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It is hypothesized that due to an abnormal functioning of the reward system patients with schizophrenia form context-inappropriate
associations. It has been shown that the dopamine target regions, especially the ventral striatum, are critical in the formation of reward
associations. We wanted to examine how the ventral striatum responds as patients learn reward-related associations and how this neural
response is linked to objective and subjective behavioral measures. Functional magnetic resonance imaging (fMRI) Blood oxygen level
dependent (BOLD) responses were examined using aversive Pavlovian learning in |3 medicated patients with schizophrenia and |3
matched healthy controls. Colored circles served as conditioned stimulus (CS +) while a loud, individually adjusted, noise served as the
unconditioned stimulus. Circles of another color served as neutral comparators (CS—). Subjective indices were assessed by a post-scan
self-report, and galvanic skin responses (GSR) were used as objective measures of associative learing. fMRI data were analyzed using a
random effects model in SPM2. Patients showed inappropriately strong activations in the ventral striatum in response to the neutral
stimulus (CS—) as compared to the healthy controls. Consistent with this neural evidence of aberrant learning, patients also showed
evidence of abnormal learning by self-report and as indexed by GSR. The main finding here is that patients with schizophrenia, when
exposed to neutral stimuli in a threatening situation, show an abnormal pattern of leaming. The aberrant activations and response are
consistent with the idea that patients aberrantly assign motivational salience to neutral stimuli, and this process may be one of the

aberrations that predisposes them to psychosis.

INTRODUCTION

It has been proposed that delusions, which are a hallmark of
psychosis in schizophrenia, are the product of abnormally
reinforced/rewarded thoughts and associations. Under
normal circumstances the dopamine neurons fire in a
context-appropriate, event-linked fashion and this facil-
itates the formation of new associations, and strengthens
already learnt associations (King et al, 1984). It is
hypothesized that in schizophrenia the dopamine system
is dysregulated leading to a ‘chaotic’ firing of dopamine
neurons and heightened levels of dopamine release (King
et al, 1984; Shaner, 1999). As a result, event-independent
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and context-inappropriate associations are reinforced
leading to the formation of fixed and false associations
(delusions) (Kapur, 2003; King et al, 1984; Miller, 1984;
Shaner, 1999).

The formation and expression of these associations
involves the ‘brain reward system’, with a central role for
the ventral striatum (nucleus accumbens in animals)—a
region that receives information-carrying inputs from the
prefrontal cortex and amygdala and dopaminergic inputs
from the midbrain. Several recent studies in normal
volunteers have shown a significant role of the ventral
striatum in the learning of associations—both appetitive as
well as aversive (eg Jensen et al, 2007; McClure et al, 2003;
O’Doherty et al, 2003, 2004). These studies show that as
associations are learnt, structures that are initially activated
by unconditioned stimuli, come to respond to neutral
stimuli as a function of their repeated pairings. It has been
suggested that this process may be abnormal in schizo-
phrenia (Kapur, 2003; King et al, 1984; Shaner, 1999), thus
leading to the learning and reinforcement of inappro-
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priate associations. Pharmacological manipulation of the
dopamine system affects the Blood oxygen level dependent
(BOLD) activity that occurs during learning in instrumental
reward learning (Pessiglione et al, 2006) and in aversive
conditioning (Menon et al, in press). Menon et al used
event related functional magnetic resonance imaging (fMRI)
and an aversive conditioning paradigm and showed that
amphetamine increases a learning related signal in striatal
regions to cues signaling aversive events, while haloperidol
eliminates this signal thus suggesting that dopamine
modulates the BOLD responses to aversive stimuli in an
aversive conditioning paradigm. It is interesting in that
regard that the medical treatment of psychosis involves
antipsychotics, drugs which have been shown to block the
dopamine system within the ventral striatum (and nucleus
accumbens in animals) leading to profound molecular and
physiological changes in the brain reward circuits (Arnt and
Skarsfeldt, 1998; Wadenberg et al, 2001).

