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ABSTRACT 

 

 

The difference in brain activation related to the directionality of affective 

reversal association between patients with schizophrenia and healthy 

controls 

 

Il Ho Park 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Jae-Jin Kim) 

 

The dopaminergic mesolimbic pathway, a classical neural system involved in 

the pathophysiology of schizophrenia, has been implicated as a core neural 

system for processing motivationally salient information that is either rewarding 

or aversive. Affective bias in reversal learning, where reattributing appropriate 

rewarding values is difficult whereas false aversive values is easy, may underlie 

clinical manifestations of schizophrenia, such as paranoid delusions and 

avolition. The present study investigated the affective bias in reversal learning 

and its underlying neural process in the cortico-striato-limbic network in 

patients with schizophrenia. Fifteen healthy participants and 14 outpatients with 

schizophrenia underwent an event-related functional magnetic resonance 

imaging scanning while performing a monetary incentive contingency reversal 

task. Patients had higher physical and social anhedonia scale score than healthy 

controls. Both groups showed greater accuracy when reversing from 

punishment-to-reward contingency than vice versa without group differences. 

While healthy controls showed unidirectional acceleration in reaction time 

when reversing from punishment-to-reward contingency, patients showed 

significantly diminished punishment-to-reward reversal acceleration. In healthy 

controls, the anterior cingulate cortex was significantly activated and the 
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amygdala, putamen, and the lateral orbitofrontal cortex activations were also 

identified during reversal response. In patients with schizophrenia only reversal 

response-related lateral orbitofrontal cortex activations were identified. 

Unidirectional punishment-to-reward reversal activations were observed in the 

lateral orbitofrontal cortex in both groups and in the anterior cingulate gyrus in 

healthy controls only. Physical anhedonia score correlated with reversal 

response-related anterior cingulate activity changes in healthy controls, whereas 

physical and social anhednoia scale scores and PANSS negative symptom 

scores correlated with the lateral orbitofrontal cortex in the patients. These 

finding suggest that deficiency in anticipation and engagement in reversing 

instrumental behavior to obtain reward reflected in the blunted anterior 

cingulate and compensatory lateral orbitofrontal activity may underlie the 

neural pathophysiology of anhedonia/avolition in schizophrenia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------- 

Key words: contingency reversal; anterior cingulate; orbitofrontal cortex; 

negative symptom; anhedonia 



- 3 - 

 
 

The difference in brain activation related to the directionality of affective 

reversal association between patients with schizophrenia and healthy 

controls 

 

Il Ho Park 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Jae-Jin Kim) 
 

 

 

I. INTRODUCTION 

 

 Schizophrenia is a complex disorder exhibiting both positive symptoms, such 

as delusions and hallucinations and negative symptoms, such as avolition, 

anhedonia, and social withdrawal. Fundamental disturbance in emotional 

learning involving dopamine modulation may underlie these seemingly 

contrasting core manifestations.
1
 The dopaminergic mesolimbic pathway, a 

classical neural system involved in the pathophysiology of schizophrenia, has 

been implicated as a core neural system for processing motivationally salient 

information that is either rewarding or aversive.
2,3

 The process of assigning 

emotional salience to surrounding stimuli guides approach or withdrawal 

behaviors that are vital to an individual’s adaptation to his/her environment. It 

has been proposed that patients with schizophrenia may develop delusion in a 

cognitive attempt to make sense of one’s “psychotic” experience in which 

salience is abnormally assigned and may experience the internal representations 

of aberrant salience as hallucinations. Failure to attribute rewarding salience 

may lead to anhedonia and amotivation in patients with schizophrenia.
4
 One 

remarkable clinical aspect of emotional learning in schizophrenia is an affective 
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bias in reversal learning where reattributing appropriate rewarding values is 

difficult and false aversive values easy. Patients with schizophrenia may 

consider a person as threatening and persistently consider him/her to be 

persecutory despite displays of goodwill but easily perceive trivial irrelevant 

responses by that person as a threat. In patients with negative symptoms, 

motivational values are rarely attained despite pleasurable experience of an 

activity. 

Prior studies have consistently associated reversal learning to the orbitofrontal 

cortex or ventral prefrontal cortex. Damage to the orbitofrontal cortex, 

exemplified by the case of Phineas Gage, result in dysfunction in affective 

regulation and social behavior that has been associated with alterations in 

flexible stimulus-reward learning and has been demonstrated to show 

impairment in performance of reversal learning tasks.
5,6

 Due to its advantage in 

spatial and temporal resolution, functional magnetic resonance imaging (fMRI) 

has been extensively used to distinguish the roles of subregions in the 

orbitofrontal cortex and the subcortical structures, and to examine the process 

involved in reversal learning. Functional imaging studies have reported the 

distinct roles of the medial and lateral orbitofrontal cortex, and the involvement 

of subcortical structures including the striatum and amygdala, and co-activation 

of the anterior cingulate in reversal learning.
7-12

 The medial and lateral 

orbitofrontal activations has been observed during gaining and losing outcomes 

of a monetary reversal learning task respectively suggesting their roles in 

reward acquisition and punishing feedback that inhibits prior response during 

reversal.
9
 In a study using a probabilistic reversal learning task, the activation in 

the ventral prefrontal-striatal circuit was observed during feedbacks preceding 

reversal that was not observed during non-reversal negative feedbacks.
10

 In 

another monetary reversal learning fMRI study, the orbitofrontal cortex 

activities were associated with feedback processing whereas the ventral striatum 

and ventrolateral prefrontal cortex were specifically associated with reward and 
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punishment respectively.
11

 Reversals in fear-conditioning have been shown to 

activate the striatum and amygdala with striatal activation associated with 

prediction errors and amygdala activation associated with predicting or 

retaining the association of aversive outcomes.
12

 When confounding negative 

reinforcers from the monetary reversal learning task were excluded from the 

reversal event, the anterior cingulate was reported to co-activated with the 

orbitofrontal cortex suggesting the role of the anterior cingulate- orbitofrontal 

circuit in general reversal learning.
7
 

The impairment of emotional learning in schizophrenia has been reported in 

studies using gambling tasks.
13-15

 Recent imaging studies suggest that this 

impairment in emotional learning is associated with functional and structural 

abnormality of the ventral striatum and amygdale in schizophrenia. In these 

studies, the ventral striatum showed impaired neural responses to salient stimuli 

and inappropriate activations in response to a neutral stimulus and decreased 

size of the amygdala was associated with impaired emotional learning in 

patients with schizophrenia.
16-18

 Neuropsychological studies using a simple 

reversal learning task and probabilistic reversal learning task have reported a 

reversal learning deficit in patient with schizophrenia indicating a dysfunction 

in the orbitofrontal cortex.
13,19,20

 These findings suggest that dysfunction in the 

corticolimbic circuit comprised of the orbitofrontal cortex, ventral striatum and 

amygdala may be associated with impaired reversal learning in schizophrenia. 

