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Abstract

Adolescents with 22q11.2 Deletion Syndrome (22q11.2DS) and Schizotypal Personality Disorder
(SPD) are at increased risk for the development of psychosis based, respectively, on genetic or
behavioral factors. Thus both groups would be expected to manifest heightened rates of the
prodromal signs that typically precede psychosis. Although there are now standardized procedures
for assessing prodromal symptoms, there has been little research on the manifestation of these
symptoms in 22g11.2DS patients, and no studies of differences in prodromal symptom patterns
between genetically and behaviorally defined at-risk groups.

In this study, demographically-matched groups of 23 SPD, 23 22q11.2DS, and 23 control
participants were administered the Structured Interview for Prodromal Syndromes (SIPS). Both
risk groups showed elevated positive, negative, disorganized, and general prodromal symptoms, as
well as elevations on 10 of the same individual symptom items, relative to the control group.
Approximately 60% of individuals in the 22q11.2DS group and 70% of individuals in the SPD
group met symptom criteria for a prodromal psychosis syndrome. The 22q11.2DS group scored
significantly higher than the SPD group on the “decreased ideational richness” item and showed a
trend toward greater motor abnormalities.

The results suggest that these two high-risk groups are similar in prodromal symptom
presentation, possibly as a result of overlapping causal mechanisms, and that standardized
measures of prodromal syndromes like the SIPS can be used to identify 22q11.2DS patients at
greatest risk for conversion to psychosis.
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1. Introduction

Identifying populations at risk for psychosis has been a central aim of research on psychotic
disorders for several decades. Early investigations focused on populations at genetic risk by
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studying the biological offspring of schizophrenia patients (Erlenmeyer-Kimling, 2000).
While informative, these genetic high-risk studies were limited by relatively low positive
predictive power; only about 12-15% of offspring eventually developed an Axis I psychotic
disorder. Subsequently, attention shifted to clinical risk indicators, including schizotypal
personality disorder (SPD). The defining criteria for SPD, which include both subclinical
positive and negative signs, were based on research findings on the biological relatives of
schizophrenia patients (Kendler et al., 1981; Webb & Levinson, 1993; Kendler et al., 1995).
Thus, it is generally assumed that SPD shares some genetic determinants with schizophrenia
(Kendler et al., 1995). Consistent with this assumption, data indicate that approximately 25—
40% of adolescents/young adults who meet criteria for SPD will eventually develop an Axis
| psychotic disorder (Klosterkotter, et al., 2001; Miller et al., 2002; Mittal et al., 2008;
Woods et al., 2009; Yung et al., 2003).

More recently, investigators identified a relation between the 22g11.2 Deletion Syndrome
(22911.2DS) diagnosis and risk for schizophrenia and other psychoses. Adults with
22011.2DS show rates of schizophrenia estimated as up to 25-30%, while estimated rates of
broadly-defined psychosis are as high as 30-50%. Although only a small proportion of
schizophrenia patients manifest 22q11.2DS (roughly .33-2%), this rate is nonetheless
dramatically higher than that in the general population (i e., about .025%)(Shprintzen et al.,
1992; Murphy et al., 1999; Gothelf et al., 2007; Pulver et al., 1994; Hoogendoorn et al.,
2008). Together, these findings indicate that 22¢q11.2 deletion status confers high-risk for the
development of psychosis (Ivanov et al., 2003; Karayiorgou et al., 1995; Horowitz et al.,
2005; Goodship et al., 1998).

22011.2DS results from an interstitial deletion of a segment on the long arm of the 22nd
chromosome that, in the majority of cases, is ~3 megabases (mB) in size (Ivanov et al.,
2003). This deletion is sporadic in most instances (Swillen et al., 1999), but transmitted as
an autosomal dominant trait in 10-28% of cases (Goldberg et al., 1993; Ryan et al., 1997).
Estimates of the prevalence of 22q11.2DS range from ~1/4000 to ~1/6000 (Botto et al.,
2003; Oskarsdottir et al., 2004). However, the true prevalence may be higher because no
molecular diagnosis population-based studies have been performed, and not all cases come
to clinical attention.

Several studies have compared samples of psychotic patients with and without 22911.2DS to
determine whether the deletion syndrome is associated with a clinically distinct psychotic
syndrome. Such studies provide no consistent evidence of unique symptomatic features in
the presentation of 22q11.2DS-associated as compared to non-deletion-associated
schizophrenia patients. For example, Murphy and colleagues (1999) found that their sample
of patients with schizophrenia and Velo-Cardio-Facial Syndrome (and presumably
22011.2DS) had less pronounced negative symptoms and a later age of onset than a
demographically-matched group of schizophrenia patients without the deletion.
Subsequently, Bassett et al. (2003) found that their samples of schizophrenia patients with
and without 22g11.2 deletion did not differ on broad symptomatology or course of illness.
The study did reveal less substance abuse and higher Positive and Negative Symptom Scale
(PANSS) excitement subscale scores (i e., poorer impulse control, and greater
uncooperativeness and hostility) in the 22q11.2DS group.