Despite this emerging body of evidence linking the
ventral striatum to the formation of rewarding associations,
only a few reports have considered this implication for
schizophrenia. A recent study (Juckel et al, 2006b) reported
that unmedicated patients with schizophrenia showed
reduced ventral striatal activation during presentation of
reward-predicting cues. Another study focusing on the
effect generated by the rewarding experience rather than
reward anticipation, showed that patients rated the hedonic
value of the pleasant odors lower than controls and also
failed to activate limbic/paralimbic structures invoked by
normal controls (Crespo-Facorro et al, 2001). Studies using
positive and negative pictures as rewarding stimuli also
showed that patients failed to recruit parts of a reward-
related circuit (ventral striatum, amygdala and the orbito-
frontal cortex), which were recruited in controls (Paradiso
et al, 2003; Taylor et al, 2002, 2005).

While these studies do make a case for some kind of a
reward abnormality in schizophrenia (eg Juckel et al,
2006b), they did not obtain any online objective measures
of reward-learning, which could link the behavior and brain
dysfunction to the disease. Therefore, in this study, we
wanted to investigate whether patient’s with schizophrenia
showed aberrant learning when exposed to motivationally
salient (aversive in this case) stimuli. We wanted to relate
the neural BOLD findings to objective measures of learning
galvanic skin responses (GSR) and subjective reports.
Further, to avoid possible performance differences between
patients and controls we used a simple Pavlovian con-
ditioning paradigm. We hypothesized that patients would
form abnormal associations, either displaying a decreased
activation to the CS + or an increased activation to the CS—
resulting in an abnormal distinction between CS+ and
CS—, and that these neural abnormalities will be associated
with GSR and subjective deficits.

METHODS
Subjects

Eighteen patients with schizophrenia and 18 matched
healthy controls gave written informed consent according
to the guidelines of the Human Subjects Review Committee
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of the University of Toronto and completed the study. In an
initial separate session before the scanning all subjects
underwent interviews concerning their physical and psy-
chiatric health history.

Inclusion criteria for patients were: (i) age 18-65; (ii) have
a DSM-IV diagnosis of schizophrenia or schizoaffective
disorder in the absence of a current major depressive or
manic episode; (iii) accepting of care on a voluntary basis
and capable of consenting to participation in the research
study; (iv) able to undergo fMRI with a duration of
approximately 50 min. Exclusion criteria for patients were:
(i) serious, unstable medical illness or any concomitant
major medical or neurological illness; (ii) acute suicidal
and/or homicidal ideation; (iii) DSM-IV substance depen-
dence (except caffeine and nicotine) within 3 months before
entering the study; (iv) current major depressive episode
or a manic episode; (v) metal implants or cardiac
pacemaker; and (vi) used any illegal psychoactive drugs
in the last two weeks or any painkillers or alcohol in the
last 48h. The criteria for control subjects were similar
except that they never had suffered from any psychiatric
illness. The patients and healthy subjects were matched on
age, gender, education, and general cognitive estimates
(Table 1).

Table I Group Description (Mean+SD)

Patients Controls
N=13 N=13

Age (years)® 376485 365+ 11.8
Gender (no. of females)® 3 4
Education (years)* I55+1.7 16.8+2.6
WAIS information® 212429 220+33
Duration of illness (years) 13.0+89
Clinical global impression 36+13
PANSS positive 14.1+7.1
PANSS negative 158+64
PANSS general 3131105
PANSS total 6144206
Medication

No. | Olanzapine (17.5mg)

No. 2 Olanzapine (15.0mg)

No. 4 Olanzapine (10mg)

No. 6 Risperidone (1.5 mg)

No. 8 Olanzapine (22.5 mg)

Haloperidol (2 mg)

No. 9 Olanzapine (25mg)

No. 10 Risperidone (6.5 mg)

No. |l Quetiapine (200 mg)

No. I3 Olanzapine (10 mg)

No. 14 Olanzapine (20 mg)

No. 16 Chlorpromazine (100 mg)

No. 17 Olanzapine (10mg)

No. 18 Clozapine (100 mg)

Five of the patients were also prescribed a benzodiazepine.
“No significant differences between patients and healthy controls.



