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Little is known about the occurrence and predictors of the psychosis spectrum in large non-clinical community samples of U.S. youths. We
aimed to bridge this gap through assessment of psychosis spectrum symptoms in the Philadelphia Neurodevelopmental Cohort, a collabora-
tive investigation of clinical and neurobehavioral phenotypes in a prospectively accrued cohort of youths, funded by the National Institute of
Mental Health. Youths (age 11-21; N57,054) and collateral informants (caregiver/legal guardian) were recruited through the Children’s Hos-
pital of Philadelphia and administered structured screens of psychosis spectrum symptoms, other major psychopathology domains, and sub-
stance use. Youths were also administered a computerized neurocognitive battery assessing five neurobehavioral domains. Predictors of psy-
chosis spectrum status in physically healthy participants (N54,848) were examined using logistic regression. Among medically healthy
youths, 3.7% reported threshold psychotic symptoms (delusions and/or hallucinations). An additional 12.3% reported significant sub-
psychotic positive symptoms, with odd/unusual thoughts and auditory perceptions, followed by reality confusion, being the most discrimi-
nating and widely endorsed attenuated symptoms. A minority of youths (2.3%) endorsed subclinical negative/disorganized symptoms in the
absence of positive symptoms. Caregivers reported lower symptom levels than their children. Male gender, younger age, and non-European
American ethnicity were significant predictors of spectrum status. Youths with spectrum symptoms had reduced accuracy across neurocognitive
domains, reduced global functioning, and increased odds of depression, anxiety, behavioral disorders, substance use and suicidal ideation. These
findings have public health relevance for prevention and early intervention.
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Psychotic-like symptoms, including attenuated paranoid
delusional thinking and auditory hallucinations, occur in
approximately 5-8% of the general adult population (1). In
some, these symptoms never cause sufficient distress or
functional impairment to necessitate help seeking (2), but in
others they can precede the onset of psychotic disorders (3).

A meta-analysis of transition from subthreshold to psy-
chotic experiences in unselected, non-help-seeking popula-
tion samples reported a 0.6% one-year risk of transition to
psychotic disorder (4), a much lower conversion rate than
in clinically help-seeking samples (5). This is consistent with
a continuum of non-clinical and clinical expressions of
psychotic-like experiences in the population (1).

The psychosis spectrum (6) comprises subclinical psychot-
ic-like experiences, threshold psychosis (delusions/halluci-
nations), and psychosis related symptoms including atten-
uated negative and disorganized symptoms. Because early
attenuated symptoms frequently do not lead to disabling
psychosis (7), their utility as a sole means of identifying at-
risk individuals is limited. However, through longitudinal
evaluation, they provide a window to examine neurobiolog-
ical risk and protective factors associated with various out-
comes (4).

This window may be widened by evaluating the earliest
emergence of subclinical spectrum symptoms in younger
people from the general population (8). Symptom onset
before age 18 is a significant predictor of psychosis conver-
sion in ultra-high risk (9) and birth cohort (7,8,10) samples.
Population-based studies in children and adolescents have
demonstrated higher rates of psychotic-like experiences in
youths than in adults (range55-35%), with meta-analytically
derived medians of 17% in children (9-12 years old), and
7.5% in adolescents (13-18 years old) (11). Although these
symptoms are likely transient in most children (8), their evo-
lution into full psychosis may be moderated by symptom
severity (4), type (3), and persistence (12,13).

Regardless of eventual psychosis, early subclinical psy-
chotic symptoms are associated with comorbid psychopa-
thology, including depression (5,14-16), anxiety (5), and
substance use (5,12,17); impaired global functioning (18)
and increased suicidality (18). Consistent with some find-
ings of neurocognitive impairments in individuals at clinical
high risk (19,20), a school-based study of children (age 11-
13) in Ireland also reported an association of subclinical
symptoms with impairment in processing speed and non-
verbal working memory (21). Otherwise, little is known
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about neurocognitive functioning associated with early
emerging subclinical spectrum symptoms in the general
population.

No prior study has characterized the occurrence of psy-
chosis spectrum features in a large systematic community
sample of U.S. youths. Moreover, little is known about
demographic and psychopathology predictors of psychosis
features in this population. We aimed to bridge this gap
through the Philadelphia Neurodevelopmental Cohort, an
investigation of clinical and neurobehavioral phenotypes in
a prospectively accrued non-clinical sample, funded by the
National Institute of Mental Health (NIMH).

