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Neurocognitive and familial moderators of
psychiatric risk in velocardiofacial (22q11.2 deletion)
syndrome: a longitudinal study

ORIGINAL ARTICLE

W. R. Kates'*, N. Russo?, W. M. Wood?, K. M. Antshel'?, S. V. Faraone'! and W. P. Fremont!

! Departments of Psychiatry and Behavioral Sciences, State University of New York at Upstate Medical University, Syracuse, NY, USA
2 Department of Psychology, Syracuse University, Syracuse, NY, USA

Background. Although risk for psychosis in velocardiofacial (22q11.2 deletion) syndrome (VCES) is well established, the
cognitive and familial factors that moderate that risk are poorly understood.

Method. A total of 75 youth with VCFS were assessed at three time points, at 3-year intervals. Time 1 (T1) psychiatric
risk was assessed with the Behavior Assessment System for Children (BASC). Data reduction of BASC scores yielded
avoidance-anxiety and dysregulation factors. Time 2 (T2) neuropsychological and family function and time 3 (T3) prod-
romal/overt psychosis were assessed. Poisson regression models tested associations between T3 positive prodromal
symptoms/overt psychosis and T1 psychiatric risk, T2 cognitive and familial factors, and their interactions.

Results. T1 avoidance-anxiety ratings predicted T3 prodromal/overt psychosis. T2 verbal learning scores moderated this
association, such that individuals with low avoidance-anxiety scores and stronger verbal learning skills were the least
likely to demonstrate prodromal/overt psychosis at T3. Low scores on a T2 visual vigilance task also predicted T3 prod-
romal/overt psychosis, independently of the effect of T1 avoidance-anxiety scores. T1 dysregulation scores did not pre-
dict T3 prodromal/overt psychosis in a linear manner. Instead, the association between dysregulation and prodromal/
overt psychosis was amplified by T2 levels of family organization, such that individuals with low dysregulation scores
and low family organization scores were the most likely to exhibit T3 prodromal/overt psychosis.

Conclusions. Significant moderators of psychiatric risk in VCFS include verbal learning skills as well as levels of family
organization, carrying implications for early identification and preventative treatment of youth with VCFS at highest risk
for psychosis.
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Introduction VCEFS behavioral phenotype includes shyness, anxiety,
social withdrawal and disinhibition (Golding-Kushner
et al. 1985; Swillen et al. 1999). Common co-morbid psy-
chiatric conditions include attention-deficit/hyperactiv-
ity disorder (ADHD) (Gothelf et al. 2003; Antshel et al.
2006), anxiety disorders (Antshel et al. 2006), autism
spectrum disorders (Vorstman et al. 2006; Antshel
et al. 2007a), mood disorders and, most significantly,
psychosis, which develops in up to 25% of youth
with the syndrome (Murphy & Owen, 2001; Murphy,
2002). Accordingly, youth with VCFS are at substan-
tially greater risk for developing schizophrenia than
the general population (Gothelf & Lombrosso, 2001;
Bassett et al. 2003).

Over the past 30 years, numerous studies have
examined youth at ‘high risk’ for idiopathic schizo-
phrenia to understand precursors of prodromal symp-
toms for schizophrenia. Identified cognitive predictors
of psychosis include deficits in sustained attention

Caused by small interstitial deletions on one copy of
chromosome  22qll, velocardiofacial syndrome
(VCFS; also known as 22q11.2 deletion syndrome)
has an estimated prevalence of 1 in 2000 to 1 in 6000
live births (Botto et al. 2003; Shprintzen, 2008).
Congenital heart disease, distinctive dysmorphology,
learning disabilities and palate anomalies are the
most common physical features (Gothelf et al. 1999;
Shprintzen, 2008). The cognitive profile of VCEFS
includes reduced intelligence, mathematics learning
disabilities, and visuospatial, attentional and executive
function deficits (Swillen ef al. 1999; Woodin et al. 2001;
Feinstein et al. 2002; Lajiness-O’Neill et al. 2005;
Oskarsdottir et al. 2005; Antshel et al. 2007b). The
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(Cornblatt et al. 1999), short-term and working mem-
ory deficits (Cornblatt et al. 1999; Lencz et al. 2006),


https://doi.org/10.1017/S0033291714002724

1630 W. R. Kates et al.

and verbal memory impairment (Lencz et al. 2006;
Whyte et al. 2006). Behavioral predictors include the
presence of social anxiety, withdrawal and depression
(Yung et al. 2003; Johnstone et al. 2005). Environmental
predictors include high levels of expressed emotion
such as criticism and hostility within the family
(Levene et al. 2009; Schlosser et al. 2010), social isolation
(Reininghaus et al. 2008), cannabis use (Miettunen et al.
2008; Dragt et al. 2012) and living in an urban environ-
ment (Dragt et al. 2011). Family warmth and parental
emotional over-involvement together have been
found to decrease negative prodromal symptoms and
increase social functioning for high-risk adolescents
(O'Brien et al. 2006; Schlosser et al. 2010).

