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A B S T R A C T

Background: The 22q11.2 deletion syndrome (22q11DS) is the most common genetic syndrome associated
with schizophrenia. The goal of this study was to evaluate longitudinally the interaction between
neurocognitive functioning, the presence of subthreshold psychotic symptoms (SPS) and conversion to
psychosis in individuals with 22q11DS. In addition, we attempted to identify the specific neurocognitive
domains that predict the longitudinal evolution of positive and negative SPS, as well as the effect of
psychiatric medications on 22q11DS psychiatric and cognitive developmental trajectories.
Methods: Forty-four participants with 22q11DS, 19 with Williams syndrome (WS) and 30 typically
developing (TD) controls, age range 12–35 years, were assessed at two time points (15.2 � 2.1 months
apart). Evaluation included the Structured Interview for Prodromal Symptoms (SIPS), structured
psychiatric evaluation and the Penn Computerized Neurocognitive Battery (CNB).
Results: 22q11DS individuals with SPS had a yearly conversion rate to psychotic disorders of 8.8%,
compared to none in both WS and TD controls. Baseline levels of negative SPS were associated with global
neurocognitive performance (GNP), executive function and social cognition deficits, in individuals with
22q11DS, but not in WS. Deficits in GNP predicted negative SPS in 22q11DS and the emergence or
persistence of negative SPS. 22q11DS individuals treated with psychiatric medications showed
significant improvement in GNP score between baseline and follow-up assessments, an improvement
that was not seen in untreated 22q11DS.
Conclusions: Our results highlight the time-dependent interplay among positive and negative SPS
symptoms, neurocognition and pharmacotherapy in the prediction of the evolution of psychosis in
22q11DS.

© 2017 Elsevier Masson SAS. All rights reserved.
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1. Introduction

22q11.2 deletion syndrome (22q11DS) is a common micro-
deletion syndrome with a prevalence of at least 1 to 4,000 live
births, and is characterized by high rates of medical and psychiatric
comorbidities as well as cognitive deficits [1]. The 22q11DS is
currently being considered the most commonly known genetic
syndrome associated with schizophrenia, with psychotic illness
occurring in about one-third of adults with 22q11DS [2].
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Previous studies have shown that some cognitive deficits
including lower baseline full-scale IQ, decline in verbal IQ, and
deficits in visual memory and executive functioning, predict the
later onset of psychotic disorders [3–5]. Thus, it seems that
cognitive deficits are endophenotypes involved in the pathways
leading to psychosis in 22q11DS.

While positive symptoms like delusions, hallucinations and
disorganized speech have traditionally been the focus of schizo-
phrenia research, negative symptoms are another core feature of
the disorder, constituting risk factors for the evolution of
schizophrenia [6,7]. A large multisite research on clinical high-
risk cohort, North American Prodromal Longitudinal Study
(NAPLS), showed that early and persistent negative symptoms
confer risk for later development of psychotic disorders in non-
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22q11DS individuals [8]. Negative symptoms are often accompa-
nied by cognitive deficits [9] and social impairments [10].

Following the above-mentioned findings in non-22q11DS
schizophrenia, greater focus is being given to the identification
of negative, in addition to positive subthreshold symptoms in
22q11DS [11–13]. Also, similarly to idiopathic schizophrenia, in
previous 22q11DS studies, negative symptoms were associated
with neurocognitive deficits [13] and executive dysfunction
[14,15]. Recent a large study showed a high prevalence of positive
and negative SPS in 22q11DS, 33% and 28%, respectively, with
highest rates manifested during adolescence and young adulthood
[16].

To date, only a few studies investigated the association between
cognitive deficits and subthreshold psychotic syndrome (SPS) in
22q11DS individuals. One study, found that both positive and
negative SPS are more common in individuals with lower IQ scores
[16]. Another study reported that lower verbal skills increase the
likelihood of prodromal or overt psychotic symptoms [17].