METHODS

Participants

Prospective participants (N550,293) were recruited
through the Children’s Hospital of Philadelphia pediatric
clinics and health care network, which extends to over 30
clinical community sites in the tri-state area of Pennsylvania,
New Jersey and Delaware. Participants were not recruited
from psychiatric clinics, so the sample is not enriched for
those seeking mental health services.

Based on electronic medical review or follow-up phone
contact, potential participants from this pool were excluded
if they were not proficient in English, had significant devel-
opmental delays or other conditions that would interfere
with their ability to complete study procedures, or could not
be contacted.

From the remaining pool, 13,598 individuals were invit-
ed, 2,699 declined, 1,401 were excluded, and 9,498 youths
(age 8-21) were enrolled. The total sample for the current
analyses included youths aged 11-21 (N57,054 partici-
pants, mean age 15.862.7 years; 54% female; 56.3% Euro-
pean American, 32.9% African American, 10.8% other)
enrolled between November 2009 and November 2011.

After complete description of the study, written informed
consent was obtained for participants aged at least 18, and
written assent and parental permission were obtained from
children aged less than 18 and their parents/legal guardian.
All procedures were approved by the University of Pennsyl-
vania and the Children’s Hospital of Philadelphia Institu-
tional Review Boards.

Psychopathology measures

Probands (age 11-21) and collaterals (parent or legal
guardian for probands aged 11-17) were administered a
computerized structured interview (GOASSESS), including
a timeline of life events, demographics and medical history,
psychopathology screen, Children’s Global Assessment
Scale (C-GAS) (22), and interviewer observations.

Psychopathology screen was conducted through an ab-
breviated computerized version of the NIMH Genetic Epi-
demiology Research Branch Kiddie-Schedule for Affective
Disorders and Schizophrenia (K-SADS) (23,24), that was
modified to collect information on symptoms, duration, dis-
tress and impairment for lifetime mood, anxiety, behavioral,
psychosis spectrum and eating disorders, suicidal thinking
and behavior, as well as treatment history.

Computerized algorithms determined screen positive sta-
tus for each psychopathology domain based on endorsement
of symptoms, frequency and duration to approximate DSM-
IV disorder or episode criteria, and significant distress or
impairment rated at least 5 on an 11-point scale. A self-
reported lifetime substance use measure (25) was added later
in the study and administered to 4,066 participants. Compar-
ison of the diagnostic algorithms with the full criteria using
data from the National Comorbidity Survey – Adolescent
(23) yielded fair to excellent area under the receiver operator
characteristic curve values for the major classes of disorders.

GOASSESS medical history supplemented the Children’s
Hospital of Philadelphia electronic medical records, and was
used to identify a subgroup of physically healthy participants
(no or mild physical illnesses).

Assessors underwent rigorous training, certification and
monitoring.

Psychosis spectrum screen

We aimed to perform a brief screen for a broad spectrum
of psychosis relevant experiences, ranging from subtle and
subclinical (positive, negative and disorganized) symptoms
that would not qualify for diagnosable disorders to clinically
threshold hallucinations and delusions that could meet cri-
teria for serious psychotic disorders. We thus included three
screening tools to assess positive sub-psychosis, positive
psychosis, and negative/disorganized symptoms. Individu-
als evidencing any of those symptoms were classified as
“psychosis spectrum”.

Positive sub-psychosis symptoms in the past year were
assessed with the 12-item assessor administered PRIME
Screen-Revised (26,27). Items were self-rated on a 7-point
scale ranging from 0 (“definitely disagree”) to 6 (“definitely
agree”). The participant then rated the duration of each
endorsed symptom.

Positive psychosis symptoms (lifetime hallucinations and
delusions) were assessed using the K-SADS psychosis
screen questions, supplemented with structured questions
to reduce false positives.

Negative/disorganized symptoms were assessed using
six embedded assessor rated items from the Scale of Pro-
dromal Syndromes (SOPS, 28): avolition, expression of
emotion, experience of emotions and self, occupational
functioning, trouble with focus and attention, disorganized
communication.
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For positive sub-psychosis, given age effects on PRIME
Screen-Revised score, an Age Deviant index was derived
identifying children with extreme total scores (z�2) com-
pared to age mates. In addition, because psychosis risk may
not be linearly related to total scores, such that endorsement
of even one symptom at a severe level may be indicative of
psychosis risk, an Extreme Agreement index was also calcu-
lated based on traditional criteria (at least one item rated 6,
“definitely agree”, or at least three items rated 5, “somewhat
agree”) (27).

