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Abstract
Background—Adolescent offspring of schizophrenia patients (SCZ-Off) are vulnerable to
psychiatric disorders. Assessing relationships between clinical and biological measures (such as
fMRI) may elucidate pathways of vulnerability in this group. Here we assessed the relationship
between clinically assessed premorbid function, and cortico-striatal activity during sustained
attention in controls (HC: with no family history of psychosis) and SCZ-Off.

Methods—Subjects (n=39) were assessed using the Schedule Interview for Prodromal
Symptoms and the Scale of Prodromal Symptoms. Based on the GAF score, SCZ-Off were
cleaved into “high” or “low” clinically functioning sub-groups (SCZ-OffHF, SCZ-OffLF
respectively). During fMRI, subjects participated in a modified continuous performance task
(CPT-IP). fMRI was conducted on a Bruker MedSpec 4T system (345 EPI scans; TR=2s; 24
slices; 3.8×3.8×4mm).

Results—SCZ-OffLF evinced less activation than both HC and SCZ-OffHF in the executive core
of the brain’s attentional system (anterior cingulate, dorsal prefrontal cortex and caudate), but not
visuo-spatial regions such as primary visual or superior parietal cortex. Differences were
independent of behavioral performance, and reduction in activity was related to GAF score in a
dose-dependent manner.

Discussion—Assessing the relationship between clinical measures and brain activity in domains
such as attention provides a window into mechanisms of vulnerability in the developing
adolescent brain.
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1. Introduction
Sustained attention, or the ability to remain consistently (as opposed to transiently) focused
on an ongoing task, is one of the most basic of cognitive domains and has been the subject
of intense research scrutiny (Posner and Rothbart, 1998). In vivo imaging studies suggest
that higher order mechanisms in sustained attention, relating to control and vigilance are
particularly dependent on the brain’s fronto-striatal resources (Kelley et al., 2008). Sustained
attention generally underlies many basic cognitive processes, and itself depends on the
development of fronto-striatal regions including the prefrontal cortex, the anterior cingulate
cortex and the basal ganglia, regions that lie within the “executive core” of the brain’s
attention system (Rueda et al., 2005) and that rapidly connect during adolescence (Barnea-
Goraly et al., 2005).

1.1 Adolescence, sustained attention and relevance for schizophrenia offspring
In the schizophrenia spectrum, attention deficits have been hypothesized not only as a
marker of the illness itself, but also of risk for schizophrenia (Chen and Faraone, 2000;
Cornblatt et al., 1988; Rutschmann et al., 1977). Thus, consistent with neurodevelopmental
models of schizophrenia (Rapoport et al., 2005), deficits in sustained attention have been
documented in larger cohorts of child and adolescent offspring of schizophrenia parents
(SCZ-Off), presumably resulting from developmentally-mediated impairments in essential
fronto-striatal neuro-circuitry (Keshavan et al., 2009). The abnormalities associated with risk
may in fact result from altered development of critical neuro-circuitry during adolescence. In
general, rapid changes in functional development during adolescence relate to rapid changes
in the functional organization of cortical and sub-cortical structures. As networks rapidly
evolve under a combination of genetic and environmental influences, their susceptibility to
developmental deviations in both pre-natal and post-natal periods becomes increasingly
acute (Rakic, 1999). The combination of developmental brain changes and psychosocial
stressors, together, increases adolescent susceptibility to psychiatric disease resulting in
estimated peak onsets of any lifetime mental health disorder as early as fourteen years of age
(Kessler et al., 1994). Therefore, the altered trajectory of neurodevelopment hypothesized in
the schizophrenia diathesis may significantly impact vulnerable groups such as SCZ-Off.
Through adolescence, the expansion of functional competence is particularly marked in the
domain of sustained attention, which is relatively immature early in childhood, but rapidly
develops through adolescence (Rubia et al., 2006). This ascent in attention-related
competence appears closely related to the development of well orchestrated interactions in
fronto-parietal and basal-ganglia circuitry (Haber and Calzavara, 2009).

