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Background: Human beings find social stimuli rewarding,
which is thought to facilitate efficient social functioning.
Although reward processing has been extensively studied
in schizophrenia, a few studies have examined neural pro-
cesses specifically involved in social reward processing. This
study examined neural sensitivity to social and nonsocial
rewards in schizophrenia. Methods: Twenty-seven patients
with schizophrenia and 25 community controls completed a
One-Armed Bandit Task, an implicit reinforcement learn-
ing task, in the scanner. There were 2 conditions with an
identical trial structure, one with social rewards and the
other with nonsocial rewards. The data were analyzed using
aregion of interest (ROI) approach, focusing on the ventral
striatum, ventromedial prefrontal cortex, and anterior cin-
gulate cortex. Results: Across all 3 ROls, patients showed
reduced activation for social rewards compared to controls.
However, the 2 groups showed comparable levels of ac-
tivation for nonsocial rewards. Within the patient group,
levels of neural activation in these ROIs during the social
reward condition were associated with better performance.
Conclusions: This study found reduced neural sensitivity
in patients with schizophrenia in key reward-processing re-
gions for social but not for nonsocial rewards. These find-
ings suggest a relatively specific social reward-processing
deficit in schizophrenia during an implicit reinforcement
learning task.

Key words: social reward/ventral striatum/ventromedial
prefrontal cortex/anterior cingulate cortex/schizophrenia/
social preference/social motivation

Introduction

Human beings are intrinsically tuned for social stimuli,
and the way individuals process social information in
everyday life shapes their social behaviors. For example,

people tend to find social stimuli rewarding, which
encourages interaction with others in complex social envi-
ronments (ie, social approach motivation) and provides a
foundation for efficient social functioning.! Conversely,
abnormal social reward processing likely contributes to
social dysfunction. Although reduced social motivation
may be crucial for understanding social dysfunction, a
hallmark of schizophrenia,>* little is known about sensi-
tivity to social rewards in this disorder. This study aimed
to examine neural sensitivity to social and nonsocial
rewards in schizophrenia using functional magnetic res-
onance imaging (fMRI) during an implicit reinforcement
learning task.

Considerable work has been done on the substrates in-
volved in processing nonsocial rewards. The ventral stri-
atum (VS) and ventromedial prefrontal cortex (vmPFC)
have emerged as key areas involved in nonsocial reward
processing.* Only recently, it has become clear that so-
cial stimuli (eg, happy faces) can also engage these re-
gions as rewarding stimuli. Both the VS and vimPFC have
shown similar levels of activation for social and nonso-
cial rewards.>® Further, the levels of activation in these
areas varied as a function of social reward magnitudes.®’
These findings suggest that certain social stimuli are pro-
cessed as rewarding stimuli at the neural level, engaging
reward-processing regions in the brain much like primary
rewards (eg, food) do.

Many studies have examined reward valuation in schiz-
ophrenia using various reinforcement learning paradigmes.
Most of these studies focused on nonsocial rewards and
the extent to which patients showed impairment seems to
have depended on specific task requirements. For example,
compared with controls, patients showed impairment on
explicit reward learning tasks, but largely spared perfor-
mance during implicit reward learning tasks (3%, but
see Reddy et al'!). Similar to performance-based studies,
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fMRI studies of implicit reinforcement learning also
found intact neural responses to reward outcomes in the
VS'>* and vmPFC." In addition to these 2 core reward-
processing areas, studies in schizophrenia have shown that
anterior cingulate cortex (ACC) responses are closely re-
lated to value representation of rewarding stimuli.'>!7
Notably, because a few studies have examined sensitivity
to social reward using reinforcement learning paradigms
in schizophrenia, it remains unclear whether patients pro-
cess social and nonsocial rewards in a similar way.

