5.

80
 (

5.
72

)
2.

43
 (

3.
17

)
0.

17
 (

0.
75

)
χ

2 =
46

.1
7

p<
0.

00
1

22
q1

1.
2D

S,
 W

S 
>

 T
D

 
N

1.
 S

oc
ia

l i
so

la
tio

n 
or

 w
ith

dr
aw

al
1.

08
 (

1.
71

)
0.

57
 (

1.
50

)
0.

03
 (

0.
18

)
Z

=
14

.7
4

p=
0.

00
1

22
q1

1.
2D

S,
 W

S 
>

 T
D

 
N

2.
 A

vo
lit

io
n

1.
59

 (
1.

63
)

0.
52

 (
0.

75
)

0.
03

 (
0.

2)
Z

=
29

.1
9

p<
0.

00
1

22
q1

1.
2D

S 
>

 W
S 

>
 T

D

 
N

3.
 E

xp
re

ss
io

n 
of

 e
m

ot
io

ns
0.

96
 (

1.
37

)
0.

29
 (

0.
72

)
0.

00
 (

0.
00

)
Z

=
20

.4
3

p<
0.

00
1

22
q1

1.
2D

S 
>

 W
S 

>
 T

D

 
N

4.
 E

xp
er

ie
nc

e 
of

 e
m

ot
io

ns
 a

nd
 s

el
f

0.
78

 (
1.

28
)

0.
29

 (
0.

56
)

0.
03

 (
0.

18
)

Z
=

12
.1

4
p=

0.
00

2
22

q1
1.

2D
S 

>
 T

D

 
N

5.
 I

de
at

io
na

l r
ic

hn
es

s
3.

10
 (

1.
39

)
3.

86
 (

1.
62

)
0.

00
 (

0.
00

)
Z

=
59

.2
0

p<
0.

00
1

W
S 

>
 2

2q
11

.2
D

S 
>

 T
D

 
N

6.
 O

cc
up

at
io

na
l f

un
ct

io
ni

ng
1.

39
 (

1.
52

)
0.

76
 (

1.
14

)
0.

07
 (

0.
25

)
Z

=
19

.3
3

p<
0.

00
1

22
q1

1.
2D

S 
>

 T
D

Schizophr Res. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mekori-Domachevsky et al. Page 17

22
q1

1.
2D

S 
(n

=5
2)

W
S 

(n
=2

1)
T

D
 (

n=
32

)
St

at
is

ti
cs

 (
df

=2
, 1

02
)

P
os

t-
ho

c

D
is

or
ga

ni
ze

d 
– 

to
ta

l
4.

43
 (

3.
22

)
3.

62
 (

3.
31

)
0.

30
 (

0.
70

)
χ

2 =
45

.2
7

p<
0.

00
1

22
q1

1.
2D

S,
 W

S 
>

 T
D

 
D

1.
 O

dd
 b

eh
av

io
r 

of
 a

pp
ea

ra
nc

e
0.

49
 (

1.
07

)
0.

57
 (

1.
08

)
0.

0 
(0

.0
)

Z
=

9.
74

p=
0.

08
22

q1
1.

2D
S,

 W
S 

>
 T

D

 
D

2.
 B

iz
ar

re
 th

in
ki

ng
0.

37
 (

1.
08

)
0.

14
 (

0.
66

)
0.

1 
(0

.4
)

Z
=

3.
29

p=
0.

19
3

22
q1

1.
2D

S,
 W

S 
>

 T
D

 
D

3.
 T

ro
ub

le
 w

ith
 f

oc
us

 a
nd

 a
tte

nt
io

n
2.

67
 (

1.
57

)
1.

71
 (

1.
42

)
0.

2 
(0

.6
)

Z
=

43
.7

3
p<

0.
00

1
22

q1
1.

2D
S 

>
 W

S 
>

 T
D

 
D

4.
 I

m
pa

ir
m

en
t i

n 
pe

rs
on

al
 h

yg
ie

ne
0.