Few longitudinal studies of predictors of prodromal
symptoms or overt psychosis in VCFS have been con-
ducted. Antshel et al. (2010) identified parent ratings of
childhood odd/eccentric symptoms and child perform-
ance on the Wisconsin Card Sorting Test (WCST)
(Heaton et al. 1993) as the best predictors of adolescent
prodromal psychotic symptoms. Gothelf et al. (2007)
identified that the presence of baseline subthreshold
psychotic symptoms, baseline symptoms of anxiety
or depression, and lower baseline verbal intelligence
quotient (IQ) all were associated with more severe psy-
chotic symptoms later in life. In addition, Allen et al.
(2014) reported a cross-sectional positive association
between parental organization and overall adaptive
functioning in youth with VCEFS. Together, these
findings suggest that individual behavioral and cogni-
tive factors affect outcomes in this disorder.

Here, we extend these findings to investigate cogni-
tive and familial moderators of risk for prodromal/
overt psychosis in a large, longitudinal sample of
youth with VCES. Youth were assessed at three time
points, at 3-year intervals. Based on the literatures on
both VCES and youth at clinical or genetic high risk
for schizophrenia, we hypothesized that: (1) severity of
anxiety and atypicality at time 1 (T1) in youth with
VCFS would be associated with presence of prodro-
mal/overt psychosis at time 3 (T3); (2) the association
between anxiety/atypicality during childhood and prod-
romal/overt psychosis at T1 would be moderated by
cognitive factors including relative strengths in verbal
learning and sustained attention at time 2 (T2); and (3)
the association between anxiety/atypicality at T1 and
prodromal/overt psychosis at T3 would be moderated
by high levels of family organization and cohesion at T2.

Method
Participants

The sample consisted of youth diagnosed with VCES,
all enrolled in a longitudinal study of biomarkers for

https://doi.org/10.1017/50033291714002724 Published online by Cambridge University Press

psychosis in VCFS. (Community controls and unaffec-
ted siblings were also enrolled in the study, but are
not included in the present analyses.) Participants
were recruited from the State University of New
York (SUNY) Upstate International Center for the
Evaluation, Treatment and Study of Velo-Cardio-
Facial Syndrome, which evaluated children for a var-
iety of developmental and medical issues.

At T1, 86 youth with VCFS between the ages of 9
and 15 years were recruited to participate in the
study. The deletion was inherited in two of the 86 par-
ticipants; accordingly, they were dropped from the
current set of analyses. The remaining 84 participants
had a mean age of 11.92 (s.0.=2.26, range 8.92-15.92)
years. In all, 13 youth did not return for T2 (Of these
13 youth, three returned for the third time point, and
thus were not lost to follow-up.) In order to compen-
sate for our 10% attrition rate, we recruited 12 ad-
ditional individuals at T2, who were within the same
age range of the youth who did return for T2.
Accordingly, at T2, our sample consisted of 83 partici-
pants (mean age 14.95, s.0.=2.17, range 12.08-19.91
years). Of those participants, 13 did not return for
T3, resulting in a final sample at T3 of 73 participants
(mean age 18.08, s.0.=2.16, range 14.9-24.08 years).
T1 demographic variables of age (p=0.86), gender
(p=0.11) and socio-economic status (p=0.21) did not
differ between participants who were lost to follow-up
at either T2 or T3 and those who continued to parti-
cipate. Moreover, participants who were lost to
follow-up did not differ from those who continued to
participate on the presence of internalizing (p=0.91)
or externalizing (p=0.74) disorders, or symptoms of
psychosis (p=0.72).

Procedures
Cognitive, family and psychiatric assessment tools

All measures used for this study are described in detail
elsewhere (Antshel ef al. 2010). Therefore, the measures
are described briefly below.

