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Abstract
Background—Accurate prediction of psychosis development in high-risk populations is an
important but thus far elusive goal. Of the many diverse etiologic and risk factors identified thus
far, few have been combined into prospective risk ascertainment models. We tested the predictive
power of familial, neurobiological, socioenvironmental, cognitive and clinical risk factors through
an integrative biopsychosocial model for emerging psychosis in young relatives at familial risk for
schizophrenia.

Methods—96 young first- and second- degree relatives of schizophrenia probands were followed
for an average of 2.38 (SD = 0.98) years to examine their trajectory towards psychosis. Iterative
structural equation modelling utilizing multiple etiologic and risk factors was employed to
estimate their joint contribution to prediction of psychosis development.

Results—The rate of conversion to psychosis over the study period was 12.5%. In the final
model, clinical measures of schizotypy were directly predictive of conversion, with early (familial,
biological, socioenvironmental) and cognitive risk factors indirectly predictive of psychosis
through increased baseline clinical symptomatology. Our model provided an excellent fit to the
observed data, with sensitivity of 0.17, specificity of 0.99, positive predictive value of 0.67 and
negative predictive value of 0.89.

Conclusions—Integrative modeling of multivariate data from familial, neurobiological,
socioenvironmental, cognitive and clinical domains represents a powerful approach to prediction
of psychosis development. The high specificity and low sensitivity found using a combination of
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such variables suggests that their utility may be in confirmatory testing among already selected
high-risk individuals, rather than for initial screening. These findings also highlight the importance
of data from a broad array of etiologic and risk factors, even within a familial high-risk
population. With further refinement and validation, such methods could form key components of
early detection, intervention and prevention programs.
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Introduction
Accurate prediction of psychosis development during the premorbid and prodromal periods
has long been sought by researchers and clinicians studying psychosis (Meares, 1959;
Sullivan, 1994). If achieved, prediction could suggest early detection and targeted
intervention strategies and might lead to substantial decreases in morbidity and burden of
illness, and improvements in quality of life (Wyatt, 1991; McGorry et al., 2002).

While clinical impressions of expert mental health practitioners are thus far insufficient to
reliably predict which members of a clinical high-risk group will transition to psychosis
(Nelson and Yung, 2010), studies of familial high-risk (FHR) (Johnstone et al., 2003;
Keshavan et al., 2004) and clinical high-risk (CHR) (McGorry et al., 2003; Addington et al.,
2007) groups have gathered a wide range of relevant information. A critical issue is the need
for accurate and robust techniques for prospectively identifying individuals at highest risk
for conversion. Prediction has been complicated, however, by the multifactorial
etiopathology of these illnesses and the breadth of nonspecific psychopathology that
precedes psychosis (Keshavan et al., 2008).

Thus far, FHR and CHR prediction studies have investigated the role of cognitive, clinical
and neurobiologic markers alongside family history. Eack et al (Eack et al., 2008) found that
total brain volume, baseline neurocognitive deficits, and baseline psychosis proneness
prospectively predicted emerging psychopathology development (rather than psychosis
specifically) in a FHR population, with little overlap among these domains. In a larger North
American population at CHR, Cannon et al calculated that familial risk with recent
functional impairment, unusual thought content or suspicion/paranoia, social impairment
and substance abuse were all predictive of later psychosis – with increased predictive power
achieved via combinations of these variables (Cannon et al., 2008). This analysis was
replicated in an independent Australian cohort, with similar but nonidentical results
(Thompson et al., 2011). And in a European study combining CHR and cognitive “basic
symptom” criteria, Ruhrmann et al (Ruhrmann et al., 2010) report high positive predictive
value (PPV) for a six-variable model and introduce a prognostic index for assigning
individual risk.

