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Background: The neurobehavioral phenotype of 22q11.2 deletion syndrome (22q11DS) includes cognitive dys-
function and high rates of psychotic symptoms and schizophrenia.
Existing research has mainly considered changes in IQ, especially its decline, as a psychosis predictor. The aim of
this studywas to investigate, in a longitudinal perspective, the relationship between neuropsychological abilities
(not only IQ but also executive functioning, language and visual-motor integration abilities) and onset of psy-
chotic symptoms in a sample of children, adolescents and young adults with 22q11DS.
In addition, the role of comorbid psychiatric disorders at baseline was taken into account.
Methods: 75 participants with 22q11DS, aged between 6 and 27 years at baseline, were included. Eighteen of the
75 participants had developed psychosis at the one year follow-up (onset psychosis-OP) and constituted the first
group; 57 participants who had not developed a psychosis at the one year follow-up (without onset psychosis-
WOP) constituted the second group.
Results: At baseline, group OP showed lower IQ (both full scale and verbal and performance scale) andmore per-
severative errors as well as a reduced number of correct categories on the Wisconsin Card Sorting Test (WCST)
compared to group WOP. In addition, at baseline, group OP showed a higher frequency of depressive disorders
than group WOP.
Conclusion: Even if with caution, results suggest neuropsychological deficits and depressive symptoms should be
considered andmonitored as possible clinical signs for the onset of psychosis in children, adolescents and young
adults with 22q11DS.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

22q11.2 deletion syndrome (22q11DS), originally known as
velocardiofacial syndrome or DiGeorge syndrome, is a genetic syn-
drome (Schneider et al., 2014a; Scambler et al., 1992) associated with
microdeletion of the chromosome 22 band q11with an estimated prev-
alence varying between 1 per 3000 to 1 per 6000 live births (McDonald-
McGinn and Sullivan, 2011). The physical and neurobehavioral pheno-
type of the syndrome includes high rates of congenital dysmorphic fea-
tures (Bassett et al., 2001; McDonald-McGinn and Sullivan, 2011),
structural brain abnormalities (Chowet al., 1999), cognitive dysfunction
(Vorstman et al., 2015; Antshel et al., 2010), and high rates of psychiat-
ric disorders (Gothelf et al., 2008), in particular schizophrenia (Murphy,
2005; Schneider et al., 2014a).
n's Hospital, Department of

.

The cognitive profile in individuals with 22q11DS varies over the
course of development and is highly variable between individuals
(Schneider et al., 2014a; Armando et al., 2013). However, there are
some replicated patterns. The majority of individuals with 22q11DS
have an intellectual ability that falls in the borderline range (IQ
70–84), about one-third present mild intellectual disability, while
more severe intellectual disability is uncommon (Bassett et al., 2005;
Chow et al., 2006; Swillen et al., 2000). In early childhood, children
with 22q11DS show non-verbal learning deficits and performance IQ
tends to be significantly lower than verbal IQ (De Smedt et al., 2009;
Jacobson et al., 2010; Swillen et al., 1999). However, data seem do not
support the distinction between performance and verbal IQ scores in
adolescence (Antshel et al., 2010; Green et al., 2009).

Concerning predictive factors of later psychotic onset in individuals
with 22q11DS, the IQ, and specifically its decline, is one of the most re-
liable predictors of subsequent psychotic onset (Kates et al., 2015;
Vorstman et al., 2015). Indeed, results of three longitudinal studies ex-
amining the period of late childhood and adolescence to adulthood doc-
umented that individuals with 22q11DS developing psychosis show a
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gradual cognitive decline as they enter into adulthood (Gothelf et al.,
2005; Antshel et al., 2010; Vorstman et al., 2015).

More specifically, in a prospective longitudinal cohort study,
Vorstman et al. (2015) included 411 individuals with 22q11DS (mean
age: 16. 1 (sd: 6.2)) with at least two IQ measurement at age
8–24 years. All patients showed a decline in IQ over time, particularly
in Verbal IQ. The average total declines in cognitive abilities were 7.04
points in Full Scale IQ, 9.02 points in Verbal IQ, and 5.09 points in Perfor-
mance IQ. Even more interesting, Vorstman et al., 2015 found that cog-
nitive decline (Full scale IQ and both scales with most pronounced for
Verbal IQ) was greater in individuals with 22q11DSwho develop a psy-
chotic disorder, and this decline appears to start as early as age 11 years.
Overall, based on Vorstman et al., 2015, individuals with 22q11DS who
develop psychotic disorder show a significant cognitive decline that is
significantly steeper than the intellectual decline over childhood and
adolescence observed in individuals with 22q11DS without psychosis.

