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Abstract
Objective—Studies of young relatives at elevated risk for schizophrenia have pointed to the
importance of a variety of neurobiological, cognitive, and clinical risk factors for the disorder; yet
few have employed integrated models to estimate the joint contribution of these factors to heightened
schizophrenic risk. We tested the predictive power of an integrated psychobiological model of
schizophrenia risk to subsequent psychopathology development among young relatives at risk for
the disorder.

Methods—Young first (n = 66) and second (n = 20) degree relatives of schizophrenia probands
were followed for an average of 3 (SD = 1.13) years to examine their trajectories toward
psychopathology development. Neurobiologic, cognitive, and clinical measures were employed in
an integrated structural equation model to estimate their contribution to the prospective emergence
of psychopathology.

Results—Results indicated that neurobiological, neurocognitive, and psychosis proneness factors
at baseline were all uniquely predictive of subsequent psychopathology development, and that an
integrated model of psychopathology development that took into account these factors provided an
excellent fit to the observed data. Subsequent classification analyses of model accuracy using
likelihood ratios adjusting for the base-rate of psychopathology development in this sample revealed
that individuals identified by this model had a 71% chance of developing psychopathology in the
future.

Conclusions—An integrated model of biobehavioral risk factors may provide a powerful method
for predicting psychopathology and schizophrenia risk in at-risk samples. If validated, this model
may be useful for early detection and intervention programs. Future research will need to focus
particularly on predicting schizophrenia development and refining models to further enhance
sensitivity.
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1. Introduction
The prediction of psychosis and related psychopathology has become a critical focus in
schizophrenia research. Long-term premorbid studies of relatives at risk for schizophrenia are
critical to closing in on the etiopathology of the disease and providing promising directions for
the earliest of prevention and intervention strategies. Investigations of high risk samples have
frequently observed cognitive, clinical, and neurobiologic deficits (Keshavan et al., 2005).
Studies of individuals a clinical high risk for schizophrenia have demonstrated greater
decreases in brain volume, poorer neurocognitive performance on neuropsychological tests,
and increased psychopathology in individuals who will eventually develop psychosis (Pantelis
et al., 2003; Pukrop et al., 2007; Yung, Phillips, Yuen, & McGorry, 2004). Unfortunately, few
prospective studies have examined the contribution of such deficits toward heightened
schizophrenia risk or the development of major psychopathology in young, at-risk relatives to
elucidate the earliest risk markers for the disorder. Existing prospective investigations have
frequently found early levels of psychopathology and psychosis proneness, brain
abnormalities, and neurocognitive dysfunction to be longitudinal predictors of schizophrenia
signs and symptoms (Johnstone et al., 2005; Lawrie et al., 2001; Sorensen et al., 2006).
However, to our knowledge, none have provided an integrated examination of the contribution
of these related deficits.

It is unlikely that a single etiological factor is responsible for the development of schizophrenia,
and interactions between variations in multiple genetic and environmental factors seem more
plausible. Further, the predictive power of individual factors by themselves are not large (e.g.,
Sorensen et al., 2006). An integrative model that takes into account relevant relations between
neurobiological, cognitive, and clinical endophenotypes for the disorder may provide a more
powerful method for detecting risk for schizophrenia at the earliest phases of the illness. This
research makes use of structural equation modeling to conduct a preliminary prospective
investigation of the predictive utility of such a model to the emergence of major
psychopathology in young at-risk relatives of patients with schizophrenia.

2. Method
2.1. Participants

Participants included 86 individuals with a first (n = 66) or second-degree relative (n = 20)
diagnosed with schizophrenia or schizoaffective disorder by the Structured Clinical Interview
for DSM-IV (SCID; First et al., 2002). Individuals were excluded if they had mental
retardation, any lifetime evidence of a psychotic disorder, prior exposure to antipsychotic
medications, recent history of substance use, or significant neurological or medical conditions.
Participants were young (mean age = 15.22 [SD = 3.50] years), about half (n = 47) were female,
and half were Caucasian (n = 43). Participants had on average 8.76 (SD = 3.38) years of
education. The majority of participants (n = 54) were offspring, 13 were nieces/nephews, 12
were siblings, 6 were grandchildren, and 1 was an aunt/uncle of those with schizophrenia or
schizoaffective disorder. A total of 48 relatives shared the same affected family member
(median 2 relatives/affected family member) diagnosed with schizophrenia or schizoaffective
disorder.