In a previous study, we compared, cross-sectionally, the rates of
SPS among individuals with 22q11DS, typically developing (TD)
controls and individuals with Williams syndrome (WS) [12]. We
found that both 22q11DS and WS had similarly higher rates of
positive subthreshold symptoms compared to TD. In addition, the
22q11DS had higher rates of negative SPS than WS and TD, despite
having higher mean IQ scores than the WS group.

There are only a few published longitudinal studies that looked
at the evolution of SPS in 22q11DS individuals [18,19]. In Schneider
et al. [19], 89 individuals with 22q11DS were evaluated twice in a
32 months interval. Transition rate to full-blown psychosis was
27% in those with ultra-high risk (UHR) condition.

In the current study, we wished to evaluate longitudinally the
psychiatric and neurocognitive functioning of individuals with
22q11DS and to identify the neurocognitive deficits that predict
the emergence of positive and negative SPS. We used a relatively
short evaluation interval of 12-20 months to be able to detect
immediate changes and response to treatment. In addition to TD
controls, we also included the WS group in the current longitudinal
follow-up study, since our previous studies suggested the
importance of including a control group with another neuro-
genetic syndrome in the attempt to identify the specific
phenotypical features of 22q11DS, that are beyond the nonspecific
effect of having intellectual disability [12,20].

Specifically, we formulated the following main aims and
hypotheses:

1. The 22q11DS group will show higher conversion rates to
either psychotic disorders or more severe SPS over time, compared
to WS; 2. General cognitive deficits as well as specific deficits in the
executive and social cognition domains would be associated with
Table 1
Demographics, intelligence and adaptive functioning of the study groups at baseline.

22q11DS (n = 44) 

Sex (male %) 52.3 

Age at baseline [mean(SD)] 20.7(6.0) 

Age range (years) 12-33 

Interval between assessment in months [mean(SD)] 16.2(2.2) 

Parents years of education [mean(SD)] 13.4(3.2) 

FSIQ [(mean(SD)] 77.2(11.0) 

VABS ABC at baseline [(mean(SD)] 75.1(6.9) 

22q11DS: 22q11.2 deletion syndrome; ABC: Adaptive behavioral composite; FSIQ: Full-s
years in a formal educational setting; TD: Typically developing; VABS: Vineland Adapt

a Pearson chi square test.
b Analysis of variance.
c Kruskal–Wallis test.
d On post-hoc tests WS<22q11DS <TD.
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the presence of negative SPS in 22q11DS, but not in WS; 3. In
individuals with 22q11DS, both baseline global neurocognitive
performance (GNP) scores and scores of neurocognitive subdo-
mains of the Penn Computerized Neurocognitive Battery (CNB)will
predict the presence and severity of negative but not positive SPS
at follow-up. Similarly, GNP scores at baseline will predict the
emergence and persistence of negative SPS. 4. Finally, we wished to
investigate the potential effect of psychiatric medications on
22q11DS trajectories. We assumed that 22q11DS individuals
treated with psychiatric medications will demonstrate more
robust improvement in SPS and neurocognitive functioning
relative to 22q11DS individuals not treated with psychiatric
medications.

2. Methods and measures

2.1. Participants

In a previous publication [12] we described the recruitment
procedure and baseline evaluation of 102 individuals- 22q11DS
(n = 50), WS (n = 20) and TD (n = 32) controls at the Behavioral
Neurogenetics Center, Tel Aviv. Of the 102 individuals, 93 (88.2%)
returned for follow-up- 22q11DS (n = 44), WS (n = 19) and TD
(n = 30) and were included in the final longitudinal analyses. The
mean interval between the baseline and follow-up visits was
15.2 months (SD = 2.1, range 12-20 months) (Table 1). The study
was approved by the Institutional Review Board of Sheba Medical
Center. After providing a complete description of the nature of the
study, informed consent was obtained from all participants and
from the parents of minors. Additional details on the participants’
characteristics and their recruitment are listed in Table 1 and
Appendix A in Supplementary material.