Psychobiological models utilized in these studies have generally had higher specificity than
sensitivity, illustrating the need for further refinement. In this light, recent decades have seen
increasing attention directed to the interaction of socioenvironmental factors with biological
and psychological ones in psychosis (Faraone et al., 2002; van Os et al., 2005; Jarvis, 2007;
Morgan et al., 2008; Tandon et al., 2008; Shah et al., 2011). Despite small effect sizes and
low specificity, the widespread exposure to socioenvironmental risk factors suggests their
substantial population-attributable risk (McGrath et al., 2004; Krabbendam and van Os,
2005; McGrath, 2006; Kirkbride et al., 2010). An initial multivariate FHR prediction study
developed a model of interactive genetic and environmental factors (Carter et al., 2002);
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subsequent investigations have been sparse, with mixed results, and primarily in CHR
populations (Mason et al., 2004; Dragt et al., 2011).

Schizophrenia and related psychoses are increasingly considered illnesses of multifactorial
etiology, with interactions between genetic and environmental (or individual-level and
ecological-level) factors the subject of much investigation. The primary aim of this study
was to explore interactions between available familial, social, environmental, cognitive,
clinical and neurobiological markers in a young population of individuals at familial risk for
psychosis. Given that diverse risk factors at various developmental stages have relevance for
subsequent development of psychosis, models that take into account relationships between
factors may offer a powerful approach for optimizing risk ascertainment. We hypothesized
that iterative structural equation modelling (SEM) integrating distal and proximal risk
factors from diverse domains would provide increased predictive power for psychosis
development than do individual factors alone.

Materials and Methods
Participants

96 individuals with either first- or second-degree relatives diagnosed with schizophrenia or
schizoaffective disorder were assessed using the Structured Clinical Interview for DSM-IV
(SCID) (First et al., 2002) or Schedule for Affective Disorders and Schizophrenia-Child
Version (K-SADS) instruments (Ambrosini et al., 1989). Diagnoses of the index cases
through which high-risk subjects were recruited included schizoaffective disorder (34),
schizophrenia paranoid type (19), schizophrenia residual type (5), and schizophrenia
undifferentiated (27). A definitive diagnosis was not possible for 11 index cases; reasons
included difficulties with English, the index case being deceased, index cases unwilling or
unable to consent for interview, or the subject being adopted.

With respect to study participation, individuals with mental retardation, lifetime evidence of
a psychotic disorder, prior exposure to antipsychotic medications, or significant neurological
or medical conditions were excluded from entry. Those reporting recent substance abuse
were also excluded due to the potential psychomimetic properties of many such substances.
Although the age range for study inclusion was 8–25, mean age of included participants at
the time of consent was 15.9 years (SD = 3.46), with an average of 9.43 (SD = 3.26) years of
education (Table 1). Exactly half (48) were female; 43 (44.7%) were Caucasian, 51 (53.1%)
were African-American, and 2 (2.1%) were Asian. Relatives were offspring, niece/nephews,
siblings, grandchildren or aunts/uncles of affected individuals.

Procedures
Participants were family members of individuals with schizophrenia or schizoaffective
disorder and were recruited through advertisements or referral by treating inpatient and
outpatient clinicians in Pittsburgh, PA (Keshavan et al., 2004). SCID assessment for a
diagnosis of schizophrenia or schizoaffective disorder in the index cases was first
performed. Eligible study participants (i.e. relatives of index cases) provided initial
historical data during an interview and received neuroimaging, neuropsychological and
clinical assessments as described. Subsequent visits were attempted annually to evaluate for
development of any significant clinical psychopathology using the SCID/K-SADS;
participants were followed for an average of 2.38 (SD = 0.98) years. The Institutional
Review Board of the University of Pittsburgh Medical Center approved this research.
Written informed consent was acquired from subjects and/or parents or guardians prior to
their participation in the study.
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Familial risk
As there is no universally accepted standard for quantifying genetic or familial loading in
high-risk studies, we utilized two separate measures. In our primary analysis, the subject’s
degree of relatedness to the affected family member (first- versus second-degree) was used
as a simple index of risk, independent of the number of affected relatives. A supplementary
analysis using a modified simplex/multiplex method (Glatt et al., 2006) was also undertaken.
This approach assigns a value based on a combination of total number of affected relatives
and degree of relatedness.