2.2. Neuropsychological and Psychopathological Measures
Measures of neurocognitive function were collected from 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 &
Hamscher, 1978) to assess IQ, executive functioning, working memory, and verbal fluency,
respectively. Psychosis proneness was assessed using total scores from the Perceptual
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Aberration, Magical Ideation, and Social Anhedonia scales developed by Chapman and
colleagues (Chapman et al., 1978; Eckblad & Chapman, 1983; Eckblad et al., 1982). The
development of clinical psychopathology meeting DSM-IV criteria was assessed using the
SCID. In addition, the behavioral disorders section of the Schedule for Affective Disorders
and Schizophrenia-Child Version (K-SADS; Ambrosini et al., 1989) was used to supplement
SCID information. Participants were considered to have developed significant
psychopathology if they either (1) were diagnosis free at baseline and met SCID/K-SADS
criteria for an Axis I disorder at follow-up, or (2) developed a more severe disorder between
baseline and follow-up (e.g., an adjustment disorder that later developed into a psychotic
disorder).

2.3. Image Acquisition and Processing
Brain morphology data were collected using structural magnetic resonance imaging with a 1.5-
T Signa whole body scanner and head coil (GE Medical Systems, Milwaukee, WI). Whole
brain volume was acquired in 124 1.5mm-thick contiguous coronal slices with spoiled gradient
recalled acquisition in steady state pulse sequence (TE = 5ms, TR = 25ms, acquisition matrix
= 256 × 192, FOV = 24cm). Structural images were checked manually for motion and quality
independently by trained research associates, normalized to standard MNI space and
segmented using SPM5 (Wellcome Department of Cognitive Neurology, Institute of
Neurology, London). Inhomogeneity artifacts were corrected during post-processing using a
bias correction algorithm built into the segmentation procedure, and segmented images were
smoothed using a 12mm Gaussian kernel. Volumetric measurements of total brain volume
were extracted using image masks provided by the Wake Forest University PickAtlas toolbox
for SPM5 (Maldjian et al., 2003), with regional definitions from Tzourio-Mazoyer and
colleagues (2002).

2.4. Procedures
Participants were recruited from affected family members receiving services at Western
Psychiatric Institute and Clinic, Pittsburgh. Upon recruitment, family members were assessed
for a schizophrenia/schizoaffective disorder diagnosis using the SCID and screened for
exclusion criteria. Eligible participants received the aforementioned clinical,
neuropsychological, and neuroimaging assessments at baseline. Participants were then
assessed for the development of significant clinical psychopathology, in most cases yearly, for
an average of 3 (SD = 1.13) years using the SCID/K-SADS. This research was approved and
reviewed annually by the University of Pittsburgh Medical Center Institutional Review Board.
All participants and/or their guardians provided written informed consent prior to participation.