Very early assessments of SCZ-Off recognized the increased incidence of cognitive and
behavioral impairments (Marcus, 1974), and several decades of subsequent research have
pointed to increasingly reliable deficits in brain structure, behavior and function. Behavioral
deficits are generally observed in domains including attention (Cornblatt and Malhotra,
2001; Rosenberg et al., 1997), executive function (Erlenmeyer-Kimling, 2000) and working
memory (Diwadkar et al., 2001) and appear to be broadly associated with impairments in
fronto-striatal structure and neurochemistry (Diwadkar et al., 2006; Keshavan et al., 2009).
Specifically of these, deficits in attention appear to be the centerpiece of impairment in
adolescence and the expansion in attention-related competence that is generally observed in
controls is absent or attenuated in SCZ-Off (Cornblatt et al., 1999; Cornblatt and Keilp,
1994).

1.2 Attention and clinical measures in SCZ-Off
Only recently have studies used fMRI to investigate the correlates of sustained attention in
groups at risk for schizophrenia. Adult siblings of schizophrenia patients (Sepede et al.,
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2010) showed hypo-activation (or less activation) in frontal circuitry (in the absence of
behavioral deficits); differences from controls are amplified under conditions of increased
attention demand. These results of impaired frontal recruitment suggest a relationship
between vulnerability to schizophrenia and cortical recruitment. The study of child and
adolescent SCZ-Off offers particularly unique advantages. This is a sub-group in whom the
interactive effects of genetic and developmental vulnerabilities (Lewis and Levitt, 2002) can
be assessed. Furthermore it is also possible to observe potential premorbid precursors of the
illness in terms of fMRI measures of brain function. Finally, SCZ-Off also offer the
opportunity of studying the vulnerable adolescent brain in a medication naïve state, thus
providing potentially valuable insights into how the developing, yet vulnerable brain may
respond to attention challenges.

In addition to assessing sustained attention-related processing in the brain, we were
particularly interesting in investigating the relationship between the fMRI response and
measures of premorbid clinical function in SCZ-Off using structured interviews such as the
Structure Interview for Prodromal Symptoms (SIPS)(Miller et al., 2003). In SCZ-Off, the
degree of risk and vulnerability for the onset of disorders is highly variable suggesting
significant heterogeneity in vulnerability markers. Understanding the relationship between
clinical assessments and the fMRI response may help in better understanding of the
relationship between clinical symptoms and brain function. Characterizing these brain-
behavior correlates of vulnerability in SCZ-Off, may significantly assist in the objective
parcellation of vulnerability in this heterogeneous sample (Diwadkar et al., 2006).

Here we used fMRI to study mechanisms of sustained attention using a modified continuous
performance (Cornblatt et al., 1989; Salgado-Pineda et al., 2004) in a group of controls (with
no family history of psychosis to the 2nd degree) and adolescent offspring of schizophrenia
patients. Independent from the fMRI analyses, subjects were administered the structured
interview for the assessment of prodromal symptoms (Miller et al., 2003; Miller et al.,
2002). The assessment of clinical function in SCZ-Off was based on the Global Assessment
of Function (GAF) sub-scale of the SIPS. The GAF is an index of the psychological, social,
and occupational functioning of individuals providing a measure of the extent of clinical
impairment in individuals. This sub-scale is valuable as it allows for the categorical division
of subjects into low- (scores < 80) and high- (scores > 80) functioning sub-groups. Based on
this approach, we attempted to: a) separately evaluate each of the sub-groups (relative to
controls) for differences in activation and, b) investigate the continuous relationship between
this clinical measure and fMRI measures across the entire SCZ-Off sample. We
hypothesized that if general clinical function impacts the engagement of sustained attention-
related regions, subjects with greater clinical impairments would show hypo-responsivity of
the fMRI response. The regional specificity of the response can provide evidence of the
specificity of the impact of clinical impairments on brain function.