Very few studies, however, have investigated the prodromal period of psychotic illness in
22011.2DS. The prodrome is defined by attenuated/subclinical manifestations of psychotic
symptoms prior to the onset of psychosis (Klosterkotter, et al., 2001; Miller et al., 2002;
Woods et al., 2009; Yung et al., 2003). This period can last from months to several years,
and varies with respect to the severity and profile of symptoms. Although overwhelming
evidence supports the hypothesis that 22q11.2DS patients represent a high-risk group for
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schizophrenia, there has been little research thus far comparing such patients to those at
high-risk for schizophrenia for reasons other than the 22q11.2 deletion. Adolescent patients
with SPD represent such a high-risk group.

A frequently-used measure of prodromal symptoms and syndromes is the Structured
Interview for Prodromal Syndromes (SIPS; McGlashan et al., 2001), a diagnostic interview
that assesses positive, negative, disorganized, and general symptom domains. Based on
certain positive symptom criteria, this measure yields different prodromal syndrome
designations, including the “attenuated positive symptom syndrome (APS)” or “brief
intermittent psychotic syndrome (BIPS).” Researchers have found that individuals who meet
prodromal criteria based on this instrument manifest a conversion rate to Axis | psychosis of
approximately 30-40 % within two years (Cannon et al., 2008; Miller et al., 2003; Lemos et
al., 2006). As would be expected, a substantial proportion (50-70%) of individuals with
SPD show elevations on SIPS ratings that are used to index the prodrome (Woods et al.,
2009). However, only three studies have used this instrument to investigate prodromal
symptoms in 22g11.2DS (Rockers et al., 2009; Stoddard et al., 2010; Antshel, et al., 2010).
No report has directly compared the phenomenology of these symptoms to those seen in
other groups at high-risk for developing psychosis.

The purpose of the present study was to compare prodromal signs and symptoms in patients
with 22q11.2DS (ascertained only on the basis of chromosomal diagnosis) to those in
non-22g11.2DS patients meeting criteria for SPD. Previous research has found that
individuals with 22q11.2DS show elevated positive, negative (Rockers et al., 2009; Stoddard
et al., 2010; Antshel et al., 2010), disorganized (Stoddard et al., 2010; Antshel et al., 2010),
and general (Stoddard et al., 2010) prodromal symptoms on the SIPS. Similarly, adolescents
with SPD have been shown to have elevated symptoms on all four SIPS domains (Woods et
al., 2009), as well as elevated positive and negative symptoms on other measures like the
SAPS/SANS (Dickey et al., 2005). Therefore, it was hypothesized that subjects from both
groups would show elevated scores on four SIPS symptom domains, when compared to
healthy controls. Similarities in prodromal states and features between at-risk groups may
suggest overlapping pathogenic factors, while differences may suggest that schizophrenia
represents a common clinical syndrome that can arise from different antecedents. Second,
given that both groups are at approximately equivalent risk for psychosis, with estimates at
or exceeding 25%, it was predicted that roughly equivalent proportions would show
prodromal-level symptom and meet criteria for a prodromal syndrome on the SIPS.

2. Materials and Methods

2.1 Participants and Procedure

Participants were drawn from two longitudinal studies at Emory University; one focusing on
youth who meet criteria for SPD, the other on adolescents with 22q11.2DS. All participants
18 years of age or older provided written informed consent. When participants were younger
than 18, parental written informed consent was also obtained. All consent/assent and study
procedures were approved by the Emory University IRB.

Control and SPD individuals were recruited as part of the Emory University Adolescent
Development Project, a five-year longitudinal study investigating the factors that predict
conversion to psychosis. SPD subjects were recruited through announcements directed at
clinicians and parents, with those directed at parents describing SPD in lay terms. The
control group was comprised of individuals who did not meet criteria for any Axis | or Il
disorder. Some of these participants were originally screened for potential inclusion in the
SPD group but found to be free of all Axis I and 1l disorders, while others were recruited
from an Emory University database of control participants.
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SPD diagnostic criteria were assessed via the Structured Interview for DSM-1V Personality
Disorders (Pfohl et al., 1997). DSM-1V states that in individuals below 18 years of age,
symptoms must persist for at least one year to make a diagnosis of SPD. Thus, this criterion
was used. However, in previous studies that support the utility of SPD diagnostic criteria for
predicting conversion to psychosis, this duration criterion was not strictly adhered to (e.g.,
Yung et al., 2003; Woods et al., 2009; Miller et al., 2003; Mittal et al., 2008). Individuals
with the 22911.2 deletion were included in the 22q11.2DS group, regardless of Axis Il
diagnostic status. Based on SCID and SIPS responses, only one individual included in the
22q11.2DS group met SPD diagnostic criteria. Participants in all groups were interviewed
using the Structured Clinical Interview for DSM-1V (SCID IV; First et al., 1997) to assess
for the presence of Axis | disorders. Exclusion criteria for all groups were the presence of
previously diagnosed mental retardation, current substance abuse or addiction, and any
current Axis | diagnosis. Exceptions were the presence of a history of learning disorders as
well as attention-deficit and disruptive behavior disorders. In the control group, the parents
of one participant reported a past diagnosis of ODD, two parents reported past concerns
about ADHD, and one parent reported a learning disability. However, these participants had
never been formally assessed for the presence of these conditions and did not appear to meet
criteria for ADHD or ODD at the time of this study. Thus, no participant included in these
analyses had ever achieved a diagnosis of a psychotic disorder. For a more detailed
description of the ongoing study, see Mittal et al. (2007a).