T1 scores on the Behavior Assessment System for
Children (BASC) (Reynolds & Kamphaus, 1992) —
Parent Report version were used to predict psychiatric
function at T3. Since little research has been done on
the extent to which the composite scores of the BASC
apply to children with intellectual impairments, we
conducted a factor analysis (using a principal compo-
nents method) of the BASC subscales to determine
the structure of the relationships between BASC sub-
scales in youth with VCFS. Initial factor analysis
resulted in two factors with eigenvalues equal to or
greater than 1.0. Following orthogonal varimax ro-
tation, the first factor consisted of symptoms with
anxiety, depression, atypicality, somatization and
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Table 1. Factor loadings for time 1 BASC variables in youth with
VCFS using varimax rotation

Factor loadings

Factor 2:
avoidance-anxiety dysregulation

Factor 1:

BASC anxiety 0.81017% 0.1015
BASC atypicality 0.7707° 0.1515
BASC somatization 0.6565% 0.0639
BASC depression 0.6189* 0.53817
BASC withdrawal 0.4611° 0.3171
BASC conduct problems 0.1377 0.8150?
BASC aggression 0.0748 0.7910?
BASC attention problems 0.3338 0.1862
BASC hyperactivity 0.2752 04713
Eigenvalue 3.868 1.125
% of total variance 50.02 39.68

BASC, Behavior Assessment System for Children; VCEFS,
velocardiofacial (22q11.2 deletion) syndrome.

? Factors accounting for 50.02% and 39.68% of total vari-
ance for factors 1 and 2, respectively.

withdrawal. We have labeled this the avoidance—anxi-
ety factor. The second factor consisted of symptoms of
aggression, conduct problems and, to a lesser extent,
depression. We have labeled this the dysregulation fac-
tor. Factor loadings are provided in Table 1. These two
factors cumulatively accounted for 90% of the variance
in the model. Individual factor scores (Thomson, 1951)
were derived for both factors, and used in all further
analyses.

T2 neuropsychological and family environment vari-
ables were modeled as moderator variables. Attention
was assessed with the Gordon Diagnostic System —
Continuous Performance Test (CPT) (Gordon et al.
1989), and executive functioning was assessed with
the WCST (Heaton et al. 1993) and the Stroop test
(Golden, 1978). Learning and memory were assessed
with the California Verbal Learning Test-Children’s
Edition (CVLT-C) (Delis et al. 1994), the Visual Span
Test (a computerized adaptation of the visual memory
span subtest of the Wechsler Memory Scale, third edi-
tion (Wechsler, 1997), and Digit Span Backward and
Forward z-scores from the Wechsler scales. Emotion
facial recognition was assessed with the Pennsylvania
Emotion Recognition Test (PERT) (Kohler et al. 2004).

To statistically reduce the neuropsychological data,
we conducted a second factor analysis (Table 2).
Initial factor analysis resulted in two factors with
eigenvalues equal to or greater than 1.0. Following or-
thogonal varimax rotation, the first factor consisted of
scores from the CVLT-C, here labeled verbal learning.
The second factor consisted of scores from the CPT,
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the backwards span score from the Visual Span Test,
the PERT correct emotion recognition score, and, to a
lesser extent, WCST non-perseverative error scores.
We labeled this the visual vigilance factor. These two
factors cumulatively accounted for 65% of the variance
in the model. Individual factor scores were derived
from each factor.

General intellectual functioning was entered as a cov-
ariate in predictive models and was assessed with the
Wechsler Intelligence Scale for Children, third edition
(Wechsler, 1991) or the Wechsler Adult Intelligence
Scale, third edition (Wechsler, 1994), depending on
the age of the participant. Characteristics of the family
environment were assessed with a shortened version of
the Family Environment Scale, Form R (FES) (Moos &
Moos, 2009). The FES consists of 90 true/false items
measuring three broad dimensions: relationship, per-
sonal growth and system maintenance. Here we focus
on the relationship (consisting of scales measuring
cohesion, expressiveness and conflict) and system
maintenance (consisting of scales measuring organiz-
ation and control) dimensions.