The analyses of fMRI data focused on the regions that collectively conform to the brain’s
attention network. Among these were regions such the prefrontal cortex (BA 9/46), the
dorsal anterior cingulate cortex and the caudate (Corbetta et al., 1998; Gregoriou et al.,
2009; Reynolds et al., 2009) all implicated in higher order supervisory processes in
attention, and the superior parietal and primary visual cortices (Offen et al., 2009; Thakral
and Slotnick, 2009), implicated in sensory and spatial orienting mechanisms in sustained
attention.
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2. Methods
2.1 Subjects

Twenty-one healthy controls (HC), with no family history of psychosis to the 2nd degree,
and eighteen adolescent offspring of schizophrenia patients (SCZ-Off) participated. The
study was approved by the Human Subjects Investigation Committee at Wayne State
University, and all subjects (and/or their legal guardians) provided informed consent/assent.
Demographic information is provided in Table 1.

2.2 Clinical assessment
Subjects were recruited from the greater Detroit area through advertisements and clinical
services at the Wayne State University School of Medicine. Rule outs were achieved
through telephone and personal interview, and screening questionnaires, to ascertain if
subjects had a history of psychotic illness in first-degree relatives. The relationship between
parents and offspring was verbally assured and not confirmed with genetic testing.
Diagnoses for parents of offspring were reached using the Structured Clinical Interview for
DSM-IV schizophrenia (First et al., 1997). All subjects younger than 15 years were
clinically evaluated using the Schedule for Affective Disorders and Schizophrenia -Child
Version (Kaufman et al., 1997); those aged 15 years or above were assessed using the SCID.
In addition, experienced clinical raters assessed participants using the SIPS/SOPS scales
(Miller et al., 2003). Within these instruments, the General Assessment of Function (GAF-
M) subscale provides classification into subgroups characterized by minimal symptoms
(Scores: 81–100) or transient to severe symptoms (Scores: 0–80) with lower scores
indicating lower clinical function. In initial fMRI analyses, GAF score was used to cleave
the SCZ-Off into clinically high (Minimal symptoms: SCZ-OffHF; n=6, 4 males, age: 14
yrs) - and low (Transient to Severe Symptoms: SCZ-OffLF; n=12, 9 males, age: 13.9 yrs)
functioning sub-groups.

2.3 fMRI and task
Functional data were acquired over an 11.5 minute scan using a full body Bruker MedSpec
4.0 Tesla system running the Siemens Syngo console. Gradient echo planar images (EPI)
were collected using an 8-channel head coil and the following parameters: repetition time
(TR) = 2000 ms; echo time (TE) = 30 ms; matrix size = 64 × 64; field of view (FOV) = 240
mm; voxel size = 3.75 × 3.75 × 4 mm. Images were axially localized, had automatic 3D
adjustment, in twenty-four continuous 4 mm slices per brain volume positioned parallel to
the anterior commissure/posterior commissure (AC-PC) line.

All subjects performed a modified continuous performance task (identical pairs version)
during which three digit numbers were presented in rapid sequence (50 ms, 250 ms SOA)
with subjects required to detect the repeated instance of a number. To preempt attention
gains based on maximal contrast between figure (numbers) and background (screen)(Dresp
and Grossberg, 1999), numbers (RGB:255,255,255, i.e.: white) were presented on
background (RGB:225,225,225) that muted figure-ground contrast. Further, to preempt
judgments based on low-level features such as an absence of flicker between repeated
numbers, fonts alternated between successive digits in a sequence. These manipulations
were induced to enhance the demand for attention processing, and reduce the reliance on
low level visual features. Control epochs (120 s) involved the presentation of “000” or “111”
for passive viewing, providing a measure of visual control. Extended block times (120 s)
were used to induce an extended (as opposed to a transient) state of sustained attention.
During attention blocks, a total of 480 stimuli were presented (25% targets). Block order
was randomized and stimuli within each block were presented in the same pseudo-random
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order across subjects. Rest epochs (20 s) were interspersed to allow subjects to rest while
viewing a fixation marker. Subjects signaled responses with a two-button response box.

