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Abstract
Studies suggest that the affective response is impaired in both schizophrenia and adolescent
offspring of schizophrenia patients. Adolescent offspring of patients are developmentally
vulnerable to impairments in several domains, including affective responding, yet the bases of
these impairments and their relation to neuronal responses within the limbic system are poorly
understood. The amygdala is the central region devoted to the processing of emotional valence and
its sub-nuclei including the baso-lateral and centro-medial are organized in a relative hierarchy of
affective processing. Outputs from the centro-medial nucleus converge on regions involved in the
autonomous regulation of behavior, and outputs from the basolateral nucleus modulate the
response of reward processing regions. Here using fMRI we assessed the intra-amygdala response
to positive, negative, and neutral valenced faces in a group of controls (with no family history of
psychosis) and offspring of schizophrenia parents (n=44 subjects in total). Subjects performed an
affective continuous performance task during which they continually appraised whether the affect
signaled by a face on a given trial was the same or different from the previous trial (regardless of
facial identity). Relative to controls, offspring showed reduced activity in the left centro-medial
nucleus to positively (but not negatively or neutral) valenced faces. These results were
independent of behavioral/cognitive performance (equal across groups) suggesting that an
impaired affective substrate in the intra-amygdala response may lie at the core of deficits of social
behavior that have been documented in this population.
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1. Introduction
The affective bases of psychiatric disorders continue to be a central question in clinical
neuroscience research. Disorders such as schizophrenia, and of mood and anxiety have been
associated with impaired affective appraisal and regulation, and resultant impairments in
social function and interaction . With regards to schizophrenia specifically, retrospective
studies of large scale cohorts have documented widespread impairments in social interaction
and function during (pre-morbid) adolescence . These results indicate the emergence of
social impairments during critical stages of development in the illness. Social interactions in
part rely on intact cortico-limbic function, suggesting that functional alterations particularly
in limbic circuitry may impair the appraisal of social cues, and by consequence social
behavior.

Impairments in social interaction have also been documented in healthy adolescent offspring
of schizophrenia patients. Moreover, estimated incidence rates of schizophrenia-related
psychosis or otherwise unspecified psychosis range in offspring of schizophrenia patients
(SCZ-Off) range from eight to 20 percent . Though the rates of conversion to the narrowly
defined clinical phenotype of schizophrenia may be relatively low, the incidence of Axis I
psychopathology is relatively high in this population . In addition, studies of brain function
and structure suggest that compared to controls with no family history of psychiatric illness,
schizophrenia offspring show widespread deficits . Whereas longitudinal studies that
quantify rates of conversion to schizophrenia are lacking, these cross-sectional data indicate
that SCZ-Off are vulnerable to developmentally mediated deficits of structural and
functional biology which in turn may predispose them to become manifestly ill later in life.

Prospective studies examining the offspring of schizophrenia patients find increased
incidence of anhedonia, social withdrawal, affective flattening, poor global adjustment, and
poor social competence . Additionally, this population shows a high occurrence (20–50
percent) of schizotaxia disorder, characterized by negative symptoms and
neuropsychological dysfunction . Altered limbic system activity may play a crucial role in
the neurobiology of the hypothesized affective and social deficits in this population. In
particular, impaired responses in key limbic structures during affective appraisal may
negatively impact the response to affective facial cues. Finally, given the exquisite
developmental expansion that is needed to subserve the normal development of emotional
appraisal and processing , offspring who are characterized by developmental derailment may
also show altered developmental patterns in their appraisal of stimuli.