The Schedule for Affective Disorders and
Schizophrenia for School-Age Children, Present and
Lifetime Version (K-SADS-PL; Kaufman et al. 1997)
was administered to all participants at all time points
in order to obtain Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM-IV) psychiatric
diagnoses. Since relatively few children at T3 met cri-
teria for psychosis (1 =>5), or displayed psychotic symp-
toms but not overt psychosis (1 =7) on the basis of the
K-SADS-PL, we treated prodromal/overt psychosis as
a dimensional variable, measured with the Scale of
Prodromal Symptoms (SOPS) (Miller et al. 1999,
2003). As described elsewhere, the SOPS consists of
four domains, in which the clinician rates each partici-
pant and derives summary scores for positive prodro-
mal, negative prodromal, disorganization and general
symptoms. The SOPS was administered to all partici-
pants at T3 by a doctoral-level clinician. Inter-rater re-
liability, based on five SOPS interviews and assessed
with the intra-class correlation coefficient, was 0.90.
Since many of the children in our study had difficulty
responding to this instrument, we reworded several
questions to allow us to co-administer the SOPS to
the child’s parent, and reduced the scale from a seven-
point to a five-point Likert-type scale. Summary scores
for positive symptoms were used for the present analy-
ses. As noted above, these scores included participants
whose symptoms were severe enough to warrant a di-
agnosis of psychosis on the K-SADS-PL. The SOPS
positive symptom (SOPS-PS) scale included five
subscales: delusional ideas; suspicious/persecutory
ideas; grandiose ideas; perceptual abnormalities/hallu-
cinations; disorganized communication. Participants
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Table 2. Factor loadings for time 2 neuropsychological test data
using varimax rotation

Factor loadings

Factor 1: Factor 2:

verbal learning visual vigilance

CVLT-C list A total recall  0.9804? 0.0278
CVLT-C list A trial 1 0.7958? —0.1030
CVLT-C list A trial 5 0.9213? 0.0385
CVLT-C list B recall 0.5061° 0.0399
CPT - total correct 0.0535 0.8215%
CPT - commission errors  —0.0475 0.8728
Penn emotion total correct 0.0952 0.4336"
Visual span backward 0.0969 0.3934"
WCST non-perseverative ~ 0.2351 0.3139°
errors
Eigenvalue 4.095 2.657
% of total variance 34.92 29.69

CVLT-C, California Verbal Learning Test-Children’s
Edition; CPT, Continuous Performance Test; WCST,
Wisconsin Card Sorting Test.

? Factors accounting for 34.92% and 29.69% of total vari-
ance for factors 1 and 2, respectively.

received ratings between zero and 6 on each subscale,
and the subscale scores were summed to produce a
SOPS-PS score.

Data analyses

As noted above, we increased our sample size at T2 by
recruiting 10 additional participants with VCES.
Accordingly, we had data on those participants for
T2 and T3, but not for T1. In addition, six participants
(8% of total sample) were assessed at T1 and T3, but
were unable to come to our center for the T2 assess-
ment. We managed missing data for both time points
by building multiple chained imputation models in
Stata (v.12; USA) for several variables (Rubin &
Schenker, 1991). Imputation methods are described in
the online Supplementary material S1.

We assessed the degree to which T1 BASC factors
predicted T3 SOPS-PS scores with Poisson regression
models. We chose the Poisson model due to the distri-
bution of the SOPS, which provides a count of the
number (weighted by severity) of symptoms that are
present. T1 BASC factor scores and T2 neuropsycholo-
gical factor scores or family scores were analysed as
independent variables and in interaction with each
other to determine the extent to which the T2 neuro-
psychological factors or family scores moderated the
effect of T1 BASC factors on T3 SOPS-PS subscale
scores. Separate models were built for each set of T1
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and T2 variables (see Table 3). We tested for moderat-
ing effects by including in each model an interaction
term between the T1 BASC factor score and the T2
neuropsychological factor score or family environment
score. Covariates in each model included T2 full-scale
IQ scores (cognitive models only), T3 age, and T1/T2
presence of psychotic symptoms (using responses
to the K-SADS-PL, as described in the online
Supplementary material S2).

The Bonferroni-corrected threshold for determining
the significance of each overall model was 0.004.
Bonferroni-corrected thresholds were also set for the
terms within each model that passed the threshold
for overall significance. For models including cognitive
variables as main effects, the threshold was 0.008; for
models including family variables as main effects, the
threshold (less stringent because IQ was not included)
was 0.01.