2.2. Measures

2.2.1. Psychiatric evaluation
All individuals with 22q11DS and WS and their main caregivers

were interviewed by a trained psychologist using the Hebrew
version with the Structured Interview for Prodromal Symptoms
(SIPS) version 4 [21]. The Scale of Prodromal Symptoms (SOPS) is
composed of 19 items, each representing a different possible SPS,
divided into four groups: positive, negative, disorganized and
general symptoms. Each item on the SIPS was rated on a seven-
point scale (0 - absent, 1- questionably present, 2 - mild, 3 -
moderate, 4 - moderately severe, 5 - severe but not psychotic, 6 -
severe and psychotic/extreme) [22]. A participant was considered
both at baseline and at follow-up assessments to have “positive
WS (n = 19) TD (n = 30) Statistics

36.8 46.6 x2(2) = 1.27, P = 0.529a

21.9(6.2) 20.0(6.6) F (2,90) = 0.56, P = 0.569b

12-35 12-34
14.7(1.2) 14.8(2.1) x2 (2) = 1.42, P = 0.065c

14.1(2.1) 14.7(2.3) x2(2) = 6.04, P = 0.058c

68.8(9.5) 106.4(9.8) F (2,90) = 108.99, P < 0.001b,d

71.5(9.7) n.a F (1,54) = 2.60, P = 0.112b

cale IQ; n.a: Not available; Paternal years of education: Average parents number of
ive Behavior Scale; WS: Williams syndrome.

https://doi.org/10.1016/j.eurpsy.2017.10.010


22 R. Weinberger et al. / European Psychiatry 48 (2018) 20–26

https://d
SPS” when at least one positive symptom was rated at a level of �3,
and with “negative SPS” when at least two negative or disorga-
nized symptoms were rated at a level of �3 [11].

Data on UHR non-22q11DS individuals have shown that those
with persistence and worsening of subthreshold psychotic symp-
toms are at high risk to convert to psychosis [23]. Based on these
findings and because of our limitation of a small sample size, we
divided our 22q11DS sample into two groups; and applied these
criteria to both the positive and negative subthreshold symptoms.

One group was ‘persistent/emergent' (n = 29 for negative SPS,
n = 17 for positive SPS) meeting subthreshold psychosis symptoms
at both time points (persistent), or not meeting subthreshold
symptoms criteria at baseline but subsequently meeting sub-
threshold psychosis symptoms criteria or converted to psychosis at
follow-up (emergent) [24]. The other group was ‘low risk '
(n = 15 for negative SPS, n = 27 for positive SPS), not meeting
subthreshold psychosis symptoms criteria at either time point or
did so at baseline but not at follow-up.

All 22q11DS and WS individuals underwent semi-structured
psychiatric evaluation using the DSM-5 version of the schedule for
affective disorders and schizophrenia for school-age children (K-
SADS), or the Structured Clinical Interview for Axis I (SCID) as
previously described [25].

2.2.2. Cognitive and adaptive functioning evaluations
All participants completed IQ assessment using the age-

appropriate version of the Wechsler test as previously described
[25] and completed the CNB . Adaptive functioning of the
participant was assessed by Vineland Adaptive Behavior Scale
version 2 (VABS). For more details on the CNB and VABS, see
Appendix A in Supplementary material.

2.2.3. Assessment of psychiatric medications' history
We inquired about the status of psychiatric medications of all

22q11DS and WS individuals both at baseline and at follow-up, and
also collected the data from their electronic medical records. The
psychiatric medications screened included antipsychotics, anti-
depressants, anxiolytics, mood stabilizers, and stimulants.

Each individual was rated as ‘positive' for psychiatric medica-
tion treatment, if either at baseline or at follow-up, he or she were
on any of the above-mentioned psychiatric medications.