The observed affect deficits in SCZ-Off are generally consistent with studies in
schizophrenia itself. The altered appraisal of social stimuli is a recognized impairment
among schizophrenia patients, and while a complete understanding of the neural bases of
these abnormalities is still emerging, studies on emotional face processing in patients
suggest state-independent, diminished amygdala activation compared to controls . However,
the amygdala is not a functionally homogenous structure. Studies have identified
functionally distinguishable sub-regions with separable efferents and afferents to other
regions of the brain . Understanding how the intra-amygdala circuit responds in risk,
vulnerability and disease may greatly enhance the understanding of how the affective
response contributes to behavior and psychiatric illness.
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1.1. The emotional centers of the brain: The intra-amygdala circuit
The amygdala is an essential emotional center of the brain which drives emotional
processing and output, and amygdala dysfunction underlies emotional and conduct
disorders . Functional neuroimaging and PET studies show that both positive and negative
emotions drive amygdala activity , yet how the amygdala influences behavioral responses to
affect is yet not entirely resolved. Work in the basic neuroscience of emotion has revealed
reciprocal influences between the amygdala and other cortical and sub-cortical centers, and
these influences may offer rich models linking amygdala function, social behavior and
psychiatric disorders. Thus, just as cortical areas influence processing within amygdala
nuclei , projections from the amygdala to cortical areas as well as autonomic and reward
centers in the cortex and brainstem may in turn influence behavioral responses to emotional
stimuli or situations.

Specific patterns of sensory information transmission within amygdala subregions suggest a
relative segregation of intra-amygdala function. After information from the sensory cortices
enters the amygdala through the lateral nucleus (located in the baso-lateral area [BA]) ,
adaptive filtering occurs. The lateral nucleus transmits information to the basal and central
nuclei , which further process information via intra- and inter-divisional nuclear projections .
The basolateral nucleus has been most recently associated with the experience of anxiety ,
and extensively projects to ventral regions of the frontal cortex, as well as reward related
regions such as the nucleus accumbens . Further, the central (or centro-medial) nucleus
receives information from all other nuclei, and serves as a key site for signal projections to
the cortex, the brainstem and hypothalamic autonomic centers, and may be a critical site for
signal integration and output affecting behavior . Figure 1 provides a conceptual model of
perceptual information flow from sensory cortices to the amygdala, affective information
flow within key amygdala nuclei, and the translation of affective evaluation/response in the
amygdala to regions involved in autonomous behavioral regulation and response. As the
model implies, the response of key sub-regions within the amygdala such as the basolateral
and centro-medial nuclei to affectively valenced stimuli may be crucial in mediating
behavioral responses. Combining fMRI data with probabilistic maps of the intra-amygdala
nuclei may allow the estimation of, and separation of activity within the intra-amygdala
circuit.

1.2 Cyto-architectonic maps to assess the intra-amygdala circuit
Recent advances in quantitative cytoarchitectonic mapping facilitate the identification of
intra-amygdala activity in vivo by associating brain activation to their cytoarchitectonic
origins using a probabilistic atlas . The details have been extensively documented
elsewhere . In brief these techniques rely on observer-independent characterization of
architectonics in human post-mortem brains followed by an MRI-based probabilistic
quantitation of how these cytoarchitectonic regions are mapped into stereotactic space . The
ensuing cytoarchitectonic probability maps quantify both location and spatial variability of
the respective areas by identifying spatial regions of high convergence against regions of
low convergence across sampled post-mortem brains. Figure 2 (left) shows bilateral
probabilistic distributions of the baso-lateral and centro-medial nuclei in stereotactic space .
The map depicts the considerable spatial variability across samples (see adjacent probability
scale). Corresponding maximum probability maps (right, shown for the left hemisphere) are
derived by assigning each voxel of the reference space to the most likely anatomical area at
the respective position, yielding a continuous, non-overlapping summary based on
individual probabilistic maps . This emerging field of combining cytoarchitectonic maps
with fMRI has resulted in advances in the mapping of the somatosensory system and activity
in Broca’s area (Brodmann areas 44 & 45) and the amygdala , yet the current application is,
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to our knowledge, the first to estimate intra-amygdala activity differences in
developmentally vulnerable populations.