In order to determine effect sizes, participants were
categorized by the presence of prodromal symptoms
or overt psychosis at T3 [based on a score of 3 or higher
on the SOPS-PS scale (Miller ef al. 2003) or a diagnosis of
psychosis on the K-SADS-PL]. Using the resulting prod-
romal symptoms/overt psychosis status at T3 as the de-
pendent variable, logistic regression analyses were
conducted for all models in which Bonferroni-corrected-
significant main or interaction effects had been initially
identified by the Poisson regression analyses. Logistic
regression analyses were followed by receiver operating
characteristic (ROC) analyses, to determine the potential
for making accurate predictions to prodromal symp-
toms/overt psychosis status at T3. ROC analysis assesses
the diagnostic efficiency of tests to establish diagnostic
cut-points for clinical or research purposes (McNeil &
Hanley, 1984) and has been widely applied to assessing
the accuracy of diagnostic tests (Swets, 1982, 19864, b;
Swets & Pickett, 1982). Values for the area under the
ROC curve are provided in Table 3.

Ethical standards

All procedures contributing to this work comply with
the ethical standards of the relevant national and institu-
tional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008.

Results
Presence of prodromal/overt psychosis at T3

At T3, five (7%) participants met criteria for psychosis,
based on the K-SADS-PL. Of the five, two were diag-
nosed with schizophrenia, and the remaining three
were diagnosed with psychosis-not otherwise spe-
cified. An additional seven (10%) participants dis-

played symptoms of psychosis based on the
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Table 3. Poisson regression analyses of effects of T1 BASC predictors and T2 moderators on T3 SOPS positive symptoms scores
T1 BASC T2 cognitive Predictor x Area under ROC Model
predictor moderator T2 family moderator ~moderator curve® code®
Avoidant- Visual vigilance
anxious
2.85 (0.005) —3.22 (0.001) 1.25 (0.21) 0.92 1
Verbal learning
2.52 (0.012) —1.00 (0.32) 3.68 (0.001)° 0.93 2
Family cohesion
—0.84 (0.40) —0.78 (0.44) 1.28 (0.20)¢ 3
Family
expressiveness
0.09 (0.93) 1.29 (0.20) 1.12 (0.26) 4
Family control
—2.52 (0.01) —1.08 (0.28) 3.20 (0.002) 0.77 5
Family organization
0.95 (0.35) 0.98 (0.33) —0.34 (0.73) 6
Family conflict
—0.61 (0.54) —0.10 (0.92) 1.62 (0.11) 7
Dysregulation Visual vigilance
—0.31 (0.76) —2.82 (0.005) 1.77 (0.08)** 0.96 8
Verbal learning
0.01 (0.99) 2.55 (0.01) —1.24 (0.22)%%* 0.93 9
Family cohesion
—1.30 (0.20) 0.65 (0.52) 1.41 (0.16)** 10
Family
expressiveness
0.76 (0.45) 1.68 (0.97) —0.52 (0.60)*¢ 11
Family control
—0.74 (0.46) 0.46 (0.65) 0.86 (0.39)%° 12
Family organization
—2.69 (0.008) 0.74 (0.46) 2.90 (0.004)%¢ 0.84 13
Family conflict
0.82 (0.42) 2.55 (0.01) —0.89 (0.38)" 0.88 14

Data are given as T-score (p).

T1, Time 1; BASC, Behavior Assessment System for Children; T2, time 2; T3, time 3; SOPS, Scale of Prodromal Symptoms;

ROC, receiver operating characteristic.

? Values for area under the ROC curve are provided for models in which main or interaction effects were significant after

Bonferroni correction.

b Statistical models are numerically coded so that the reader can easily reference them from the text.
¢T2 full-scale IQ was a significant (after Bonferroni correction) covariate in this model.

4T1/T2 presence of prodromal symptoms was a significant (after Bonferroni correction) covariate in this model.

®T3 age was a significant (after Bonferroni correction) covariate in this model.

K-SADS-PL (i.e. they displayed either subthreshold- or
threshold-level hallucinations or delusions, but did not
meet the full criteria for a diagnosis of psychotic dis-
order). The mean SOPS-PS score for adolescents with
a K-SADS-PL-based diagnosis of psychosis was 10;
for adolescents with psychotic symptoms but not
overt psychosis, 5.42; and for adolescents without
prodromal symptoms or psychosis, 0.06. As noted
above, the SOPS-PS score is comprised of five subscale
scores, which can range from 0 to 6. When adolescents
with either a diagnosis of psychosis or the presence of
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psychotic symptoms (based on the K-SADS-PL) were
analysed together, item means for SOPS-PS were: delu-
sional ideas, 1.75; persecutory ideas, 1.66; grandiose
ideas, 1.16; perceptual abnormalities/hallucinations,
1.33; and disorganized communication, 1.41.