However, whether reversal learning deficit in schizophrenia involve a reversal 

deficit independent from abnormalities in acquisition of contingency has not 

been elucidated. In addition, reports of attentional bias to negative affect and 

deficit in negativity bias, a normal tendency to make negative assessments 

during simultaneous processing of opposing emotional valence, suggest that 

patients with schizophrenia may have an affective bias in reversal learning.
21-23

 

The present study investigated the affective bias in reversal learning and its 

underlying neural process in the cortico-striato-limbic network in patients with 
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schizophrenia. In order examine affective reversal and to match learning 

performance between healthy controls and patients, we employed a simplified 

monetary incentive reversal association paradigm with contingency reversals 

without probabilistic error trials. The reaction time change during the reversal 

learning of reward-to-punishment (RtoP) and punishment-to-reward (PtoR) 

contingency reversals were compared to examine the implicit inclination in 

affective reversal association. The pattern of neural activities during 

contingency reversal feedback and reversal response in the orbitofrontal cortex, 

anterior cingulate gyrus, amygdala, and the striatum according to the direction 

of affective reversal association were compared between healthy controls and 

patients with schizophrenia. Patients with schizophrenia were hypothesized to 

show a greater inclination for RtoP reversal and lesser inclination for PtoR 

reversal that would be reflected in a distinct pattern of deficient top-down 

regulation by the prefrontal cortex and a bias in bottom-up salience processing 

in the subcortical limbic regions. 

 

 

 

II. MATERIALS AND METHODS 

 

1. Participants 

 Eighteen healthy individuals and 16 outpatients with schizophrenia at Myongji 

Hospital who gave written informed consent to the protocols approved by the 

Institutional Review Board of Myongji Hospital and Severance Hospital 

participated in this study. All patients met the DSM-IV-TR criteria
24

 for 

schizophrenia without other comorbid psychiatric disorders. Healthy 

participants with past or present psychiatric illness and any participants with 

past or present medical or neurological illness, mental retardation according to 

the Raven’s Progressive Matrices,
25

 or left-handedness or ambidexterity 
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according to the Annett Handedness Scale
26

 were excluded. Trait anhedonia was 

measured using the Physical and Social Anhedonia Scale
27

 and the emotional 

state was measured using the Positive and Negative Affect Scale (PANAS).
28

 

Symptom severity in the patients were assessed using the Positive and Negative 

Syndrome Scale (PANSS).
29

 

Data from 3 healthy individuals and 2 patients were either missing, had 

extensive signal loss, had errors due to problems in task presentation, or was an 

extreme outlier in performance suggesting inattention during task performance. 

Data from the remaining 15 healthy individuals (6 males; mean age, 23.9 ± 3.3 

years; mean years of education, 14.2 ± 1.4) and 14 patients with schizophrenia 

(6 males; mean age, 27.4 ± 7.9; mean years of education, 27.4 ± 7.9) were 

analyzed. Both groups were matched for age, gender and years of education 

(age, χ2 = 0.02, P = 0.88; gender, t = -1.55, P = 0.14; years of education, t = 

1.35, P = 0.19). Healthy controls had significantly higher intelligence scores 

measured by the Raven’s Progressive Matrices (t = 3.67, P = 0.001). Patients 

had significantly greater Physical and Social Anhedonia Scale scores and 

Negative Affect scores, and lower Positive affect scores (physical anhedonia, t  

= -6.21, P < 0.001; social anhedonia, t = -3.03, P = 0.01; negative affect, t = 

-2.45, P = 0.02; positive affect, t = 3.09, P = 0.005). Patients were ill for less 

than a year to 14 years (mean = 5.0 years, SD = 4.0) and had taken 

antipsychotics for 3 month to 9.2 years (mean = 3.2 years, SD = 2.4). Negative 

symptoms were more dominant in patients with schizophrenia with a mean 

PANSS positive score of 14.1 (SD = 4.1) and negative score of 17.6 (SD = 4.8) 

(Table 1). Five patients were on a single serotonin-dopamine receptor antagonist 

(SDA) (1 on clozapine; 1 on quetiapine; 2 on paliperidol; 1 on risperidone),  

five patients on a single partial D2 receptor agonist (aripiprazole), two patients 

on a dopamine receptor antagonist (DRA) and SDAs (1 on haloperidol and 

quetiapine; 1 on amisulpiride and ziprasidone), one patient on multiple SDAs 

(quetiapine, paliperidol, ziprasidone), and one patient on a DRA, a partial D2 
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receptor agonist, and a SDA (haloperidol, aripiprazole, paliperidol). 

 

 

Table 1. Demographic and clinical characteristics 

  Control 

(n = 15) 

Schizophrenia 

(n = 14) 

χ2/t P 

Gender     Male 6 6 0.02 0.88 

           Female 9 8   

Age 23.9 ± 3.3 27.4 ± 7.9 -1.55 0.14 

Years of education 14.2 ± 1.4 13.4 ± 1.7 1.35 0.19 

Intelligence in RPM score* 55.2 ± 4.5 46.7 ± 7.6 3.67 0.001 

Anhedonia  Physical* 7.5 ± 3.7 25.7 ± 10.4 -6.21 < 0.001 

           Social* 8.0 ± 2.5 13.5 ± 6.4 -3.03 0.01 

PANAS    Positive affect* 19.8 ± 7.8 10.2 ± 8.8 3.09 0.005 

           Negative affect* 5.1 ± 4.9 9.9 ± 5.6 -2.45 0.02 

Duration of illness (years)  5.0 ± 4.0 (0-14)   

Total duration of antipsychotic 

medication (years) 

 3.2 ± 2.4 (0.3-9.2)   

PANSS     Positive symptom  14.1 ± 4.1   

           Negative symptom  17.6 ± 4.8   

           General symptom  31.8 ± 6.9   

RPM, Raven's Progressive Matrices 

* Significant difference between groups (P < 0.05) 