Altered limbic system activity may play a crucial role in the neurobiology of the
hypothesized affective and social deficits in young offspring of schizophrenia patients . In
particular, impaired responses in key limbic structures may result in abnormal signaling to
regions modulating behavior, thereby negatively impacting social interaction. It is plausible
that limbic impairments precede the manifestation of behavioral impairments and therefore
are a leading indicator of behavioral problems that may follow . We used fMRI to
investigate the amygdala response, and the response of individual amygdala nuclei to the
appraisal of affectively valenced faces in a group of adolescent SCZ-Off and controls (HC)
with no family history of psychiatric illness (to the 2nd degree). Given longitudinal and
cross-sectional evidence of progressive deficits in function in SCZ-Off , we also assessed
age-related changes in the amygdala response through adolescence in each of the groups.

2. Methods
2.1 Subjects

Forty four subjects gave informed consent or assent to participate in the fMRI studies. MRI
and behavioral protocols were approved by the Human Investigative Committee (HIC) of
Wayne State University. Subjects received monetary compensation for their participation.
The twenty five controls (HC; age:10–19, mean=14.9 yrs; 8 females) had no family history
of psychiatric illness to the 2nd degree. Nineteen schizophrenia offspring had at least one
parent with schizophrenia (SCZ-Off; age:8–19, mean=14.3 yrs; 7 females). Subjects were
recruited from the greater Detroit area through advertisements and through in patient
services at the University Physicians Center, 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. Diagnoses for parents of offspring were reached using the Structured Clinical
Interview for DSM-IV schizophrenia . All HC and SCZ-Off were clinically evaluated using
the Schedule for Affective Disorders and Schizophrenia-Child Version and the SCID.
Assessments were administered by a trained interviewer (U.R., A.J.). Demographic
information including Full Scale IQ are depicted in Table 1. Four SCZ-Off were diagnosed
with disorders (which were not exclusionary criteria) including Separation Anxiety Disorder
(n=1), Attention Deficit Hyperactivity Disorder hyperactive type (n=1), Attention Deficit
Hyperactivity Disorder NOS (n=1) and Social phobia (n=1).

2.2 Behavioral Task
Subjects performed a continuous affective task. During the task faces expressing varying
emotions were presented (3s/stimulus) in pseudo-random order with a randomly jittered
inter-stimulus interval (3–5 s. in 0.5s increments) . Eighty normatively rated photographs
depicting positive (happy), negative (angry, fearful, sad) and neutral emotions were used.
The subject had to indicate whether the emotion expressed by a face on a given trial was the
same as on the preceding trial (irrespective of identity). The task was designed to ensure that
subjects appraised the attribute of choice (expressed emotion) without forcing a choice of a
verbal label to attach to the expressed emotion. Control stimuli were created by inverting
and pixelating face pictures to provide a baseline to assess the effects of visual stimulation.
A total of 96 trials were used in the paradigm (80 faces and 16 control stimuli). Stimuli were
not repeated. A schematic of the task is presented in Figure 3.
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2.3 Functional MRI
Gradient echo EPI was acquired over an 11.5 minute scan; (TR: 2s, TE: 30 ms, matrix:
64x64, 24 slices, FOV: 240 mm, voxel size 3.8x3.8x4.0 mm) using a full body Bruker
MedSpec 4.0T system. Functional images were preprocessed using SPM5. Raw images
were realigned with the AC-PC orientation. Subsequently images in the series were co-
registered with the first image and correction for susceptibility-by-movement interactions.
Following spatial realignment the images were then normalized to a standard EPI template
(Montreal Neurological Institute). Individual stimulus presentations were modeled as 3 s
box-car events convolved with a canonical hemodynamic reference wave form.

2.3.1 Intra-amygdala analyses—The centro-medial and baso-lateral amygdala nuclei
were identified on the bases of maximum probability maps derived from probabilistic
cytoarchitectonic maps (Fig 2, right). To minimize the influence of smoothing and therefore
maximize the effective spatial resolution of the fMRI data within these small sub-regions ,
BOLD was extracted from unsmoothed normalized images. The resultant data reflect
estimated signal change to the stimuli of interest (positively, neutral and negatively valenced
faces) in those regions of interest.