Criteria for positive psychosis were hallucinations and/or
delusions based on K-SADS screen, with duration of at least
one day, occurring outside the context of substance use and
physical illness, and accompanied by significant impairment
or distress (rating of at least 5).

For negative/disorganized symptoms, an Age Deviant
index was generated using SOPS z-scores. Specifically,
SOPS total scores were normed within age; z�2 cutoff
reflected extreme ratings of negative and/or disorganized
symptoms for age cohort.

Neurocognitive assessment

The 1-hour computerized neurocognitive battery includ-
ed 14 tests assessing five neurobehavioral domains (29):
executive functions (abstraction and mental flexibility,
attention, working memory), episodic memory (words,
faces, shapes), complex cognition (verbal reasoning, non-
verbal reasoning, spatial processing), social cognition (emo-
tion identification, emotion intensity differentiation, age dif-
ferentiation), sensorimotor speed (motor, sensorimotor).

Except for the tests designed exclusively for measuring
speed, each test provides measures of both accuracy and
speed. The Reading subtest of the Wide Range Achievement
Test, version 4 (WRAT-4) (30) was administered first to
determine participants’ ability to complete the battery and
to provide an estimate of IQ.

Statistical approach

First, we evaluated internal consistency (Cronbach’s
alpha) and age distributions of psychosis spectrum items in
the total sample. Second, to minimize conflation of psychosis
spectrum symptoms and experiences occurring in the context
of, or attributable to, physical illnesses, we classified psycho-
sis spectrum status, characterizing demographics and screen
summary variables as well as neurocognitive function, in the
subgroup of physically healthy youths. Third, we evaluated
differences between psychosis spectrum and non-spectrum
participants using ANOVA’s and Cohen’s d (quantitative
variables) or chi-square (categorical variables). Fourth, logis-
tic regression examined demographic, psychopathology and
substance use predictors of spectrum status (Statistical Pack-
age for Social Sciences, SPSS, version 20).

Finally, we performed item analysis of positive sub-
psychosis items comparing endorsements between groups,
summarizing symptom endorsement count, and conducting
multivariate analysis of variance (MANOVA) of differences
in mean item ratings. Receiver operating characteristics
analysis identified positive sub-psychosis items most predic-
tive of psychosis spectrum vs. non-spectrum classification
(SPSS, version 20).

RESULTS

Psychosis spectrum screen characteristics

Among the total sample of 7,054 participants, 21.0%
(N51,482) met psychosis spectrum criteria. Positive sub-
psychosis Extreme Agreement was 14.6% (N51,028). PRIME
Screen-Revised mean total score was 8.0610.7 for probands
and 2.465.9 for collaterals; the proband-collateral pair total
difference mean was 8.0610.0, indicating that probands
endorsed higher levels of sub-psychosis than reported by their
caregivers.

There was a significant difference in PRIME Screen-
Revised total scores across the 11-21 age groups (ANOVA:
F513.69, df510,7042, p<0.001); pairwise post-hoc tests
showed linear and decreasing total scores with age. There
was also a significant age effect on SOPS items (ANOVA:
F53.24, df510,6759, p<0.001), with some younger groups
rated lower than older participants.

Internal consistency was high in probands (alpha50.87)
and collaterals (alpha50.86) for the PRIME-Screen Re-
vised, and was acceptable for the SOPS (alpha50.70).

Characteristics of young people with psychosis spectrum
features

In the subgroup of physically healthy participants
(N54,848), 3.7% reported threshold psychotic symptoms
(delusions and/or hallucinations), an additional 12.3%
reported significant sub-psychotic symptoms, and 2.3%
endorsed subclinical negative/disorganized symptoms in
the absence of positive symptoms.

Among youths classified as psychosis spectrum (N5954),
2.0% fulfilled four criteria, 8.5% three criteria, 23.0% two
criteria, and 66.4% one criterion. The positive sub-psychosis
Extreme Agreement was 67.6%, the positive sub-psychosis
Age Deviant was 34.4%, and the negative/disorganized Age
Deviant was 23.9%.

Characteristics of psychosis spectrum vs. non-spectrum
participants are presented in Table 1. Gender distribution
was proportional between the two groups, and although
psychosis spectrum were younger, the effect was small. The
psychosis spectrum group was disproportionately non-
European American, and had lower WRAT-4 Reading stan-
dard scores, parental education, and global functioning.
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Notably, caregivers reported significantly lower positive
sub-psychosis ratings than probands.