Socioenvironmental and ecological factors
These factors were recorded based on self-report, with exceptions noted below where
hospital or clinical records were obtained. Where possible, reports from parents or guardians
were sought. Urbanicity was measured as a continuous variable by neighborhood population
density in the US zip code where subjects reported being raised during childhood/
adolescence, using data from the 2000 US Census (available at www.census.gov and http://
mcdc2.missouri.edu/). In cases where individuals were raised in more than one location, the
zip code in which they lived for the longest period of time was recorded. Since those
meeting criteria for cannabis or substance misuse at baseline were excluded (due to the
potential psychotomimetic properties of illicit substances), subsequent self-report of
development of cannabis abuse/dependence over the course of the study was recorded as
follows: 0 = no crossover to abuse/dependence, 1 = crossover to cannabis abuse/dependence.
Perinatal and/or birth complications were documented using a modified version of the
Pregnancy History Instrument (Buka et al., 2000); hospital records, where possible, were
accessed to verify paternal or caregiver reports. Childhood adversity was documented
utilizing categorical variables in three dimensions: parental separation or loss of a parent;
significant time (6 months or greater) spent outside of the parental home, including
institutionalization in residential housing or jail, homelessness, or being cared for by friends
or extended family members; and involvement of child/youth services agencies. Paternal age
at conception was recorded per report of the subject, or where possible their parent/guardian.

Neuropsychological and psychopathological measures
The Revised Wechsler Adult Intelligence Scale (Wechsler, 1981), Wisconsin Card Sorting
Test (Heaton et al., 1993), Spatial Working Memory Test (Cogtest, 2002), and a category/
letter fluency task (Benton and Hamscher, 1978) were utilized to assess IQ, executive
functioning, working memory, and verbal fluency respectively. Chapman and colleagues’
Perceptual Aberration, Magical Ideation, and Social Anhedonia scales (Chapman et al.,
1978; Eckblad et al., 1982; Eckblad and Chapman, 1983) formed the basis of clinical
assessments of psychosis proneness. Initial and follow-up interviews utilized SCID and K-
SADS data to assess for clinical psychopathology development meeting DSM-IV criteria.
Significant clinical psychopathology was logged in the case of (a) subjects who carried no
baseline diagnosis but met criteria for an Axis I disorder based on SCID/K-SADS at follow-
up, or (b) subjects who developed a more severe Axis I disorder between baseline and last
follow-up. An example of the latter would be an anxiety disorder that later developed into a
psychotic-spectrum disorder.

Image acquisition and processing
Structural MRI using a 1.5-T Signa whole body scanner and head coil (GE Medical
Systems, Milwaukee, WI) was used to collect brain morphology data. Whole brain volumes
were acquired in 124 × 1.5mm-thick continuous slices in the coronal plane, with spoiled
gradient recalled acquisition in steady state pulse sequence (TE = 5ms, TR = 25ms,
acquisition matrix = 256 × 192, FOV = 24cm). Manual checks for motional and quality were
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independently conducted by trained research associates, and images were then normalized to
standard MNI space and segmented using SPM5 (Wellcome Department of Cognitive
Neurology, Institute of Neurology, London). During postprocessing, images were corrected
for inhomogeneity artefacts using an algorithm for bias correction as part of the
segmentation procedure, followed by smoothening using a 12mm Gaussian kernel. Total
brain volumetric measurements were extracted using the Wake Forest University PickAtlas
toolbox for SPM5 (Maldjian et al., 2003) to provide image masks. Regional definitions were
acquired from Tzourio-Mazoyer and colleagues (Tzourio-Mazoyer et al., 2002).