Existing research hasmainly considered changes in IQ as a psychosis
predictor in 22q11DS, but very little research has considered other neu-
ropsychological domains as possible predictors. In the latter context,
Schneider et al. (2014b) carried out a longitudinal study (3 years be-
tween two time points) on the associations between neuropsychologi-
cal profile and psychotic symptoms in a group of 56 adults with
22q11DS. The results showed that, in several neuropsychological do-
mains (full-scale IQ, processing speed, and verbal memory), individuals
with 22q11DS and psychotic symptoms were significantly more im-
paired than those without psychotic symptoms. However, the study
by Schneider et al. (2014b) included some adults with 22q11DS who
showed psychiatric disorders in comorbidity. As the authors underlined,
this may have increased the prevalence of psychiatric disorders in a
group of 56 adults with 22q11DS and, since the follow-up started in
adulthood, the conclusions must not be considered definitive. More re-
cently Antshel et al. (2017) examined the extent to which the develop-
mental trajectories of cognitive abilities, academic abilities, executive
functioning, attention, working memory, and emotion recognition can
be predictive of psychosis in young adults with 22q11DS. Eighty-two
children and adolescents with 22q11DS were assessed for psychiatric
disorders and neuropsychological functioning at 4 time points, with ap-
proximately 3 years between time points. Results showed that visual
and auditoryworkingmemory abilities and academic abilities improved
at a slower rate for individuals with 22q11.DS than those without psy-
chosis. More interestingly, perseverative error scores in the Wisconsin
Card Sorting Test and thus, cognitive flexibility, were robust predictors
of prodromal/overt psychotic symptoms in adulthood. Indeed, individ-
uals with 22q11DS who developed prodromal/overt psychotic symp-
toms continued to demonstrate deficits in cognitive flexibility and
improved less appreciably than individuals with 22q11DS who did not
show prodromal/overt psychotic symptoms. However, the study by
Antshel et al. (2017) has the limitation that longitudinal assessments
were conducted every 3 years, and the possibility should be considered
that changes may have occurred earlier and that developmental pro-
gression of psychotic symptoms was not detected. In addition, medica-
tion history was not controlled for. Medication may have reduced some
psychotic symptoms and affected the results concerning the neuropsy-
chological performance. Finally, the authors did not clarify the distribu-
tion of psychiatric co-morbidities amongst the patients.

The aim of the present study was to investigate, in a longitudinal
perspective, the relationship between neuropsychological abilities and
the onset of psychotic symptoms in a group of children, adolescents
and young adults with 22q11DS. The follow-up time (12 months) in
our study was shorter than that of previous studies in order to assess
early changes in the clinical course of 22q11DS; furthermore, not only
general cognitive abilities but also executive functioning, language (lex-
ical comprehension) and visual-motor integration abilities were fully
investigated.

In addition, the possible effects of pharmacological treatments were
taken into consideration when examining the relationship between
neuropsychological abilities and onset of psychotic symptoms in indi-
viduals with 22q11DS. Finally, besides psychotic symptoms, other co-
morbid psychiatric disorders in individuals with 22q11DS who
develop psychosis and in those who do not develop psychosis were
taken into account at baseline.

2. Methods

2.1. Participants

Seventy-five participants (31 females, 44 males) with a genetically
confirmed 22q11DS diagnosis, aged between 6 and 27 years (14.6 ±
5.1 years) at baseline (T0), were included in the study. Participants
were recruited from the Child and Adolescent Neuropsychiatry Unit
and the Clinical Genetic Unit of the Bambino Gesù Clinical and Research
Hospital in Rome between 2014 and 2016.

They were identified by standard cytogenetic studies using fluores-
cence in situ hybridisation (FISH; O'Connor, 2008) and a probe from
the commonly deleted 22q11.2 region.

Participants were assessed from 6 years of age onwards, due previ-
ous reports in which the presence of psychotic symptoms in individuals
with 22q11DS was also documented in school-aged children (Debbané
et al., 2006). Participants were followed-up over a mean period of
12 months.

Interval time between T0 and T1 ranged from 8 months to
16 months.

The exclusion criterion was having a psychotic disorder or positive
psychotic symptoms at baseline or before the first evaluation at our
service.

The study was approved by Ethics Committee of the Bambino Gesù
Clinical and Research Hospital in Rome and was conducted in agree-
mentwith the Italian Association for 22q11.DSmicrodeletion syndrome
(AIdel22) in the framework of a wider project aimed at the prevention
of psychopathological disorders in patients with 22q11DS. All partici-
pants provided written informed consent and parental consent for
those under 18 years of age. The 75 participants were divided into two
groups based on the onset of psychosis at the one-year follow-up.
Onset of psychosis was diagnosed in individuals with 22q11DS present-
ing a score of 6 in at least one itempositive for SIPS/SOPS (see paragraph
on Clinical Assessment for this instrument).

The first group of participants with 22q11DS who had developed
psychosis (onset psychosis - OP) at one-year follow-up (T1) consisted
of 18 participants (9 females, 9 males); the second group who had not
developed psychosis (without onset psychosis - WOP) consisted of 57
participants (20 females, 37 males).

The groups with OP andWOP differed significantly in terms of chro-
nological age (OP: 18.06 ± 5.1 years; WOP: 13.5 ± 4.6 years; p =
0.0016 Mann-Whitney).

2.2. Measures

2.2.1. Clinical assessment
The Structured Interview for Psychosis-Risk Syndromes (SIPS/SOPS;

McGlashan, 2001) was administered to all participants at T0 and T1 by a
trained psychiatrist during the structured psychiatric interview. The
SIPS scales include a total of 19 symptom constructs (five positive, six
negative, four disorganized and four general symptoms) that are evalu-
ated based on the presence, duration and severity of specific experi-
ences and behavior. Each item is rated on a scale of 0 (symptom
absent) to 6 (extreme or psychotic symptom intensity).

The SIPS/SOPS contains diagnostic criteria for three ‘psychosis risk
syndromes’: attenuated psychotic symptoms (APS), brief limited inter-
mittent symptoms (BLIPS), schizotypal personality disorder (according
to the diagnostic criteria of the DSM-IV) and psychosis (score equal to 6
in any of the five positive items).



Table 1
Mean (SD) neuropsychological scores at T0 in 22q11DS groups.