 

 

2. Monetary incentive contingency reversal task (MICRT) 

During MRI scanning, healthy controls and patients with schizophrenia 

performed a task in which players decided to bet a 100 won or pass without 

betting to a cue that reversed its contingency from or to reward (gain) or 

punishment (loss) after a pseudo-randomly repeated number of trials. The cue 

for betting was presented for 1000 ms in which the player had to decide whether 

to bet or not by pressing a right or left button. If the contingency of the cue was 



- 9 - 

reward then betting would result in gaining a 100 won. If the contingency of the 

cue was punishment then betting would result in losing a 100 won. Not betting 

by passing would result in neither gains nor losses, but not responding within 1 

s resulted in a 100 won loss. Feedbacks of the response results along with the 

correct contingency were presented immediately after the cue presentation for 

1000 ms. After each trials a cross hair was presented for 500-4250 ms, jittered 

in order to obtain optimal hemodynamic response curves in the analysis of rapid 

presentation event-related fMRI design
30-32

 using optseq2  

(http://surfer.nmr.mgh.harvard.edu/optseq/). The contingency of the cue was 

reversed after 6-10 trials of either reward-to-punishment (RtoP) or 

punishment-to-reward (PtoR) with a total of 36 reversals (Figure 1). The 

number of reward and punishment contingency trials maintained before reversal, 

and RtoP and PtoR reversals were counter-balanced. Thirty neutral oddball 

trials were pseudo-randomly placed 3 continuous betting trials after and before 

reversal contingency in order to keep the players attentive. The neutral oddball 

trial in which the player pressed the right or left button according to the 

direction of a cue triangle within 1000 ms of its presentation and received a 

1000 ms feedback showing whether his/her response was correct without any 

gains or losses. 

The participants were instructed to win as much money as possible and to 

respond as quickly as possible. In order to match correct response rates between 

the two groups, participants were told that the contingency was maintained for a 

number of trials then reversed and that they should not try to predict when the 

contingency was reversed. All participants were told that they would be paid for 

the amount they won during the task and later given a predetermined amount of 

money for transportation expenses. The task was conducted in three runs and 

the assignment of left and right button to betting and passing was 

counter-balanced across participants. A practice session of the task was 

conducted before MRI scanning. 
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Figure 1. Participants performed consecutive trials of the Monetary Incentive Contingency 

Reversal Task (MICRT). Trials consisted of rewarding and punishing contingency conditions 

which repeated and reversed after a pseudo-randomly determined number of trials. Schematic 

description of the MICRT (A), and the contingency maintenance phases and the reversals of the 

trial sequence (B) are shown above. A. Participants had to decide and respond whether to bet a 

100 won or to pass without betting when a square cue was presented for 1000 ms. Then a 

feedback on the result of the participant’s response and the contingency of that trial was shown 

for 1000 ms; During the reward contingency phase, betting resulted in a gain of a 100 won, 

whereas during the punishment contingency phase, betting resulted in a loss of a 100 won. 

Passing during both reward and punishment contingency phase resulted in neither a gain nor loss. 

When participants did not respond, a 100 won was lost. B. During the contingency maintenance 

phase, the reward or punishment contingency was maintained for 6-10 consecutive trials followed 

by reward-to-punishment (RtoP) or punishment-to-reward (PtoR) reversals. Neutral oddball trials 

(N) were pseudo-randomly placed between trials to keep the participants attentive. The last two 

pre-reversal contingency maintenance trials, the contingency reversal trial and the first two 

reversal response trials were used for analyses. 
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3. Imaging data acquisition 

Functional and structural MRI were performed using a 3T Philips Intera 

Achieva scanner (Philips Medical Systems, Best, The Netherlands). The 

functional images were acquired using a T2*-weighted gradient echo 

echo-planar imaging (FEEPI) sequence (39 slices of 3mm thickness and no gaps, 

repetition time [TR] = 2500 ms, echo time [TE] = 30 ms, flip angle [FA] = 90°, 

image matrix = 128 x 128, field of view [FOV] = 220mm) with an in-plane 

resolution of 1.719 mm x 1.719 mm. In order to minimize signal loss in the 

orbitofrontal cortex, imaging slices were obtained at tilted angle of 30° from 

the anterior commissure-posterior commissure line
33,34

. Because of the short TR, 

high spacial resolution was maintained by limiting the range of imaging 

acquisition below the superior parietal area which was not included in the 

regions of interest. Structural images with a resolution of 0.859 mm x 0.859 mm 

x 1.2 mm were acquired using a 3D T1-weighted gradient echo (T1TFE) 

sequence (170 slices, TR = 9.692 ms, TE = 4.59 ms, image matrix = 256 x 256).  

 

 

4. fMRI data analysis 

Functional MRI data were analyzed using SPM8 

(http://www.fil.ion.ucl.ac.uk/spm/software/spm8/). The first five volumes of 

each functional time series were discarded to remove non-steady-state effect 

caused by T1 saturation. All image volumes were adjusted for slice timing 

differences, realigned to the mean volume for motion correction, coregistered to 

the mean image of each individual’s T1 images, spatially normalized to the 

standard Montreal Neurological Institute (MNI) template and then smoothed 

with a 8-mm full-width-at-half-maximum Gaussian kernel. 

 On the 1
st
-level analysis, two pre-reversal contingency conditions (reward and 

punishment), a contingency reversal condition and two reversal response 

conditions (punishment and reward) were designed and modeled separately as 

http://www.fil.ion.ucl.ac.uk/spm
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explanatory variable convolved with the canonical hemodynamic response 

function. The pre-reversal contingency conditions consisted of two trials before 

contingency reversal representing contingency maintenance and the reversal 

response conditions consisted of two trials following contingency reversal 

representing the initial reversal responses. Individual realignment parameters 

were entered as regressors to control for movement-related variance. 