Among psychosis spectrum youths, the positive sub-
psychosis items most frequently endorsed (“definitely agree”)
on the PRIME Screen-Revised were odd/unusual thoughts
and auditory perceptions, followed by reality confusion
(Table 2). The least frequently endorsed was thought control.
All PRIME Screen-Revised items yielded higher ratings in
psychosis spectrum compared to non-spectrum participants
(MANOVA), with effect sizes greater than 0.92 and the larg-
est group differences yielded by reality confusion, auditory
perceptions, mind tricks and odd/unusual thoughts.

Receiver operator curve analysis of PRIME Screen-Revised
items yielded area under the curve values ranging from 0.65 to
0.79, indicating moderate ability of items to discriminate
between psychosis spectrum and non-spectrum. The most dis-
criminating items were again reality confusion, odd/unusual
thoughts, mind tricks and auditory perceptions.

Neurocognitive profiles of psychosis spectrum and
non-spectrum youths

Neurocognitive profiles are presented in Figure 1. A group
(psychosis spectrum, non-spectrum) x domain MANOVA
(covariates were age, ethnicity and parental education) on
accuracy scores showed a main effect for group (F592.71,
df51,4550, p<0.0001) and domain (F54.11, df511,4540,
p<0.0001), as well as a group x domain interaction (F54.87,
df511,4540, p<0.0001). Psychosis spectrum youths showed
a mild but significant decrease in performance accuracy
across neurocognitive domains compared to non-spectrum.

The MANOVA on speed scores showed a main effect
for group (F510.21, df51,4503, p50.0014) and domain
(F54.75, df513,4491, p<0.0001), and a group x domain
interaction (F56.97, df513,4491, p<0.0001). Psychosis
spectrum showed slower responding in some but not all
domains.

Table 1 Characteristics of physically healthy psychosis spectrum and non-spectrum youths

Psychosis spectrum Non-spectrum Test df Result p Cohen’s d

N (%) 954 (20.0) 3894 (80.0) - - - - -

Gender (% male) 47.9 45.0 Chi-square 1 v252.5 n.s. -

Age (mean6SD) 15.262.7 15.862.7 ANOVA 1,4846 F531.9 0.001 20.22

Ethnicity (% European American) 37.7 58.1 Chi-square 1 v25127.5 0.001 -

WRAT-4 Reading standard score (mean6SD) 97.9617.2 103.6616.9 ANOVA 1,4832 F586.1 0.001 20.32

Parental education

Mother (years, mean6SD) 13.862.3 14.562.4 ANOVA 1,4783 F570.8 0.001 20.29

Father (years, mean6SD) 13.462.5 14.462.7 ANOVA 1,4437 F593.1 0.001 20.38

PRIME Screen-Revised

Proband total (mean6SD) 21.4612.9 4.366.1 ANOVA 1,4846 F53557.2 0.001 2.16

Proband z (mean6SD) 1.361.2 20.460.6 ANOVA 1,4809 F53565.5 0.001 2.25

Collateral total (mean6SD) 4.268.1 1.664.7 ANOVA 1,3652 F5128.6 0.001 0.61

Proband-collateral pair total difference (mean6SD) 19.1612.2 4.866.3 - - - - -

Threshold psychotic symptoms (%) 20.2 - - - - - -

Hallucinations (%) 17.9 - - - - - -

Delusions (%) 11.2 - - - - - -

Scale of Prodromal Symptoms (SOPS)

Total (mean6SD) 5.164.7 1.661.8 ANOVA 1,4669 F51347.4 0.001 1.33

z (mean6SD) 0.961.5 20.360.6 ANOVA 1,4820 F51430.0 0.001 1.40

Trouble with focus/attention (mean6SD) 1.6961.3 0.861.0 ANOVA 1,4757 F5489.7 0.001 0.84

Experience of emotions and self (mean6SD) 0.661.1 0.160.4 ANOVA 1,4803 F5595.4 0.001 0.83

Expression of emotion (mean6SD) 1.061.2 0.360.7 ANOVA 1,4740 F5447.0 0.001 0.85

Avolition (mean6SD) 0.761.2 0.160.4 ANOVA 1,4795 F5646.1 0.001 0.94

Disorganized communication (mean6SD) 0.560.9 0.160.4 ANOVA 1,4806 F5410.7 0.001 0.75

Occupational functioning (mean6SD) 0.761.2 0.160.5 ANOVA 1,4789 F5490.9 0.001 0.86

Children’s Global Assessment Scale, current (mean6SD) 70.8613.4 81.4610.5 ANOVA 1,4807 F5697.6 0.001 20.95

WRAT-4 – Wide Range Achievement Test, version 4
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Predicting psychosis spectrum classification from
psychopathology and substance use

The prediction success of psychosis spectrum vs. non-
spectrum based on demographic and clinical correlates was
84.6% (psychosis spectrum527.7%, non-spectrum596.6%;
false positive52.8%, false negative512.6%) (Table 3). Re-

ceiver operator curve analysis revealed a moderate fit of the
model.