22011.2DS patients were ascertained in reverse-age order from a case registry of individuals
diagnosed with 22g11.2DS, maintained at Children’s Healthcare of Atlanta since 1996.
Presence of the 22g11.2 deletion was confirmed in each case by fluorescent in situ
hybridization (FISH). Individuals were initially referred for FISH analysis either as children
or adolescents, often due to the presence of heart defects, speech and language difficulties,
and/or immunological problems. Individuals identified later in life were referred as part of
clinical care within a Human Genetics Medical Clinic or Adult Heart Clinic. After
recruitment, patients underwent assessment at the Emory University 22q11.2DS clinic, a
collaborative center maintained by researchers and physicians from Children’s Healthcare of
Atlanta and the departments of Human Genetics and Psychiatry and Behavioral Sciences at
Emory University. (For more details on this sample, see Rockers et al. (2009)). SIPS data
were collected from 23 individuals with 22q11.2DS, ranging in age from 14 to 22 at the time
of their visits.

FISH analyses could not be performed on individuals in the control or SPD groups.
However, individuals with 22g11.2 deletions are unlikely in these groups. First, as
previously mentioned, low base rates of the 22q11.2 deletion in the general population, as
well as in schizophrenia (Hoogendoorn et al., 2008), make it very unlikely that any
individual in the SPD or control group would have the deletion. Further, as part of the
Emory University Adolescent Development Project, two markers on the COMT genetic
region of the 22g11.2 chromosomal region (RS4633 and RS4680) were investigated in a
random subset of control and SPD participants. The original purpose of these analyses was
to investigate whether genotype frequencies differed between the two groups. In total,
56.52% (13/23) of the SPD patients were genotyped. Of these, 61.54% (8/13) were
heterozygous on at least one of these loci, precluding them from carrying the common forms
of the deletion. Similarly, 65.22% (15/23) of the control participants were genotyped,
53.33% of which (8/15) were heterozygous on at least one of the two loci. Apparent
homozygosity at each SNP occurred no more frequently than expected from the published
allele frequencies of the SNPs. Thus, in more than half of the SPD and control participants,
molecular evidence rules out either of the two most common 22q11 deletions, both of which
delete the entire COMT locus and would thereby lead to apparent homozygosity at every
SNP in the gene.
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Age-matching was deemed important because the modal developmental period for the
prodrome is adolescence/early adulthood. This is assumed to reflect neurodevelopmental
processes that occur during this period (Walker et al., 2007). The onset of the prodrome
prior to and following this period is atypical. Thus, in comparing symptom differences
among risk groups, it is important that they represent the same age-range. Similarly, there
may be differences in symptom frequency and severity between the sexes (Willhite et al.,
2008). Thus, participants from the SPD, 22q11.2DS, and control groups were hand selected
to match on age and sex, yielding 23 individuals in each group. Demographic characteristics
of the samples are presented in Table 1.

2.2 Structured Interview for Prodromal Syndromes (SIPS)

The SIPS (McGlashan et al., 2001) is a semi-structured diagnostic interview with good
psychometric properties (Miller et al., 2003), designed to assess and diagnose the severity of
prodromal symptoms of schizophrenia and other psychotic disorders. It is composed of 19
symptom-items, each rated on a 0-6 scale, grouped into four symptom scales: positive,
negative, disorganized, and general symptoms. Scores of 0 indicate the absence of a
symptom while scores of 1-2 (“questionably present” and “mild”) indicate the non-
prodromal presence of a symptom. Scores between 3 and 5 (“moderate,” “moderately
severe,” and “severe but not psychotic™) are considered to be within the prodromal range
and a score of 6 is in the psychotic range. Each item is comprised of a number of questions
that allow the interviewer to accurately rate the severity of each symptom.