90
 (

1.
42

)
1.

19
 (

1.
25

)
0.

0 
(0

.0
)

Z
=

20
.8

7
p<

0.
00

1
22

q1
1.

2D
S,

 W
S 

>
 T

D

G
A

F/
C

G
A

S
73

.9
2 

(1
5.

02
)

76
.2

9 
(1

2.
83

)
98

.1
3 

(4
.1

8)
F=

57
.3

3
p<

0.
00

1
T

D
 >

 2
2q

11
.2

D
S,

 W
S

M
ea

n 
(S

D
);

 S
O

PS
 –

 S
ca

le
 o

f 
Pr

od
ro

m
al

 S
ym

pt
om

s;
 G

A
F 

– 
G

lo
ba

l A
ss

es
sm

en
t o

f 
Fu

nc
tio

ni
ng

; C
G

A
S 

– 
C

hi
ld

re
n’

s 
G

lo
ba

l A
ss

es
sm

en
t S

ca
le

;

a To
ta

l s
co

re
 o

f 
ne

ga
tiv

e 
sy

m
pt

om
s 

ex
cl

ud
in

g 
th

e 
Id

ea
tio

na
l R

ic
hn

es
s 

ite
m

.

Schizophr Res. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mekori-Domachevsky et al. Page 18

Ta
b

le
 3

b

C
om

pa
ri

so
n 

of
 th

e 
ra

te
s 

of
 s

ub
th

re
sh

ol
d 

ps
yc

ho
tic

 s
yn

dr
om

e 
an

d 
su

bt
hr

es
ho

ld
 p

sy
ch

ot
ic

 s
ym

pt
om

 s
co

re
s 

in
 2

2q
11

.2
 d

el
et

io
n 

sy
nd

ro
m

e 
(2

2q
11

.2
D

S)
, 

id
io

pa
th

ic
 d

ev
el

op
m

en
ta

l d
is

ab
ili

tie
s 

(I
D

D
) 

an
d 

ty
pi

ca
lly

 d
ev

el
op

in
g 

(T
D

) 
co

nt
ro

ls
 in

 th
e 

Ph
ila

de
lp

hi
a 

co
ho

rt
.

22
q1

1.
2D

S 
(n

=1
19

)
ID

D
 (

n=
12

9)
T

D
 (

n=
80

0)
St

at
is

ti
cs

 (
df

=2
, 1

03
5)

P
os

t-
ho

c

R
at

es
 o

f 
su

bt
hr

es
ho

ld
 p

sy
ch

ot
ic

 s
yn

dr
om

e 
(%

)
58

 (
48

.7
)

19
 (

14
.7

)
0 

(0
.0

)
χ

2 =
37

3.
26

p<
0.

00
1

22
q1

1.
2D

S 
>

ID
D

 >
 T

D

SO
PS

 (
to

ta
l s

co
re

)
8.

85
 (

5.
47

)
4.

16
 (

3.
74

)
0.

70
 (

1.
09

)
χ

2 =
40

0.
66

P<
0.

01
22

q1
1.

2D
S 

>
ID

D
 >

 T
D

 
P5

. C
on

ce
pt

ua
l d

is
or

ga
ni

za
tio

n
1.

32
 (

1.
35

)
0.

63
 (

0.
94

)
0.

05
 (

0.
23

)
Z

=
−

4.
17

p<
0.

00
1

22
q1

1.
2D

S 
>

ID
D

 >
 T

D

 
N

2.
 A

vo
lit

io
n

1.
97

 (
1.

58
)

0.
48

 (
1.

02
)

0.
03

 (
0.

19
)

Z
=

−
8.

08
p<

0.
00

1
22

q1
1.

2D
S 

>
ID

D
 >

 T
D

 
N

3.
 E

xp
re

ss
io

n 
of

 e
m

ot
io

ns
1.

40
 (

1.
46

)
0.

79
 (

1.
25

)
0.