Although few studies have directly examined both so-
cial and nonsocial rewards in schizophrenia, several re-
cent studies suggest that patients with schizophrenia
experience more difficulty processing social vs nonsocial
stimuli in general. For example, compared with healthy
controls, patients direct less attention to social stimuli.'®"
When remembering social and nonsocial stimuli,® con-
trols showed better memory for social than nonsocial
stimuli, but patients showed equivalent memory for
both types of stimuli, failing to benefit from social in-
formation. These findings raise a question about whether
patients with schizophrenia may have reduced sensitivity
to social but not to nonsocial rewards on an implicit rein-
forcement learning task.

This study aimed to address this unanswered ques-
tion. To do so, we used the One-Armed Bandit Task, an
implicit reinforcement learning task, in the scanner. The
task consists of 2 conditions with an identical trial struc-
ture but different reward types: social rewards and nonso-
cial rewards. This design allowed us to directly compare
neural sensitivity with social and nonsocial reward in
schizophrenia, focusing on 3 a priori regions of interest
(ROIs): VS, vimPFC, and ACC. On the basis of emerg-
ing evidence suggesting that patients with schizophrenia
do not prioritize social information as much as controls,’
we hypothesized that patients with schizophrenia would
show reduced neural sensitivity to social rewards, but not
to nonsocial rewards.

Method

Participants

Twenty-seven clinically stable, chronic outpatients with a
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) diagnosis of schizophrenia and
26 community controls participated in this study. Patients
were recruited from outpatient clinics at University of
California Los Angeles (UCLA) and the Veterans Affairs
Greater Los Angeles Healthcare System (VAGLAHS)
and from local board and care facilities in Los Angeles.
Community controls were recruited through website
postings. The diagnostic eligibility was confirmed with
the Structural Clinical Interview for DSM-5 Disorders
(SCID)?! for all participants.

Exclusion criteria for all participants were as follows:
clinically significant neurological diseases (eg, epilepsy),
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a lifetime history of serious head injury or loss of con-
sciousness more than 15 min, severe or moderate sub-
stance or alcohol use disorder in the past 3 months,
insufficient fluency in English to understand the proce-
dure (based on judgment of the clinical interviewers),
sedatives or anxiolytics on the day of assessment, and
pregnancy based on a urine pregnancy test for women.
Additional exclusion criteria for patients were as follows:
evidence of intelligence quotient < 70 or development
disability based on chart review, first-generation antipsy-
chotic medication, inpatient hospitalization for 3 months
before testing, and change in antipsychotic medication
in a month before testing. We excluded patients taking
first-generation antipsychotics from this study because
these antipsychotic medications may have a larger effect
on reward processing? and changes in neural structure in
schizophrenia.” Additional exclusion criteria for controls
were as follows: a lifetime psychiatric history of schizo-
phrenia, other psychotic disorders, bipolar disorders or
recurrent major depressive disorder; no family history
of psychotic disorder based on self-report; and any of
avoidant, paranoid, schizoid, schizotypal, or borderline
personality disorder.?* All participants had normal or
corrected to normal vision of at least 20/30.

Clinical characteristics for patients were assessed with
the Expanded 24-item version of the Brief Psychiatric
Rating Scale (BPRS)* and Clinical Assessment Interview
for Negative Symptoms (CAINS).?* CAINS consists of
2 subscales: Motivation and Pleasure (MAP), reflect-
ing diminished motivation and pleasure associated with
negative symptoms (ie, anhedonia, avolition, asocial-
ity), and Expressivity, reflecting diminished expressivity
(ie, blunted affect, alogia). We also assessed neurocog-
nitive ability and social cognition using the MATRICS
Cognitive Consensus Battery (MCCB).?” The MCCB
includes 6 neurocognitive domains and 1 social cognitive
domain (ie, emotion management).

All interviewers were trained through the Treatment
Unit of the Department of Veterans Affairs VISN 22
Mental Illness Research, Education, and Clinical Center.
SCID interviewers were trained to a minimum kappa
of 0.75 for key psychotic and mood items, and symp-
tom raters were trained to a minimum intraclass corre-
lation of 0.80. All participants were evaluated for the
capacity to give informed consent and provided written
informed consents after procedures were fully explained,
as approved by the institutional review boards at UCLA
and VAGLAHS.