Significant predictors of psychosis spectrum included
male gender, younger age, and non-European American eth-
nicity. Psychosis spectrum was significantly predicted by
depression, mania, specific phobia, social phobia, agorapho-
bia, obsessive-compulsive, post-traumatic stress, oppositional

Table 2 Item analysis of PRIME Screen-Revised in physically healthy psychosis spectrum vs. non-spectrum youths

Psychosis spectrum

endorsing

“Definitely agree”

Psychosis

spectrum Non-spectrum

Pairwise F following

significant MANOVA ROC

PRIME Screen-Revised item %

Item

mean6SD

Item

mean6SD F p Cohen’s d AUC

95% CI

lower

95% CI

upper

I think that I have felt that there are

odd or unusual things going on

that I can’t explain (Odd/

unusual thoughts)

17.6 3.0662.19 0.9061.45 1334.81 0.001 1.33 0.77 0.75 0.79

I have had the experience of

hearing faint or clear sounds of

people or a person mumbling or

talking when there is no one near

me (Auditory perceptions)

17.5 2.1962.45 0.2560.89 1558.80 0.001 1.44 0.72 0.70 0.74

I think that I may get confused at

times whether something I

experience or perceive may be

real or may be just part of my

imagination or dreams (Reality

confusion)

16.4 3.0862.17 0.7761.37 1677.88 0.001 1.48 0.79 0.78 0.81

I think that I may hear my own

thoughts being said out loud

(Audible thoughts)

11.1 1.8562.23 0.2960.91 1113.47 0.001 1.22 0.69 0.67 0.71

I believe that I have special natural

or supernatural gifts beyond my

talents and natural strengths

(Grandiosity)

10.3 1.7662.20 0.2660.89 1074.51 0.001 1.19 0.69 0.67 0.71

I think that I might feel like my

mind is “playing tricks” on me

(Mind tricks)

9.7 2.1462.19 0.3660.97 1410.89 0.001 1.37 0.73 0.71 0.75

I have had the experience of doing

something differently because of

my superstitions (Superstitions)

8.0 1.9162.12 0.4461.10 872.26 0.001 1.08 0.70 0.67 0.72

I wonder if people may be planning

to hurt me or even may be about

to hurt me (Persecutory/

suspicious)

6.1 1.5662.01 0.2760.86 911.30 0.001 1.10 0.68 0.66 .070

I think that I might be able to

predict the future (Predict future)

5.2 1.4561.97 0.3360.95 645.84 0.001 0.92 0.66 0.63 0.68

I have thought that it might be

possible that other people can

read my mind, or that I can read

other’s minds (Mind reading)

4.9 1.2961.93 0.2260.80 692.86 0.001 0.96 0.65 0.63 0.67

I may have felt that there could

possibly be something

controlling my thoughts, feelings,

or actions (Thought control)

3.8 1.3761.85 0.2160.73 922.45 0.001 1.11 0.67 0.65 0.70

ROC – receiver operating characteristic analysis of PRIME Screen-Revised items, AUC – area under the curve, indicating the ability of the item to discriminate

between psychosis spectrum and non-spectrum cases, CI – confidence interval
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defiant, and attention deficit/hyperactivity domains. More-
over, a third of psychosis spectrum youths endorsed passive
thoughts of death and dying, more than 20% endorsed suicid-
al ideation, and both were significant predictors of psychosis
spectrum group membership.

Ever talking with a professional (school counselor, psy-
chologist, social worker, psychiatrist or other) for “feelings
or problems with mood or behavior” was more likely, but
not significantly, in psychosis spectrum than non-spectrum
youths (65.7% vs. 44.1%). The odds of inpatient hospitaliza-
tions and functional impairment were significantly higher in
psychosis spectrum (Table 3). On a follow-up item adminis-
tered only to those who had not received treatment (and
therefore not included in the model), 23.1% of non-help-
seeking psychosis spectrum (N584/363) compared to 9.9%
of non-help-seeking non-spectrum (N5251/2538) youths
reported that others suggested they seek help but they
had not done so (Pearson chi-square562.4, df51,2901,
p<0.001).