12
 (

0.
43

)
Z

=
−

3.
74

p<
0.

00
1

22
q1

1.
2D

S 
>

ID
D

 >
 T

D

 
N

4.
 E

xp
er

ie
nc

e 
of

 e
m

ot
io

ns
 a

nd
 s

el
f

0.
57

 (
1.

12
)

0.
23

 (
0.

68
)

0.
06

 (
0.

27
)

Z
=

−
2.

37
p<

0.
00

1
22

q1
1.

2D
S 

>
ID

D
 >

 T
D

 
N

6.
 O

cc
up

at
io

na
l f

un
ct

io
ni

ng
1.

44
 (

1.
44

)
0.

51
 (

0.
98

)
0.

05
 (

0.
25

)
Z

=
−

5.
85

p<
0.

00
1

22
q1

1.
2D

S 
>

ID
D

 >
 T

D

 
D

3.
 T

ro
ub

le
 w

ith
 f

oc
us

 a
nd

 a
tte

nt
io

n
2.

12
 (

1.
42

)
1.

59
 (

1.
31

)
0.

41
 (

0.
71

)
Z

=
−

2.
92

p<
0.

00
1

22
q1

1.
2D

S 
>

ID
D

 >
 T

D

G
A

F/
C

G
A

S
60

.6
4 

(1
4.

32
)

69
.6

7 
(2

1.
22

)
82

.6
8 

(1
0.

37
)

F=
64

.4
6

P<
0.

00
1

T
D

 >
 2

2q
11

.2

M
ea

n 
(S

D
);

 S
O

PS
 –

 S
ca

le
 o

f 
Pr

od
ro

m
al

 S
ym

pt
om

s;
 G

A
F 

– 
G

lo
ba

l A
ss

es
sm

en
t o

f 
Fu

nc
tio

ni
ng

; C
G

A
S 

– 
C

hi
ld

re
n’

s 
G

lo
ba

l A
ss

es
sm

en
t S

ca
le

.

Schizophr Res. Author manuscript; available in PMC 2018 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mekori-Domachevsky et al. Page 19

Table 4

Correlations between SOPS items scores and cognitive scores in 22q11.2 deletion syndrome (22q11.2DS).

SOPS items

GNP scores

Tel Aviv Philadelphia

R P R P

N2. Avolition −0.26 .06 −0.02 0.80

N3. Expression of emotions −0.02 .91 0.02 0.81

N4. Experience of Emotions and Self 0.02 .90 0.14 0.12

N6. Occupational functioning −0.31 .03 −0.05 0.55

D3. Trouble with focus and attention −0.54 .0001 −0.09 0.31

P5. Conceptual disorganization −0.14 .30 −0.02 0.84
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Table 5

Differences in the Anxiety, Depression and Mood Scale (ADAMS) and the Global Assessment of Functioning 

(GAF) scale between 22q11.2 deletion syndrome (22q11.2DS) individuals with subthreshold psychotic 

syndrome vs. without (in the Tel Aviv cohort).

22q11.2DS Prodromal (n=38) Non-prodromal (n=14) Statistics (df=1, 38)

ADAMS

Total 21.55 (15.53) 9.36 (9.37) Z=−2.41
p=0.016

 Manic/Hyperactive behavior 4.72 (3.40) 2.18 (2.44) Z=−2.41
P=0.016

 Depressed mood 5.13 (4.50) 1.45 (1.81) Z=−2.71
p=0.007

 Social avoidance 5.48 (4.82) 2.55 (3.64) Z=−1.98
P=0.047

 General anxiety 4.86 (4.05) 2.37 (2.25) Z=−1.88
p=0.060

 Compulsive behavior 1.34 (1.71) 0.81 (1.40) Z=−1.22
p=0.223

GAF 71.08 (15.50) 81.40 (11.54) df=1, 48
Z=−2.35
p=0.019

Mean (SD); ADAMS – Anxiety, Depression and Mood Scale; GAF – Global Assessment of Functioning.
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