Experimental Protocol

fMRI BOLD responses were examined in a classical passive
Pavlovian learning paradigm involving aversive events
randomly mixed with neutral events. The aversive events
consisted of an 800 ms long loud fire-truck horn burst as
unconditioned stimuli (US). The intensity of the US was
individually titrated to where it was reported to be
‘unpleasant but tolerable’. Colored circles, which preceded
the US by 5s, served as conditioned stimuli (CS+) and
predicted the US according to a 50% partial reinforcement
schedule. Circles of another color that served as neutral
comparators (CS—) were followed by a visual star in 50% of
the events. Between trials a fixation cross was displayed for
9s. Forty CS+ and 40 CS— trials were presented during the
18 min of the experimental session.

Apparatus

The subjects used an adjustable mirror located above their
eyes to view the projected CS images on a screen placed at
the foot of the scanner bed. Sound stimuli were delivered
by the Commander XG FMRI Audio system (Resonance
Technology Inc., Northridge, CA). The E-prime software
(Psychology Software Tools, Inc., Pittsburg, PA) controlled
the stimulus presentations. GSR were continuously mon-
itored by PowerLab 2/20 (AD Instruments; Castle Hill,
Australia) via long well-isolated rf-filtered cables through a
wave guide. MRI compatible Ag/AgCl electrodes attached to
the terminal phalanx on the left index and middle finger
respectively were used.

Image Acquisition

MRI scans were acquired by a GE Signa 1.5T scanner
(General Electric, Waukesha, WI) equipped with a standard
head coil. In a single session, 509 volumes (28 contiguous
axial 4.4-mm-thick slices) covering the whole brain were
acquired using a T2*-sensitive spiral in-out sequence
(TR =2240ms; TE=40ms; flip angle 85°; matrix 64 x 64;
FOV 200 x 200 mm). This sequence was chosen since it has
reduced susceptibility dropout in sensitive areas (Glover
and Thomason, 2004) including the ventral striatum. The
first three volumes were discarded to allow for T,
equilibrium effects, and the data from the remaining 506
volumes were used in the analysis. For localization
purposes, IR-Prepped 3D FSPGR T1-weighted anatomical
images (120 contiguous axial 1.1-mm-thick slices) were
acquired (TR=12 ms; TE=5.4ms; flip angle 20°; matrix
256 x 256; FOV 200 x 200 mm).

Data Quality

The images were visually inspected for signal dropout due
to magnetic susceptibility in the region of ventral striatum.
The visual inspection revealed no signal dropout in this
region. fMRI data from five patients and five controls could
not be used: six scans were lost due to unsuccessful
reconstruction or wrongly prescribed scanning parameters;
one subject’s structural scan indicated brain abnormalities
and; three subjects moved more than the allowed 3 mm
during the scan. Of the remaining 13 patients and 13 healthy
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controls, GSR data could not be obtained for three of the
patients and two of the controls due to technical problems.

SPM2 analysis (http://www.fil.ion.ucl.ac.uk/spm)

All volumes were realigned to the first volume (Friston et al,
1995) and the anatomical image was coregistered to the
mean functional image to ensure that they were aligned. The
images were spatially normalized (Friston et al, 1995) to a
standard EPI template (Evans et al, 1993), resampled at
3 X 3 x 3mm and smoothed using a 10 mm full-width half-
maximum (FWHM) isotropic kernel. Data were high-pass
filtered using a cutoff value of 128 s. The data were analyzed
by modeling four event types as stick functions convolved
with a synthetic HRF. The four events consisted of the CS
onsets, modelling the CS + followed by the US and the CS +
not followed by the US separately as well as modelling CS—
followed by a visual star and the CS— not followed by
anything separately. The two regressors consisting of CS
followed by US and a visual star were not used in any
contrasts. For every subject three contrasts were specified:
CS+, CS— and CS+ vs CS—. The individual contrast
images were moved up to second-level random effects
models. The between group random effects models
investigated the effects of CS+, CS— and CS+ vs CS—
respectively. For the healthy controls, we also made a
within-group analysis to establish that the contrast [CS + vs
CS—] yielded activations in the ventral striatum similar
to previous studies (Jensen et al, 2003). The data were
thresholded at FDR<0.05 except for the CS+ wvs CS—
comparisons where small volume correction for regions of
interest (ventral striatum) were used based on coordinates
from a previous study (Jensen et al, 2003). We used spheres
with a radius of 9 mm centered on MNI coordinates —8, 10,
—2 for the left ventral striatum and 12, 6, —4 for the right
ventral striatum.