2.3.2 Activation analyses within SPM—For random field analyses, normalized images
were smoothed with an 8 mm full width at half maximum (FWHM) isotropic Gaussian
kernel. Individual contrasts were employed to examine main effects of valence (Positive,
Neutral, Negative vs. Distorted images). First level contrasts from each subject were
submitted to second level random effects analyses where individual contrasts were used to
identify intra-group activity in HC and SCZ-Off.

3. Results
3.1 Behavioral Results

Discrimination sensitivity was assessed using d’ . An analyses of covariance with group as
the single factor and age and gender as covariates revealed no significant differences in d’
between the groups, F1,40=.38, p>.5, indicating that overall discrimination performance
between HC and SCZ-Off was comparable (HC: mean=2.47, sd=.71; SCZ-Off: mean=2.31,
sd=.69). To assess potential differences in response bias (biased toward responding “same”
or biased toward responding “different”) between groups, average measures of the bias
criterion metric c were compared. Again, no differences were observed, F1,40=.41, p>.5,
with groups showing a slight bias to respond “same” (HC: mean=.42, sd=.29; SCZ-Off:
mean=.49, sd=.38). The analyses of behavioral data demonstrate that the cognitive
component of the appraisal task was comparable, with both HC and SCZ-Off evincing
comparable discrimination sensitivity and responses biases.

3.2 fMRI Results
Average BOLD extracted from unsmoothed images of the baso-lateral and centro-medial
nuclei were analyzed in an omnibus repeated measures analyses of covariance. For the
overall analyses, in addition to the single between groups factor (HC, SCZ-Off), three
repeated measures factors were used: Valence of the appraised face (Positive, Negative,
Neutral), Region of Interest (BL, CM) and hemisphere (left, right). Age and gender were
used as covariates. The omnibus analyses permitted the assessment of significant
interactions involving Group, Valence or Region of Interest that may identify specificity of
differences between groups as a function of either the valence of the appraised face and/or
the region of interest. Two higher order interactions reached significance, specifically Group
x Hemisphere, F1,40=3.91, p<.05, MSe=.12 and Hemi x Valence x Group, F1,40=3.94, p<.
05, MSe=.02. Each of the significant interactions evinced moderate effect sizes (η2=.09
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each). Individual contrasts revealed that the three way interaction resulted from a reduction
in activity in the left CM in SCZ-Off relative to HC for positively valenced faces, t42=1.97,
p<.05. No other effects reached significance. To investigate the influence on the results of
SCZ-Off with co-morbid non-psychotic diagnoses (n=4), data were reanalyzed excluding
these subjects. Resultant analyses revealed marginal changes in the significance of the
individual interactions: Group x Hemisphere, F1,36=4.55, MSe=.12, p<.05, and Hemi x
Affect x Group, F1,36=3.06, MSe=.01, p<.05 (one-tailed), with respective effect sizes of η2=.
11 and η2=. 08. The responses in the left CM across groups and valence for the entire data
set are depicted in Figure 4.

Intra-group analyses of first level contrast maps (Positive > Distorted) revealed significant
bilateral amygdala activation in HC but not SCZ-Off. Figure 5a depicts bilateral significance
peaks (visualized at p<.05) in the amygdala on a coronal section and ventral surface view of
the brain for HC. By comparison (Fig 5b), amygdala activation in SCZ-Off was observed
only in the right hemisphere (consistent with the signal change analyses, Fig 4).

3.2.1 Age-related changes in HC and SCZ-Off—Because developmental derailment
may in part underlie many of the vulnerabilities observed in offspring , we explored the
relationship between age and estimated BOLD in the left CM separately for each valence
(neutral, negative and positive) and group. The relationship between age and BOLD was
modeled using locally weighted polynomial regression (LOESS). Unlike classical methods
which use a priori defined functions to fit the entire range of data, curve fitting in LOESS
involves iterative fitting of polynomials to each individual data point using weighted least
squares. The regression function for the data series is only completed after regression
function values have been computed for each of the data points, and the resultant curve fit
therefore does not possess a single mathematical form (such as linear, quadratic or cubic).
Weighted nearest neighbor kernel functions are employed to weigh the neighbors of the
current data point in the analyses based on distance, with nearest neighbors weighted more
than points further away in the entire data set.