Association between T1 BASC factors and T3
SOPS-PS scores

Poisson regression analyses were initially conducted
without moderating variables in order to examine the
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independent strength of each independent variable on
T3 SOPS-PS scores. For analyses of the two BASC fac-
tors, we covaried by T3 age and the presence of T1/T2
prodromal symptoms. The T1 BASC avoidant-anxious
factor, which consists of scores on the subscales of
anxiety, depression, somatization, atypicality and
withdrawal, was independently predictive of T3 posi-
tive prodromal symptoms/overt psychosis, as mea-
sured by the SOPS-PS score (t=4.75, p<0.001). T1/T2
prodromal symptom score was a significant covariate
in the model (t=2.98, p=0.003). However, a direct, lin-
ear association was not found between scores on the T1
BASC dysregulation factor (which consists of ag-
gression, conduct problems and depression) and T3
SOPS-PS scores (t=—0.17, p=0.87).

Cognitive effects at T2

To determine the independent strength of T2 cognitive
variables on T3 SOPS-PS, we conducted (zero-inflated)
Poisson regressions in which we covaried for T1/T2
prodromal symptoms, T2 full-scale IQ and T3 age.
Neither scores on visual vigilance (z=—1.73, p=0.084)
nor verbal learning (z=1.97, p=0.049) factors at T2
predicted T3 SOPS-PS scores, independently of the
effect of T1/T2 prodromal symptoms, T3 age or T2
full-scale IQ scores.

Cognitive moderators at T2 (Table 3; models 1, 2, 8
and 9)

After controlling for T1/T2 prodromal symptoms, T2
full-scale IQ and T3 age, we observed (Table 3,
model 2) a significant interaction (t=3.68, p<0.001)
between avoidant — anxious scores at T1 and verbal
learning scores at T2, suggesting that T2 verbal learn-
ing is moderating the association between T1 avoi-
dant-anxious scores and T3 SOPS-PS scores. That is,
individuals with low scores on the avoidant-anxious
factor at T1 and higher scores on verbal learning at
T2 were less likely to demonstrate prodromal/overt
psychosis at T3 than individuals with high avoi-
dant-anxious scores at T1 and low verbal learning
scores at T2 (Fig. 1). The area under the curve value
for this model was 0.93, suggesting a fairly large ef-
fect. The only covariate that reached significance in
this model was T2 full-scale IQ scores, which also pre-
dicted to T3 positive prodromal symptoms (f=—3.32,
p<0.001).

Familial effects at T2

To determine the independent strength of the effect of
T2 family environment variables on T3 SOPS-PS
scores, we conducted (zero-inflated) Poisson regres-
sions in which we covaried for T1/T2 prodromal
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Fig. 1. Interaction between scores on the time 1 avoidant-
anxious factor and the time 2 verbal learning factor, as they
predict time 3 (T3) positive prodromal symptoms.
Individuals with low avoidant-anxious scores and high
verbal learning scores were characterized as having zero
risk factors; individuals with high avoidant-anxious scores
and low verbal learning scores were categorized as having
two risk factors; the remainder of the sample (with either
high avoidant-anxious and low verbal learning scores, or
vice versa) were characterized as having one risk factor. As
the figure indicates, an increase in the number of risk
factors was associated with an increase in positive
prodromal symptoms. SOPS, Scale of Prodromal Symptoms.

symptoms and T3 age. Only high scores on T2 family
expression of emotion independently predicted T3
prodromal/overt psychosis (z=3.46, p<0.001). The
presence of T1/T2 prodromal symptoms was a signifi-
cant covariate (z=3.70, p <0.001) in this model.

Familial moderators at T2 (Table 3; models 3-7,
10-14)

The only characteristic of the child’s family en-
vironment at T2 that was found to be a significant
moderator of the association between T1 avoidant—
anxious scores (Table 3; models 3-7) and T3 positive
prodromal symptoms was family control (Table 3,
model 5; interaction effect: +=3.20, p=0.002). T1/T2
prodromal symptoms were a significant covariate
(t=3.32; p=0.001) in this model. However, visual in-
spection of the data suggested that this association
may be spurious.