Data analysis
Iterative structural equation modeling (SEM) was used to test an integrated predictive model
of psychosis (schizophrenia, schizophreniform disorder, schizoaffective disorder, psychosis
NOS) development utilizing the aforementioned factors. Significant clinical
psychopathology was logged in the case of (a) subjects who carried no baseline diagnosis
but met criteria for an Axis I disorder based on SCID/K-SADS at follow-up, or (b) subjects
who developed a more severe Axis I disorder between baseline and last follow-up. An
example of the latter would be an anxiety disorder that later developed into a psychotic-
spectrum disorder. Presence of a baseline diagnosis was adjusted for by coding this variable
in a categorical fashion: 0 = no baseline diagnosis; 1 = baseline Axis I diagnosis.

A full description of the application of SEM methodology to prediction of psychopathology
development can be found in Eack et al. (Eack et al., 2008). Importantly, model design and
testing in SEM draws on theory and previous data/evidence to represent and assess
relationships between and among variables: measurement components of an SEM define
putative latent variables based on streams of available data, while structural components of
an SEM test hypothesized relationships. SEM can be particularly useful in situations where
a higher-order construct is best represented not by one measured variable, but instead by
multiple imperfectly measured variables that account for various aspects of the hypothetical
construct.

Given the binary outcome variable under investigation here (whether subjects did or did not
develop psychotic illness), Weighted Least Squares Mean and Variance adjusted estimation
were utilized (Muthen and Muthen, 2001). Missing data were handled using Expectation
Maximization estimates (Dempster et al., 1977) in order to reduce bias in covariance
matrices (Schafer and Graham, 2002).

Overall statistics comparing the goodness-of-fit between observed data with hypothesized
models tested the accuracy of the final model (Kline, 2011). Each of the Comparative Fit
Index (CFI), Root Mean Square Error of Approximation (RMSEA), and χ2 statistic
(adjusted for categorical data) were calculated. Classification analyses were conducted to
determine model accuracy using standard calculations for sensitivity, specificity, and
positive and negative predictive values and likelihood ratios. Model-based predictions and
confidence intervals were based on 1000 bootstrapped sample replications.

Results
Of the 96 individuals followed, 51 (53.1%) were found to have no baseline diagnosis while
45 (46.9%) had non-psychotic baseline diagnoses: 15 with attentional disorders; 4 with
conduct disorders; 16 with mood disorders; 8 with anxiety disorders; and 2 with other.
Twenty nine (30%) experienced an initial development (17; 17.7%) or worsening (12;
12.5%) of psychopathology on subsequent evaluations. Final diagnoses of the 96 study
participants included 34 with no psychopathology, 15 with attentional disorders, 4 with
conduct disorders, 18 with mood disorders, 10 with anxiety disorders, and 3 with other.
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Twelve subjects (12.5%) transitioned to psychosis over the course of the study with
diagnoses of schizoaffective disorder (4), psychosis NOS (4), schizophrenia
(undifferentiated, 2; paranoid type, 1), and schizophreniform disorder (1). The age at which
subjects converted to psychosis ranged from 13–24.

Integrative structural equation modeling was used to predict subsequent psychosis
development after controlling for age, gender and baseline diagnostic status. Bivariate
relationships among the variables used to construct this model are presented in Table 2.

Results from the final structural equation model (Figure 1) indicated that greater psychosis
proneness at baseline (clinical assessment based on Chapman’s rating scales for Magical
Ideation (range 0–21), Social Anhedonia (range 0–26) and Perceptual Aberration (range 0–
20)) was directly predictive of subsequent conversion to psychosis after adjusting for age,
gender and baseline diagnostic status. Early risk factors recorded at baseline (familial risk,
obstetric and prenatal complications, development of cannabis abuse/dependence, child
welfare services involvement and removal from the family home for > 6 months) as well as
cognitive dysfunction (IQ, perseverative and non-perseverative errors measuring executive
function, and verbal fluency) were indirectly predictive of later psychosis through the
mediating clinical measure.