GSR Recording and Analysis

The GSR was sampled at 10 Hz. To correct for possible MRI
induced artifacts the GSR signal was digitally low-pass
filtered using a cutoff value of 1 Hz. To determine the GSR,
the peak amplitude value within the 10s following the cue
onset was taken and subtracted by the value at the CS onset.
The frequency of values higher than 0.05uS (Boucsein,
1992) was calculated for each of the four trial types modeled
as above. For comparisons, Student’s t-tests for related
samples and repeated measures analysis of variance were
performed.

Self Reports

Using a post-scan questionnaire, the subjects were asked to
rate their degree of uneasiness when the CSs were shown.
This was done on scales with four anchors (relaxed to
extremely uneasy). In comparisons we used rank-order
Wilcoxon test.

Correlations

Pearson or Spearman correlations of BOLD (f values in the
ventral striatum) and symptoms (PANSS positive and
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PANSS negative), and medications were performed depend-
ing on distribution of data. For the medication correlation
we used the dose from the eight subjects that were given
Olanzapine instead of trying to convert all drugs to a
standard drug.

Data Handling

For BOLD FMRI, and GSR data only the non-reinforced
trials for both CS+ and CS— were used in contrasts.

RESULTS

Data from 13 medicated stable patients with schizophrenia
and 13 matched healthy controls were analyzed. Group
descriptions are displayed in Table 1.

Patients showed evidence of abnormal learning by self-
report (Figure 1). The patients could not distinguish
between CS+ vs CS— [0.50 vs 0.25; Z=1.13, p =NS] while
the control subjects reported a clear subjective aversive
response viewing the CS+ as compared to CS— [1.15 vs
0.08; Z=2.40, p<0.01].

GSR, an autonomic measure of the level of arousal, were
continuously recorded during the fMRI session and used as
objective indices of conditioned responses. While both
patients (p <0.05) and healthy controls (p <0.001) displayed
more GSR above threshold to the CS + as compared to CS—,
a group x condition interaction [F(1,19)=10.92; p<0.01]
was obtained suggesting that patients showed less GSR
above threshold to CS+ but more GSR to CS— stimuli
compared to controls (Figure 1). This is in keeping with the
self-reported findings.

In the fMRI BOLD data we wanted to examine differences
in responses to the CS + and CS— between the patients and
the controls. No differences between the groups in
responses to the CS+ were obtained in any region of the
brain after correcting for multiple comparisons. For the
CS—, an activation in the ventral striatum (coordinate 6, 3,
0; Z=4.14; Figure 2) was obtained for the patients with
schizophrenia compared to the controls after correcting for
multiple comparisons (prpr<0.05). Clusters surviving
corrections are reported in Table 2. There were no
activations in the striatum or in any other brain region
that were stronger among controls compared to the patients
for the CS— condition after correction for multiple
comparisons.

A one-sample t-test was performed in the healthy controls
showing an activation in the ventral striatum for the

contrast [CS+ > CS—] at peak coordinate 6, 9, 0 (Z=2.92;
p<0.05). Two-sample f-tests were used to test for
differences in brain activations for the CS+ vs the CS—
between the patients with schizophrenia and the healthy
controls. Searching a small volume centered at previously
reported coordinates (Jensen et al, 2003), an activation in
the ventral striatum (peak at coordinate —6, 12, 3; Z=3.08;

p<0.05) for the healthy controls as compared to the
patients were obtained (Figure 3). An examination of the f§
values (Figure 3) showed that this difference was driven by a
much larger response to the CS— among the patients while
both patients and controls had similar responses to CS+.
To examine the generalizability of the results, we analyzed
the data using a small volume search centered on the co-
ordinates reported by Juckel et al (coordinate —15, 11, —6)
(Juckel et al, 2006b) which again yielded the same findings,
that is significant peak activation at co-ordinate —6, 12, 3.