2.3. Data analysis

Data were analyzed using SPSS software system for Windows
Version 20.0. and SAS System for Windows. Categorical variables
were compared by Pearson x2 tests for proportions' analysis.
Continuous variables were tested for normality using the Shapiro-
Wilk test. Neurocognitive data were compared using analysis of
variance (ANOVA), and the intervals between assessments in
months and parents years of education were compared with the
nonparametric Kruskal–Wallis test.

For between-groups comparisons, change in frequency of
positive and negative subthreshold symptoms from baseline to
follow-up, two logistic regressions, one for positive and one for
negative SPS, were conducted with group (22q11DS vs. WS) by SPS
status (present or absent) at baseline as predictors and SPS status
at follow-up as the outcome variable.

We calculated the positive and negative SOPS scores by
summing up the five positive items and the six negative items
of the SOPS, respectively. Since the SOPS scores were skewed, we
compared SOPS positive and negative total scores among groups at
baseline and at follow-up using the nonparametric Kruskal–Wallis
test for comparing three groups, and the Mann–Whitney U test for
comparing two groups. The Wilcoxon signed-rank test was used to
detect changes between baseline and follow-up SOPS scores.
oi.org/10.1016/j.eurpsy.2017.10.010 Published online by Cambridge University Press
For the adjusted probability of the presence of SPS in 22q11DS
and WS after controlling for the CNB neurocognitive domain
scores, a one-way analysis of covariance (ANCOVA) was performed,
using the SAS's PROC GLIMMIX procedure with a binomial
distribution.

The summary of the cross-sectional and longitudinal compari-
son of CNB domain scores among groups is presented in
Supplementary Table 1. The ANOVA simple effects test estimation
of combined baseline and follow-up CNB scores.

Two logistic regressions were conducted to assess whether
baseline GNP predicts the presence of negative and positive SPS at
follow-up. We also calculated positive and negative SOPS scores by
summing up the five positive items and the six negative. We
conducted two linear regressions to determine whether baseline
GNP predicts positive and negative total SOPS scores at follow-up.
Additional multivariate logistic and linear regressions were
performed to assess if the association between GNP scores at
baseline and the presence and severity of negative SPS are driven
by any of the five CNB subdomains. Furthermore, two logistic
regressions were conducted to clarify whether or not baseline GNP
scores predict the persistence/emergence of negative and positive
subthreshold symptoms.

To analyze the potential effect of psychiatric medication
treatments on individuals with 22q11D, ANOVA-RMs was applied
using medication as the between-subjects factor, and GNP score as
well as the mean total positive or negative SOPS scores at baseline
and follow-up as the within-subject factors.

3. Results

3.1. Conversion to psychotic disorders and longitudinal change in rates
of subthreshold psychotic symptoms

The baseline comparison among 22q11DS, WS and TD was
previously described [12]. Two individuals with 22q11DS (4.5%),
and none from the WS and TD groups, converted to psychotic
disorders between baseline and follow-up evaluations. Case
studies information is presented in Appendix B in Supplementary
material.

There was a significant effect of group (22q11DS vs. WS) by
positive SPS status at baseline (present or absent) on positive SPS
status at follow-up (P = 0.009) with 22q11DS decreasing from 43%
at baseline to 16% at follow-up while WS increasing from 32% to
53%. There was no significant effect of group by negative SPS status
at baseline on negative SPS status at follow-up (Table 2).

We then analyzed the SOPS scores as continuous variables,
summing the total positive and negative symptom scores. In line
with the categorical analyses, we found similar but nonsignificant
improvement in mean positive SOPS scores (Z = 1.43, P = 0.053)
from baseline to follow-up in 22q11DS, and a nonsignificant
change in positive SOPS scores (Z = 0.45, P = 0.565) from baseline to
follow-up in WS, There was no significant change in mean negative
SOPS scores from baseline to follow-up (Table 2).

A summary of the cross-sectional and longitudinal comparisons
of CNB domain scores among groups is presented in Appendix B
and Supplement Table 1 in Supplementary material.