We employed the Epanechnikov kernel function the form of which strikes an optimal
balance between weighting nearest versus distant neighbors of the data point, thereby
minimizing the asymptotic mean integrated square error for the fit . To minimize effects of
differential sampling density of values around different ages, all points in the series were
used in the application of the kernel at each point (maximal “band width”). Figure 6 depicts
LOESS fits to BOLD from the CM nucleus as a function of age for each valence and group.

As seen, LOESS curve fits assessing the relationship between age and the CM response vary
greatly as a function of valence, with the form of the LOESS fits for SCZ-Off markedly
differing from HC for the neutral (b) and positive valence (c), but not negative valence (a).
In SCZ-Off, the CM nucleus appears increasingly hypo-responsive with age for the neutral
and positive faces. These results indicate that more appetitive or rewarding faces, lead to
decreased response of the CM in older SCZ-Off. Thus, complex interactions between age-
mediated responses to valence may underlie observed differences in the intra-amygdala
response between SCZ-Off and HC.

4. Discussion
Using a novel continuous affective appraisal task we assessed behavioral performance and
the response of intra-amygdala regions to faces signaling positive, negative or neutral
valence in adolescent offspring of schizophrenia patients, and controls. Three general results
emerged. First, task performance was comparable between offspring and controls, indicating
that cognitive appraisal was intact. Secondly, offspring showed a significantly reduced
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response to positively valenced faces, specifically in the left centro-medial nucleus of the
amygdala (Figures 4 & 5). Thirdly age-related differences in the response of the CM were
observed in HC and SCZ-Off groups. In general, SCZ-Off evinced age-related decreases in
CM responsivity to more rewarding or appetitive stimuli (Figure 6). The decreased response
may be related to a decrease in the salience of positively valenced stimuli, which may
decrease progressively through adolescence that is as SCZ-Off approach the modal age of
onset of disorders such as schizophrenia.

4.1 Amygdala response and salience
In addition to its role in affective function, the amygdala plays an important role in the
detection of novelty and the assignment of salience to stimuli . Consistent with this idea,
disorders of mood and anxiety which are likely to result in the attachment of disordered
salience to affective stimuli do lead to variations in the amygdala response. For example, in
pediatric mood disorders, studies suggest hypersensitivity of the amygdala , particularly to
negatively valenced faces signaling fear or threat . Similarly the amygdala is hyper-sensitive
in patients with anxiety disorders , and its activity is positively correlated with measures of
state anxiety . In contrast, patients with depression show reduced amygdala sensitivity to
positive faces , with the degree of anhedonia mediating reduced responses . Recent studies
have further established the role of the amygdala in mediating responses to positive stimuli
or outcomes. Under conditions in which attention is to be directed at faces, the amygdala
appears more responsive to positive than negatively valenced faces , and traits such as
optimism which are likely to involved particularly high salience for positively valenced
stimuli or outcomes, are associated with increased amygdala responsivity . The reduced
salience for positive stimuli has recently been documented in schizophrenia. In particular,
greater anhedonia in schizophrenia has been associated with reduced amygdala activity to
positively valenced images , suggesting a basis of our observed results in the schizophrenia
spectrum.

4.2 Amygdala response and behavior
The observed hypo-functionality of the centro-medial nucleus to positively valenced faces
may be particularly relevant, given its role in transmitting amygdala information to other
cortical and sub-cortical structures. In addition to influencing autonomic centers, the centro-
medial nucleus also projects to the Nucleus Basalis of Meynert which modulates attention
particularly to salient stimuli . Reduced activity within the CM nucleus may reflect a graded
response mediated by stimulus salience that subsequently modulates the attentional
response, to or away from the stimulus. While it remains unclear how positive or appetitive
stimuli affect attention, prospective studies of developmentally vulnerable offspring of
schizophrenia patients, have documented an increased incidence of attention dysfunction in
childhood . Thus, reduced salience for positive stimuli may result in reduced responses and
consequently reduced attention to them. Reduced attention to rewarding stimuli may reflect
reduced appetitive characteristics of stimuli to SCZ-Off, and may underlie behavioral
deficits that are seen in this population including social withdrawal and affective flattening .
These in turn echo effects observed in adult schizophrenia patients.