The positive symptom scale includes items that assess unusual thought content and
delusional ideas, suspiciousness and persecutory ideas, grandiosity, perceptual
abnormalities and hallucinations, and disorganized communication. The negative symptom
scale includes items that assess social anhedonia, avolition, reduced expression of emotion,
decreased experience of emotion and self, decreased ideational richness, and deterioration
of role functioning. Items on the disorganized symptom scale assess odd behavior or
appearance, bizarre thinking, trouble with focus and attention, and impairment in personal
hygiene. Finally, the general symptom scale contains items that assess sleep disturbance,
dysphoric mood, motor disturbances, and impaired tolerance to stress. Each symptom scale
also yields a factor score, comprised of the average of all the items within that scale.

2.3 Prodromal Syndromes

SIPS symptom dimension scores are used to determine whether individuals meet criteria for
one or more prodromal syndromes—the attenuated positive syndrome (APS), or the brief
intermittent psychotic syndrome (BIPS). APS is characterized by the presence of at least one
subthreshold positive symptom (i e., one symptom rated 3-5) and no psychotic level positive
symptoms (i.e. a rating of 6). In BIPS, an individual experiences at least one psychotic level
positive symptom which must have developed or increased to psychotic intensity within the
past three months. In addition to these prodromal syndromes, the SIPS can also classify
individuals as meeting criteria for Presence of Psychotic Syndrome (POPS). Criteria for
POPS are similar to those of APS except that individuals have at least one positive
symptoms rated as psychotic.

2.4 Cognitive Function

Cogpnitive ability is not a focus of the current research; symptom assessment was prioritized
in the data collection process. However, given that cognitive function is often affected in
both 22911.2DS and SPD, intellectual ability may be relevant for the interpretation of SIPS
scores. This may be particularly true in the interpretation of items that relate to thought
content or richness, and the quality of expressed language or communication. Thus, brief
estimates of overall cognitive ability were collected for descriptive and, in the non-deletion
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groups, exclusionary purposes. Participants under the age of 17 were administered the
Wechsler Intelligence Scale for Children—Third Edition (WISC-I11) and participants 17 and
older were administered the Wechsler Adult Intelligence Scale—Third Edition (WAIS-I1I).
Time and research burden did not allow for administration of the standard subtest battery in
the 22911.2DS group, so the vocabulary, similarities, and block design tasks were
administered to provide estimated verbal and performance 1Qs (Ryan, 1981; 1983; Ringe et
al., 2002). In total, WAIS-111 data were collected on 6, 7, and 8 participants in the control,
SPD, and 22911.2DS groups, respectively, and WISC-I11 data were collected for 17, 16, and
15 participants, respectively.

2.5 Analyses

3. Results

All analyses were conducted using SPSS 16. Inspection of the raw data suggested likely
floor effects in the SIPS scores of the normal control group, as well as positive skew across
all groups. Neither square root nor logarithmic transformations (both run with raw scores
and with a constant added) successfully equalized the variances between diagnostic groups
on the majority of the SIPS scales. Therefore, the Games-Howell MANOVA post hoc
contrast procedure was used to investigate group differences within each dependent variable.
Games-Howell, a modification of the Tukey test, minimizes potential Type | error when all
possible comparisons are being run on groups with unequal variances (Ramsey & Ramsey,
2009). To further control for the inflated chances of Type I error that accompanies multiple
comparisons, an alpha of .01 was used. SIPS means and standard deviations for all groups
are listed in Table 2.

To analyze symptom “profiles” in the two high risk groups, repeated measures ANOVAS
were conducted to determine whether non-parallel patterns were evident as group x subscale
interactions. Symptom items were entered as within-subjects factors and diagnostic status as
the between subjects factor. Items on which the two groups differed were excluded from
these models.

WISC-111 and WAIS-111 composite scores were computed for the control and SPD groups,
using age-based norms. Subtest scores in the 22911.2DS group were also standardized using
age norms and converted to scaled scores. Kolmogorov-Smirnov z-tests indicated that, of
the six scaled scores in the 22q11.2DS group and four in the other two groups, only the
distribution of the WISC-I11 block design scores in the 22q11.2DS group deviated from
normality. Scaled scores were then transformed to z-scores with a mean of 100 and standard
deviation of 15, as suggested by Palmer et al. (2003). One sample t-tests were computed
within each diagnostic group to determine whether scores deviated from the the mean raw
scaled score of 100. Because there is no widely accepted non-parametric equivalent of the
one sample z or t-test, this same statistic was used for block design in the 22911.2DS group,
but should be interpreted with caution.