Neuropsychological measures at
T0

OPa

(n = 18)
Mean ± SD

WOPb

(n = 57)
Mean ± SD

CA WOPc

(n = 28)
Mean ± SD

Full scale IQ 75.61 ± 9.32 86.1 ± 11.50 87.2 ± 9.49
Verbal IQ 75.94 ±

10.82
86.4 ± 11.55 87.9 ± 9.57

Performance IQ 76 ± 10.31 86.6 ± 11.47 87.9 ± 9.44
STROOP 48 ± 25.42 38.4 ± 8.86 34.0 ± 8.16
WCST (categories) 2.39 ± 1.42 4.3 ± 1.53 4.5 ± 1.60
WCST (perseverative errors) 77.56 ±

21.32
106.8 ±
21.60

105.3 ±
22.41

PPVT 83.08 ±
11.34

83.9 ± 14.33 86.1 ± 14.02

FAS 26 ± 19.66 26.6 ± 19.45 23.1 ± 18.26
CAT 3 ± 3.96 4.8 ± 10.12 5.8 ± 12.80
CAT alternate 7 ± 4.02 6.4 ± 3.01 6.5 ± 3.38
VMI 4 ± 5.99 12 ± 21.82 7 ± 14.93

a OP = participants with onset of psychosis at the one-year follow-up.
b WOP = participants without onset of psychosis at the one-year follow-up.
c CAWOP= WOP matched for chronological age with OP.
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At T0 and T1, the presence of any Axis I DSM-IV psychiatric disorder
was assessed using structured clinical interviews. The Structured Clini-
cal Interview for Axis I DSM-IV (SCID-I) was administered to adult par-
ticipants and their parents.

For participants under 18 years and their parents, the Schedule for
Affective Disorders and Schizophrenia for School Aged Children Present
and Lifetime Version (K-SADS-PL; Kaufman et al., 1997) was
administered.

For the Global Assessment of Functioning, the Childhood Global As-
sessment Scale (Shaffer et al., 1983) or the Global Assessment of Func-
tioning (from DSM-IV-TR, American Psychiatric Association, 2000)
was used.

2.2.2. Neuropsychological assessment
All participants completed the neuropsychological assessment.
IQ was assessed using the Wechsler Intelligence Scale for Children

(WISC-III; Wechsler, 1991) or the Wechsler Adult Intelligence Scale
(WAIS-III; Wechsler, 1997) which provides scores for Verbal IQ, Perfor-
mance IQ, and Full Scale IQ.

Lexical comprehensionwas evaluated using the Peabody Picture Vo-
cabulary Test (PPVT; Dunn and Dunn, 1981) which provides age-
specific standard scores (with a mean of 100 and standard deviation
of 15).

The Visual Motor Integration Task (VMI; Beery and Buktenica, 1997)
was used to measure visual-motor integration.

Raw scores were converted into percentiles. The latter were consid-
ered for the analyses.

The Wisconsin Card Sorting Test (WCST; Heaton et al., 1993) was
used to assess categorization and perseveration. The total number of
perseverative errors (raw scores were converted into age-specific stan-
dard scores) and the number of categories were considered for the
analyses.

The Stroop task (Stroop, 1935) was used to evaluate verbal response
inhibition. Index interference was considered for the analyses. As an
index of interference, we considered the difference relative to the base-
line in execution time, computed as [(incongruent-control)/control],
where the control is the second neutral condition (to read a list of
color words printed in black) and incongruent is the condition in
which the color words are printed in a different color (e.g. “blue”
printed in red).

Two different tasks were used to test verbal fluency. The phonolog-
ical task (FAS; Marotta et al., 2008) was used to assess phonemic verbal
fluency (i.e. F, A, S). Specifically, participants were asked to produce as
many words as they could beginning with each phoneme in 60 s. The
categorical task (CAT; Vicari, 2007) assesses semantic fluency. Partici-
pants were asked to recall as many words as possible in each category
(animals, fruit, clothing and toys) in 60 s. The total number of items cor-
rectly recalled is recorded for FAS and CAT (for both tasks, raw scores
were converted into age-specific percentiles).

To assess verbal category shifting, CAT alternate was used (Mäntylä
et al., 2007). Participants were asked to produce words that shift be-
tween two categories (i.e. animals and fruits). The score was calculated
on the basis of the number of correctly generated pairs within 120 s.
Raw scores were considered for the analyses due to the lack of norma-
tive data for this task.

2.3. Statistical analyses

As not all neuropsychological variables met homoscedasticity as-
sumptions (the Levene's test showed significant differences in vari-
ance), the Mann–Whitney U test was used to compare, at T0,
participants with 22q11DS who developed psychosis at one-year
follow-up and those who did not.

Since several neuropsychological measures were considered (full
scale IQ, verbal IQ, performance IQ, PPVT, WCST' category, WCST' per-
severative errors, FAS, CAT, CAT alternate, STROOP, and VMI) and
separate analyses could produce alpha-inflation (increase of false posi-
tive findings), statistical significance was adjusted for the number of
tests performed (Bonferroni adjustments 0.05/11 = 0.0045).

Statistical analysiswas performed using Statistica 10 (StatSoft, Tulsa,
OK).

3. Results

3.1. Neuropsychological differences at T0

As shown in Table 1, the groupswith OP andWOPdid not differ at T0
in lexical comprehension (PPTV: p = 0.98 Mann-Whitney) and in
visuo-motor integration (VMI: p = 0.41 Mann-Whitney) skills. Even if
groups did not differ on VMI, only patients with OP showed a mean
score below the fifth percentile. They also did not differ in verbalfluency
abilities (CAT: p=0.68Mann-Whitney; FAS: p=0.83Mann-Whitney),
in verbal category shifting (CAT alternate: p = 0.29 Mann-Whitney),
and in verbal response inhibition (STROOP: p = 0.61 Mann-Whitney).

However, the two groups with 22q11DS differed in IQ (Full Scale IQ:
p = 0.001 Mann-Whitney; Verbal IQ: p = 0.002 Mann-Whitney; Per-
formance IQ: p = 0.001 Mann-Whitney), in perseverative errors (p =
0.00002 Mann-Whitney) and in category numbers (p = 0.00004
Mann-Whitney) on WCST. Specifically, at T0 participants with OP
showed more perseverative errors and a reduced number of categories
on WCST compared to participants in the WOP group.