2.4 Behavioral data analyses
Sensitivity to the task for both groups was compared using d’ (Macmillan and Creelman,
2005). d’ is the standard measure of discrimination in signal detection theory, and is a metric
that includes all four types of behavioral responses (hits, false alarms, correct rejections and
misses), thereby providing a comprehensive behavioral measure of how well subjects
perform a signal detection task (Wickens, 2001).

2.5 fMRI data analyses
Data were processed with SPM5. Realignment was performed to correct for head motion
artifact during the scan. Realigned images were normalized to the Montreal Neurological
Institute (MNI) EPI template and voxels resliced to 2 × 2 × 2 mm. Normalized images were
smoothed using an 8 mm FWHM Gaussian kernel. Images where estimated motion
exceeded 4 mm were discarded from the analyses (<1% of all images).

In first level analyses, rest, control and attention epochs were modeled as separate regressors
by convolving with the canonical hemodynamic response function. Serial correlations were
corrected for using an auto-regression (AR(1)) filter, and an expanded high-pass filter (256
s) was applied to remove low frequency fluctuations associated with noise. First level
contrasts (Attention > Control) were computed for each individual subject to identify
responses associated with attention (as opposed simply to visual) related processing.

A second level analyses of covariance (ANCOVA) was employed (age, gender, and IQ as
covariates) to assess the main effect of group (HC, SCZ-OffHF, SCZ-OffLF) and differences
between groups in the a priori hypothesized regions of interest. Analyses were spatially
thresholded using region of interest masks in stereotactic space using previously published
methods (Maldjian et al., 2003). To identify inter-group differences, a hierarchical approach
to analyses was employed, wherein individual contrasts were inclusively masked with
significant clusters under the overall main effect of group (Friston et al., 1995). To assess
the continuous relationship between the GAF score and BOLD measured activation in the
entire offspring sample, extracted BOLD (normalized to a zero mean) from the clusters of
significance based on the overall main effect were submitted to separate linear regressions
(with raw GAF score as the single regressor).

To optimize sensitivity to detect clusters with significant voxels (pu<.001), cluster extent
(kE) thresholds (pc<.05, corrected) were derived based on 104 Monte Carlo simulations from
voxels across the individual regions of interest (Ward, 2000).

3. Results
3.1 Behavioral results

As noted, sensitivity to the task for both groups was compared using d’ (Macmillan and
Creelman, 2005). These behavioral data were submitted to an analysis of covariance with
group (HC, SCZ-OffHF, SCZ-OffLF), as single factor and age and gender as covariates.
Figure 1, depicts performance, demonstrating no significant differences between groups
(F2,37<1.2, p>.3). While performance was positively associated with age across the entire
sample (n=39), F1,37=15.72, p<.001, separate regression analyses within the SCZ-Off group
indicated no relationship between GAF score and d’, F1,16=.05, p>.75. These results indicate
that behavioral performance across groups was not compromised, and did not confound any
observed inter-group differences in fMRI.
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3.2 fMRI results
Figure 2 depicts significant clusters under the overall group main effect in the regions of
interest for the study (with cluster peaks and statistical values presented in Table 2). As seen,
significant main effects of group were observed in each of the anterior cingulate, caudate
nucleus and the dorsal prefrontal cortex, with no significant differences observed in either
the superior parietal or primary visual cortices.