Figure 2 A statistical parametric map showing the significantly larger
effect in the ventral striatum in patients with schizophrenia compared to
healthy controls for the CS—. The colors refer to t-values. N= |3 in each

group.

Table 2 Activated Regions in Response to CS—; Patients >
Controls

Region Co-ordinate (No. voxels) Z-value
Right ventral striatum 63,0 78 4.14
Middle cingulate cortex —6, —36, 39 521 451
Right thalamus 12, =30, 3 458 4.42
Right prefrontal cortex 36, 45, =3 67 4.71
Right Hippocampus I5, =21, —15 66 379

Corrected for multiple comparisons FDR < 0.05.
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above threshold (ie >0.05 uS) for the conditions. The error bars refer to SE.
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Figure 3 The left panel shows the f values for the conditions in the left ventral striatum (at coordinates (—6, 12, 3) where the error bars refer to SE. The
right panel is a statistical parametric map in the ventral striatum (Y = 12) for the contrast (CS+ >CS—) in healthy controls compared to patients with
schizophrenia. The figure suggests that the patients have a response above the mean to the C5— while healthy controls are under the mean. In this voxel the

response to CS+ is similar in the groups. The colors refer to t-values.

No significant correlations between symptoms (PANSS
positive, N=13; r=0.18; p=NS, or PANSS negative,
N=13; r=-0.37; p=NS) or medication dose (N=3§;
p=—0.17; p=NS) and BOLD responses for CS+ were
obtained among the patients. Neither were there any
associations between symptoms (PANSS positive, N=13;
r=0.10; p=NS, or PANSS negative, N=13; r=—0.13;
p=NS) or medication dose (N=8; p=—0.10; p=NS) and
BOLD responses for CS—. Exploratory correlation analyses
were done to investigate if there were any associations
between self reported uneasiness to CS—, GSR to the CS—,
and BOLD responses to the CS— in the ventral striatum
among the patients. No significant associations were
obtained.

DISCUSSION

The main finding here is that patients with schizophrenia,
when exposed to neutral stimuli in a threatening situation,
show an abnormal pattern of learning. Their ability to
distinguish (subjectively as measured with self report and at
a physiological level as measured with GSR) between neutral
stimuli (CS—) and stimuli truly linked to danger or aversive
outcomes (CS+) is impaired. Further, neutral stimuli
come to be associated with significant conditioned brain
activations among the patients—an abnormality that was
accompanied with abnormal physiological (GSR) and
explicit learning (by self-report).

The ventral striatum plays a central role in reward
processing and it has been suggested that activations of the
ventral striatum normally mediate the incentive or motiva-
tional salience of environmental stimuli (Jensen et al, 2003,
2007; Zink et al, 2003, 2004, 2006). The stronger responses
to the neutral stimulus among patients may reflect an
aberrant attribution of motivational salience to neutral
stimuli (Kapur, 2003). As a result, stimuli that are neutral
and innocuous among healthy controls may gain a status as
motivationally salient among patients with schizophrenia.
In line with this finding, a recent study using a word
classification paradigm showed that deluded patients with
schizophrenia displayed a bias towards classifying words as
unpleasant, a misattribution of salience, compared to non-
deluded patients and healthy controls (Holt et al, 2006b). It
has been proposed that positive symptoms (such as
delusions and hallucinations) are the product of abnormally

reinforced thoughts and associations, and the current study
could serve as a model of how context-inappropriate
associations are reinforced (Kapur, 2003; King et al, 1984;
Miller, 1984; Shaner, 1999).