Contingency reversal and reversal response contrast maps were generated by 

subtracting the pre-reversal contingency conditions from the contingency 

reversal conditions and reversal response condition respectively. These contrast 

maps were combined for a 2
nd

-level random effect analysis. Separate one 

sample t-tests were conducted for the control group and the patient group to 

identify the apriori hypothesized regions of interest and to explore differences 

in the pattern of regional activations. A mask containing regions of interest in 

the inferior orbitofrontal cortex, putamen, anterior cingulate cortex and the 

amygdala defined by the Automated Anatomical Labeling (AAL) map based on 

the MNI average brain
35

 and the ventral striatum defined as a sphere with 

10-mm radius around the center (x = ±11, y = 11, z = -2) based on a prior 

study by Knutson et al.
36

 were generated using the PickAtlas SPM tool.
37

 

Images were initially thresholded at a cluster-size of more than 10 voxels with a 

peak-level uncorrected P < 0.001 and the regions of interest mask was applied 

to correct for multiple testing using the familywise error rate (FWE) method at a 

significance level of P < 0.05. 

The percent blood-oxygen-level-dependent (BOLD) signal changes related to 

pre-reversal contingency and reversal response during RtoP and PtoR reversals 

were obtained using MarsBaR version 0.41 (http://marsbar.sourceForge.net/) in 

the clusters identified by the ROI analyses. Post-hoc comparison of the patterns 

of activity changes during RtoP and PtoR reversal responses and contingency 

maintenance between the two groups were conducted by paired t-tests with a 

Bonferroni-corrected significance level of P < 0.025. Correlation analyses were 

http://marsbar.sourceforge.net/
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performed to examine the relationship between neural activity changes related 

contingency reversal and maintenance and physical and social anhedonia scores 

and PANSS negative symptom scores across healthy controls and patients with 

schizophrenia at a significance level of P < 0.05. 

 

 

5. Behavioral data analysis 

Correct RtoP or PtoR reversal was defined as correctly responding according 

to the prior contingency in the last trial before and during the contingency 

reversal and correctly responding according to the reversed contingency in two 

consecutive trials immediately after contingency reversal. Average reaction 

times of the correct reversals during the last two trials before reversing 

responses representing pre-reversal response during contingency maintenance, 

and the two trials following contingency reversal representing reversal response 

were calculated. In order to compare the change in reaction times between RtoP 

and PtoR reversals, difference in baseline reaction times between reward and 

punishment contingency was controlled by dividing the difference in reaction 

time between the pre-reversal and reversal response trials by the reaction time 

during pre-reversal response trials. 

The percent correct responses between the two groups and between RtoP and 

PtoR reversals were compared using independent sample t-test and paired t-test 

at a Bonferroni-corrected significance level of P < 0.025. Between group and 

within group comparison of the reaction times and the adjusted reaction time 

changes were conducted using Multivariate Analysis of Variance (MANOVA) 

and repeated measures MANOVA at a significance level of P < 0.05 

 

 

 

III. RESULTS 
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1. Behavioral results 

The healthy control group and the patients group did not show significant 

difference in the percent correct responses during both gain and loss 

contingency trials of the gambling task (Gain: control 98.9%, SD = 1.6, 

schizophrenia 97.2%, SD = 3.7, t = 1.63, P = 0.12; Loss: control 97.7%, SD = 

2.5, schizophrenia 95.9%, SD = 5.2, t = 1.19, P = 0.25). In addition, both group 

showed no significant difference in the percent correct responses during the 

neutral oddball trials (control 88.2%, SD = 8.0, schizophrenia 78.1%, SD = 17.6, 

t = 1.98, P = 0.06) suggesting that attention during task performance was not 

different between the two groups. 

Both healthy controls and patients with schizophrenia showed significantly 

greater correct responses during loss-to-gain than gain-to-loss contingency 

reversals (control, gain-to-loss mean = 88.4%, SD = 3.1, loss-to-gain mean = 

92.9%, SD = 1.3, t = 6.21, P < 0.001; patient, gain-to-loss mean = 84.9%, SD = 

8.4, loss-to-gain mean = 92.3%, SD = 6.5, t = 4.61, P < 0.001). However, no 

significant differences in the percent correct responses of gain-to-loss or 

loss-to-gain contingency reversals were found between the two groups 

(gain-to-loss, t = 1.53, P = 0.14; loss-to-gain, t = 1.05, P = 0.31) (Figure 2) 

Reaction times before contingency reversals and during reversal responses were 

not significantly different between the two groups (Table 2). However, the 

proportional decreases in reaction time during loss-to-gain reversals were 

significantly greater than gain-to-loss reversals only in the control group (F = 

7.52, P = 0.01; t = 2.97, P = 0.01). In addition, the proportional decrease in 

reaction time during loss-to-gain reversals were significantly smaller in the 

patients than the healthy controls (F = 19.08, P = 0.005; t = 3.05, P = 0.005) 

(Figure 3). 

In the healthy controls, the higher social anhedonia scores significantly 

correlated with slower reaction times of reversal responses during both 
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directions (gain-to-loss, r = 0.58, P = 0.02; loss-to-gain, r = 0.59, P = 0.02) and 

smaller proportional decrease in reaction times during loss-to-gain reversals ( r 

= 0.55, P = 0.03) 

 

 

 

Figure 2. The percent correct responses of the Reward-to-Punishment (RtoP) and 

Punishment-to-Reward (PtoR) contingency reversals in healthy controls (n = 15) and patients 

with schizophrenia (n = 14). Both healthy controls and patients with schizophrenia showed 

significantly greater percent correct response of the RtoP than the PtoR contingency reversals. No 

statistical differences between groups in the percent correct responses of the RtoP and the PtoR 

reversals were observed. *Significant difference at P < 0.025. 

 

 

Table 2. The mean reaction times (ms) and standard deviations before contingency reversals 

and during reversal responses in healthy controls and patients with schizophrenia. No 

significant differences either between or within group were found. 

  
Control 

(n = 15) 

Schizophrenia 

(n=14) 

Reward-to-Punishment 
  

Pre-reversal (Reward) 384.6 ± 34.6 388.4 ± 69.5 

Reversal response (Punishment) 365.6 ± 38.2 382.7 ± 61.7 

Punishment-to-Reward 
  

Pre-reversal (Punishment) 392.1 ± 36.3 380.0 ± 57.1 

Reversal response (Reward) 338.2 ± 41.6 365.0 ± 59.2 
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Figure 3. The proportional changes of reaction time during the Reward-to-Punishment (RtoP) and 

the Punishment-to-Reward (PtoR) contingency reversals in healthy controls (n = 15) and patients 

with schizophrenia (n = 14). Healthy controls showed significantly greater decreases in the 

proportional changes in reaction time during the PtoR than the RtoP reversals, whereas patients 

with schizophrenia did not show any difference in proportional changes in reaction times. 