3.2. Age effect on neuropsychological differences at T0

To show that the neuropsychological differences found between OP
and WOP participants were not related to differences in age (the WOP
group was significantly younger than the OP group), younger children
from the WOP group were excluded to match the group with OP for
chronological age. A subgroup of 28 participants was then selected
(17.1 ± 3.58 years) from the whole WOP group and matched for chro-
nological age (p = 0.46 Mann-Whitney) with the OP group of partici-
pants (18.1 ± 5.1 years).

Statistical analyses confirmed our previous results (with the older
WOP group), showing that participants with OP had a lower IQ (Full
Scale IQ: p = 0.0008 Mann-Whitney; Verbal IQ: p = 0.0006 Mann-
Whitney; Performance IQ: p = 0.0006 Mann-Whitney) than the WOP
group, made more perseverative errors (p = 0.0003 Mann-Whitney),
and completed a reduced number of categories (p = 0.0002 Mann-
Whitney) on WCST. Similarly to our previous analyses on the whole
groups, there was no difference between the OP group and the WOP
subgroup for the other neuropsychological measures considered
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(PPTV, VMI, CAT, FAS, CAT alternate and STROOP) (p always N0.1Mann-
Whitney).
3.3. Psychiatric diagnosis at T0

Percentage frequencies of current Axis I disorders at T0 were calcu-
lated for total group and separately for the two groups (Table 2). As
can be seen, at T0, the group with OP showed higher frequency of de-
pressive disorders than the WOP group. This result was confirmed by
χ2 test (χ2 = 11.20; p-value: b0.01).
3.4. Medication effect on relationship between cognitive deficit and onset of
psychotic symptoms

In both groups, at T0, no patients were taking drugs and had not re-
ceived drugs during the 12-months prior to follow-up. For the group
with OP, pharmacological treatment was started immediately after the
detection of psychotic symptoms during the follow-up assessment.
4. Discussion

The main aim of present study was to explore, in a longitudinal per-
spective, the relationship between neuropsychological abilities and the
onset of psychotic symptoms in a group of children, adolescents and
young adults with 22q11DS.

The first result we obtained was that, at baseline level, participants
with 22q11DS who had developed psychosis at one-year follow-up
(OP group) had lower IQ (both full and verbal and performance scale)
than participants who had not developed psychosis (WOP group).
This finding is in line with previous studies carried out on individuals
with 22q11DS (Schneider et al., 2014b; Vorstman et al., 2015; Antshel
et al., 2017) as well as on general populations, where low IQ increases
the risk for many neuropsychiatric disorders in general (Gale et al.,
2008; Koenen et al., 2009; Dekker et al., 2002) and particularly for psy-
chosis (Woodberry et al., 2008; Zammit et al., 2004).

More recently, in a prospective cohort study included 4322 partici-
pants, Mollon et al. (2018) showed that individuals with psychotic dis-
order had large and increasing IQ deficits (both verbal and nonverbal
abilities) as well as slowed developmental growth in specific cognitive
functions, such as working memory.

Secondly, at baseline level, participants with 22q11DS who had de-
veloped psychosis at one-year follow-up (OP group) showed a higher
level of impairment in executive functions as assessed with WCST.
Namely, participants with OP showed more perseverative errors and a
reduced correct number of categories on WCST compared to WOP par-
ticipants. These results indicate that the performance obtained onWCST
by our patients with 22q11DS at T0 is a crucial marker for the onset of
psychotic symptoms as measured by the scores at positive items of
SIPS/SOPS at one-year follow-up. Present findings are consistent with
those reported in the study by Antshel et al. (2017) which showed
that individuals with 22q11DSwho developed psychotic symptoms im-
proved less appreciably and continued to demonstrate difficulties with
cognitive flexibility as assessed with WCST compared to individuals
with 22q11DS who did not have psychotic symptoms.
Table 2
Percentage frequencies of current Axis I disorders at T0 calculated for total group and sep-
arately for the two groups.

Mood disorder
(%)

Anxiety disorder
(%)

Behavioural disorder
(%)

Total group (n = 75) 36 (49) 24 (31) 15 (20)
OP (n = 18) 12 (67) 4 (22) 2 (11)
WOP (n = 57) 25 (44) 19 (33) 13 (23)
It is noteworthy that baseline executive function deficits assessed
with WCST are also associated with psychosis diagnosis at follow-up
in the general population (Remberk et al., 2014).

The low performance on WCST is the only measure of executive
functioning that precedes the onset of psychotic symptoms. Indeed, in
our study we also examined performance on the Stroop test, CAT and
FAS and found no significant differences between the group with OP
and the WOP group. This result is supported by the standard score of
perseverative errors on WCST that was below the mean in the OP
group and in the normal range in theWOP group. The cognitive flexibil-
ity, attention shifting and set maintenance deficit (as measured by
WCST) could thus be a key feature for identifying individuals with
22q11DS at risk for developing psychosis. Conversely, response inhibi-
tion (measured by Stroop) and verbal fluency (measured by CAT, CAT
shifting and FAS) are less associated with the psychiatric outcome.
This finding is consistent with that of Maeder et al. (2016) who found
that deficit in response inhibition and verbal fluency preceded the
onset of negative symptoms but not of positive symptoms. However,
further studies are needed to investigate the relationship between spe-
cific deficits in executive functioning and the dimensions of psychotic
symptomatology in individualswith 22q11DS (positive, negative, disor-
ganization, and general).