As indicated in Figure 1, there was significant covariation between early risk factors and
cognitive impairment. Some variables from each of the three domains – neurobiological
(total brain volume via structural MRI), cognitive (spatial working memory), and
socioenvironmental (urbanicity, paternal age at birth, loss of parent) – did not load onto the
putative latent factors, and therefore did not further enhance predictive power for psychosis
development in this sample.

Estimates of final model fit indicated excellent representation of the observed data,
outcomes and relationships among the variables. In the primary analysis, χ2 (32, N=96) =
34.4, p = 0.35; CFI = 0.987; RMSEA = 0.028. Model fit statistics for the simplex/multiplex
analysis are listed in the appendix.

Classification analyses showed that 88% of subjects were correctly classified by this model
in 1000 bootstrapped sample replications (Table 3). Model specificity (0.99) was excellent
although sensitivity was low (0.17), indicating that the current model is stronger in
identifying individuals who will remain healthy than those who will go on to develop
psychosis.

Positive (0.67) and negative (0.89) predictive values and positive (+14) and negative (−0.84)
likelihood ratios, which better account for population prevalence rates, were calculated.
Based on 12.5% prevalence, individuals had a 67% chance (post-test OR 2.0) of developing
psychosis if they were identified as doing so by the multivariate model, whereas those
identified as not developing psychosis had an 11% chance (post-test OR 0.1) of developing
psychosis.

A supplemental analysis was undertaken using a modified version of the simplex/multiplex
method pioneered by Glatt et al (Glatt et al., 2006). Formal results of this analysis are
presented in the Appendix.

Discussion
Although schizophrenia and related psychoses are increasingly being seen as disorders with
multifactorial etiology, few studies thus far have evaluated the predictive power of
integrative models incorporating a range of early and late risk factors from neurobiological,
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socioenvironmental, cognitive and clinical domains. Through SEM, this study examined the
relevant contribution of such factors to subsequent development of psychosis in adolescent
at-risk relatives. Our findings suggest that baseline clinical psychosis proneness is directly
predictive of subsequent transition to psychosis, while baseline neurocognitive impairment
and early exposure to known familial and socioenvironmental risk factors are indirectly
predictive of subsequent conversion through the mediating clinical measure.

This model used baseline and some longitudinal data to correctly classify 89% of individuals
who did versus did not develop psychosis (Table 3). Given the low base-rate of conversion
in this FHR population, the model’s low sensitivity (0.17) is unsurprising. Statistics taking
prevalence rates into account suggest that subjects identified by the model have a 67%
chance of subsequently developing psychosis (+LR 14). Relative to an earlier analysis using
SEM for overall psychopathology development without the inclusion of socioenvironmental
factors (Eack et al., 2008), this study demonstrates improved specificity but lower
sensitivity, comparable efficiency, and greater PPV. Relative to an initial FHR multivariate
analysis for schizophrenia versus all other outcomes, our model has significantly lower
sensitivity but improved PPV (Carter et al., 2002). This suggests its limited utility as an
initial screening test. Due to its relatively high specificity (0.99), the current model may
instead have more utility for testing of individuals already identified as being at especially
high risk, or as a confirmatory test to be utilized in conjunction with, but subsequent to,
instruments with high sensitivity. Because individuals identified in our multivariate model
were fairly likely to develop psychosis, the model could also be particularly effective in
highlighting those for whom preventative intervention would be high-yield.

Results of multivariate classification analyses presented here can be compared with statistics
from three CHR populations (Cannon et al., 2008; Ruhrmann et al., 2010; Thompson et al.,
2011). This study’s FHR population was significantly younger, frequently pre-morbid
(without significant psychopathology or functional impairment) and non-help seeking, and
identified due to familial risk independent of symptomatic or functional status (Table 4). In
conjunction with an earlier FHR report (Carter et al., 2002), our results suggest that
prospective prediction utilizing baseline clinical, cognitive and biological data
complemented by early individual and socioenvironmental history is a promising line of
investigation. The relevance of distal risk markers for risk ascertainment – even within a
familial high-risk population – is also notable. Sensitivity of 0.17, at the lower end of the
range reported in CHR groups, is consistent with the lower base-rate of conversion in this
study and the earlier and less stratified mental state of subjects (Keshavan et al., 2011).