SMRI Data Acquisition

All scanning was conducted on a 3T Trio scan-
ner (Siemens) located at the UCLA Staglin IMHRO
Center for Cognitive Neuroscience with a 32-channel
head coil. For anatomical reference, a short 3-plane
localizer and a high-resolution T1-weighted scan
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(magnetization-prepared rapid acquisition gradient-
echo [MPRAGE]; image matrix = 256 X 256, repetition
time (TR) = 1900 ms, echo time (TE) = 2.26 ms, inver-
sion time (TI) = 900 ms, flip angle = 9 degrees, field of
view (FoV) = 250 mm, voxel size = 1 X 1 X 1 mm) were
acquired. To measure blood oxygen level-dependent
(BOLD) signal during the One-Armed Bandit Task, a si-
multaneous multislice echo planar imaging sequence was
used, acquiring 72 slices parallel to the anterior—posterior
commissure plane (matrix = 104 X 104, TR = 2000 ms,
TE =34 ms, FoV = 208 mm, flip angle = 75 degrees, voxel
size = 2 X 2 X 2 mm, multiband factor = 4). All visual
stimuli were back-projected onto a screen at the head end
of the scanner using a Sharp LCD projector and behav-
ioral responses were recorded using an MR-compatible
4-button response box (Resonance Technology).

One-Armed Bandit Task

To assess neural sensitivity to social and nonsocial reward,
all participants completed the One-Armed Bandit Task>*
in the MRI scanner, programmed with E-Prime software
(Psychology Software Tools, Inc.).

As an implicit reinforcement learning task, this version
of the One-Armed Bandit Task has 2 conditions with
identical trial structures except for the type of reward

A.

B.

Nonsocial
reward

(ie, social or nonsocial) (figure 1). The 2 conditions were
counterbalanced across participants. For the social re-
ward condition, color photographs of 6 unfamiliar male
faces from the NimStim collection® were used showing
happy (positive outcome), angry (negative outcome), or
neutral (neutral outcome) expressions. For the nonso-
cial reward condition, the stimuli included an image of
a dollar bill (positive outcome), an image of a dollar bill
crossed out (negative outcome), or an image of an empty
rectangle (neutral outcome).

Each trial began with the display of 2 slot machines:
a “good” slot machine paired with a “neutral” slot ma-
chine (ie, high-payout trials) or a “bad” slot machine
paired with a neutral slot machine (ie, low-payout tri-
als). A “good” slot machine had an 80% probability of
a positive outcome and a 20% probability of neutral out-
come; a “bad” slot machine had an 80% probability of
negative outcome and a 20% probability of neutral out-
come; and a “neutral” slot machine had one-third prob-
ability of each positive, neutral, and negative outcomes.
Participants had up to 2.5 s to choose the slot machine
that would give them the best outcome by pressing a left
or right button. Then, the reward outcome was presented
for 1.5 s. There were 100 trials: 50 high-payout trials and
50 low-payout trials. Importantly, participants were not

Social
reward

* High-payout: a pair of good and neutral machines
* Low-payout: a pair of neutral and bad machines

Fig. 1. A schematic diagram of the One-Armed Bandit Task. (A) There are 3 types of slot machines. A “good” slot machine had an 80%
probability of a positive outcome and a 20% probability of neutral outcome; a “bad” slot machine had an 80% probability of negative
outcome and a 20% probability of neutral outcome; and a “neutral” slot machine had a one-third probability of each positive, neutral,
and negative outcomes. (B) Each reward condition with an identical trial structure consisted of 2 trial types: a high-payout trial and a
low-payout trial. For the high-payout trial, a good slot machine was paired with a neutral slot machine. For the low-payout trial, a bad
slot machine was paired with a neutral slot machine. The key contrast for sensitivity to reward for functional magnetic resonance imaging
(fMRI) data was the contrast of high-payout vs low-payout trials for social and nonsocial reward conditions.
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told of the reward probabilities associated with each
slot machine and had to learn them over the course of
the task. In addition, each condition also had 48 non-
choice trials in which 2 identical slot machines were pre-
sented (eg, 2 good machines, 2 bad machines, or 2 neutral
machines) and participants pressed any button to pro-
ceed. These nonchoice trials were included to control for
potential confounders (eg, choice behavior) and included
as nuisance variables in the fMRI data analysis.