Indeed, in individuals with 22q11DS, in idiopathic schizophrenia or
in high-risk populations, negative and cognitive psychotic symptoms
may be amore useful outcome variable, as theymay be a better “predic-
tor” of full-blown schizophrenia and at least have been reported to have
more significant and long-lasting impact on daily-life functioning
(Carbon and Correll, 2018; Basso et al., 1998).

In our study, the follow-up for psychiatric assessment was twelve
months after the neuropsychological evaluation. In our opinion, this is
a correct interval for detecting changes in the psychiatric status. Indeed,
a longer interval could increase the risk of not detecting the onset of the
psychotic symptoms and, consequently, the loss of information on neu-
ropsychological deficits and the next onset of psychotic symptoms.

Since all the participants in the two groupswere drug naïve, changes
in psychiatric status documented in the present study are not related to
the effects of possible pharmacological treatments. In previous studies
on the relationship between neuropsychological and psychiatric pro-
files (Schneider et al., 2014a; Antshel et al., 2017) potential pharmaco-
logical effects were not investigated.

Matching the participants in the OP andWOP groups for chronolog-
ical age confirmed the present findings and showed that our results did
not depend on differences in age. Specifically, at baseline, participants
with 22q11DS who will develop a psychosis at the one-year follow-up
showed lower abilities in IQ (full, verbal and performance) and in spe-
cific executive functions (cognitive flexibility, attention shifting and
set maintenance measured by WCST) compared with aged-matched
participants with 22q11DS who will not develop a psychosis. Present
findings are in keeping with other studies that have explored the asso-
ciation between cognitive deficits and psychosis vulnerability in indi-
viduals with 22q11DS and in general population.

Specifically, executive functioning, attention and working memory
are often impaired in 22q11ds (Shapiro et al., 2014) and predictive for
psychosis in idiopathic schizophrenia (Meier et al., 2014; Cornblatt
et al., 1999). Moreover, research on cognitive abilities in schizophrenia
indicates that cognitive decline occurs in late adolescence (Woodberry
et al., 2008) although academic and cognitive deficits could also be
found in children who later develop schizophrenia (Cannon et al.,
2002; Jones et al., 1994).

Overall, our results suggest that the neuropsychological deficits
could be considered a marker for psychosis vulnerability in individuals
with 22q11DS and are aspects to consider in the clinical assessment
and management of children, adolescents and young adults with this
syndrome.

Furthermore, at baseline level, we considered differences in psychi-
atric comorbidity between the two groups to evaluate the relationship
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between other psychiatric risk factors and the onset of psychosis in in-
dividualswith 22q11DS. The groupwithOP showed significantly higher
frequency of depressive disorders than the WOP group. Therefore, at
least in our participants, the presence of depression precedes the
onset of psychotic symptoms at one-year follow-up. This finding is in
contrast to the findings of a previous study (Gothelf et al., 2007) show-
ing that anxiety symptoms are psychiatric risk factors for psychosis. In-
deed, in the study byGothelf et al. (2007) participantswith 22q11DS are
younger (12.9 years) than those of our group with OP (17.7 years), and
since depressive symptoms are more frequently documented in older
patients (Schneider et al., 2014a), we retain that the age difference be-
tween the participants of the two studiesmay explain the contrary find-
ings. Consistent with Schneider et al. (2014b), in 22q11DS the
prevalence of anxiety disorders decreases with age (decreasing from
35% in the 6–12 years age group to 24% in the 18–25 years age group)
while that of depressive disorders increases (from 3% in the 6–12 age
group to 18% in the 18–25 age group).

However, as alreadypointed out by authors as limitation of the study
(Schneider et al., 2014b), discrepancies between the age groups could
be partially explained by diverse assessment employed by the different
sites that contributed to the data. However, as already pointed out by
authors as limitation of the study (Schneider et al., 2014b), discrepan-
cies between the age groups could be partially explained by diverse as-
sessment employed by the different sites that contributed to the data.
Thus, although the findings by Schneider et al. (2014b) should be con-
sidered with caution, they are in linewith our results since in older par-
ticipants the relation of depressive symptoms with the onset of
psychosis is more prevalent than in the study by Gothelf et al. (2007).

A further possible explanation is that, by documenting depressive
symptoms one year before the psychosis onset, wewere looking at neg-
ative symptoms of the psychosis. Indeed, up to 80% of patients with
22q11DS present attenuated negative symptoms (Schneider et al.,
2012) and, in the prodromal psychotic phase, attenuated negative
symptoms have a higher prevalence than positive symptoms
(Schultze-Lutter et al., 2010). In light of this, a limitation of our study
is not having evaluated with a specific instrument the negative symp-
tomatology in patients with 22q11DS.

Overall, this is one of the first longitudinal studies investigating the
relationship between neuropsychological abilities and the onset of psy-
chosis in patients with 22q11DS taking into account the effects of age,
psychiatric comorbidity and pharmacological treatment.

Role of the funding source

This work was not supported by grant.

Acknowledgments
The author would like to thank all the individuals who participated in this study for

their contributions to the advancement of this scientific knowledge.

Contributors
Authors Maria Pontillo and Stefano Vicari designed the study and wrote the protocol.
Author Deny Menghini managed the literature searches and analyses. Authors Deny

Menghini and Stefano Vicari undertook the statistical analysis and all authors contributed
to the first draft and all authors contributed to and have approved the final manuscript.
Author Maria Pontillo is first authorship and the corresponding author.

Conflict of interest
There are no conflicts of interest of any of the authors including anyfinancial, personal

or other relationshipswith other people or organizations that could inappropriately influ-
ence, or be perceived to influence, our work.

References

American Psychiatric Association, 2000. Diagnostic and Statistical Manual of Mental Dis-
orders. Fourth edition. APA, Washington, DC Text Revision.