Decreases in the proportional changes in reaction time during the PtoR reversal were significantly 

greater in healthy controls than patients with schizophrenia. *Results of repeated measures 

Multivariate Analysis of Variance with significant difference at P < 0.05.  

 

 

2. Imaging data results 

 Among the regions of interest, the orbitofrontal cortex (i.e. right lateral 

orbitofrontal cortex (Brodmann area 47), anterior cingulate cortex, amygdala, 

and the putamen were identified from the contingency reversal contrast in the 

control group at significance level of clusters with more than 10 contiguous 

voxels with an uncorrected P < 0.001.  

During contingency reversal, activations of bilateral putamens in healthy 

controls and the right putamen and the dorsal anterior cingulate cortex in 

patients with schizophrenia were identified among regions of interest. The 

healthy controls showed a larger area of activations in the putamen than patients 

with schizophrenia. Among these regional activities, the healthy controls 

showed significant activations in the right putamen (Z = 4.99, FWE-corrected P 

= 0.002) whereas patients with schizophrenia showed significant activations in 
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the left putamen (Z = 4.26, FWE-corrected P = 0.04) (Table 3). 

 

 

Table 3. Regional brain activations identified from the contingency reversal contrasts. Healthy 

controls (n = 15) and patients with schizophrenia (n=14) showed significant contingency 

reversal activations in the left and right putamen, respectively. 

Regions Coordinate (MNI) Voxels Z 

  x y z     

Healthy controls 
     

Putamen, left -22 -6 10 331 4.99* 

Putamen, right 28 4 0 10 3.31 

Patients with Schizophrenia 
     

Putamen, right 30 14 8 17 4.26* 

Dorsal anterior cingulate cortex 

(BA32) 
-10 20 30 10 3.52 

Results with activation clusters of more than 10 contiguous voxels with a peak uncorrected P < 

0.001 using the regions of interest mask are shown. 

BA: Brodmann area. 

*Significant at P < 0.05 corrected for familywise error rate 

 

 

During reversal responses, the anterior cingulate cortex showed significant 

activation (Z = 3.71, FWE-corrected P = 0.02) and the amygdala was activated 

at a trend significance level (Z = 4.05, FEW-corrected P = 0.06). In the reversal 

contrasts of the patient group, only the right lateral orbitofrontal cortex 

activation was identified at significance level of clusters with more than 10 

contiguous voxels with an uncorrected P < 0.001 (Table 4). 

Post-hoc analyses revealed biased neural activations according to the direction 

of contingency reversal response. In the healthy control group, bidirectional 

RtoP and PtoR reversal response was significant in the amygdala (RtoP, t = 4.21, 

P = 0.001; PtoR, t = 3.05, P = 0.009) (Figure 4) and a trend significant in the 

putamen (RtoP, t = 2.47, P = 0,03; PtoR, t = 2.32, P = 0.04) (Figure 5). 

Unidirectional PtoR reversal responses were observed in the anterior cingulate 
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cortex at a significant level (RtoP, t = 0.25, P = 0.80; PtoR, t = 3.45, P = 0.004) 

(Figure 6) and in the lateral orbitofrontal cortex at a trend level of significance 

(RtoP, t = 1.30, P = 0.22; PtoR, t = 2.24, P = 0.04) (Figure 7). Patients with 

schizophrenia showed significant reversal response activations only in the 

lateral orbitofrontal cortex which was a unidirectional PtoR reversal response 

(RtoP, t = 1.37, P = 0.19; PtoR, t = 3.62, P = 0.003) (Figure 7). 

 

 

 

Table 4. Regional brain activations identified from the reversal response contrasts. Only the 

lateral orbitofrontal cortex was associated with reversal response activation in patients with 

schizophrenia (n = 14). In healthy controls (n =15), the anterior cingulate cortex and the 

amygdala showed reversal response related activations at a statistically significant and trend 

significance level, respectively. 

Regions Coordinate (MNI) Voxels Z 

  x y z     

Healthy controls 
     

Lateral orbitofrontal cortex (BA47), 

right 
32 38 -8 12 3.71 

Anterior cingulate cortex (BA24) 0 28 16 65 4.38* 

Amygdala, right 26 0 -18 63 4.05† 

Amygdala, left -20 0 -12 15 3.56 

Putamen, left -20 4 14 70 3.76 

 
-30 -18 6 15 3.44 

Putamen, right 30 6 6 50 3.56 

 
30 -10 -2 14 3.34 

Patients with Schizophrenia 
     

Lateral orbitofrontal cortex (BA47), 

right 
46 28 -12 32 3.56 

Results with activation clusters of more than 10 contiguous voxels with a peak uncorrected P < 

0.001 using the regions of interest mask are shown. 

BA: Brodmann area. 

*Significant at P < 0.05 corrected for familywise error rate, 

†Trend toward significance at P < 0.1 corrected for familywise error rate. 
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Figure 4. The activation patterns of the amygdala among the region of interest obtained from the 

reversal response contrast in healthy controls (n = 15) and patients with schizophrenia (n=14). 

Only healthy controls showed significant activations during the Reward-to-Punishment (RtoP) 

and the Punishment-to-Reward (PtoR) contingency reversals. Percent signal changes of the 

pre-reversal Reward or Punishment association (R/P or P/R), reversal response (Rev), and the 

next pre-reversal Punishment or Reward association (P/R or R/P) trials clusters during the RtoP 

and the PtoR reversals are shown. *Significant at P < 0.025 
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Figure 5. The activation patterns of the putamen among the region of interest obtained from the 

reversal response contrast in healthy controls (n =15) and patients with schizophrenia (n = 14). 

Only healthy controls showed trend level of significant activations during the 

Reward-to-Punishment (RtoP) and the Punishment-to-Reward (PtoR) contingency reversals. 