The only family characteristic that was found to
moderate the association between T1 dysregulation
scores (Table 3; models 10-14) was family organization.
Interestingly, the association between T1 dysregulation
scores and T3 positive prodromal symptoms was
amplified by levels of family organization at T2
(Table 3, model 13; interaction effect: t=2.90, p <0.004),
such that individuals with low dysregulation scores
and low family organization scores were more likely
to exhibit prodromal/overt psychosis at T3 than indivi-
duals with low dysregulation scores and high family
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organization scores. Both T1/T2 prodromal symptoms
(t=3.59, p<0.001) and T3 age (t=2.62, p=0.009) were
significant covariates in this model.

Discussion

The goal of this study was to assess whether the oc-
currence of positive symptoms of, or overt, psychosis
could be predicted prospectively among individuals
with VCFS, a genetic disorder that confers increased
risk of developing psychotic disorders. Prodromal/
overt psychosis was predicted from longitudinal
data that considered parental reports of child beha-
vior, as well as familial and neurocognitive factors
during early adolescence. The findings suggest sev-
eral pathways that may increase the risk of prodro-
mal/overt psychosis. These pathways largely overlap
with predictors of psychotic symptoms/schizophrenia
among high-risk individuals without VCFS, suggest-
ing perhaps that interventions that help mitigate
prodromal symptoms in idiopathic schizophrenia
might be beneficial to individuals with VCFS and
their families.

Pathways via avoidance—anxiety in preadolescence

Two dimensions of childhood behavior problems were
assessed via parent report. These included both avoi-
dant-anxious symptoms (anxiety, withdrawal, atypi-
cality and, to a lesser extent, depression) and
dysregulation symptoms (oppositionality, conduct
problems and, to a lesser extent, depression). Overall,
children with VCFS who demonstrated higher symp-
toms of avoidance-anxiety were at higher risk for
developing positive prodromal symptoms of schizo-
phrenia or overt psychosis in late adolescence and
early adulthood. The finding that parental reports of
high levels of avoidance-anxiety in their children
with VCFS predicted prodromal/overt psychosis has
been previously noted both among individuals with
VCES (Gothelf et al. 2007) as well as for individuals
with or at risk for idiopathic schizophrenia (Baum &
Walker, 1995). Importantly however, we found that
this pathway was moderated by verbal learning/mem-
ory abilities, as measured by the CVLT-C in early ado-
lescence. That is, stronger verbal working memory
abilities at T2 (controlling for IQ) protected individuals
with VCFS from developing positive symptoms of, or
overt, psychosis even if the individual demonstrated
significant childhood internalizing symptoms. These
findings are consistent with several, although not all
(DeHerdt et al. 2013), prospective studies of youth at
high risk for idiopathic schizophrenia (Lencz et al.
2006; Pukrop et al. 2007; Seidman et al. 2010; Kim
et al. 2011).
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Pathways via neurocognitive and family factors in
preadolescence

Both neurocognitive and familial factors significantly
predicted prodromal/overt psychosis among indivi-
duals with VCFS. As noted above, stronger verbal
working memory performance was considered a pro-
tective factor for those children who had high avoi-
dant-anxious scores, independently of IQ. In
contrast, lower visual attention scores at T2 were not
predictive of the presence of positive prodromal symp-
toms or overt psychosis at T3, either independently or
in interaction with behavioral status at T1. This is not
consistent with studies of youth at high clinical risk
for schizophrenia in whom deficits in visual sustained
attention have been observed (Michie et al. 2000), and
may be due to the fact that deficits in sustained atten-
tion may be a feature of the overall cognitive pheno-
type in VCFS and therefore may not differentiate
those at high versus low psychiatric risk. In contrast,
IQ made independent predictions to the model.
Specifically, a lower full-scale IQ predicted prodro-
mal/overt psychosis, suggesting that lower IQ is a sign-
ificant risk factor for the development of psychotic
symptoms, a finding supported by the extant schizo-
phrenia literature (Khandaker et al. 2011) and by a
large, multi-site study of the association between I1Q
and psychosis in VCFS/22q11.2 deletion syndrome
(Vorstman et al. in press). Interestingly, the degree of
emotion expressed in the family also was an indepen-
dent predictor of prodromal/overt psychosis. This
finding is supported by a robust literature linking
expressed emotion to schizophrenia in non-syndromal
individuals (see Bebbington & Kuipers, 1994).
Although a direct linear model did not explain the
association between parental reports of behavioral dys-
regulation and prodromal/overt psychosis, we found
that the effect of behavioral dysregulation was
amplified in the context of familial dysfunction.
Accordingly, low levels of T1 dysregulation combined
with high levels of T2 family disorganization predicted
T3 positive prodromal symptoms or overt psychosis.
That is, children whose parents reported them as
being low in oppositionality, conduct problems and,
to a lesser extent, depression at T1 were not at higher
risk for prodromal/overt psychosis unless their families
were disorganized. These findings may be explained, in
part, by the fact that several of the children with T3
prodromal/overt psychosis were already demonstrating
emotional and behavioral constriction at T1, possibly
leading parents to endorse low ratings on oppositional-
ity and conduct problems. It is not clear whether the
potential severity of the child’s incipient psychiatric
impairment led to family disorganization at T2, or
whether with levels of