The substance use measure was introduced later in the
study, and was therefore available on a smaller subsample
(N52,733). To verify that the psychopathology results were
comparable in this smaller subset of participants, we re-ran
the model including only them, and it yielded similar results
(omnibus model chi-square5547.59, p<0.001, df526; pre-
diction success overall584.3; area under the curve50.81,
95% CI: 0.79-0.83), except that depression (Wald chi-
square51.31; odds ratio51.22), social phobia (Wald chi-
square53.55; odds ratio51.28), obsessive-compulsive disor-
der (Wald chi-square52.81; odds ratio51.64) and inpatient
hospitalizations (Wald chi-square52.76; odds ratio50.56)
fell short of significance. Finally, including ethnicity in inter-
action with each psychopathology variable did not improve

fit, and only eating disorders (Wald chi-square54.96; odds
ratio51.20) produced significant interactions with ethnicity.

Logistic regression to predict psychosis spectrum classifi-
cation from demographics and substance use in the subsam-
ple with these data was significant, and prediction success
overall was 81.5% (Table 3). However, although specificity
was high (non-spectrum599.5%), sensitivity was low (psy-
chosis spectrum53%; false positive <1%, false negative
518%). Receiver operator curve analysis revealed that
the model classified groups above chance.

Significant demographic predictors were consistent with
those observed in the psychopathology model, except that
paternal education was a predictor, and gender was not.
Among substances, Wald criterion suggested that tobacco
and over-the-counter medication were significant contribu-
tors to prediction.

DISCUSSION

This is the first large, systematic study of a non-clinical
sample of U.S. youths that evaluated psychosis spectrum
symptoms, including attenuated and threshold positive psy-
chotic, and negative/disorganized symptoms. Previous com-
munity studies of mental disorders in U.S. youths have not
included assessment of psychotic symptoms and their corre-
lates (31,32).

The high frequency of psychosis spectrum symptoms,
consistent with findings from studies conducted in other
countries, and their association with reduced neurocogni-
tive and global functioning, suggests that psychosis spec-
trum screening should be part of a comprehensive evalua-
tion of psychopathology in youths in general population

Figure 1 Computerized Neurocognitive Battery profiles of psychosis spectrum and non-spectrum physically healthy youths. ABF – abstrac-
tion/flexibility, ATT – attention, WM – working memory, VME – verbal memory, FME – face memory, SME – spatial memory, LAN – lan-
guage, NVR – non-verbal reasoning, SPA – spatial processing, EMI – emotion identification, EMD – emotion differentiation, AGD – age dis-
crimination, MOT – motor, SM – sensorimotor
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Table 3 Bivariate logistic regression predicting psychosis risk status (psychosis spectrum vs. non-spectrum) from psychopathology
and substance use

Psychosis spectrum Non-spectrum 95% CI

% % B Wald chi-square p Odds ratio Lower Upper

Psychopathology (N54,665)