3.1 Intellectual functioning

As mentioned, cognitive variables were investigated for descriptive purposes—meaningful
direct comparisons could not be conducted with the available data. In the control group,
WAIS-III scores (M = 108.333, SD = 16.008) were within the average range ( t(5) = 1.275,
p = .258), as were WISC- 111 scores (M = 102.563, SD = 14.624; t(16) = —.500, p = .624).
WAIS-III1 (M = 107.143, SD = 28.250) and WISC-I1I (M = 97.357, SD = 16.003) scores
were also within the average range in the SPD group (WAIS-I111: t(6) = .669, p = .528;
WISC-III: t(15) = —1.626, p = .125). Conversely, z-tests in the 22q11.2DS group were
significant on all three subtests for both the WAIS-111 (vocabulary: t(14) = —2.766, p = .015;
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similarities: t(14) = —2.997, p = .010; block design: t(14) = —5.608), p < .001) and WISC-I1I
(vocabulary: t(7) = —8.079, p < .001; similarities: t(7) = —3.435, p = .011; block design: t(7)
= —17.045, p <.001). However, these mean scores were still in the average range for the
WAIS-I1I on the vocabulary (M = 86.67, SD = 18.663) and similarities (M = 86.330, SD =
17.667) tasks. They were below average for the block designs (M = 80.670, 13.350) task.
Scores on the WISC-I11 were below average for the similarities task (M = 78.756) and in the
lower extreme range on the vocabulary (M = 68.76, SD = 10.937) and block designs task (M
=57.494, SD = 7.053).

3.2 SIPS Scores

3.2.1 Differences between the risk groups and healthy controls—Games-Howell
contrasts were first conducted to test for group differences in symptom severity. As
hypothesized, both the SPD and 22g11.2DS groups had higher scores than controls on the
positive symptom factor (p <.0001 and p =.0001, respectively), the negative symptom factor
(p =.0014 and p < .0001, respectively), the disorganized factor (p <.0001 for both), and the
general symptoms factor (p = .0001 and p<.0001).

Next, group differences in symptom items within symptom factors were tested. Figures 1-4
show SIPS group means with significant group differences noted. Within the positive
symptom domain, the 22q11.2DS group had higher scores than the control group on the
unusual thought content/delusional ideas (p = .0052), suspiciousness/persecutory ideas (p
=.0092), and perceptual abnormalities/hallucinations items (p = .0039). Mean differences
were marginally significant for the disorganized communication item (p = .0156). In the
same domain, the SPD group had higher scores than the control group on the unusual
thought content/delusional ideas (p = .0009), suspiciousness/persecutory ideas (p = .0006),
perceptual abnormalities/hallucinations (p = .0008), and disorganized communication items
(p =.0018).

In the negative symptom domain, the 22g11.2DS group had higher scores than controls on
the social anhedonia (p < .0001), avolition (p = . 0074), decreased ideational richness (p <.
0001), and deterioration of role functioning items (p = .0083). The SPD group had higher
scores than controls on the social anhedonia (p = .0011) and decreased ideational richness
(p = .0003) items. Results were marginally significant for the avolition item (p =.0178),
with the SPD group again showing higher scores than controls.

Within the disorganized symptom factor, the 22q11.2DS group had higher scores than the
control group on the odd behavior or appearance (p = .0002), trouble with focus/attention (p
<.0001), and impairment in personal hygiene items (p = .0092). Here, the SPD group had
higher scores than controls on the odd behavior or appearance (p = .0004), bizarre thinking
(p = .0034), trouble with attention (p = .0014), and impairment in personal hygiene (p =.
0027) items.

In the general symptom domain, the 22g11.2DS group had higher scores than the control
group on the dysphoric mood (p < .0001), motor disturbance (p < .0001), and impaired
stress tolerance (p =.0001) items. The SPD group had higher scores than the control group
on the dysphoric mood (p=.0005) and impaired tolerance to stress (p = .0057) items. Results
were marginally significant for the sleep disturbance item (p = .0146), with the SPD group
again showing higher scores.

3.2.2 Differences between the 22q11.2DS and SPD groups—Games-Howell
contrasts were also conducted to determine whether the two high-risk groups differed in
SIPS scores. The 22q11.2DS and SPD groups did not differ on any of the positive symptom
items. Within the negative symptoms factor, the 22q11.2DS scored higher than the SPD
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group on the decreased ideational richness item (p = .0024). The two groups did not differ
on any of the other negative symptom items or on any of the disorganized symptoms. In the
general symptom domain, the 22g11.2DS subjects showed marginally significant elevations
in impairment on the motor disturbance (p = .0406) item compared to the SPD group, but
the two groups did not differ on any other item.

Finally, power analyses suggest that current study has low power (24.75%) for detecting a
significant moderate effect size in comparisons with two groups of 23 participants each.
Thus, Cohen’s d effect sizes were calculated for the high-risk group contrasts (Table 2).
While figures 1-3 suggest similar profiles of peaks and valleys in the scores for the clinical
groups in the individual SIPS positive, negative, and disorganized symptom items, effect
sizes suggest group differences that may yield statistical significance in higher-powered
studies—the SPD group showed elevations in positive symptom item scores over the
22011.2DS group that varied from small in size to moderate to large in size. Contrasts
suggested that in the negative symptoms domain, the 22q11.2DS group had elevated scores
with respect to the SPD group that were negligible on all items except the decreased
ideational richness item, where the contrast yielded a large Cohen’s d of 1.0650. In the
disorganized symptoms domain, the difference between the SPD group and the 22q11.2DS
group was small in size for the bizarre thinking item (Cohen’s d = .349), while the
22011.2DS group showed an elevation over the SPD group on the trouble with focus and
attention item that was roughly small in size (Cohen’s d =.2929). Scores in the general
symptoms domain were slightly more variable, with the SPD group showing elevations over
the 22¢11.2DS group that were small to moderate in size for the sleep disturbance item
(Cohen’s d = .493) and the 22g11.2DS group showing an elevation on the motor
disturbances item that was moderate to large in size (Cohen’s d = 742).