3.2. Association between neurocognitive functions and subthreshold
psychotic symptoms in individuals with 22q11DS and WS

One-way ANCOVA was conducted to compare the probability of
the presence of negative prodromal symptoms between 22q11DS
and WS after controlling for baseline neurocognitive domain
scores. There was a significant group effect on the presence of
baseline negative SPS after controlling for GNP, executive function
and social cognition scores (Table 3). The adjusted probabilities for

https://doi.org/10.1016/j.eurpsy.2017.10.010


Table 2
Longitudinal within and between group comparisons of rates of subthreshold psychotic syndromes, severity of subthreshold psychotic symptom scores.

22q11DS (n = 44) WS (n = 19) TD (n = 30) Statistics T1 Statistics T2 Statistics Change
from T1 to T2

T1 T2 T1 T2 T1 T2

Positive SPS [n (%)] 19(43) 7(16) 6(32) 10(53) 0(0) 0(0) x 2 (2) = 17.13, x 2 (2) = 21.88, B = 1.64, SE = 0.64,
P < 0.001a P < 0.001a P = 0.009b

TD < WS,22q11DS TD < 22q11DS < WS
Negative SPSc [n (%)] 14(32) 19(43) 1(5) 4(21) 0(0) 0(0) x 2 (2) = 15.43, x 2 (2) = 18.04, B = 0.35, SE = 0.54,

P < 0.001a P < 0.001a P = 0.521b

TD < WS < 22q11DS TD < WS,22q11DS
Positive SOPS total scores
[(mean(SD)]

5.18
(5.04)

4.84
(4.64)

6.05
(5.45)

6.78
(5.31)

0.20
(0.55)

0.07
(0.26)

x 2 (2) = 43.77, x 2 (2) = 43.91, 22q11DS: Z = 1.43,

P < 0.001d P < 0.001d P = 0.053e

TD < WS, 22q11DSd TD < WS,22q11DSd WS: Z = 0.45,
P = 0.565e

Negative SOPS total scores
[(mean(SD)]

9.09
(6.20)

8.72
(5.29)

5.78
(3.28)

8.15
(3.25)

0.03(0.18) 0.04
(0.19)

x 2 (2) = 43.34, x 2 (2) = 42.11, 22q11DS: Z = 0.48,

P < 0.001d P < 0.001d P = 0.629e

TD < WS < 22q11DSd TD < WS, 22q11DSd WS: Z = 1.95, P = 0.061e

22q11DS: 22q11.2 deletion syndrome; SOPS: Scale of prodromal symptoms; SPS: Subthreshold psychotic symptoms; T1: Baseline evaluation; T2: Follow-up evaluation; TD:
Typically developing; WS: Williams syndrome.

a Pearson chi square test.
b Logistic regression with group (22q11DS vs. WS) by SPS status (present or absent) at baseline as predictors and SPS status at follow-up as the outcome variable.
c Ideational richness was excluded from the negative symptoms between groups baseline and longitudinal analyses since it is known to be highly affected by the cognitive

level.
d Kruskal-Wallis test for three-group comparisons followed by Mann-Whitney for two-group post hoc comparisons.
e Wilcoxon signed-rank test to compare change from baseline to follow-up scores in 22q11DS and in WS.
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these domains were significantly higher for 22q11DS than for WS
individuals, indicating a stronger association between these
neurocognitive domains and negative symptoms in 22q11DS
compared to WS.

3.3. Effect of neurocognitive deficits at baseline on subthreshold
psychotic symptoms at follow-up in individuals with 22q11DS

Logistic regression revealed that baseline GNP scores were
significantly associated with the presence of negative SPS at
follow-up (B = �2.36, SE = 0.93, P = 0.011), accounting for 24% of the
variance in negative SPS. GNP did not predict the presence of
positive SPS at follow-up (B = �0.63, SE = 0.86, P = 0.467). The linear
regression analyses of SOPS scores were in line with the SOPS
categorical analyses. Baseline GNP scores predicted total negative
SOPS scores [F(1, 43) = 4.34, P = 0.043], accounting for 9.4% of the
variance, but not total positive SOPS scores [F(1, 43) = 2.36,
P = 0.132].