Inclusively masking for the overall main effect (p<.05), pair-wise directional contrasts were
employed to compare SCZ-OffLF with each of the HC and the SCZ-OffHF groups, in each of
the anterior cingulate, caudate and dorsal prefrontal clusters under the overall main effect.
Figure 3 and Table 3 depict significant clusters using pair-wise directional contrasts. As
seen, significant hypo-activation in the ACC, dPFC and caudate was observed in SCZ-OffLF
compared to healthy controls (pc<.05, corrected). Next, intra-group (within SCZ-Off)
comparisons were conducted to compare low- to high-functioning SCZ-Off groups. Again,
decreased activation in the ACC, dPFC and caudate was observed for SCZ-OffLF < SCZ-
OffHF (pc<.05, corrected).

Separate linear regressions between BOLD and raw GAF scre (as the single regressor) on
data from each of the caudate, anterior cingulate and dorsal prefrontal cortex are plotted in
Figure 4. Each point in each scatter plot refers to a subject in the SCZ-Off group. The graphs
show clear positive linear relationships with GAF score (across all SCZ-Off) in each of the
frontal regions of interest (i.e., increased GAF or increased function leading to increased
observed BOLD). Linear regressions were significant for the anterior cingulate, F1,16=7.66,
p<.01, β=.57, the caudate, F1,16=4.71, p<.05, β=.48, and the dorsal prefrontal cortex,
F1,16=6.23, p<.02, β=.53.

4. Discussion
Using fMRI and a sustained attention task, we provide evidence that attention-related
activity in the executive core of the attention system is modulated by the presence of
clinically assessed functional deficits in SCZ-Off. In particular, SCZ-Off with moderate to
severe clinical symptoms showed hypo-responsivity of the dPFC, the ACC and the caudate
nucleus, relative to both controls and to their higher functioning SCZ-Off counterparts
(Figure 3). Furthermore, a linear (and positive) dose-response relationship between GAF
score and frontal activation was observed across the entire SCZ-Off group, with lower GAF
scores predicting lower frontal activation during sustained attention (Figure 4). These effects
were confined to the executive core of the sustained attention network, and not observed
either in the primary or secondary visual areas. Finally, the fMRI results were independent
of behavioral performance which within both SCZ-Off sub-groups was within the normal
range (Figure 1). This independence suggests that fMRI measures of brain response may be
more sensitive to latent vulnerabilities in the developing brain than behavioral measures of
performance.

4.1 Sustained attention and fMRI: biology and clinical measures
Sustained attention deficits have been associated with syndromal clinical measures such as
schizotypy (Lenzenweger et al., 1991) though the relationship between the brain’s attention
response and clinical measures in vulnerable groups such as SCZ-Off have never been
assessed before. It is therefore notable, that in our study, premorbid clinical function predicts
the attention response in the executive core of the attention system, but not in its more basic
visuo-spatial sub-systems. Specialized frontal sub-regions in the brain’s sustained network
play significant functional and integrative roles in the organization of cognition, behavior,
attention and action (Case, 1992). The dPFC, essential to executive function and working
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memory (Fuster, 1989; Fuster, 1999), and the dorsal ACC, essential for executive processing
and control (Carter et al., 1999) integrate their functions through topographically mapped
efferent and afferent connections to regions of the dorsal striatum including the caudate
nucleus of the basal ganglia (Calzavara et al., 2007; Paus, 2001). These collective
connections, part of the cortico-striatal control “loop” (Haber and Calzavara, 2009) explain
the overlapping role of these regions in a wide range of higher order function including
attention and working memory. Sustained attention and in particular activity in the fronto-
striatal sub-circuit is essential for cognitive control (Coull, 1998; Posner and Rothbart,
1998), and mechanisms of noise filtering, error monitoring and target detection (Sarter et al.,
2001). It is therefore unsurprising that sub-threshold presentations of impaired clinical
function would correlate with the response of these regions. This specificity points to a
potentially critical convergent pathway between emerging clinical symptoms, objectively
quantifiable brain function and vulnerability in adolescence that specifically affects critical
regions within the neuro-circuitry of a domain.