3.2.3 Symptom profiles—To investigate parallelism in profiles between the two risk
groups, repeated measures ANOVAs were conducted for the items in each symptom
domain, with diagnostic status entered as the between group factor. No group x symptom
interaction was found for the positive symptoms model ( F(4,176) = .233, p =.920),
supporting the absence of an interaction. Similarly, excluding the decreased ideational
richness item, no interaction was found for the negative symptoms model ( F(4,176) = .032,
p =.001) or for the disorganized symptoms model ( F(3,132) = .919, p = .434), again
suggesting parallel profiles. The distribution of general symptoms in the two risk groups
violated the assumption of sphericity (Mauchly’s W = .724, Approximate Chi square =
13.814, p = .017). Thus, the Greenhouse-Geisser procedure was used to evaluate the model,
yielding a significant interaction term ( F(3,132) = 7.754, p = .017). model ( F(3,132) =
7.754, p = .017). These results further suggest similar profiles of positive, negative, and
disorganized prodromal symptoms in the SPD and 22g11.2DS groups.

3.2.4 Prodromal Syndromes—Using the SIPS symptom ratings, the proportion of
subjects in each group meeting criteria for two prodromal syndromes—BIPS and APS—
were derived. APS designations were based only on symptom severity criteria. 5 controls
(21.74%), 16 participants with SPD (69.57%), and 13 22911.2DS individuals (56.52%) met
symptom criteria for APS, but no participants met BIPS criteria. Additionally, 2 SPD
individuals (8.70%) met POPS criteria at some point in their follow-ups. Kruskal-Wallis
Chi-Square tests including all three diagnostic groups revealed that rates of APS differed
between groups (x2(2) = 11.086, p = .004). Post hoc analyses indicated that the rate did not
differ between the two risk groups (x2(1) = .822, p = .365), but did differ between the
control and 22g11.2DS groups (x2(1) = 5.841, p = .016). Rates of POPS did not differ across
risk groups (x2(2) = 4.06, p = .131).
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4. Discussion

The findings of the present study support the hypothesis that both the SPD and 22q11.2DS
groups manifest elevated positive, negative, disorganized, and general prodromal symptoms,
relative to controls. These results replicate those of previous studies that have found elevated
SIPS scores in both high-risk groups. Specifically, three previous studies have examined
SIPS scores in individuals with 22q11.2DS (Rockers et al., 2009; Stoddard et al., 2010;
Antshel et al., 2010); all found scores comparable to those of the present sample. Using a
somewhat older sample of 20 22q11.2DS patients, Rockers and colleagues (2009) reported
mean SIPS positive (1.68) and negative (2.19) symptom scores that were very similar to
those of the 22q11.2DS patients in the present study—some of these patients were also
included in the current study. Antshel et al. (2010) compared a slightly younger sample of
70 youths with Velo-Cardio-Facial Syndrome with a healthy control and sibling group.
These authors also reported elevated positive (1.3), negative (2.0), and disorganized (1.0)
symptom scores which were similar to those found in the current analyses. Stoddard and co-
authors (2010) reported median SIPS symptom scale item scores for 20 individuals with
22011.2DS. Averaging their median scores on the symptom domains yielded an average of .
6 for positive symptoms, which is slightly lower than that found in the current study, and a
score of 2.875 on the general symptoms scale, which is higher than the mean found in the
current study. Their scores of 1.917 for negative symptoms and 1.25 on the disorganized
symptom scale are similar to those reported here for 22q11.2DS patients. Taken together,
these results lend support to the validity of the SIPS. They also suggest that the severity of
elevated prodromal symptoms in the current 22q11.2DS sample is comparable to previous
reports.

Elevated SIPS ratings for the SPD group in the present study were also comparable to those
of the one previous report in the literature. Woods et al. (2009) found that their sample of 49
youths with SPD had average positive, negative, disorganized, and general symptoms scores
of 2.14, 2.283, 1.975, and 1.65, respectively. All of these scores are similar to those found in
the present study, with the exception of the negative symptom score which is somewhat
higher than that observed in the present SPD sample.