Antshel, K.M., Shprintzen, R., Fremont, W., Higgins, A.M., Faraone, V., Kates, W.R., 2010.
Cognitive and psychiatric predictors to psychosis in velocardiofacial syndrome: a 3-
year follow-up study. J. Am. Acad. Child Adolesc. Psychiatry 49, 333–344.
Antshel, K.M., Fremont, W., Ramanathan, S., Kates, W.R., 2017. Predicting cognition and
psychosis in young adults with 22q11.2 deletion syndrome. Schizophr. Bull. 43 (4),
833–842.

Armando, M., Pontillo, M., De Crescenzo, F., Correale, C., De Simoni, E., Papaleo, F., Saba, R.,
Vicari, S., 2013. An overview of correlations between schizophrenia and 22q11.2 de-
letion syndrome. Clin. Neuropsychiatry 10 (1), 3–10.

Bassett, A.S., Chow, E.W., Waterworth, D.M., Brzustowicz, L., 2001. Genetic insights into
schizophrenia. Can. J. Psychiatr. 46 (2), 131–137.

Bassett, A.S., Chow, E.W., Husted, J., Weksberg, R., Caluseriu, O., Webb, G.D., Gatzoulis,
M.A., 2005. Clinical features of 78 adults with 22q11 deletion syndrome. Am.
J. Med. Genet. A 138 (4), 307–313.

Basso, M.R., Nasrallah, H.A., Olson, S.C., Bornstein, R.A., 1998. Neuropsychological corre-
lates of negative, disorganized and psychotic symptoms in schizophrenia. Schizophr.
Res. 31 (2–3), 99–111.

Beery, K., Buktenica, N., 1997. Developmental Test for Visual Motor Integration. Modern
Curriculum Press, New Jersey.

Cannon, M., Caspi, A., Moffitt, T.E., Harrington, H., Taylor, A., Murray, R.M., Poulton, R.,
2002. Evidence for early-childhood, pan-developmental impairment specific to
schizophreniform disorder: results from a longitudinal birth cohort. Arch. Gen. Psy-
chiatry 59 (5), 449–456.

Carbon, M., Correll, C.U., 2018. Thinking and acting beyond the positive: the role of the
cognitive and negative symptoms in schizophrenia. CNS Spectr 19 (1), 38–52.

Chow, E.W., Mikulis, D.J., Zipursky, R.B., Scutt, L.E., Weksberg, R., Bassett, A.S., 1999. Qual-
itative MRI findings in adults with 22q11 deletion syndrome and schizophrenia. Biol.
Psychiatry 46 (10), 1436–1442.

Chow, E.W., Watson, M., Young, D.A., Bassett, A.S., 2006. Neuro-cognitive profile in 22q11
deletion syndrome and schizophrenia. Schizophr. Res. 87, 270–278.

Cornblatt, B., Obuchowski, M., Roberts, S., Pollack, S., Erlenmeyer-Kimling, L., 1999. Cogni-
tive and behavioral precursors of schizophrenia. Dev. Psychopathol. 11 (3), 487–508.

De Smedt, B., Swillen, A., Verschaffel, L., Ghesquière, P., 2009. Mathematical learning dis-
abilities in children with 22q11.2 deletion syndrome: a review. Dev. Disabil. Res. Rev.
15 (1), 4–10.

Debbané, M., Glaser, B., David, M.K., Feinstein, C., Eliez, S., 2006. Psychotic symptoms in
children and adolescents with 22q11.2 deletion syndrome: neuropsychological and
behavioral implications. Schizophr. Res. 84, 187–193.

Dekker, M.C., Koot, H.M., Van der Ende, J., Verhulst, F.C., 2002. Emotional and behavioral
problems in children and adolescents with and without intellectual disability.
J. Child Psychol. Psychiatry 43 (8), 1087–1098.

Dunn, L.M., Dunn, L.M., 1981. Peabody Picture Vocabulary Test-Revised. American Guid-
ance Service, Inc, Circle Pines, MN.

Gale, C.R., Deary, I.J., Boyle, S.H., Barefoot, J., Mortensen, L.H., Batty, G.D., 2008. Cognitive
ability in early adulthood and risk of 5 specific psychiatric disorders in middle age:
the Vietnam experience study. Arch. Gen. Psychiatry 65 (12), 1410–1418.

Gothelf, D., Eliez, S., Thompson, T., Hinard, C., Penniman, L., Feinstein, C., Kwon, H., Jin, S.,
Jo, B., Antonarakis, S.E., Morris, M.A., Reiss, A.L., 2005. COMT genotype predicts longi-
tudinal cognitive decline and psychosis in 22q11.2 deletion syndrome. Nat. Neurosci.
8 (11), 1500–1502.

Gothelf, D., Feinstein, C., Thompson, T., Gu, E., Penniman, L., Van Stone, E., Kwon, H., Eliez,
S., Reiss, A.L., 2007. Risk factors for the emergence of psychotic disorders in adoles-
cents with 22q11.2 deletion syndrome. Am. J. Psychiatry 164 (4), 663–669.

Gothelf, D., Schaer, M., Eliez, S., 2008. Genes, brain development and psychiatric pheno-
types in velo-cardio-facial syndrome. Dev. Disabil. Res, Rev. 14 (1), 59–68.

Green, T., Gothelf, D., Glaser, B., Debbane, M., Frisch, A., Kotler, M., Weizman, A., Eliez, S.,
2009. Psychiatric disorders and intellectual functioning throughout development in
velocardiofacial (22q11.2 deletion) syndrome. JAACAP 48 (11), 1060–1068.