Demographics

Gender 20.24 6.70 0.010 0.79 0.66 0.94

Age 20.06 13.88 0.001 0.94 0.91 0.97

Ethnicity 0.52 27.16 0.001 1.68 1.38 2.05

Mother education 20.03 1.75 n.s. 0.97 0.93 1.02

Father education 20.03 2.47 n.s. 0.97 0.93 1.01

WRAT-4 Reading 20.01 3.93 0.047 0.99 0.99 1.00

Mood

Depression 26.9 9.6 0.28 4.55 0.033 1.32 1.02 1.71

Mania 2.1 0.3 1.08 4.22 0.040 2.94 1.05 8.24

Anxiety

Generalized anxiety 5.2 1.6 0.07 0.07 n.s. 1.07 0.66 1.73

Separation anxiety 6.9 3.8 20.06 0.10 n.s. 0.94 0.64 1.37

Specific phobia 43.5 28.7 0.19 3.97 0.046 1.21 1.00 1.45

Social phobia 36.0 17.8 0.39 15.13 0.001 1.48 1.21 1.80

Panic 3.1 0.8 0.40 1.45 n.s. 1.49 0.78 2.86

Agoraphobia 14.8 3.4 0.78 24.46 0.001 2.19 1.61 2.99

Obsessive-compulsive 7.9 1.5 0.63 8.12 0.004 1.88 1.22 2.90

Post-traumatic stress 22.0 8.4 0.30 5.18 0.023 1.35 1.04 1.75

Behavior

Attention deficit/hyperactivity 29.8 11.9 0.50 19.20 0.001 1.64 1.32 2.05

Oppositional defiant 44.4 25.3 0.42 17.66 0.001 1.52 1.25 1.84

Conduct 17.5 4.3 0.12 0.58 n.s. 1.13 0.83 1.54

Eating (anorexia or bulimia) 3.4 1.1 0.33 1.26 n.s. 1.39 0.78 2.49

Morbid thoughts

Thoughts of death/dying 32.6 12.0 0.69 36.58 0.001 2.00 1.60 2.50

Suicidal ideation 20.1 5.5 0.37 5.78 0.016 1.45 1.07 1.96

Treatment

Talked with professional 65.7 44.1 0.13 1.81 n.s. 1.14 0.94 1.39

Psychiatric medications 18.6 7.1 0.17 1.49 n.s. 1.19 0.90 1.57

Inpatient hospitalization 6.7 2.1 20.50 4.21 0.040 0.61 0.38 0.98

Global Assessment Scale 20.04 104.55 0.001 0.96 0.95 0.97

Substance use (N52,733)

Demographics

Sex 20.14 1.95 n.s. 0.87 0.71 1.06

Age 20.11 19.60 0.001 0.90 0.86 0.94

Race 0.68 36.25 0.001 1.98 1.59 2.47

Mother education 20.06 5.10 0.024 0.94 0.89 0.99

Father education 20.05 4.60 0.032 0.95 0.90 1.00

WRAT-4 Reading 20.01 7.92 0.005 0.99 0.98 1.00
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and pediatric settings. However, the lack of specificity of
psychosis spectrum symptoms is evident from the high rates
of comorbid mental disorders, that were nearly double than
in the U.S. general population (31,32). Follow-up of psycho-
sis spectrum youths will enable us to identify factors associ-
ated with transient psychotic experiences from the small
minority in whom they presage the subsequent development
of psychotic disorders in adulthood.

Among physically healthy young people, 12.3% reported
positive sub-psychotic symptoms. The most discriminating
and widely endorsed attenuated positive symptoms were
unusual thoughts and auditory perceptions, as observed in
other populations (11,33). An additional 3.7% of partici-
pants (20.2% of psychosis spectrum) reported threshold
psychotic symptoms, similar to meta-analytically derived
rates of psychotic symptoms in the general adult population
(4%) (1). This comparability could reflect our requirement
that threshold positive psychosis include significant dis-
tress/impairment, which offers a useful link between clini-
cal and non-clinical psychotic experiences (1).

Consistent with prior population samples (11), younger
participants endorsed higher levels of sub-psychotic positive
symptoms. A minority of youths (2.3%) reported experienc-
ing only negative/disorganized symptoms without positive
symptoms, an important finding since prior work suggests
that negative/disorganized symptoms in combination with
positive symptoms predict poor functioning and help-seeking
behavior (3).

Gender differences in psychotic-like experiences have
varied in population studies (34). In our sample, being male
was significantly predictive of psychosis spectrum, possibly
reflecting earlier onset of clinically significant psychotic
symptoms in males. Even when controlling for parental

education and reading level, the psychosis spectrum group
was disproportionately non-European American, and eth-
nicity was a significant predictor of spectrum status, consis-
tent with prior studies of ethnic minorities (12). However,
ethnicity may be confounded with urbanicity, a possibility
we can pursue with ethnographic indicators.

Importantly, although caregivers of psychosis spectrum
youths reported higher levels of sub-psychotic symptoms
than caregivers of non-spectrum youths, they substantially
under-reported symptoms compared to their children. Pos-
sibly, caregivers can better gauge “normality” and therefore
are more accurate or appropriately conservative in their
reports. However, several studies suggest that adolescents
tend not to confide psychotic-like experiences to their care-
givers or clinicians (10,35,36).

Among a comprehensive array of psychopathology
domains, the odds of significant symptoms of depression,
mania, anxiety (specific and social phobia, agoraphobia,
obsessive-compulsive, post-traumatic stress), and behavioral
(attention deficit/hyperactivity, oppositional defiant) distur-
bance were higher in youths with psychosis spectrum. Sub-
stance use, including cannabis, has been associated with risk
for psychosis (37). In our cohort, only tobacco and over-the-
counter medication were predictors of psychosis spectrum
membership. The lack of significant effect for other substan-
ces may be due to the high rates of “ever use” of those sub-
stances in both psychosis spectrum and non-spectrum
youths in this U.S. cohort. Alternatively, although the “ever
use” criterion is highly heritable and developmentally infor-
mative (25), it may not be as sensitive to specific impairing or
prolonged patterns of use associated with psychosis risk.