Percent signal changes of the pre-reversal Reward or Punishment association (R/P or P/R), 

reversal response (Rev), and the next pre-reversal Punishment or Reward association (P/R or R/P) 

trials clusters during the RtoP and the PtoR reversals are shown. †Trend level of significance at P 

< 0.05 
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Figure 6. The activation patterns of the anterior cingulate cortex among the region of interest 

obtained from the reversal response contrast in healthy controls (n = 15) and patients with 

schizophrenia (n = 14). Only healthy controls showed significant activations during the 

Punishment-to-Reward (PtoR) contingency reversals. Percent signal changes of the pre-reversal 

Reward or Punishment association (R/P or P/R), reversal response (Rev), and the next 

pre-reversal Punishment or Reward association (P/R or R/P) trials clusters during the 

Reward-to-Punishment (RtoP) and the PtoR reversals are shown. *Significant at P < 0.025 
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Figure 7. The activation patterns of the lateral orbitofrontal cortex among the region of interest 

obtained from the reversal response contrast and the contingency reversal contrasts in healthy 

controls (n = 15) and patients with schizophrenia (n = 14), respectively. Healthy controls and 

patient with schizophrenia showed the Punishment-to-Reward (PtoR) contingency reversal 

activations at a trend significance and significant level, respectively. Percent signal changes of the 

pre-reversal Reward or Punishment association (R/P or P/R), reversal response (Rev), and the 

next pre-reversal Punishment or Reward association (P/R or R/P) trials clusters during the 

Reward-to-Punishment (RtoP) and the PtoR reversals are shown. *Significant at P < 0.025. †

Trend level of significance at P < 0.05 

 

 

 

3. Correlations with anhedonia and negative symptoms 

Among the regions of interest related to reversal response, the anterior 

cingulate activity changes significantly correlated with the physical anhedonia 
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scale scores in the healthy control group. Greater physical anhedonia was 

correlated with smaller activity increases during PtoR contingency reversal and 

greater activity decreases during sustained gain contingency after reversal in the 

anterior cingulate cortex (Figure 8). 

 

 

 

Figure 8. Correlations of the physical anhedonia scale scores with changes of activities in the 

anterior cingulate cortex (Brodmann area 24) during the Punishment-to-Reward (PtoR) 

contingency reversal and during sustained reward contingency after reversal in the healthy 

controls (n = 15). 

 

 

In patients with schizophrenia, activity changes in the lateral orbitofrontal 

cortex significantly correlated with both physical and social anhedonia scale 

scores and PANSS negative symptom scores. Greater increases in the lateral 

orbitofrontal activity during PtoR contingency reversal correlated with greater 

severity of physical and social anhedonia and negative symptoms (r = -0.53, P = 

0.04). Whereas smaller decreases in the lateral orbitofrontal activity during 

sustained reward contingency after reversal correlated with greater physical 

anhedonia and severity of negative symptoms (r = 0.64, P = 0.01) (Figure 9). 

Among the negative symptoms items of the PANSS, greater passive/apathetic 

social withdrawal (N4) and lack of spontaneity and flow of conversation (N6) 

significantly correlated with greater increase in activities during PtoR 
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contingency reversal (N4, Spearman’s rho = 0.59, P = 0.03; N6, Spearman’s rho 

= 0.56, P = 0.04) and smaller decrease in activities during sustained reward 

contingency after reversal (N4, Spearman’s rho = 0.59, P = 0.03; N6, 

Spearman’s rho = 0.61, P = 0.02) in the lateral orbitofrontal cortex. 

 

 

Figure 9. Correlations of the physical and social anhedonia scale scores and the Positive and 

Negative Syndrome Scale (PANSS) scores with changes of activities in the lateral orbitofrontal 

cortex (Brodmann area 42) during the Punishment-to-Reward (PtoR) contingency reversal and 

during the sustained reward contingency after reversal in patients with schizophrenia (n = 14). 
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IV. DISCUSSION 

 

The present study demonstrates that patients with schizophrenia have an 

affective bias in reversal association where implicit inclination for goal-directed 

engagement to reverse association from PtoR contingency is diminished with 

concurrent blunted reversal response in the anterior cingulate gyrus. Reversal 

response-related activations were identified in the anterior cingulate cortex, 

amygdala, putamen and the right lateral orbitofrontal cortex in healthy controls. 

Nucleus accumbens activity was not identified as hypothesized probably 

because the task paradigm used in this study did not involve prediction error 

learning. Among these regions, the anterior cingulate cortex and the lateral 

orbitofrontal cortex showed a unidirectional PtoR reversal response. Among the 

reversal response-related regions, patients with schizophrenia showed blunted 

bidirectional reversal response in the anterior cingulate gyrus, amygdala, and 

the putamen during reversal response and a unidirectional PtoR reversal 

activation in the right lateral orbitofrontal cortex. In the healthy controls, 

physical anhedonia was associated with smaller reversal response-related 

activations and greater decline in activity after reversal as contingency was 

maintained in the anterior cingulate cortex suggesting its role in the acquisition 

and maintenance of rewarding salience. Whereas physical anhedonia and 

negative symptom severity was associated with greater reversal 

response-related activations and smaller post-reveral decline during contingency 

maintenance in the lateral orbitofrontal cortex in patient with schizophrenia 

reflecting a compensatory regulation of blunted reward reversal-related 

activities. 

 

1. The neural process of contingency reversal, reversal response, and 
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motivation 

In the healthy controls, the putamen activation was involved in contingency 

reversal as well as the following reversal response. During contingency reversal 

trials, participants, not knowing when reversal takes place, were most likely to 

expect pre-reversal contingency to continue and received unexpected feedback 

about their response. Therefore the observed bilateral putamen activation was 

most likely evoked by the feedback of contingency reversal. In the following 

reversal response trials, the participant is prepared reverse their response to the 

cue and receives expected response according to the reversed contingency. 

Findings of bilateral putamen activations during bidirectional reversal response 

trials with concurrent accelerations of reaction time suggest its role in linking 

reversal feedback to a prepared response. In a study using a probabilistic error 

reversal learning paradigm associated the role of putamen with the process of 

stimulus-action-reward association, whereas the caudate nucleus and ventral 

striatum were associated with reward prediction error.
38

 In addition, putamen 

activation was observed in anticipation of responding for both certain and 

uncertain reward suggesting its role in instrumental response.
39

 Findings of the 

putamen’s involvement in regulating performance have been reported in a prior 

study associating the putamen activation to an advantage in reaction time during 

implicit sequence learning
40

 and another study relating greater error-related 

putamen activation to smaller error rates.
41

 