To determine whether the association between baseline GNP
scores and the presence of negative SPS is driven by any of its
components, we repeated the regressions entering the five
subdomains composing the GNP at baseline as potential predictors
of follow-up negative SPS or total negative SOPS scores. None of the
five subdomains were significantly associated with the presence of
negative SPS (B = 0.49, SE = 0.34, P = 0.143) or with total negative
SOPS scores [F(5, 36) = 0.31, P = 0.903].
Table 3
Adjusted probability of the presence of baseline negative subthreshold psychotic
symptoms of 22q11.2 deletion syndrome and Williams syndrome.

CNB domain 22q11DS (n = 44) WS (n = 20) F (df = 1,63) P

GNP 0.74 0.26 7.52 0.008
Episodic Memory 0.66 0.42 3.02 0.087
Social Cognition 0.67 0.38 4.16 0.045
Complex Cognition 0.67 0.42 0.03 0.131
Praxis Speed 0.69 0.34 3.88 0.053
Executive Function 0.70 0.37 4.33 0.041

22q11DS: 22q11.2 deletion syndrome; CNB: Computerized neurocognitive battery;
GNP: Global neurocognitive performance; WS: Williams syndrome.

rg/10.1016/j.eurpsy.2017.10.010 Published online by Cambridge University Press
In addition, GNP at baseline significantly predicted the
persistence/emergence of negative SPS (n = 29) at follow-up
(B = �2.76, SE = 1.03, P = 0.007), accounting for 29.7% of the variance
of negative SPS. In line with the other analyses, GNP scores at
baseline did not predict the persistence/emergence of positive SPS
(n = 17), (B = �0.48, SE = 0.66, P = 0.471).

3.4. Effect of pharmacotherapy on change in severity of subthreshold
symptoms and cognitive deficits in individuals with 22q11DS

Twenty of the 44 individuals with 22q11DS (45%) were on
psychiatric medications (some were on more than one medica-
tion). The psychotropic medication status of individuals with
22q11DS or WS is presented in Appendix B in Supplementary
material. Table 4 shows the results of the comparison between
22q11DS individuals who were and were not treated with
psychiatric medications at baseline and at follow-up. The groups
did not differ in age, sex distribution, FSIQ or baseline GNP scores.

To learn about the difference in change in SOPS or GNP scores
between 22q11DS treated with psychiatric medications and those
not treated with psychiatric medications we conducted two
ANOVA-RMs, with baseline and follow-up positive, negative SOPS
mean total scores or GNP as within-subject factors and psychiatric
medication treatment (yes or no) as a between-subjects factor.
There was a significant effect of psychiatric medication status by
time on GNP efficiency score [F (1,42) = 5.86, P = 0.020]. GNP of
individuals with 22q11DS treated with psychiatric medication
improved (from baseline GNP �0.99 � 0.53 to follow-up GNP
�0.77 � 0.42) whereas GNP scores of 22q11DS no treated with
psychiatric medication worsened (from baseline �0.89 �0.40 to
follow-up �1.05 � 0.72). We found no significant effect on
cognitive change for any of the specific group of psychiatric
treatments (antipsychotics, stimulants, and antidepressants; see
Appendix B in Supplementary material). There was no significant
time effect of psychiatric medication status (yes or no) on mean
positive SOPS scores [F(1,42) = 3.28, P = 0.077] or mean negative
SOPS scores [F(1,42) = 2.59, P = 0.115].

https://doi.org/10.1016/j.eurpsy.2017.10.010


Table 4
Comparison between individuals with 22q11.2 deletion syndrome treated vs. not treated with psychiatric medications.