Heaton, S.K., Chelune, G.J., Talley, J.L., Kay, G.G., Curtiss, G., 1993. Wisconsin Card Sorting
Test Manual Revised and Expanded. Psychological Assessment Resources, Odessa, FL.

Jacobson, C., Shearer, J., Habel, A., Kane, F., Tsakanikos, E., Kravariti, E., 2010. Core neuro-
psychological characteristics of children and adolescents with 22q11.2 deletion.
J. Intellect. Disabil. Res. 54 (8), 701–713.

Jones, P.B., Harvey, I., Lewis, S.W., Toone, B.K., Van Os, J., Williams, M., Murray, R.M., 1994.
Cerebral ventricle dimensions as risk factors for schizophrenia and affective psycho-
sis: an epidemiological approach to analysis. Psychol. Med. 24 (4), 995–1011.

Kates, W.R., Russo, N., Wood, W.M., Antshel, K.M., Faraone, S.V., Fremont, W.P., 2015.
Neurocognitive and familial moderators of psychiatric risk in velocardiofacial
(22q11.2 deletion) syndrome: a longitudinal study. Psychol. Med. 45 (8),
1629–1639.

Kaufman, J., Birmaher, B., Brent, D., Rao, U., 1997. Schedule for affective disorders and
schizophrenia for school-age children-present lifetime version (K-SADS-PL): initial
reliability and validity data. J. Am. Acad. Child Adolesc. Psychiatry 36, 980–988.

Koenen, K.C., Moffitt, T.E., Roberts, A.L., Martin, L.T., Kubzansky, L., Harrington, H., Poulton,
R., Caspi, A., 2009. Childhood IQ and adult mental disorders: a test of the cognitive re-
serve hypothesis. Am. J. Psychiatry 166 (1), 50–57.

Maeder, J., Schneider, M., Bostelmann, M., Debbané, M., Glaser, B., Menghetti, S., Schaer,
M., Eliez, S., 2016. Developmental trajectories of executive functions in 22q11.2 dele-
tion syndrome. J. Neurodev. Disord. 25, 8–10.

Mäntylä, T., Carelli, M.G., Forman, H., 2007. Time monitoring and executive functioning in
children and adults. J. Exp. Child Psychol. 96 (1), 1–19.

Marotta, L., Rochetti, C., Trasciani, M., Vicari, S., 2008. Test CMF: Valutazione delle
competenze metafonologiche. Erickson, Trento.

McDonald-McGinn, D.M., Sullivan, K.E., 2011. Chromosome 22q11.2 deletion syndrome
(DiGeorge syndrome/velocardiofacial syndrome). Medicine (Baltimore) 90 (1), 1–18.

McGlashan, T.H., 2001. Structured Interview for Prodromal Syndromes (SIPS). Yale Uni-
versity, New Haven, CT.

Meier, M.H., Caspi, A., Reichenberg, A., Keefe, R.S., Fisher, H.L., Harrington, H., Houts, R.,
Poulton, R., Moffitt, T.E., 2014. Neuropsychological decline in schizophrenia from

http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0005
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0005
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0010
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0010
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0015
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0015
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0015
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0020
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0020
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0025
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0025
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0030
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0030
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0035
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0035
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0035
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0040
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0040
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0045
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0045
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0045
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0050
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0050
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0055
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0055
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0055
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0060
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0060
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0065
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0065
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0070
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0070
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0070
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0075
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0075
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0075
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0080
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0080
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0080
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0085
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0085
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0090
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0090
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0090
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0095
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0095
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0095
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0100
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0100
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0105
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0105
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0110
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0110
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0115
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0115
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0120
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0120
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0120
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0125
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0125
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0130
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0130
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0130
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0135
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0135
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0135
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0140
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0140
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0145
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0145
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0150
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0150
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0155
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0155
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0160
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0160
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0165
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0165
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0170


81M. Pontillo et al. / Schizophrenia Research 208 (2019) 76–81
the premorbid to the post onset period: evidence from a population-representative
longitudinal study. Am. J. Psychiatry 171 (1), 91–101.

Mollon, J., David, A.S., Zammit, S., Lewis, G., Reichenberg, A., 2018. Course of cognitive de-
velopment from infancy to early adulthood in the psychosis spectrum. Jama Psychia-
try 75 (3), 270–279.

Murphy, K., 2005. Annotation: velo-cardio-facial syndrome. J. Child Psychol. Psychiatry 46
(6), 563–571.

O'Connor, C., 2008. Fluorescence in situ hybridization (FISH). Nature Education 1 (1), 171.
Remberk, B., Bażyńska, A.K., Krempa-Kowalewska, A., Rybakowski, F., 2014. Executive im-

pairment predicts schizophrenia diagnosis and treatment status in mid-term follow-
up of early-onset psychosis. Neuropsychobiology 70 (3), 181–188.

Scambler, P.J., Kelly, D., Lindsay, E., Williamson, R., Goldberg, R., Shprintzen, R., Wilson,
D.I., Goodship, J.A., Cross, I.E., Burn, J., 1992. Velo-cardio-facial syndrome associated
with chromosome 22 deletions encompassing the DiGeorge locus. Lancet 339
(8802), 1138–1139.

Schneider, M., Van der Linden, M., Glaser, B., Rizzi, E., Dahoun, S.P., Hinard, C., Bartoloni, L.,
Antonarakis, S.E., Debbané, M., Eliez, S., 2012. Preliminary structure and predictive
value of attenuated negative symptoms in 22q11.2 deletion syndrome. Psychiatry
Res. 196, 277–284.