2.5. Data Analysis
Structural equation modeling was used to test an integrated predictive model of
psychopathology development from baseline cognitive, clinical, and neurobiological factors.
This analytic technique is based upon traditional path analytic approaches that make use of
multivariate linear or logistic regression (Lewis-Beck, 1974), but extends these methods by
incorporating factor analysis to distill the common latent (unobserved) variables represented
by multiple measured variables (Kline, 2005). Each structural equation model therefore
consists of both measurement and structural components to first define the latent factors of
interest (measurement component) and then test various hypothesized relations among these
factors (structural component). As in multiple regression, relations can be tested in the presence
of potentially confounding variables by entering such variables as correlated predictors in
structural equation models, and then estimating the regression coefficient of the relationship
of interest in the presence of the potential confounder.
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This approach is particularly useful when there are many different imperfectly measured
variables (e.g., IQ scores, perseverative errors during the Wisconsin Card Sorting Test, spatial
working memory scores) that putatively represent a single higher-order domain (e.g.,
cognition). In such a case, a single multiple regression model with all related variables
predicting an outcome would be difficult to interpret due to multicollinearity among the
measured variables. In addition, each measured variable is inevitably associated with some
degree of measurement error. By defining a measurement component through confirmatory
factor analysis, structural equation modeling provides a single representation (i.e., factor) of
the domain of interest based on all measured variables. This substantially reduces the amount
of repeated inference testing involved when multiple measures are present, and provides the
investigator with a parsimonious method of building predictive models of relations between
general constructs of interest that can be measured by many different variables. Further, due
to the nature confirmatory factor analysis, structural equation modeling also provides a more
sensitive test of relations between variables, as latent factors do not contain the measurement
error inherent in imperfectly measured variables.

While structural equation modeling has a number of advantages, as discussed above, it depends
on moderate to large sample sizes, especially as the parameters estimated within a model
increase (Kim, 2005). In addition, despite the use of the term “confirmatory” structural equation
modeling and confirmatory factor analysis are not definitive techniques, as equally compelling
models may exist that are mathematically equivalent in accuracy as the one an investigator
chooses (Tomarken & Waller, 2003). Support for models are based not only on statistical
accuracy, but also must be grounded in previous evidence and/or theory. Further, the same
assumptions regarding causal inference apply to structural equation modeling as correlation
and regression analyses, in that associations between variables do not necessarily indicate a
causal, unidirectional relationship.

Most structural equation models are estimated using the maximum-likelihood (ML) approach
(Fisher, 1925), however in this research, because the primary dependent variable was binary
(did or did not develop psychopathology), weighted least squares mean and variance adjusted
(WLSMV) estimation was used (Muthén & Muthén, 2001). Unlike maximum-likelihood
approaches that assume normality, the WLSMV does not make this assumption and uses a
latent probit function to describe outcome among dichotomous variables. Tests of the accuracy
of structural equation models, regardless of the method of estimation, depend on inspection of
the overall model fit to the observed data, as well as the individuals relationships among the
variables and factors specified in the model. A number of different statistics have been
developed to provide information on model fit, and it is usually recommended that several
statistics be employed when using structural equation modeling (Kline, 2005). The χ2 statistic
is a common measure of model fit, with significant values indicating poor model accuracy.
However, since the χ2 statistic is based partially on sample size, it tends to be biased in larger
samples. Less biased estimates of model fit that are commonly used include the Comparative
Fit Index (CFI) and the Root Mean Square Error of Approximation (RMSEA). The CFI is an
incremental fit index that measures the degree of improvement in model fit over a comparison
model where no relationship exists among the variables. Values of .90 and above indicate well-
fitting models (Bentler, 1990). The RMSEA is a residual fit index that measures the amount
of error in the overall structural equation model, with values of .08 and below indicative of
well-fitting models. The CFI, RMSEA, and an adjusted χ2 statistic for categorical data were
used as indexes of model fit in this research.

Missing data were handled using expectation-maximization (EM) estimates (Dempster, Laird,
& Rubin, 1977). This approach uses complex mathematical modeling based on ML estimation
to provide an estimated covariance matrix based on an observed covariance matrix with data
missing at random. Monte-Carlo examinations have repeatedly found that the EM approach to
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handling missing data provides a substantial reduction in the bias of covariance matrices
estimated with other common missing data techniques, such as list-wise and pair-wise deletion,
as well as mean and regression imputation (Schafer & Graham, 2002)

3. Results
Of the 86 individuals followed over the course of the study, approximately half (n = 42, 49%)
had a baseline Axis I diagnosis, and 24 (28%) experienced an initial development (n = 13,
15%) or worsening (n = 11, 13%) of psychopathology. Most individuals who developed
subsequent psychopathology were diagnosed with mood (n = 9, 11% of the entire sample) or
attention/behavioral (n = 6, 7% of the entire sample) disorders, 3 (4%) were diagnosed with a
psychotic disorder not otherwise specified, 2 (2%) with schizophrenia, 2 (2%) with anxiety
disorders, and 2 (2%) with other psychiatric disorders.