22q11DS treated with psychiatric
medications (n = 24)

22q11DS not treated with
psychiatric medications (n = 20)

Statistics

Sex (n, male %) 13 (54.2) 10 (50.0) x2 (1) = 0.76, P = 0.511a

Age at baseline [mean(SD)] 21.9(5.9) 19.3(6.0) F (1,42) = 2.12, P = 0.153b

FSIQ [(mean(SD)] 76.1(11.9) 78.1(9.9) F (1,42) = 2.12, P = 0.153b

Baseline GNP efficiency scores -0.99(0.53) -0.89(0.40) F(1,42) = 0.54, P = 0.466b

Positive SOPS scoresa

At baseline 6.70 (5.73) 5.08(4.39) U = 204, P = 0.394c

At follow-up 6.45 (5.88) 4.50(2.75) U = 171, P = 0.102c

Negative SOPS scoresa

At baseline 10.60 (6.78) 7.78(5.47) U = 166, P = 0.118c

At follow-up 10.20 (5.88) 7.66 (5.09) U = 184, P = 0.186c

22q11DS: 22q11.2 deletion syndrome; FSIQ: Full-scale IQ; GNP: Global neurocognitive performance; SOPS: Scale of prodromal symptoms.
a Pearson chi square test.
b Analysis of variance.
c Mann–Whitney U test.
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4. Discussion

In this longitudinal study, we investigated the trajectories of SPS
and neurocognitive functioning in individuals with 22q11DS in
comparison to TD as well as WS controls. There was no overall
increase in the severity of subthreshold symptoms from baseline to
follow-up, but a decrease in positive SPS in the 22q11DS group was
detected. Yet, we found that two individuals with 22q11DS and SPS
converted to psychosis, whereas none of the TD and WS controls
converted to psychosis. The association between neurocognitive
deficits and negative SPS was significantly more robust in 22q11DS
compared to WS. Baseline GNP scores predicted the presence,
persistence and emergence of negative SPS at follow-up in
individuals with 22q11DS. Finally, we found that 22q11DS
individuals maintained on psychiatric medications displayed
significant improvement in overall cognitive functioning com-
pared to unmedicated 22q11DS individuals.

4.1. Conversion to psychosis and subthreshold psychotic symptoms
longitudinal trajectory in 22q11DS

In our sample, 4.5% of 22q11DS individuals developed psychotic
disorders at the time interval between baseline to follow-up, i.e.,
3.8% per year. In previous longitudinal 22q11DS studies of different
cohorts, looking at age range similar to our cohort, the mean
reported conversion rates to psychosis were 2.4%- 6.7% per year
[19,25–27].

Of note, out of a sample of 44, the two 22q11DS individuals who
converted to psychotic disorders in our cohort had both positive
and negative subthreshold symptoms at baseline, and the
conversion rates in our cohort among those with positive SPS at
baseline was 8.8% per year. In two recent studies, the conversion
rates in 22q11DS individuals with positive SPS were 10.1% [19] and
15.3% [27]. The conversion rates per year of individuals with
22q11DS with positive SPS, are in the lower range of the rates
reported in clinical UHR youth studies, in which conversion rates
varied and ranged from 6.1% to 38.6% per year [28,29].

It has been demonstrated that the administration of psycho-
tropic medications, e.g., antipsychotics and anti-depressants/anti-
anxiety medications, to UHR individuals, postpone the onset of
psychotic disorders and lower the annual conversion rates to
psychosis [30]. Similarly, the somewhat lower rates of conversion
to psychosis in our subthreshold cohort as well as Schneider et al's
cohort [19] could be related to the high rate of medication that
reached 45% of 22q11DS individuals in our sample.

Although conversion to psychosis occurred in 8.8% of our
22q11DS individuals with SPS, in a substantial proportion of the
oi.org/10.1016/j.eurpsy.2017.10.010 Published online by Cambridge University Press
patients with 22q11DS there was an improvement in SPS from
baseline to follow-up, especially for positive SPS. Similar trajectory
of SPS exists in non-22q11DS UHR population. For example, in the
NAPLS study there was an overall mean improvement in SPS from
first to second evaluation and then an escalation in SPS from
second to third evaluation [8], highlighting the need to further
assess SPS in 22q11DS longitudinal cohorts.