Schneider, M., Debbané, M., Bassett, A.S., Chow, E.W., Fung, W.L., van den Bree, M., Owen,
M., Murphy, K.C., Niarchou, M., Kates, W.R., Antshel, K.M., Fremont, W., McDonald-
McGinn, D.M., Gur, R.E., Zackai, E.H., Vorstman, J., Duijff, S.N., Klaassen, P.W.,
Swillen, A., Gothelf, D., Green, T., Weizman, A., Van Amelsvoort, T., Evers, L., Boot, E.,
Shashi, V., Hooper, S.R., Bearden, C.E., Jalbrzikowski, M., Armando, M., Vicari, S.,
Murphy, D.G., Ousley, O., Campbell, L.E., Simon, T.J., Eliez, S., International
Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome, 2014a. Psychiatric
disorders from childhood to adulthood in 22q11.2 deletion syndrome: results from
the International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome.
Am. J. Psychiatry 171, 627–639.

Schneider, M., Schaer, M., Mutlu, A.K., Menghetti, S., Glaser, B., Debbané, M., Eliez, S.,
2014b. Clinical and cognitive risk factors for psychotic symptoms in 22q11.2 deletion
syndrome: a transversal and longitudinal approach. Eur. Child. Adolesc. Psychiatry.
23 (6), 425–436.

Schultze-Lutter, F., Ruhrmann, S., Berning, J., Maier,W., Klosterkötter, J., 2010. Basic symp-
toms and ultrahigh risk criteria: symptomdevelopment in the initial prodromal state.
Schizophr. Bull. 36 (1), 182–191.
Shaffer, D., Gould, M.S., Brasic, J., Ambrosini, P., Fisher, P., Bird, H., Aluwahlia, S., 1983. A
Children's Global Assessment Scale (CGAS). Arch. Gen. Psychiatry 40, 1228–1231.

Shapiro, H.M., Tassone, F., Choudhary, N.S., Simon, T.J., 2014. The development of cogni-
tive control in childrenwith chromosome 22q11.2 deletion syndrome. Front. Psychol.
5, 566.

Stroop, J.R., 1935. Studies of interference in serial verbal reactions. JEP 18, 643–662.
Swillen, A., Vandeputte, L., Cracco, J., Maes, B., Ghesquière, P., Devriendt, K., Fryns, J.P.,

1999. Neuropsychological, learning and psychosocial profile of primary school aged
children with the velo-cardio-facial syndrome (22q11 deletion): evidence for a non-
verbal learning disability? Child. Neuropsychol. 5 (4), 230–241.

Swillen, A., Vogels, A., Devriendt, K., Fryns, J.P., 2000. Chromosome 22q11 deletion syn-
drome: update and review of the clinical features, cognitive-behavioral spectrum,
and psychiatric complications. Am. J. Med. Genet. 97 (2), 128–135.

Vicari, S., 2007. PROMEA. Prove di Memoria e Apprendimento per l'Età Evolutiva. Giunti-
Organizzazioni speciali, Firenze.

Vorstman, J.A., Breetvelt, E.J., Duijff, S.N., Eliez, S., Schneider, M., Jalbrzikowski, M.,
Armando, M., Vicari, S., Shashi, V., Hooper, S.R., Chow, E.W., Fung, W.L., Butcher,
N.J., Young, D.A., McDonald-McGinn, D.M., Vogels, A., van Amelsvoort, T., Gothelf,
D., Weinberger, R., Weizman, A., Klaassen, P.W., Koops, S., Kates, W.R., Antshel,
K.M., Simon, T.J., Ousley, O.Y., Swillen, A., Gur, R.E., Bearden, C.E., Kahn, R.S., Bassett,
A.S., International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome,
2015. Cognitive decline preceding the onset of psychosis in patients with 22q11.2 de-
letion syndrome. JAMA Psychiatry 72 (4), 377–385.

Wechsler, D., 1991. Wechsler Intelligence Scale for Children. Third edition. Psychological
Corporation, San Antonio, TX.

Wechsler, D., 1997. Wechsler Adult Intelligence Scale. Third edition. Psychological Corpo-
ration, San Antonio, TX.

Woodberry, K.A., Giuliano, A.J., Seidman, L.J., 2008. Premorbid IQ in schizophrenia: a
meta-analytic review. Am. J. Psychiatry 165 (5), 579–587.

Zammit, S., Allebeck, P., David, A.S., Dalman, C., Hemmingsson, T., Lundberg, I., Lewis, G.,
2004. A longitudinal study of premorbid IQ Score and risk of developing schizophre-
nia, bipolar disorder, severe depression, and other nonaffective psychoses. Arch. Gen.
Psychiatry 61 (4), 354–360.

http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0170
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0170
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0175
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0175
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0175
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0180
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0180
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0185
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0190
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0190
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0190
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0195
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0195
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0195
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0200
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0200
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0200
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0205
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0205
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0205
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0205
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0210
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0210
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0210
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0215
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0215
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0215
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0220
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0220
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0225
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0225
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0225
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0230
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0235
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0235
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0235
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0240
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0240
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0240
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0245
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0245
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0250
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0250
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0255
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0255
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0260
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0260
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0265
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0265
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0270
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0270
http://refhub.elsevier.com/S0920-9964(19)30137-9/rf0270

	Neurocognitive profile and onset of psychosis symptoms in children, adolescents and young adults with 22q11 deletion syndro...
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Measures
	2.2.1. Clinical assessment
	2.2.2. Neuropsychological assessment

	2.3. Statistical analyses

	3. Results
	3.1. Neuropsychological differences at T0
	3.2. Age effect on neuropsychological differences at T0
	3.3. Psychiatric diagnosis at T0
	3.4. Medication effect on relationship between cognitive deficit and onset of psychotic symptoms

	4. Discussion
	Role of the funding source
	Acknowledgments
	Contributors
	Conflict of interest
	References