The dependent variable for behavioral performance was
the percentage of trials with optimal outcome (ie, choos-
ing a good machine over a neural machine or choosing a
neutral machine over a bad machine). The key contrast
for sensitivity to reward for fMRI data was the contrast
of [high-payout > low-payout trials] during reward out-
come for social and nonsocial reward conditions.

JSMRI Data Analyses

All fMRI data analyses were carried out using the
FMRIB Software Library (FSL, version 5.0.9; Analysis
Group, Oxford, UK). The preprocessing steps include
the following: brain extraction using optiBET¥, spa-
tial smoothing using a Gaussian kernel of full width
at half maximum 4 mm, and high-pass temporal filter-
ing (Gaussian-weighted least-squares straight line fit-
ting, with sigma = 50.0 s) and motion correction using
MCFLIRT.?" Potential motion-related artifacts were
addressed as follows: First, we excluded participants
whose fMRI data had absolute head movement greater
than 2 mm. Second, to further control for head motion-
related artifacts beyond what linear motion parameters
can fix, we conducted motion scrubbing using the FSL
Motion Outlier tool. Finally, motion parameters from
MCFLIRT (ie, summed volume to volume translation
and rotation) and DVARS (ie, the root mean square
[RMS] change in BOLD signal from volume to volume)
from the FSL Motion Outlier tool** were included as
nuisance variables in the general linear model to remove
any motion-related artifacts. To facilitate multisub-
ject analyses, statistical images created for each subject
were normalized into a standard space using Montreal
Neurological Institute coordinates.

The primary analysis was an ROI-based approach
using a priori regions: VS, vmPFC, and ACC. Specifically,
spherical ROIs (diameter = 10 mm) were centered around
peak coordinates of these 2 regions (VS, x = 12,y = 12,
z=—10; vimPFC, x = 2,y = 46, z = —8; and ACC, x = 0,
y = 44, z = 6) based on previous neuroimaging studies
of reward processing.'>%33* The hemodynamic response
function (HRF) for reward outcome of high-payout tri-
als and low-payout trials for social and nonsocial con-
ditions was modeled using a canonical double-gamma
HREF, along with motion parameters, DVARS, and non-
choice trials as nuisance variables. Then, for each ROI,
beta weights for the key contrast of [high-payout > low
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payout] were extracted and analyzed using a repeated-
measures ANOVA with group as between-subject factor
and ROI and reward type as within-subject factor.

In addition to the primary ROI analysis, we conducted
an exploratory whole-brain analysis to examine whether
any brain regions other than a priori ROIs were associ-
ated with sensitivity to social and nonsocial rewards. The
whole-brain analysis was conducted using a mixed-effect
model (FLAME 1).%5% The resulting statistical images
were thresholded using the cluster threshold of z > 3.2
and P < .05, corrected for multiple comparison using
Gaussian random field theory.”

Results

One control was excluded from data analyses due to
excessive head motion (ie, absolute estimated mean dis-
placement greater than 2 mm). Hence, table 1 shows the
demographic and clinical characteristics of 27 patients
and 25 controls. Patients and controls were comparable
on age, parental education, personal education, and gen-
der distribution. Patients showed a significant impairment
on the MCCB social cognitive domain score and MCCB
neurocognitive composite. Psychiatric symptoms and
negative symptoms of patients assessed using the 24-item
BPRS and CAINS were comparable to those of chronic,
stable schizophrenia patients that we have reported pre-
viously.®¥ Two groups did not differ in terms of head
motion during the One-Armed Bandit Task (see supple-
mentary table S1).