The second finding of the current study is that the SPD and 22q11.2DS groups show
remarkable similarity in their SIPS profiles, illustrated in Figures 1-4. Relative to controls,
both risk groups showed elevated scores on the positive, negative, disorganized, and general
symptoms domains, but did not differ from each other. There were also no significant
symptom x risk group interactions within the positive, negative, and disorganized symptoms
domains. These results suggest that the psychosis prodrome in these groups is likely to be
similar, with substantive differences seen only in thought quality/content, likely movement
abnormalities (discussed below), and some of the non-specific symptoms included in the
general symptoms domain. Thus, it is plausible that etiologic mechanisms leading to the
prodromal phenomenology in 22q11.2DS overlap with those involved in SPD. For example,
genes in the 22g11.2 chromosomal region may confer risk for the development of psychosis
in subgroups of both SPD and 22g11.2DS patients.

Only a few areas of symptom score divergence between the two high-risk groups were
identified. Although no statistically significant differences between the SPD and 22q11.2DS
groups were found on positive symptom ratings, Cohen’s d values for the SPD/22q11.2DS
contrasts in the positive symptom domain ranged from .388 to .679 (i.e., moderate to large
effect sizes), suggesting that positive symptoms may be more pronounced in the SPD group,
and that studies of larger samples with greater statistical power might detect significant
differences. However, these differences are likely due to selection criteria, given that
subjects must have some elevated positive symptoms to qualify for a diagnosis of SPD. The
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two groups also differed significantly on one negative symptom scale item (decreased
ideational richness) and the difference on a general symptom item, motor disturbance, was
marginally significant with an effect size that was moderate to large in size. In addition,
when compared to the control group, the SPD group showed elevations on two unique
symptoms (bizarre thinking and disorganized communication) and the 22q11.2DS group
showed elevations on three unique symptoms (avolition, motor disturbance, and
deterioration of role functioning).

Given the pronounced motor abnormalities reported in 22q11.2DS (Swillen et al., 1999; Van
Aken et al., 2007; Sobin et al., 2006; Chow et al., 2006), it is not surprising that this group
would manifest higher scores than the other groups on the motor disturbance item. At the
same time, the SPD group did show moderate, nonsignificant elevations when compared
with controls on this item (Cohen’s d = .556). This accords well with the literature on
movement abnormalities in schizophrenia (Walker & Lewine, 1994), which typically finds
subtle, but significant motor problems in individuals who later develop illness, while the
abnormalities seen in 22g11.2DS tend to be more pronounced. Interestingly, reports on
movement abnormalities in SPD have also found that these are often correlated with the
severity of other prodromal symptoms (Neumann & Walker, 1999; Mittal et al., 2007b),
suggesting that risk factors for motor problems and later psychosis may overlap.

The two clinical groups also differed significantly on decreased ideational richness, where
the 22g11.2DS group had greater deficits than the SPD group (with a large effect size of
1.065), who in turn had more impairment than the control group. This item addresses some
basic cognitive abilities, namely the ability to understand the meaning of what others say
and to explain proverbs and sayings to the examiner. In addition, the 22q11.2DS group
performed more poorly on brief cognitive tasks that tapped both verbal and nonverbal
cognitive abilities, with more consistent deficits seen on tasks assessing nonverbal abilities.
These findings are consistent with previous reports that describe 22q11.2DS patients as
having pronounced general intellectual and executive function deficits (Henry et al., 2002,
Kiley-Brabeck & Sobin, 2006; Zinkstok et al., 2005). Thus, greater deficits in ideational
richness in the 22q11.2DS subjects may reflect the cognitive impairments and brain
morphometric abnormalities found in 22q11.2DS (i.e. Zinkstok et al., 2005; Eliez et al.,
2000; Simon et al., 2005; Van Amelsvoort et al., 2004)—further investigation is needed to
differentiate between thought problems due to prodromal- and deletion-related processes.

Finally, the present investigation revealed that the high-risk groups are similar in the
proportions of participants who meet symptom severity criteria for a prodromal syndrome.
Results are consistent with the prediction that at least 25% of the individuals in the
22011.2DS and SPD groups would meet criteria for a prodromal syndrome. Because data on
the duration of symptoms were not available for all participants, the rates of prodromal
syndromes were assessed by focusing only on the symptom severity criteria. According to
these criteria, 69.57% of the SPD group and 56.52% of the 22q11.2DS group met criteria for
either APS or BIPS. Thus, according to these estimates, a similar proportion of 22q11.2DS
and SPD individuals are likely to meet criteria for a prodromal syndrome. As noted, past
research using the SIPS/SOPS indicates that the conversion rate to Axis 1 psychosis within
2-3 years from baseline ranges from 30-40% in those who meet criteria for the prodrome
(Miller et al., 2003; Yung et al., 2003; Lemos et al., 2006; Cannon et al., 2008). Thus, if 30—
40% of those in the present study who meet prodromal criteria eventually convert to
psychosis, the rate of psychotic outcomes in the SPD and 22q11.2DS groups would be
20.87-27.83% and 16.96-22.61%, respectively. These figures are at the lower end of the
range of estimated eventual rates of psychosis in the two groups, but syndrome rates are
comparable to those reported in the Stoddard et al. (2010) study of the prodrome in
22q11.2Ds.
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A significantly smaller proportion of the healthy controls (21.74%, n=5) also met symptom
criteria for one of the prodromal syndromes. Given that the base rate of schizophrenia in the
general population is approximately 1% and approximately 30-40% of those classified as
prodromal develop illness, this estimate seemed high. Four individuals in this control group
may have met criteria for ADHD, LD, or ODD in the past, reflecting the fact that some
controls were help seeking. While there is some indication of elevated levels of these
diagnoses in samples of prodromal adolescents (Meyer et al., 2005), they are relatively
common in the general population, suggesting that the control group in the current study is
representative of this population. Further, there is a growing literature on the presence of
psychotic-like experiences in healthy adolescents. This literature suggests that as many as
13-38% of late-adolescent controls report prodromal-level unusual ideations (Morgan et al.,
2009; Rossler et al., 2007). Further, Loewy and colleagues (2007) found that 25% of their
general college sample self-reported the presence of a prodromal-level symptom, which is
similar to the symptom-severity criteria used in the current study. It therefore appears that
the present counterintuitive findings in the healthy control group converge with previous
reports. These results raise questions about the validity of the SIPS/SOPs criteria for non-
clinical or help-seeking control populations.