However, a number of caveats should be added to such a
proposal—First, ours is a cross-sectional study in patients
who had pre-existing delusions and thus we are unable to
resolve the causal contribution of these aberrant associa-
tions. Second, we did not find a reliable association between
the psychotic symptoms and aberrant activations, though
this may have been limited by the small sample size and the
fact that the antipsychotics had muted the psychosis. Also,
the presence of the antipsychotic medication introduces a
possible confound that the aberrant pattern seen may be a
product of the dopamine block introduced by antipsycho-
tics. Recently it was shown that patients treated with
atypical antipsychotics activated the ventral striatum
whereas patients on typical antipsychotics failed to recruit
this region during a monetary incentive task (Juckel et al,
2006a). It should be noted that 11 out of 13 patients in the
current study were treated with atypical medication and one
patient was prescribed both types suggesting that the
formation of abnormal associations might be due to the
disease rather than medication. However, to address
this question a study using drug-naive patients must be
performed.

The study adds to a growing body of literature relating to
reward abnormalities in schizophrenia, although the pre-
vious literature does not tell a simple story. Using differing
paradigms, some studies find reduced reward learning in
conditioning experiments in patients with schizophrenia
(Hofer et al, 2001; Kosmidis et al, 1999; Lynn, 1963), others
describe enhanced reward learning in schizophrenia (Sears
et al, 2000; Spain, 1966), and yet others find no differences
between patients and controls (Howe, 1958). Latent inhibi-
tion (LI), a model of reward learning that requires subjects
to ignore irrelevant stimuli and where learning can be
measured objectively using GSR has been used to provide a
more objective index of reward learning. Acute unmedi-
cated patients show a disruption of LI (ie evidence for
aberrant reward learning) whereas chronic and medicated
patients show normal LI (Gray et al, 1997; Vaitl et al, 2002).
Most earlier imaging studies on reward in schizophrenia
have focused on the affect generated by the rewarding
experience rather than reward learning. Patients have been
reported to rate the hedonic value of pleasant odors lower
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than controls and fail to activate limbic/paralimbic struc-
tures invoked by normal controls (Crespo-Facorro et al,
2001). Studies using positive and negative pictures as
rewarding stimuli (Paradiso et al, 2003; Taylor et al, 2002,
2005) also showed that patients failed to recruit parts of
reward related circuits. These earlier imaging studies on
reward in schizophrenia have focused on the failure to
activate structures during reward per se whereas the current
study suggest an aberrant activation pattern towards cues
predicting neutral stimuli in a reward learning paradigm. In
line with the current findings, an elevated activity in
hippocampus and amygdala has been shown in schizo-
phrenia during passive viewing of human faces, displaying
both neutral and negative emotions (Holt et al, 2006a).

While there are few previous studies that have examined
the formation of reward associations using functional
neuroimaging, the study that comes closest in its methods
and design is by Juckel and collaborators (Juckel et al,
2006b), who found a negative correlation between the
severity of negative symptoms and activation of the ventral
striatum. In the current study no significant correlations
were obtained between activations in the ventral striatum
and psychopathological symptoms. A reason for this might
be that the patients in the current study were less
symptomatic compared to the sample in the study of Juckel
et al. A direct comparison with the study by Juckel and
collaborators is difficult since they did not report any
behavioral data or fMRI [ values for the different
conditions. Also, there are two major differences between
the studies: (1) Juckel et al used a monetary paradigm while
the current study used primary aversive stimulations and;
(2) they used drug-free patients while the patients in the
current study all were stable on medications and displayed
less psychopathological symptoms. Nonetheless, Juckel et al
(2006b) also showed that patients with schizophrenia
displayed reduced ventral striatal activation when exposed
to reward predicting vs relative neutral cues, a finding that
is consistent with our observation that the aberrant
distinction between CS+ and CS— may be driven by
abnormal activations in the ventral striatum in response
to CS—.

In summary, among patients with schizophrenia neutral
stimuli come to be associated with significant conditioned
brain activations—an abnormal formation of associations.
This neural abnormality was accompanied with changes in
physiological measures and subjective reports which
support the idea of aberrant conditioning. Future studies
should examine whether such abnormalities precede the
onset of psychosis and how treatment modifies them.
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