Behavioral performance (percent optimal responses; see
table 1) during the One-Armed Bandit Task was analyzed
using a 2 X 2 repeated-measures ANOVA with reward
type (social and nonsocial rewards) as the within-subject
factor and group as the between-subject factor. There was
a significant main effect of reward type (F ,, = 6.46, P <
.05, np2 = .12). Both groups showed a higher percentage
of trials with optimal outcomes in the nonsocial reward
condition. No other effects were significant.

Figure 2 shows beta weights for sensitivity to reward (ie,
contrast of high-payout > low-payout trials) in 3 ROIs:
VS, vimPFC, and ACC. A 3 X 2 X 2 repeated-measures
ANOVA with ROI and reward type (social and nonso-
cial rewards) as within-subject factors and group as the
between-subject factor showed a significant reward type
by group interaction (F ; = 4.14, P < .05, npz =.07). No
other effects were significant. Across ROIs, patients with
schizophrenia showed significantly less activity for social
than nonsocial reward (P < .05), but controls showed
comparable levels of neural activation for social and non-
social rewards (P = .56). This indicates that patients and
controls showed comparable levels of neural sensitivity
to nonsocial reward, but patients showed blunted neural
sensitivity to social rewards compared with controls.

We performed several follow-up control analyses to
evaluate the influence of other factors that might have
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Table 1. Demographic and Clinical Characteristics’

Patients Controls Statistics
Age 45.8 (10.3) 47.2(9.2) F 4=27,P=.60
Personal education (y) 13.4(2.3) 14.5(1.7) F =385 P=.05
Parental education (y) 14.0 (4.3) 15.2(2.7) F ,,=135P=.25
Gender (% female) 42% 32% x> =.57,P=.44
Age of onset 22.1(9.2)
BPRS total 41.4 (10.6)
CAINS Expressivity 1.0 (0.9)
CAINS MAP 1.5(0.6)
MCCB
Social cognitive domain 39.2(11.6) 48.6 (8.8) Fo= 10.33, P < .01
Neurocognitive composite 43.6 (8.9) 50.3(9.1) F =699, P<.05
A One-Armed Bandit Task®
Social reward 0.57 (0.13) 0.61 (0.15) F ,=119,P=.27
Nonsocial reward 0.63 (0.13) 0.68 (0.17) F =129, P=.26

Note: BPRS, the Brief Psychiatric Rating Scale; CAINS, Clinical Assessment Interview for Negative Symptoms; MAP, Motivation and
Pleasure subscale of CAINS; MCCB, MATRICS Consensus Cognitive Battery.

"Values are presented as mean (standard deviation).

“Percent of optimal responses (ie, choosing a good machine over a neutral machine for high-payout trials or choosing a neutral machine
over a bad machine for low-payout trials).

_ B. C.
Ventral Striatum vmPFC ACC
=57 =4 (0 oSz =eeCo g L =+
~ 80 =80 ? T
| 3l Q60 f .
- of I TI
T - 8 B
5340 g2 5%
3 o B T 52 T g A
S0t st N7 2507
0 w B 5 > g
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Fig. 2. Neural sensitivity to social and nonsocial reward of patients with schizophrenia (SZ) and controls (CO) during the One-Armed
Bandit Task in the ventral striatum (A), ventromedial prefrontal cortex (vmPFC, B), and anterior cingulate cortex (ACC, C). The y-axis
represents neural sensitivity to social reward (ie, a contrast of high-payout trials vs low-payout trials).
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contributed to this finding. To investigate the possible
influence of condition order, we performed a repeated-
measures ANOVA with the order of reward conditions
as an additional factor. However, there was no signifi-
cant main effect of order, and there were no interaction
effects involving condition order while the reward type
by group interaction remained significant. Hence, condi-
tion order effects do not explain the findings. To explore
whether general cognitive ability and social cognition
might contribute to reduced neural sensitivity to social
rewards in schizophrenia, we conducted 2 additional
3 x 2 X 2 repeated-measures ANOVAs using the MCCB
neurocognitive composite score and MCCB social cog-
nitive domain score as covariates. In both analyses, the
reward type by group interaction remained significant,
indicating that the pattern of findings was not explained
by differences in general neurocognitive factors or social
cognition.