 In the healthy controls, the unidirectional PtoR reversal activations in the 

anterior cingulate activation was observed in the context of greater correct 

reversal responses and accelerated reaction time. Assuming this neural 

activation occurred in response to the response reversal cue following the 

feedback of contingency reversal, improved efficiency of reversal response is 

consistent with prior studies indicating the role of anterior cingulate activation 

in response anticipation which is suggested to include anticipation attention, 

motivation, and motor preparation.
42,43

 In addition, the anterior cingulate 
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activity has been reported to play a role in adjustments in performance.
44,45

 

However, the anterior cingulate activation during response reversal was not 

bidirectional, but selective to PtoR contingency reversal. Since the reversal 

response trials included both cue and feedback, one may argue that the anterior 

cingulate activated in response to rewarding novel feedback that may have a 

stronger impact than repeated feedbacks of reward. However, a prior study of 

reward-based decision making showed that the anterior cingulate cortex was 

activated by reduced reward and response switch feedbacks that signaled both 

to switch response leading to an expected reward.
46

 Therefore, it is more likely 

that the ACG activation during reversal response trials were related to reward 

expectation than the reward itself. It has been proposed that using error 

commission feedback from the striatum and the mesencephalic dopamine 

system, the anterior cingulate implements error-based reinforcement learning 

and improve performance by modifying the strength of stimulus-response 

mappings using dopaminergic input.
47

 In addition, recent studies have 

implicated the anterior cingulate cortex and the putamen in the computation and 

analysis of effort versus benefit in pursuing rewarding behavior.
48,49

 The 

correlations between the anterior cingulate activations and physical anhedonia 

also indicate that greater anticipatory response related to engagement of 

behavioral change and maintaining this anticipatory response underlies the trait 

for experiencing pleasure. 

 In this study, the amygdala showed bidirectional reversal response activations 

and the orbitofrontal cortex showed a unidirectional PtoR reversal response 

activation that suggests their respective roles in detecting contingency reversal 

and modulating goal-directed response. The amygdala and the orbitofrontal 

cortex have direct interconnections and have been consistently associated with 

associative learning.
7,50,51

 Previous studies have shown that the amygdala and 

orbitofrontal cortex have a distinct role in encoding motivational significance of 

stimuli and using these motivation significance to guide behavior. From animal 



- 28 - 

to human studies, the amygdala has been consistently implicated in the 

emotional process of appraising salience to stimuli that are either rewarding or 

aversive.
52

 Prior animal studies also reported the activation in the amygdala 

after contingency reversal and during the attribution of both positive and 

negative values to visual stimuli suggesting the role of amygdala in encoding 

the motivational significance of cues.
51,53

 In studies using instrumental 

conditioning procedures where a certain cue paired with a specific response 

leads to a delivery of a reinforcer, the amygdala showed cue-onset activations 

and the orbitofrontal cortex, response-onset activations suggesting their specific 

roles in expectancies. Holland and Gallagher (2004)
50

 has suggested that the 

orbitofrontal cortex generate responses on the basis of the cue-reinforcer 

expectancies by suppressing response based on competing but less desirable 

expected consequence. Studies of patients with orbitofrontal damage also 

suggested that the lateral orbitofrontal cortex is most likely involved in 

suppressing previously acquired stimulus-reward associations during reversal 

learning.
54,55

 A number of recent studies have shown that activities in the right 

lateral orbitofrontal cortex have a U-shaped relationship with reward value 

where activation is highest in response to high rewards received or omitted 

while performing a monetary incentive task which did not include a choice of 

loss avoidance.
56,57

 The unidirectional reversal response in the lateral 

orbitofrontal cortex in this study is probably related to the relative difference in 

the reward value received by reward approach and loss avoidance. A choice of 

action that can result in a reward is more motivationally engaging than a choice 

action to avoid loss. If one was given an alternate choice that can provide an 

avoidance of loss and receipt of reward simultaneously than the alternate choice 

may be equally motivationally engaging as reward choice. 

 

2. Deficient neural processing of motivation and salience attribution in 

patients with schizophrenia 
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Contingency reversal feedback-related activations in patients with 

schizophrenia were not found in the dorsal anterior cingulate cortex and 

unilaterally in the right putamen. Activations in these regions were not observed 

during reversal response. Interestingly, the healthy controls showed a relatively 

larger area of activations in the left than right putamen. In a prior study, the left 

putamen showed relatively greater activations in response to rewarding 

monetary reinforcers.
57

 Therefore, lack of reversal feedback-related activation 

in the left putamen as well as absence of putamen activations during reversal 

response may reflect a deficiency in positive reinforcement feedback 

transferring to response modulation. The dorsal anterior cingulate gyrus has 

been associated with conflict monitoring at different levels of cognitive 

processing including stimulus evaluation, presentation and response, and the 

anterior cingulate impairment in conflict-monitoring has been consistently 

reported in patients with schizophrenia.
44,58,59

 In contrast, our findings show that 

patients with schizophrenia activated the dorsal anterior cingulate gyrus to 

reversal feedback that was not observed in the healthy controls and showed 

comparable accuracy in performance. This may be explained by the use of a 

simplified association reversal paradigm in this study that was cognitively less 

burdening to the patients. However, the recruitment of the dorsal anterior 

cingulate cortex in the patients may reflect their cognitive efforts in order to 

compensate for the deficient striatal functioning in processing reversal feedback 

information. 

One important finding of this study is the diminished acceleration of correct 

reaction time with the absence of PtoR reversal feedback activations in the 

anterior cingulate cortex patients with schizophrenia. This finding suggests that 

the motivation to readily respond to reward contingency was weak in patients 

with schizophrenia. Prior studies examining amotivation in schizophrenia using 

the reward prediction or reinforcement learning model have mainly focused on 

the dysfunction in the ventral striatum.
60

 In the present study, the task paradigm 



- 30 - 

was designed to exclude components of reward prediction and reinforcement 

learning resulting in a matched correct response performance between the 

patients and the healthy controls. Anticipation in this study was reflected by 

how response to gain reward was readily engaged by the initial cue of reversed 

contingency rather than prediction ability. Only a few studies have examined the 

neural processing of anticipation in schizophrenia. One study reported a 

diminished anterior cingulate activation while anticipating to respond and 

another recent study using a delayed incentive paradigms with monetary 

rewards, but no losses, has shown that reward expectation-related activations 

were diminished in patients with schizophrenia.
56,61

 The concurrent absence of 

putamen activations during reversal response in the present finding may reflect 

the restricted effort put into acting that could be partially responsible for the 

lack of rapid engagement to reward contingency in the patients. The present 

finding demonstrates that only anticipation to reward-approaching response is 

deficient while anticipation to loss-avoidance response is intact in patients with 

schizophrenia. 