In order to examine the different contributors to the development of major psychopathology
among this sample, an integrated structural equation model of baseline neurobiologic,
cognitive, and clinical factors was constructed and used to predict subsequent psychopathology
development, after adjusting for age, gender, and baseline diagnostic status. Bivariate relations
among the variables used to construct this model are presented in Table 1. As can be seen in
Figure 1, results from this structural equation model indicated that neurobiologic, psychosis
proneness, and neurocognitive factors at baseline were all significant independent predictors
of subsequent psychopathology development. In particular, at-risk relatives who had less total
brain volume, and experienced greater neurocognitive dysfunction and psychosis proneness at
baseline were significantly more likely to develop psychopathology. Surprisingly, there were
no significant relations between these three exogenous factors, as suggested by the general lack
of consistent between-domain bivariate associations shown in Table 1. Estimates of model fit
indicated that this integrated model provided an excellent representation of the observed data,
χ2(26, N = 86) = 30.63, p =.24, CFI =.95, RMSEA =.05.

Subsequent classification analyses conducted to determine the accuracy with which this
psychobiological model predicted future psychopathology development showed that 80% of
participants were correctly classified by this model. However, as can be seen in Table 2, while
model specificity was excellent (specificity = .92), sensitivity was low (sensitivity = .50),
indicating that the model was better at identifying individuals who would remain healthy than
those would would eventually develop psychopathology. Given the low base-rate of
psychopathology development in the sample (28%), a lower sensitivity might be expected. As
such, likelihood ratios were computed to provide estimates of model accuracy accounting for
prevalence. The likelihood ratio of positive test results based on this model was 6.25, and the
likelihood ratio of negative test results was .54. Based on a 28% prevalence (pre-test OR = .
39), individuals had a 71% chance (post-test OR = 2.44) of developing psychopathology if they
were identified as developing psychopathology by this psychobiological model, whereas those
identified as not developing psychopathology by the model only had a 17% chance of
developing psychopathology (post-test OR = .21).

4. Discussion
Identifying risk factors for schizophrenia has become an important undertaking for informing
early intervention and prevention programs, yet little is known about the earliest factors that
may contribute to the development of psychosis and related psychopathology. In particular,
although previous studies have suggested a multiplicity of potential risk factors (Keshavan et
al., 2005), prospective studies that simultaneously examine multiple individual and biological
factors within an integrative framework have been noticeably absent. Further, although
research has increasingly indicated that a broad range of psychopathology may precede
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psychosis development (Keshavan et al., in press), few prospective investigations have
examined predictors of general psychopathology development in young relatives at risk for
schizophrenia. We examined, through structural equation modeling, the relative contribution
of neurobiologic, cognitive, and clinical risk factors for schizophrenia to the prospective
development of major psychopathology among relatives at risk for the disorder. Results
supported findings from studies of individuals risk factors (Johnstone et al., 2005; Lawrie et
al., 2001; Sorensen et al., 2006), and showed that reductions in total brain volume, increases
in psychosis proneness, and the presence of deficits in neurocognitive function at baseline were
all independent and significant predictors of subsequent psychopathology development in at-
risk relatives. Further, this model accurately classified 80% of those who did versus did not
develop psychopathology.

Despite the efficiency of our psychobiological model of psychopathology development, future
work is clearly needed to increase model sensitivity and ensure that early intervention and
prevention strategies are available to all individuals for whom these methods are indicated.
While we found that our model was highly specific (specificity = .92), its sensitivity was low
(sensitivity = .50). Likelihood ratio tests accounting for the low prevalence of psychopathology
development were more positive, indicating that individuals identified by this model had a
71% probability of develop subsequent psychopathology. Nonetheless, refinements to this
model may increase sensitivity and prove quite helpful to case detection. Specific refinements
that may be particularly promising include adding additional neurobiologic and cognitive
markers, such as abnormalities in brain metabolism from magnetic resonance spectroscopy
measures and deficits in social cognition, both of which have been documented in high risk
samples (Kee, Horan, Mintz, & Green, 2004; Keshavan, Stanley, Montrose, Minshew, &
Pettegrew, 2003).