Next, we examined associations between ROI beta
weights, task performance, and clinical symptoms using
Spearman’s rho. Controls did not show any association
between performance and beta weights for any ROI, in
either the nonsocial or social reward conditions. Similarly,
patients did not show any significant association between
performance and beta weights for nonsocial rewards.
However, in the social reward condition, patients with
schizophrenia showed a significant correlation between
percent optimal response and neural sensitivity to reward
across all 3 ROIs: p = .48, P < .05in vimPFC (p = .52, P <
.01); p=.60, P <.01in VS; and p = .56, P < .01 in ACC.
Regarding clinical symptoms (ie, BPRS total, MAP, and
Expressivity subscales of CAINS), there were no significant
associations with neural sensitivity to reward for any ROI.

Finally, we conducted an exploratory whole-brain
analysis for social and nonsocial stimuli separately to
determine whether any brain regions outside of the ROIs
might be involved in processing these types of rewards.
We did not find any brain regions that were significantly
activated above a predetermined threshold (ie, z > 3.2 and
P < .05, corrected for multiple comparisons) when each
group was examined separately, or when both groups
were directly compared with each other.

Discussion

In this study, we examined neural sensitivity to social
vs nonsocial rewards in schizophrenia using an implicit
reinforcement learning task. At the behavioral level,
we observed a similar pattern of performance across 2
groups: Both patients with schizophrenia and controls
showed more optimal responses in the nonsocial reward
condition than the social reward condition. At the neural
level, an ROI-based analysis revealed a significant group
by reward condition interaction, reflecting reduced sen-
sitivity in patients to social reward, but not nonsocial re-
ward. We also found that the findings were not explained
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by differences in general cognitive ability or social cog-
nitive performance. Further, neural sensitivity to social
reward in these ROIs was positively associated with indi-
viduals’ percentage of optimal responses during the so-
cial reward condition in patients.

In this study, reduced neural sensitivity to social
rewards in patients with schizophrenia was observed
across 3 key reward-processing regions. Notably, patients
with schizophrenia did not show blunted neural sensitiv-
ity to nonsocial rewards, consistent with previous stud-
ies showing similar responses to nonsocial rewards in
schizophrenia during implicit reinforcement learning.'*!?
Thus, reduced neural activation to social rewards does
not appear to be attributable to an overall dysfunction
of these reward-processing regions. Rather, the relatively
specific social reward-processing deficit in schizophrenia
found in this study suggests that reward type may be an
important factor for understanding implicit reinforce-
ment learning in schizophrenia. It remains to be deter-
mined whether a similar effect of reward type might also
be present in schizophrenia during explicit reinforcement
learning.

The reduced neural sensitivity to social rewards in schiz-
ophrenia that we observed was assessed by comparing
high-payout and low-payout conditions on the implicit
reinforcement learning task. In other words, patients
showed greater activity in the low-payout condition (ie,
neutral vs bad machines) than in the high-payout condi-
tion (neutral vs good machines), resulting in reduced neu-
ral sensitivity to social rewards. This pattern suggests that
the reduced sensitivity to social rewards might relate to
abnormal processing during choices between positive and
neutral social stimuli. This possibility is consistent with
previous findings in schizophrenia of impaired discrimi-
nation between positive and neutral affective stimuli but
not between neutral vs negative stimuli, which have been
examined in the context of reduced social approach moti-
vation, part of negative symptoms.*** Thus, this study
provides additional evidence of reduced social approach
motivation in schizophrenia. This study failed to find the
association between reduced neural sensitivity to social
rewards and negative symptoms. Although the lack of
relationship in this study could be due to a small sample
of clinically stable patients, it should be noted that previ-
ous studies have not always found associations between
impaired reward processing and negative symptoms in
schizophrenia.®'>174344 The lack of congruency across
studies suggests a rather complex relationship between
social motivation measured in the laboratory and nega-
tive symptoms assessed with clinical interviews.*>4