Another interesting finding in the patients with schizophrenia was the absence 

of bidirectional amygdala and putamen activations during reversal response. 

The deficient activations of amygdala to both reward and loss-reversed cues 

corresponds to prior studies that reported mesiotemporal volume reduction in 

chronic and drug-naïve first-episode schizophrenia, and reduction in 

amygdala/medial prefrontal activity in response to fear stimuli in patients with 

paranoid schizophrenia.
62-64

 With regard to the amygdala-orbitofrontal network, 

reversal learning functioning of the orbitofrontal cortex may seem impossible 

when amygdala response to salient stimuli is deficient. However, animal studies 

have reported that amygdala lesions do not affect the acquisition and use of 

expectancies of relatively neutral events and may in fact abolish 

OFC-dependent reversal impairments.
50,65

 Because of the easy difficulty level of 

the task, patients with schizophrenia were able to performance well in accuracy 
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despite anterior cingulate, amygdala, and putamen dysfunction. However, 

failure to recruit this limbic-striatum network contributed to the disadvantage in 

reaction time in the patients. 

Paradoxically, patients with schizophrenia showed greater lateral 

orbitofrontal cortex activations during PtoR reversal response that were 

associated with greater physical and social anhedonia, and negative symptom 

severity. This finding points to the role of the lateral orbitofrontal cortex in a 

compensatory top-down control for the disadvantage caused by the deficient 

processing of salience signals, reward anticipation and instrumental response by 

the amygdala, anterior cingulate cortex, and the putamen 

 

3. Implications and limitations 

Clinically, patients with schizophrenia with negative symptoms enjoy 

activities that give immediate pleasure, such as eating or watching television, 

but do not engage in activities that require effort to obtain a rewarding outcome. 

Findings of this study suggest that the neural pathophysiology of these clinical 

aspects of avolition involve the deficient activations of the anterior cingulate 

gyrus and putamen that may underlie effort or engagement to pursue rewarding 

reinforcers. 

A number of recent pharmacologic studies have examined the effects of 

antipsychotics on the reward learning pathways. Olanzapine has been 

demonstrated to decrease activity in the anterior cingulate, inferior frontal 

cortex and ventral striatum, but not putamen and diminish acceleration of 

reaction times when higher rewards were expected during a monetary incentive 

delay task in healthy subjects.
66

 Haloperidol also was shown to diminish 

prediction error-related activities including the ventral striatum, putamen, insula, 

and the anterior cingulated.
67

 These reports point to the possible involvement of 

antipsychotics in negative symptoms and the need to examine neural correlates 

of negative symptoms proper. Inclination in reversal from reward to punishment 
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in patients with schizophrenia was not observed in this study as hypothesized 

probably because positive symptoms were stabilized by antispychotics. 

Therefore, future studies examining antipsychotic-free patients may be 

warranted. 

 

 

 

V. CONCLUSION 

 

In conclusion, this study demonstrated the deficient neural responses in the 

anterior cingulate, amygdala and the putamen during reversal association with a 

unidirectional reversal response in the anterior cingulate gyrus and concurrent 

decrease in acceleration of reaction time while engaging in reversal response 

from avoidance to reward approach in schizophrenia. These findings indicate 

that deficiency in the neural correlates of anticipation and engagement to 

instrumental behavior may be involved in negative symptoms of anhedonia and 

avolition in schizophrenia. 
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ABSTRACT (IN KOREAN) 

 

정신분열병 환자군의 정상대조군 간 정서적 역전 연합의 

방향성에 따른 뇌활성화 차이 

 

<지도교수 김 재 진> 

 

연세대학교 대학원 의학과 

 

박 일 호 

 

 정신분열병의 병태생리와 관련된 가장 고전적인 신경체계인 

도파민-작용성 중뇌변연계 경로는 보상성 또는 회피성 특성을 

지닌 동기 유발성 정보를 처리하는 핵심 신경체계로 알려져 

있다. 피해망상과 무의욕증과 같은 정신분열병의 임상증상은 

적절한 보상적 가치를 어렵게 재부여하고 그릇된 회피성 가치를 

쉽게 재부여하는 역전 학습에서의 정서적 편향성에 의해 

나타난다고 볼 수 있다. 본 연구는 정신분열병 환자에서 역전 

학습에서의 정서적 편향성과 이에 대한 피질-선조-변연계의 

신경처리과정을 알아보고자 하였다. 15명의 건강한 참여자와 

14명의 정신분열병 외래환자를 대상으로 금전적으로 유인하는 

수반성 역전 과제를 수행하는 동안 뇌유발 기능성 

자기공명영상을 시행하였다. 환자는 건강인보다 높은 신체적, 

사회적 무쾌감증 점수를 보였고, 두 군 모두 처벌에서 보상으로 

수반성이 역전될 때 반대 방향의 역전보다 더 정확한 

행동반응을 보였다. 건강대조군에서는 단방향성으로 처벌에서 

보상으로의 수반성 역전시 행동반응시간의 단축이 관찰되나 

환자군에서는 이러한 단방향성 행동반응시간 단축이 관찰되지 

않았다. 역전 반응시 건강대조군에서는 전대상피질이 

유의미하게 활성되었고 그 외 편도체, 조가비핵, 외측 

안와전두피질의 활성화도 관찰되었다. 환자군에서는 외측 
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안와전두피질만이 역전 반응시 활성화되었다. 처벌에서 

보상으로의 단방향성 역전 활성화는 두 군 모두 외측 

안와전두피질에서 관찰되었고 건강대조군에서만 전 

대상피질에서 관찰되었다. 건강대조군에서는 신체적 무쾌감증 

점수가 역전 반응과 연관된 전대상피질 활성화와 상관관계를 

보였고, 환자군에서는 신체적, 사회적 무쾌감증 및 PANSS 

음성증상 점수가 외측 안와전두피질과 상관관계를 나타냈다. 

이는 정신분열병 환자에서 보상을 얻기 위한 도구적 행동의 

역전에 대한 예상와 몰입의 결핍이 전대상피질의 둔마된 

활성화와 외측 안와전두피질의 보충적인 활성도에 반영되고, 

무쾌감증 및 무의욕증의 병태생리의 근간을 이루고 있음을 

시사한다. 
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