It is also important to note that little to no cross-sectional relations existed between exogenous
neurobiological, clinical, and cognitive factors at baseline. Few studies have examined the
interrelations among these factors in high risk samples, although some do suggest that if
present, the overlap between neurobiologic, neurocognitive, and clinical dysfunction may not
be substantial in non-clinical high risk samples (Byrne et al., 2003; Conklin, Curtis, Calkins,
& Iacono, 2005; Keshavan et al., 2002), compared to the more pervasive relations seen in
clinical populations (Antonova, Sharma, Morris, & Kumari, 2004; Bilder et al., 2000). While
the modest sample size employed in this research may have precluded the detection of
significant, albeit small relations between these factors, and restricted range on clinical and
neurocognitive tests in this non-clinical high risk sample may have further impeded the
detection of significant relations, it is also possible that gross brain structure, neurocognitive
function, and psychosis proneness represent largely independent risk factors many years prior
to the onset of psychotic illness. As schizophrenia and related psychotic disorders progress and
early neurodevelopmental insults come to bear on programmed brain development,
neurobiologic and cognitive functions decline, and psychopathology emerges (Keshavan &
Hogarty, 1999). At such a time, associations between these factors may become much stronger
as they orchestrate the disease progression toward overt illness manifestations. Subsequent
investigations will need to examine the longitudinal convergence of these factors over time to
more clearly understand their possible shift from early orthogonality to close
interconnectedness as psychosis develops.

Although these results are limited by a modest sample size, they suggest that a tripartite
assessment of neurobiological, cognitive, and clinical abnormalities may be particularly
powerful for identifying at-risk relatives who will eventually develop major clinical
psychopathology. Such individuals may be particularly at risk for transitioning to
schizophrenia and related psychotic disorders, given the cascade of affective and behavioral
psychopathology that frequently seems to precede the development of psychosis (Yung &

Eack et al. Page 6

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2009 December 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



McGorry, 1996). Subsequent studies will need to replicate these findings in larger samples,
particularly those that contain sufficient numbers of individuals with schizophrenia, so that the
predictive accuracy of the model employed in this research to the development of schizophrenia
can be examined. If validated, this integrated psychobiological model of schizophrenia risk
could help target early intervention and detection programs to those most in need.

5. Conclusion
A psychobiological model encompassing neurobiologic, cognitive, and clinical risk factors for
schizophrenia was significantly predictive of longitudinal psychopathology development
among young relatives at risk for psychosis. Models integrating these psychobiological factors
may hold significant utility for the early detection of schizophrenia and related disorders.
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Figure 1. Structural Equation Model Predicting the Emergence of Psychopathology in Individuals
At Risk for Schizophrenia From Clinical, Neurobiological, Cognitive Characteristics.a
aχ2(26, N = 86) = 30.63, p =.24, CFI =.95, RMSEA =.05
Path parameters are presented as standardized regression coefficients. Model estimates are
adjusted for age, gender, and baseline diagnostic status.
WM = Working memory
*p ≤.05
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Table 2
Prediction of Psychopathology Development Based on an Integrated Psychobiological Structural Equation Model.

Model-Based Prediction

Actual n Predicted Developing Psychopathology Predicted Not Developing
Psychopathology

Developed Psychopathology 24 12 (50%) 12 (50%)

Did Not Develop Psychopathology 62 5 (8%) 57 (92%)

Note. Efficiency (95% CI) =.80 (.73–.88), Sensitivity (95% CI) =.50 (.30–.71), Specificity (95% CI) =.92 (.85–.99). Confidence intervals are based on
1000 bootstrapped sample replications.
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