4.2 Activation and performance proficiency
A notable aspect of these results was a significant decrease in BOLD in relationship to
clinical symptoms, without an observable behavioral deficit in either of the SCZ-Off sub-
groups. In general, the literature on how activation relates to performance is characterized by
some inconsistency, particularly with respect to clinical populations. In schizophrenia per se,
hypo-activation of frontal regions during more demanding cognitive tasks such as working
memory had lead to an early hypothesis of “hypo-frontality”, or the failure to engage pre-
frontal cortical resources in the requisite manner. However, at least in the context of
working memory, this picture is considerably more complex when behavioral performance
is controlled. Thus, analyses of fMRI signals under conditions of specific behavioral
equivalence suggests that clinical populations need increased resources to sub-serve the
same level of behavioral performance as controls (Callicott et al., 2000; Jansma et al., 2004;
Manoach, 2003), leading to the notion of inefficient cortical processing in schizophrenia
(Karlsgodt et al., 2007). Such analyses has not been undertaken during sustained attention
tasks, in part because such tasks unfold at a substantially more rapid rate, and because
mechanisms of sustained attention do not involve the more effortful sub-processes of
maintenance and manipulation of memory tokens that characterize verbal working memory
tasks (Tan et al., 2005). However, in healthy subjects investigations of performance
measures during sustained attention on brain activation have also lead to complex results.
Areas that we assessed (including the dorsal prefrontal cortex, the caudate and the midline
frontal structures such as the anterior cingulate) have been shown to be active during rapid
sustained attention tasks, but the relationship of this activity to performance is variable. For
instance, activity in the midline frontal structures is negatively correlated with response
latency, whereas activation in parietal regions is positively correlated with the number of
correct responses (Lawrence et al., 2003). Furthermore, during divided attention tasks with
differences in parametric load (i.e., the number of visual tokens to track in a moving
display), repeated practice served to decrease activation in regions including the dorsal
prefrontal cortex, with no difference in task-related accuracy (Tomasi et al., 2004). In
general, these studies in healthy subjects suggest that the relationship between behavioral
measures and brain activation measured with fMRI is as yet incompletely understood, and
that fMRI-changes are observable in the absence of changes in measured task proficiency. In
the context of clinical or vulnerable populations, experimental paradigms that involve rapid
or automatic processing may help to engage task-relevant regions; selective hypo-activation
(as we observed) may then reflect a latent deficiency in the degree of this engagement, in
turn providing evidence of a more general overall deficit (Uhlhaas and Singer, 2010).
Whereas floor effects may preempt the detection of behavioral differences, the task itself
serves as a window into the brain’s response.
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4.3 Relationship to previous work in vulnerable and prodromal populations
These results provide a specific focus both continuous with, and extending beyond previous
studies. In general, unaffected relatives and/or offspring of schizophrenia patients show an
increased vulnerability to impairments in brain structure and function related to the
subsequent development of clinically assessed symptoms. For example, brain volume
abnormalities in first degree, nonpsychotic relatives of patients are predictive of the
subsequent emergence of prodromal symptoms (Ho, 2007), with the prodromal phase
associated with neurobiological alterations qualitatively similar to those observed in
schizophrenia (Crossley et al., 2009;Fusar-Poli et al., 2007), including cognitive deficits
(Keefe et al., 2006;Wood et al., 2003), reductions in frontal and temporal gray matter
volume (Borgwardt et al., 2007;Meisenzahl et al., 2008;Pantelis et al., 2003), and disordered
front-temporal coupling during demanding executive function tasks (Allen et al., 2010;
Crossley et al., 2009). Such studies have by definition employed subjects in advanced stages
of clinically defined risk for the onset of psychosis, and typically beyond the adolescent
stages of development. We suggest that the present study by virtue of the population
assessed, and the age-range, addressed some of these limitations in the extant literature.