4.2. The association between 22q11DS cognitive deficits and negative
subthreshold psychotic symptoms

In the present study, we further demonstrate the clinical
importance of negative SPS in 22q11DS by showing that there is a
strong and specific association between negative SPS and cognition
in individuals with 22q11DS. We found that general cognitive
deficits predict the persistence and emergence of negative SPS but
not positive SPS in 22q11DS individuals at the 15-month follow-up,
and is more strongly associated with the presence of negative SPS
in 22q11DS compared to individuals with WS. These findings are in
line with previous studies on non-22q11DS UHR, TD and help-
seeking individuals, showing that negative SPS are often associated
with poor neurocognitive functioning and predict conversion to
psychosis [31–34].

4.3. Longitudinal change in cognitive deficits and SOPS scores in
22q11DS individuals with and without psychiatric medications

To our knowledge, there are no publications on the longitudinal
effect of psychiatric medications on the progression of SPS in
22q11DS. In the current study, we did not find any effect of
psychiatric medications on the progression of SPS in individuals
with 22q11DS. However, we found that 22q11DS individuals on
psychiatric medications exhibited an improvement from baseline
to follow-up in global cognitive functioning, the GNP measure. Our
findings are in line with a recent paper [35] that showed that
treatment with psychiatric medications, such as antipsychotics
and mood stabilizers, may have a reparative effect on white matter
in prodromal 22q11DS individuals, independent of the potential
effect on psychosis.

Importantly, the two 22q11DS individuals in our study group
that converted to psychotic disorders were treated with methyl-
phenidate. Methylphenidate and other stimulants could poten-
tially induce psychotic symptoms. In a previous study, none of the
15 children and adolescents treated with methylphenidate had
developed psychosis in a 6 months follow-up [36]. To our
knowledge, there are no long-term studies on the safety of
stimulants in 22q11DS. Such studies aimed to investigating
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whether or not stimulant treatment increases or decreases the risk
of 22q11DS individuals to develop psychosis.

4.4. Limitations

Study limitations include the sample size that was too small to
accurately assess rates of conversion to psychosis and to identify
additional interactions that may exist between other potential risk
factors for the progression of subthreshold symptoms and
conversion to psychotic disorders, such as age, sex, comorbid
psychiatric disorders, specific neurocognitive deficits and specific
psychiatric treatments. Of note, we can not conclude that
psychiatric medications affect the cognitive developmental
trajectories of 22q11DS individuals because the participants were
not randomized into the groups (e.g., self-selecting who was
receiving medication). In addition, it is possible that the medicated
group had more acute psychiatric symptoms, which could
potentially attract psychiatric attention for treatment earlier or
possibly those who received medication had greater mental health
awareness, more resources, or greater levels of support, all of
which would support the argument that they would do better
psychiatrically.

4.5. Conclusions

In conclusion, the present study is among the first to evaluate
longitudinally the developmental trajectory of SPS in 22q11DS
compared to another neurogenetic syndrome, WS, and to assess
the interactions among, neurocognition, psychiatric treatments,
and SPS trajectories. Our study, as well as the other longitudinal
study [19] showed that the presence of SPS increases the annual
conversion rates to �10%. Our study, consistent with accumulating
evidence [37,38], showed the important association between
cognitive deficits and negative SPS in 22q11DS. The effects of
pharmacotherapy should be included as potential covariates in
22q11DS longitudinal analyses also in cognitive studies.

Future large-scale ongoing studies that combine several large
cohorts of 22q11DS will be able to capture the full scope of the
complex interaction of genes, cognition and psychiatric trajecto-
ries on the evolution of psychosis in individuals with 22q11DS.
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