Factors in the present model are depicted as staged, with early risk factors and cognitive
impairment presenting early but mediated by the direct effects of psychosis proneness on
eventual psychosis. While an alternative model of cognitive impairment and early risk
factors acting independently on psychosis (without the mediating effects of psychosis
proneness) was also investigated, such models provide an incomplete account of
relationships between risk factors (see Figure 1, hashed lines). The importance of psychosis
proneness is reinforced by the strong predictive power of a clinical index drawing on
Chapman scales in the same population (Tandon et al., 2012). Thus, psychosis proneness
might be considered as not simply a preceding risk factor, but the beginning clinical
manifestations of the emerging psychotic disorder itself, of which cognitive,
neurobiological, and socioenvironmental factors are directly predictive.

Findings in our final SEM should be interpreted in light of modest sample size. The robust
conversion rates and (in two cases less than 16 years old) early age of conversion to
psychosis may be influenced by the fact that many subjects were recruited from families
with index cases under inpatient or intensive outpatient care, representative of significant
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genetic and environmental loading and/or few protective factors. Nonetheless, 12.5%
conversion is consistent with transition rates in independent studies of adolescents at FHR
over a similar 2.5 year time-window (Johnstone et al., 2005). More individuals may develop
psychosis in later years, although likely with lower frequency as they exit the period of
greatest risk.

Since baseline cannabis abuse/dependence could not be utilized, subsequent development of
cannabis misuse constituted the closest available marker of similar risk. Other well-known
risk factors were incorporated into the initial model yet were found to have no significant
contribution to predictive power. Their absence from our final SEM is potentially explained
the relatively crude measures of social/environmental risk that were captured in this study
and their smaller effect size. Common population-level factors such as urban upbringing
may have been overwhelmed by limited variance and/or the high risk conferred by familial
liability. Alternately, this might be due to theory-based decisions, for example the choice to
code neighbourhood population density as continuous rather than categorical or otherwise
non-linear (van Os et al., 2001). It is curious that total brain volume, which we have
previously reported as relevant for prediction of general psychopathology development in a
multivariate SEM (Eack et al., 2008), was noncontributory to psychosis prediction here. One
explanation for this discrepancy is that overall brain volume is a relatively crude
measurement of structural differences, and is insensitive to finer signals in specific regions.

Future refinements could draw upon additional risk and protective factors or differentially
theorized relationships among variables. It is also conceivable that the constellation of
factors (or the relationships among factors) relevant to accurate psychosis prediction will
change based on the combination of early exposures and individual/ecological risks borne
and experienced by particular individuals and populations at various developmental stages.
Models could therefore be adjusted to account for the potentially staggered, latent,
synergistic and/or cascading effects of risk and protective factors acting at critical time-
points.

Conclusion
In addition to being important population-level contributors to psychosis development, our
results indicate that certain socioenvironmental factors can contribute to individual-level risk
prediction as well. Integrative modelling of multivariate data from a broad array of domains
thus represents a powerful approach to prospective prediction of psychosis development: it
can inform both high-risk and population-based strategies, and could become a key
component of early detection, intervention and prevention programs.
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Appendix
In a supplemental analysis designed to measure an alternative index of familial risk, we have
adopted a simplex/multiplex method previously utilized by Glatt et al. (Glatt et al., 2006)
and modified slightly to utilize data available in the Pittsburgh sample. This method takes
into account both degree of relatedness and the total number of affected relatives. In this
scale, 0 = one affected second-degree relative, 1= one affected first degree relative, 2 = one
affected first-degree relative and one affected second-degree relative, and 3 = at least two
affected first-degree relatives. Results are presented in an intercorrelation table (Table 5)
with a corresponding path analytic figure (Figure 2).