The major limitation of the present study is small sample size; the study may have been
underpowered for detecting moderate effect sizes. The low base-rate of 22q11.2DS makes
subject ascertainment and recruitment challenging. Nonetheless, the sample size herein is in
the range of many previous reports on 22q11.2DS. Additionally, the absence of FISH data
for the SPD and control groups made it impossible to verify the absence of the 22q11.2
deletion in every participant. However, the low base rates of this deletion in both the overall
population and in samples of schizophrenic patients, combined with the genetic data that
were available, make it unlikely that any additional cases would have this deletion. It was
also not possible to control for differences in cognitive abilities in the current analyses. The
use of an 1Q-matched control sample may be beneficial in future studies. Finally, the current
study is, to our knowledge, the first to compare 22q11.2DS individuals with a clinically-
defined high-risk group. Further research is needed to compare prodromal syndromes in
22011.2DS with individuals who are at heightened genetic risk, for example, due to
psychasis in first degree relatives.
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Figure 1.

Schizotypal Personality Disorder (SPD) and 22g11.2 Deletion Syndrome (22q11.2DS)
participants show what appear to be parallel patterns of positive symptom score elevations;
the SPD group shows non-significantly higher scores than the 22q11.2DS group; Cohen’s d
values for the SPD-22q11.2DS contrasts range from .388 to .679.

* Significant difference between SPD and 22g11.2DS groups at p <.01

t Significant difference between control and SPD groups at p <.01

1 Significant difference between control and 22q11.2DS groups at p <.01
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Figure 2.

The two risk groups show elevations on the same items, with the exception of the
deterioration of role functioning and avolition items, where only the 22q11.2 Deletion
Syndrome (22q11.2DS) group showed elevated scores. These groups only differed on the
decreased ideational richness item. Otherwise, their scores again appear roughly parallel.
* Significant difference between Schizotypal Personality Disorder (SPD) and 22q11.2DS
groups at p <.01

t Significant difference between control and SPD groups at p <.01

1 Significant difference between control and 22q11.2DS groups at p <.01
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Figure 3.

Both risk groups again show elevations on the same items, except on the bizarre thinking
item, where only the Schizotypal Personality Disorder (SPD) group was elevated. Their
profiles again appear to roughly parallel each other.

* Significant difference between (SPD and 22q11.2 Deletion Syndrome (22911.2DS) groups
atp <.01

t Significant difference between control and SPD groups at p <.01

1 Significant difference between control and 22q11.2DS groups at p <.01
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Figure 4.

Both risk groups again show elevations on the same items, with the exception of the motor
disturbance item, where only the 22q11.2 Deletion Syndrome (22g11.2DS) group has an
elevated score.

* Significant difference between Schizotypal Personality Disorder (SPD) and (22911.2DS
groups at p <.01

t Significant difference between control and SPD groups at p <.01

1 Significant difference between control and 22q11.2DS groups at p <.01
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Table 1

Demographic Characteristics of Age, Sex, and Ethnicity Matched Groups

Schizotypal Personality Disorder (SPD) and control participants were hand matched to 22q11.2 Deletion
Syndrome ( 22g11.2DS) participants on age and gender, as well as ethnicity, where possible, to attempt to
control for potential group and developmental differences in symptom severity

Controls SPD 22q11.2DS

Agel 17 (1.70)  17.17 (2.02) 17.48 (2.50)

range 14-20 14-21 14-22
Gender

Male 11 11 11

Female 12 12 12
Race/Ethnicity

African American 9 4 3

Hispanic 0 1 2

Caucasian 13 18 17

Asian 0 0 1

Mixed Race or other 1 0 0

1Value (SD)
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