Global functioning was reduced in psychosis spectrum
youths, and highly predictive of psychosis spectrum status.

Table 3 Bivariate logistic regression predicting psychosis risk status (psychosis spectrum vs. non-spectrum) from psychopathology
and substance use (continued)

Psychosis spectrum Non-spectrum 95% CI

% % B Wald chi-square p Odds ratio Lower Upper

Substance (ever used)

Tobacco 23.4 17.3 0.72 15.72 0.001 2.06 1.44 2.94

Alcohol 29.5 30.4 20.17 1.17 n.s. 0.84 0.62 1.15

Marijuana 22.0 18.1 20.02 0.01 n.s. 0.98 0.67 1.43

Stimulants 4.4 2.5 0.00 0.00 n.s. 1.00 0.53 1.88

Tranquilizers 2.8 1.1 0.58 1.98 n.s. 1.78 0.80 3.97

Downers 2.1 0.8 0.39 0.64 n.s. 1.48 0.56 3.90

Inhalants 6.7 3.6 0.39 2.99 n.s. 1.48 0.95 2.31

Over-the-counter medication 12.6 8.5 0.36 4.31 0.038 1.44 1.02 2.03

Cocaine 2.5 0.8 0.51 1.27 n.s. 1.67 0.69 4.04

Psychedelics 2.1 0.9 0.55 1.41 n.s. 1.74 0.70 4.31

Opiates 2.0 1.3 20.35 0.50 n.s. 0.70 0.27 1.87

Steroids 1.6 1.2 20.03 0.01 n.s. 0.97 0.42 2.25

WRAT-4 – Wide Range Achievement Test, version 4, CI – confidence interval

303



Similarly, suicidal ideation was higher, and reported by
more than 20% of youths with psychosis spectrum symp-
toms. Quite concerning is that, despite these distress indica-
tors, help seeking was not predictive of spectrum status,
and psychosis spectrum caregivers appear unaware of the
symptoms.

The psychosis spectrum state, which is predicted by dis-
tressing comorbid psychopathology, substance use, morbid
thoughts of death and dying, and functional impairment,
will ultimately remit, stabilize, or resolve into a disorder (or
disorders) (5). Our results underscore the public health rele-
vance of psychosis spectrum features in a U.S. youth cohort
and the potential to intervene at an early stage. By showing
associated features, including decreased neurocognitive
accuracy, similar to those observed in schizophrenia patients,
they also support the concept of a psychosis continuum.

Although we have not yet examined the predictive validi-
ty of our psychosis spectrum assessment approach, prior
work has shown high sensitivity and specificity of the
PRIME screen in young adult clinical (27) and non-clinical
(college student) samples (26). Internal consistency of our
PRIME Screen-Revised was high as in prior reports (26,38),
and our rate of screen positives based on traditional (ex-
treme agreement) criteria (14.6%) is similar to a study of
older adolescents (18.4%) (38). The structured administra-
tion of selected items from the SOPS by multiple inter-
viewers to accommodate the high participant volume,
and the use of only six scale items to screen negative and
disorganized symptoms, may have reduced sensitivity to
clinically significant symptoms or yielded a high level of
false positives in these domains (1). Additionally, the ratio-
nally derived psychosis spectrum criteria based on extreme
agreement or age deviant responding are only a first step in
deriving cut-points for this assessment. A just completed
comprehensive diagnostic 18-month follow-up study of
300 psychosis spectrum and 200 typically developing par-
ticipants indicates acceptable sensitivity and specificity of
subsequent clinical high risk status assessed via compre-
hensive evaluation.

Ongoing follow-up will assist in evaluating the predictive
validity of the psychosis spectrum screen and contribute to
the limited available information about the use of at-risk cri-
teria in children and adolescents (8). Moreover, as noted by
others (1,15,33), incorporating mood, anxiety and other psy-
chopathology dimensions will allow a fuller evaluation of
the developmental and predictive significance of observed
comorbidity.

Finally, while our results indicate that psychosis spec-
trum characteristics are common in young people in the
U.S., and predicted by comorbid psychopathology, sub-
stance use, suicidal ideation and poor global functioning,
our evaluation of predictors was limited to demographic
and clinical variables. Although the fit of resulting models
was adequate, other variables are likely to improve predic-
tion of spectrum status.

The Philadelphia Neurodevelopmental Cohort is a public
domain resource for the scientific community that will
allow investigation of a wealth of other potential predictors,
including phenomenology, brain structure and function,
and genomics.
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