Individual prediction as to development/non-development of psychosis were identical to
those of the primary (first-degree vs second-degree affected relative) analysis presented in
the body of this article. Sensitivity, specificity, PPV and NPV therefore match those in Table
3.

In this secondary analysis as well, estimates of final model fit indicated excellent
representation of the observed data, outcomes and relationships among the variables: χ2 (31,
N=96) = 34.8, p = 0.29; CFI = 0.978; RMSEA = 0.036.
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Figure 1.
Final structural equation model predicting the emergence of psychosis in at-risk individuals
based on clinical, cognitive, neurobiological and early risk data: χ2 (32, N=96) = 34.4, p =
0.35; CFI = 0.987; RMSEA = 0.028. Path parameters are presented as standardized
regression coefficients; * p ≤ 0.05. Model estimates are adjusted for age, sex and baseline
diagnostic status. Hashed lines indicate an alternate and incomplete model of cognitive
impairment and early risk factors acting independently on psychosis development (without
the mediating effect of psychosis proneness).
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Figure 2.
Final structural equation model predicting the emergence of psychosis in at-risk individuals
based on clinical, cognitive, neurobiological and early risk data: χ2 (31, N=96) = 34.8, p =
0.29; CFI = 0.978; RMSEA = 0.036. Path parameters are presented as standardized
regression coefficients; * p ≤ 0.05. Model estimates are adjusted for age, sex and baseline
diagnostic status. Hashed lines indicate an alternate and incomplete model of cognitive
impairment and early risk factors acting independently on psychosis development (without
the mediating effect of psychosis proneness).
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Table 1

Clinical and demographic characteristics of the familial high-risk sample.

Converters (n = 12) Nonconverters (n = 84)

Gender

 Male (n = 48) 5 43

 Female (n = 48) 7 41

Age (mean, SD) 16.52, 3.17 15.84, 3.51

First-degree relatives

 Offspring 7 51

 Siblings 2 14

Second-degree relatives 3 19

Race

 Caucasian 4 39

 African-American 8 43

 Latino/Hispanic 0 0

 Asian 0 2

Schizophr Res. Author manuscript; available in PMC 2013 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shah et al. Page 15

Ta
bl

e 
2

D
es

cr
ip

tiv
e 

st
at

is
tic

s 
an

d 
bi

va
ri

at
e 

in
te

rc
or

re
la

tio
ns

 a
m

on
g 

ne
ur

oc
og

ni
tiv

e,
 e

ar
ly

/s
oc

io
en

vi
ro

nm
en

ta
l a

nd
 c

lin
ic

al
 s

tu
dy

 v
ar

ia
bl

es
 (

N
 =

 9
6)

V
ar

ia
bl

e
1

2
3

4
5

6
7

8
9

10
11

12
13

C
og

ni
tio

n

1.
 W

C
ST

: p
er

se
ve

ra
tiv

e 
er

ro
rs

-

2.
 W

C
ST

: n
on

-p
er

se
ve

ra
tiv

e 
er

ro
rs

0.
79

6
-

3.
 I

Q
0.

43
8

0.
52

2
-

4.
 V

er
ba

l f
lu

en
cy

0.
22

8
0.

26
5

0.
22

9
-

E
ar

ly
 r

is
k 

fa
ct

or
s

5.
 C

hi
ld

 a
nd

 y
ou

th
 s

er
vi

ce
s 

in
vo

lv
em

en
t

0.
03

4
0.

17
4

0.
37

0
-0

.1
42

-

6.
 R

em
ov

al
 f

ro
m

 c
hi

ld
ho

od
 h

om
e

-0
.0

80
0.

15
2

0.
44

5
-0

.0
42

0.
89

3
-

7.
 D

ev
el

op
m

en
t o

f 
ca

nn
ab

is
 a

bu
se

/d
ep

en
de

nc
e

-0
.1

69
0.