A putative mechanism for centro-medial hypoactivation may also involve the influence of
intercalated nuclei. The intercalated nuclei inhibit centro-medial nuclei via basal nuclear
projections ; these nuclei receive orbitofrontal projections which gate information flow
between the basal and the central nucleus . This pathway may provide a basis for the widely
hypothesized modulatory role of the prefrontal cortex on amygdala activity, with the
maintenance of social cues depending on interactions between the amygdala, obitofrontal
cortex, resulting in an integration of emotion and memory, and socially relevant
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information . Disruption in these interactions may underlie disorders in the mood and
schizophrenia spectrum, and may be latent in vulnerable populations.

Studies on animals have provided more direct links between amygdala impairment (via
lesions) and social behavior. Amygdala lesions impact social behavior differentially
depending on the period in development when the lesion is incurred . For instance, while
lesions in adult monkeys reduce their reaction to environmental stimuli, without affecting
social functioning, in infant monkeys, amygdala lesions impair social behavior including
increased fearful behavior in dyadic social interactions and more uninhibited social
behavior . In humans, the role of the amygdala in interpreting social cues in faces may be
critical in this process. Because the recognition of social cues is an important prerequisite for
appropriate social interaction, reduced amygdala responsivity to positive valence may impair
signal transmission to the brain’s behavioral centers. Thus, hypo- (or hyper-) activity within
the amygdala in response to facial affect may provide a latent and emergent deficit in
emotional processing that could lead to an inability to access affective content, consequently
manifesting as social dysfunction.

The mechanism by which reduced amygdala responses to positively valenced stimuli
translates into impaired social behavior, is plausibly complex. Normal social development is
in part dependent on the ability to successfully process both aversive and appetitive cues in
different modalities and translate such information into contextually appropriate behavioral
responses . At present, the neurobiological bases of various disorders featuring social
impairment remain obscure. However, populations with extreme social deficits such as those
in the autism spectrum evince psychological deficits and limbic system impairment in the
evaluation of affective valence . Schizophrenia offspring are not in the autism spectrum, yet
there is an increased incidence of behavioral impairments in this population. Prospective
studies provide evidence of an increased incidence of conduct and adjustment disorders that
circumstantially imply impairments in underlying limbic system neurocircuitry . The age-
related analyses (Figure 6) provide suggestive evidence that the CM nucleus in older SCZ-
Off is less responsive to positive or appetitive stimuli than in their younger counterparts,
reflecting growing emotional vulnerability within the limbic system as the typical age of
onset of psychiatric disorders approaches. This in turn may suggest increased vulnerability
in this population to stressors that alter normal adolescent neuronal remodeling . Social
dysfunction is also a recognized feature of the prodromal phase of schizophrenia evidenced
by studies in “ultra high risk” populations . fMRI studies of amygdala function in this group
are lacking, though studies suggest that amygdala volumes between ultra high risk subjects
and controls are not different . Juxtaposing these negative volumetric findings against our
offspring study, we suggest that fMRI may be more sensitive than morphometry in assessing
the state of the vulnerable or at-risk “social” brain.