4.4. Limitations and Conclusions
The study of vulnerable groups such as SCZ-Off is challenged by conceptual difficulties.
Among these is the fact that while these subjects are at significantly increased risk for illness
(compared to the general population), a majority of them will not convert to the narrowly
defined phenotype of schizophrenia or more generally, psychiatric illnesses of any kind
(Erlenmeyer-Kimling et al., 1997). This is not surprising given that developmental processes
of plasticity and adaptation in neural network development may confer resilience in some
risk groups (Lewis and Levitt, 2002). In the face of developmental heterogeneity and
environmental conditions that escape experimental control, understanding the relationship
between sub-threshold “clinical” symptoms and measures of brain function and structure can
prove valuable (Diwadkar et al., 2006).

The present study is also constrained by its cross-sectional design, which presents a
significant restriction on the predictive value of these results. Longitudinal studies may help
further clarify the bases of these “bio-psychiatric” relationships between clinical symptoms
and executive processing during attention, as well as providing evidence if this correlation
presents evidence of a clearly differentiable high-risk sub-group of SCZ-Off. Furthermore,
large samples may also permit an assessment of the reliability of these results, as well as the
general role of clinical symptoms, and developmental stages (childhood vs. adolescence) on
the observed data.

How development unfolds or goes awry (Luna, 2009), and how developmental deviations
contribute to the emergence of full disorders such as schizophrenia or bipolar disorder
(Andreasen, 1999; Gogtay et al., 2007) are questions that will be central to clinical
neuroscience in the coming years. The answers in part are likely to lie in understanding the
functions of specific brain circuits associated with behavioral domains such as attention and
working memory that have thus far, served as endo- or intermediate-phenotypes or markers
of disorders (Gottesman and Gould, 2003). Here we present a motivated framework
examining the relationship between clinically assessed function and neuroimaging measures
of brain function in adolescence. The systematic nature in which clinical symptoms were
related to specific circuits of the brain’s attention network indicate that such approaches may
greatly advance the intermediate-phenotype concept in psychiatry and help in unraveling the
relationship between clinical symptoms and brain functions in adolescents vulnerable to
psychiatric disorders.
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Figure 1.
Mean Performance (d’ ± SD) during the continuous performance task is depicted, revealing
equivalent discrimination sensitivity for each of the three groups.
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Figure 2.
Clusters of significance under the main effect of group (HC, SCZ-OffHF, SCZ-OffLF)
depicting significant effects are visualized in each of a) anterior cingulate cortex (sagittal
view), b) bilateral caudate nucleus (axial view) and c) bilateral dorsal prefrontal cortex
(axial view). Clusters are visualized at p<.05 (significance details are detailed in Table 2).
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Figure 3.
Pair wise contrasts under the clusters of significance under the overall main effect (Figure 2)
were employed to assess whether activation in SCZ-OffLF was significantly lower than in
each of the HC and the SCZ-OffHF groups. As seen in each of the a) anterior cingulate, b)
caudate nucleus and c) dorsal prefrontal cortex SCZ-OffLF evinced significantly lower
activity compare to the other groups (see Table 3 for details).
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Figure 4.
In the SCZ-Off group, beta values under the overall main effect (Figure 2) in each of the
frontal regions (anterior cingulate, caudate and dPFC) were submitted to regression analyses
to assess the relationship between GAF score and activation. As seen, in each of the regions
of interest, a dose-response relationship between GAF score and activation was observed
across the entire SCZ-Off group. See text for details regarding significance.
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Table 1

Characteristics of the HC and the SCZ-Off including age (with standard deviation), age range and mean GAF
score (separated for the SCZ-Off sub-groups). SCZ-Off were drawn from 14 unique families. Thirteen of the
ill parents were female.

HC (n = 21) SCZ-Off (n = 18)

Gender (f/m) 8/13 5/13

Mean age (s.d.) 14.6 yrs (2.7) 14.0 yrs (3.1)

Age range (years) 10 – 19 8 – 19

Mean GAF score 86 SCZ-OffHF (n=6) = 88
SCZ-OffLF (n=12) = 70
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