families relatively low
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organization had difficulty meeting the challenges that
their child’s developing psychiatric impairment pro-
duced. Regardless, low levels of T2 familial organiz-
ation appeared to confer increased risk for the onset
or continuation of T3 prodromal symptoms/overt psy-
chosis in individuals with low levels of dysregulation
at T1.

The findings from this prospective longitudinal
study suggest that multiple pathways confer signifi-
cant risk for the development of psychotic symp-
toms/overt psychosis among individuals with VCFS.
These factors overlap considerably with what is
already known in the schizophrenia literature. Both
child and family factors that conferred increased risk
for positive symptoms/overt psychosis among indivi-
duals with VCFS coincide to a certain extent with
risk factors for the development of schizophrenia in
non-VCEFS at-risk populations, suggesting shared path-
ways to risk, resilience and, hopefully, effective treat-
ments. Further, these data suggest that there are
many points of entry at which remediation and inter-
vention might be useful in mitigating risk factors and
enhancing protective factors.

Clinical implications

The findings from the current study suggest that beha-
vioral problems in childhood, specifically avoidant—
anxious behaviors, are indicative of risk. From the
standpoint of primary prevention, behavioral screen-
ing could and should be implemented among school-
aged children with VCFS. Evidence for elevated anxi-
ety, atypicality or social withdrawal scores should be
seen as indicative of risk, monitored by parents and
teachers, and interventions aimed at reducing anxiety
and increasing social engagement should be imple-
mented at home and at school. For example, parents
can foster or learn skills to deal with their child’s anxi-
ety through behavioral parent training (BPT) or work
with a psychologist, or, alternatively, perhaps signs
of anxious avoidant behavior can be discussed with
pediatricians and medication management can be
implemented as a preventative measure in order to
help decreased future risk. Second, the deleterious ef-
fects of family disorganization and conflict could be
mitigated by reducing stress, potentially through BPT
or parental respite services. Family therapy could
also be useful in increasing family cohesion and reduc-
ing conflict by helping parents to balance managing
their own needs and those of their children. Third, cog-
nitive abilities such as attention and auditory/verbal
memory should be assessed and monitored. Low
scores in these areas could be used as markers to sug-
gest that supportive interventions (both psychiatric
and cognitive remediational) might be warranted.
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Limitations and future directions

This longitudinal study makes two contributions to the
literature on VCFS and schizophrenia. First, despite the
genetic contribution of risk of psychosis among indivi-
duals with VCFS, environmental factors played a role
in conferring additional risk or providing protection.
These protective factors included both child cognitive
and behavioral factors, as well as familial factors.
Thus, both genetic and environmental interactions
should be considered together in future studies of
VCES. Although beyond the scope of this paper, gen-
etic data, as well as neuroanatomical data, were col-
lected as part of this longitudinal design. It is thus an
aim of future work to integrate genes, behavior and
brain to bear upon our understanding of VCFS and
the relationship between this disorder and psychosis.
Moreover, as follow-up with participants continues
into adulthood, a more categorical approach (psy-
chosis, no-psychosis) will be applied to our data in
order to delineate more precise pathways to psychosis.
Second, risks and protective factors that mitigate the
onset of psychosis of patients with VCFS largely over-
lap with the literature on individuals without VCFS
who are at increased risk for the development of psy-
chotic disorders. Although this may seem intuitive, it
suggests that inroads to intervention that have been
successfully implemented to reduce the onset of
schizophrenia in non-VCFS, high-risk populations
might be effective among individuals with VCEFS.
This overlap can help clinicians provide evidence-
based treatments for children and families with VCFS
without having to reinvent the wheel.
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