4.3 Conclusions and Limitations
These results are a preliminary extension of emerging techniques (stereotactic mapping)
toward an understanding of intra-amygdala differences in function in a developmentally
vulnerable population (SCZ-Off). As such, the interpretation of the results is constrained by
known limitations in fMRI signal sensitivity , spatial limitations and noise , and the size
(n=19) and nature (cross-sectional) of the SCZ-Off sample. Further, there is no precedent or
context from which to interpret our results; while the literature on the activity of the
amygdala in different psychiatric populations is too vast to summarize, to our knowledge
only a handful of studies have sought to differentiate amygdala sub-units to assess their
functional specificity in vivo and none have applied these methods to the study of clinical or
developmentally vulnerable populations. While the left hemispheric specificity of our results
are generally consistent with morphometric studies documenting reduced volumes of left
amygdala structure in either offspring of schizophrenia patients , or individuals at high risk
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of developing schizophrenia , there is no clear evolutionary bases for a left hemispheric
specificity for processing affective facial expressions . Finally, it will be important in future
studies to closely examine the relationship between intra-amygdala activity and clinical
function in prodromal or early course patient populations, and to study modulatory
interactions between the frontal cortex and amygdala nuclei from the framework of systems
biology . Pending these extensions, our results document limbic system impairments in the
amygdala in adolescent schizophrenia offspring, and provide a plausible framework for
emergent models of limbic system dysfunction as they relate to altered processes of
development and vulnerability.
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Figure 1.
The figure depicts a conceptual model of affective information flow from sensory to cortical
regions via intra-amygdala interactions. As noted in the text, adaptive filtering within the
amygdala pathways results in relative specialization and specific patterns of information
flow. The lateral nucleus (not depicted) transmits information to the basal and central
nuclei , the outputs from which have specific roles related to positively (presumably
rewarding) and negatively (presumably aversive) valenced stimuli. The basolateral nucleus
most recently associated with anxiety , extensively projects to ventral regions of the frontal
cortex, as well as reward related regions such as the nucleus accumbens . The centromedial
nucleus receives information from all other nuclei, serving as a key site for signal
projections to the cortex, the brainstem and hypothalamic autonomic centers.
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Figure 2.
The relationship between quantified spatial probability maps (left) of the centro-medial (top)
and baso-lateral (bottom) and corresponding maximum probability maps is depicted in
single axial and coronal sections. Note that the maximum probability maps are a subset of
the spatial probability maps and reflect maximum spatial probabilities on the accompanying
color bars.
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Figure 3.
The task is schematically depicted. The appropriate responses to the individual stimuli are
labeled for the sake of exposition. fMRI activity to events (faces, small arrow) was assessed
(see text for details) and contrasted between HC and SCZ-Off.
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Figure 4.
BOLD differences in left centro-medial amygdala (maximum probability map depicted in
(a) are shown for positive (b), neutral (c) and negative (d) valenced faces. A progressive
difference in activation is observed between HC and SCZ-Off, with increased positive
valence reflecting a potentially anhedonic response (see Discussion) to positive valence in
SCZ-Off (*, p<.05). Error bars are ± sem.
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Figure 5.
Based on the analyses of signal intensity (Fig 4), intra-group analyses using SPM’s random
fields approach were conducted to assess bi- or uni-lateral amygdala activity in HC and
SCZ-Off. (a) In HC, bilateral peaks in the amygdala response to positively valenced faces
were observed: Right: t42=3.11, kE=46, pFWE<.05, x=30, y=−2, z=−26; Left: t42=2.56,
kE=20, p<.007, x=−30, y=−4, z=−22. (b) By comparison, in SCZ-Off activation was only
observed in the right amygdala, t42=3.71, kE=60, pFWE<.01, x=30, y=−2, z=−26. Inter-
group differences assessed with this approach were not significant.
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Figure 6.
LOESS curve fits relating age with activity in the left CM for each valence and region’s
response in SCZ-Off and HC. Whereas age-related trends to negative valence (a) are
comparable, increasing positive valence results in decreases in the age-related response in
SCZ-Off but not HC (b and c respectively). These results suggest that in older SCZ-Off,
positive stimuli evoke less of a response in the CM and may provide evidence of increased
impairment in the affective response closer to the typical age of onset of most psychiatric
disorders.
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Table 1

Demographic info including FSIQ, age and gender distributions for the HC and SCZ-Off groups.

SCZ-Off (n=19) HC (n=25)

Gender (M/F) 12/7 17/8

Age range (yrs) 8–19 10–19

Mean age (± sd) 14.3 ± 3.1 14.9± 2.8

Mean FSIQ (± sd) 93.8 ± 13.9 93.1 ± 15.9
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