10
8

0.
18

9
0.

02
0

0.
57

9
0.

85
2

-

8.
 P

re
na

ta
l a

nd
 b

ir
th

 c
om

pl
ic

at
io

ns
-0

.0
23

0.
01

2
0.

09
9

-0
.0

12
0.

42
2

0.
15

1
0.

35
9

-

9.
 F

am
ili

al
 r

is
k 

(0
 =

 s
ec

on
d-

de
gr

ee
; 1

 =
 f

ir
st

-d
eg

re
e)

0.
29

7
0.

35
7

0.
27

9
0.

16
2

0.
54

3
0.

53
1

0.
38

3
0.

37
1

-

C
lin

ic
al

10
. C

ha
pm

an
: S

oc
ia

l a
nh

ed
on

ia
0.

20
5

0.
31

7
0.

35
4

0.
26

6
0.

41
7

0.
47

1
0.

47
7

0.
07

7
0.

06
4

-

11
. C

ha
pm

an
: M

ag
ic

al
 id

ea
tio

n
0.

20
5

0.
30

8
0.

29
9

0.
18

9
0.

30
3

0.
40

9
0.

33
4

0.
06

7
0.

05
4

0.
43

2
-

12
. C

ha
pm

an
: P

er
ce

pt
ua

l a
be

rr
at

io
n

0.
13

2
0.

22
3

0.
25

5
0.

20
2

0.
29

0
0.

36
5

0.
18

1
-0

.0
46

0.
08

7
0.

31
9

0.
69

1
-

13
. D

ev
el

op
m

en
t o

f 
ps

yc
ho

si
s 

(0
 =

 N
o;

 1
 =

 Y
es

)
-0

.0
33

0.
04

1
0.

14
6

0.
01

7
0.

30
7

0.
53

9
0.

50
0

-0
.2

29
-0

.0
64

0.
30

0
0.

37
5

0.
26

7
-

M
ea

n
-0

.1
2

-0
.1

1
0.

01
0.

00
0.

24
0.

19
0.

11
0.

14
0.

77
7.

19
5.

14
3.

00
0.

12

St
an

da
rd

 d
ev

ia
tio

n
1.

14
1.

10
1.

01
1.

00
0.

43
0.

39
0.

32
0.

13
0.

42
4.

97
3.

89
3.

87
0.

33

N
ot

e:
 I

nt
er

co
rr

el
at

io
ns

 a
re

 a
dj

us
te

d 
fo

r 
ag

e,
 s

ex
 a

nd
 p

re
se

nc
e 

of
 b

as
el

in
e 

di
ag

no
si

s.
 W

ith
in

-d
om

ai
n 

re
la

tio
ns

 a
pp

ea
r 

in
 b

ol
df

ac
e.

N
ot

e:
 C

og
ni

tiv
e 

va
ri

ab
le

s 
ha

ve
 b

ee
n 

sc
al

ed
 to

 z
-s

co
re

s,
 w

ith
 m

ea
n 

of
 0

 a
nd

 s
ta

nd
ar

d 
de

vi
at

io
n 

1.

Schizophr Res. Author manuscript; available in PMC 2013 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shah et al. Page 16

Table 3

Prediction of psychosis development based on an integrative multivariate biopsychosocial structural equation
model

Actual Model-based prediction

Predicted to develop psychosis (3/96) Predicted to not develop psychosis (93/96)

Developed psychosis (12/96) 2 10

Did not develop psychosis (84/96) 1 83

Note: Efficiency (95% CI intervals) = 0.88 (0.85 – 0.92); Sensitivity = 0.17 (−0.04 – 0.37); Specificity = 0.99 (0.96 – 1.01); PPV = 0.67 (0.06 –
1.25); NPV = 0.89 (0.87 – 0.92); +LR = 14; −LR = 0.84.

Confidence intervals are based on 1000 bootstrapped sample replications.
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