Patients in this study showed numerically but not sta-
tistically lower optimal choice rates on the One-Armed
Bandit Task, compared with controls. In other words,
we found neural differences in reward processing in the
absence of performance differences between patients and
controls. It is possible that neural measures may be more
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sensitive to subtle reward-processing abnormalities in
patients, which would be detected in studies with a small
sample size. It is also possible that patients may recruit
compensatory brain regions other than ROIs to perform
the task at adequate levels. If compensatory brain regions
were involved and were varied across patients, studies
with a small sample size could miss such brain regions.

Our finding of reduced neural sensitivity to social
rewards in schizophrenia can be viewed in the context
of a recently proposed model of disrupted social pref-
erence or social motivation in the disorder.”? This model
posits that patients with schizophrenia do not preferen-
tially process social over nonsocial information, resulting
in impaired social processing. Empirical support for this
model comes mainly from behavioral studies. Our current
findings provide additional evidence of disrupted social
preference in schizophrenia at the neural level. Further, in
this model, impaired glutamatergic function, specifically
N-methyl- -aspartate (NMDA) receptor hypofunction,
was proposed as a neurobiological mechanism underly-
ing disrupted social preference. A recent study showed
that the NMDA receptor antagonist memantine reduced
neural activation for rewarding social stimuli in the VS
of healthy adults.*’ It needs to be determined whether
reduced sensitivity to social reward in schizophrenia is
associated with NMDA receptor hypofunction using a
multimodal neuroimaging approach (eg, magnetic reso-
nance spectroscopy and fMR1I). This model proposes that
disrupted social preference in schizophrenia can lead to
diminished social interaction and then to less effective
development of social cognitive skills. The assumption
is that the influences are bidirectional, with social com-
petence having a reciprocal influence on social prefer-
ence. Because our study used a cross-sectional design of
patients with chronic schizophrenia, it was not possible
to determine how reduced neural sensitivity to social
reward arises over the course of illness. A longitudinal
study with individuals during their early course of illness
could address the question of how changes in social pref-
erence emerge over time.

The findings of this study should be interpreted in the
context of several limitations. All patients were taking
second-generation antipsychotic medication at the time of
testing. Although we cannot completely rule out any con-
founding effect of antipsychotic medication, it is unlikely
that the current findings can be explained this way consid-
ering that we observed reduced neural sensitivity only to
social rewards in patients. This study used emotional faces
as socially rewarding stimuli and patients have difficulty
recognizing emotional expression of faces.*# Although
we showed that impaired social cognition (ie, emotion
management) could not explain the current pattern of
findings, associations between other types of social cogni-
tion (eg, facial affect recognition) and sensitivity to social
reward remain to be examined. This study used static
images of faces and dollar bills as social and nonsocial
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rewarding stimuli and did not ask participants to rate
how rewarding they found each stimulus to be. Thus, it
needs to be determined whether a similar pattern of find-
ings would be observed with different types of reward (eg,
dynamic video stimuli, social touch, and food) or could be
explained by differences in the subjective value of rewards.

Conclusion

In summary, this study found a reduced neural sensitivity
to social, but not to nonsocial reward, in chronic schizo-
phrenia patients during an implicit reinforcement learn-
ing task. These findings provide an empirical evidence of
disrupted social preference and aberrant social approach
motivation in schizophrenia at the neural level.

Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin online.
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