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Psychosis is characterized by an elementary lack of trust in others. Trust is an inherently rewarding aspect of successful social

interactions and can be examined using neuroeconomic paradigms. This study was aimed at investigating the underlying neural

basis of diminished trust in psychosis. Functional magnetic resonance imaging data were acquired from 20 patients with

psychosis and 20 healthy control subjects during two multiple-round trust games; one with a cooperative and the other with

a deceptive counterpart. An a priori region of interest analysis of the right caudate nucleus, right temporo-parietal junction and

medial prefrontal cortex was performed focusing on the repayment phase of the games. For regions with group differences,

correlations were calculated between the haemodynamic signal change, behavioural outcomes and patients’ symptoms. Patients

demonstrated reduced levels of baseline trust, indicated by smaller initial investments. For the caudate nucleus, there was a

significant game � group interaction, with controls showing stronger activation for the cooperative game than patients, and no

differences for the deceptive game. The temporo-parietal junction was significantly more activated in control subjects than in

patients during cooperative and deceptive repayments. There were no significant group differences for the medial prefrontal

cortex. Patients’ reduced activation within the caudate nucleus correlated negatively with paranoia scores. The temporo-parietal

junction signal was positively correlated with positive symptom scores during deceptive repayments. Reduced sensitivity to

social reward may explain the basic loss of trust in psychosis, mediated by aberrant activation of the caudate nucleus and the

temporo-parietal junction.
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Introduction
Psychosis is a disorder that manifests itself in social interactions.

This is most evident in the core symptoms of psychosis, especially

paranoid delusions, which are characterized by a fundamental lack

of trust. Trust is an essential and inherently rewarding aspect of

successful social interactions. A fundamental lack of trust has long

been regarded as a primary process underlying paranoid delusions

(Erikson, 1953). However, trust has not been incorporated into

cognitive models of psychosis, owing to the difficulty in probing

the interactive nature of social processes experimentally (Adolphs,

2006).
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Different approaches have been implemented to study socially

relevant stimuli, ranging from passive watching (Michalopoulou

et al., 2008) and active associative learning (Evans et al., 2010)

towards actual social interactions (Fett et al., 2012). The current

development of neuroeconomics has shown that complex social

interactions, such as trust, can be operationalized in economic

exchange games (Harford and Solomon, 1969; Camerer, 2003;

King-Casas et al., 2005; Sanfey, 2007; King-Casas et al., 2008).

Recent reviews suggest that neuroeconomics offers objective and

suitable paradigms to investigate the underlying mechanisms of

social dysfunction in psychiatric disorders (King-Casas and Chiu,

2012; Sharp et al., 2012).

The classic trust game involves the interaction of two anonym-

ous players, based upon simple investment and repayment deci-

sions (Berg et al., 1995). The first player decides how much

money to share with the second player. This shared amount is

tripled, and the second player has to decide how much to repay

to the first player. If both players cooperate, mutually beneficial

outcomes become more likely; however, the second player could

benefit at the expense of the other. Thus, it allows the examin-

ation of trust quantified by the amount of money being invested.

Previous studies showed that healthy control subjects invest at

least some of their money, and that this sign of trust is strongly

reinforced by the reciprocity of the interacting partner (Croson and

Buchan, 1999; Glaeser et al., 2000; Scharleman et al., 2001; Phan

et al., 2010).

Recent imaging studies showed that economic exchange games

are associated with cortical regions associated with both social

cognition (Frith and Frith, 2003; Gallagher and Frith, 2003;

Gallese et al., 2004) and reward networks (Rilling et al., 2002;

Singer et al., 2004; King-Casas et al., 2005). Mentalizing is essen-

tial for successful social interactions, and deficits in mentalizing

have been linked to poor social functioning in psychosis (Fett

et al., 2011). Recent imaging data support the notion that

reduced activation in the temporo-parietal junction and the

medial prefrontal cortex may underlie the mentalizing impairments

in psychosis (Lee et al., 2011). Consequently, those brain regions

may play an important role in the development of disturbed social

interactions and diminished trust in psychosis.

Trust has been linked with activation in brain reward systems;

the caudate nucleus was specifically linked to mutually positive

interactions between healthy individuals (King-Casas et al.,

2005). This suggests a possible mechanism underlying disturbed

social interactions in psychosis, bringing into play contemporary

theories of dopamine function. Mesolimbic dopamine has a central

role in reward, learning and motivation (Schultz, 2002), and is also

thought to be crucial to the pathophysiology of psychotic symp-

toms (Davis et al., 1991; Seeman and Kapur, 2000). Abnormalities

of dopaminergic function may lead to aberrant salience signals,

possibly underlying the development of psychotic symptoms

(Kapur et al., 2005). This leads to the hypothesis that aberrant

sensitivity to social reward may underlie the basic lack of trust in

psychosis. Using a multi-round trust game, we have shown that

patients with psychosis engage in fewer mutually trusting inter-

actions than healthy control subjects (Fett et al., 2012).

The purpose of this study was to investigate the lack of trust

manifest in psychosis at the neural level. Functional magnetic

resonance imaging data were acquired from 20 patients with

non-affective psychosis and 20 healthy control subjects, while par-

ticipating in two multiple-round trust games. One game was

played with a counterpart designed to respond with a cooperative

playing style, the other game was based on a deceptive playing

style. Compared with healthy control subjects, we expected to find

in patients with psychosis (i) reduced baseline trust; (ii) reduced

activation in the caudate nucleus in response to cooperative re-

payments; and (iii) reduced temporo-parietal junction and medial

prefrontal cortex signals during cooperation and deception. As a

secondary aim, we examined the link between haemodynamic

signal change and symptoms as well as investment behaviour to

identify if observed brain activation is related to specific symp-

toms. For the caudate, we focused on the link with baseline

trust, measured by initial investments. Examining the mean invest-

ments seemed more relevant for the medial prefrontal cortex and

the temporo-parietal junction, considering that mentalizing plays a

role throughout the entire interactions, rather than the first

rounds. The specific hypotheses were: (i) the magnitude of the

brain response in the caudate nucleus is negatively correlated

with the level of paranoia scores in patients; (ii) the initial invest-

ment is positively correlated with the caudate signal in control

subjects, but not in patients; and (iii) the mean investments are

positively correlated with the temporo-parietal junction and medial

prefrontal cortex signals in control subjects, but not in patients.

Methods and materials

Subjects
Two groups of dextral male subjects aged between 18 and 50

years participated in the study: 20 patients with lifetime presence

of non-affective psychosis according to Research Diagnostic

Criteria, with illness duration of 515 years, and currently treated

with atypical antipsychotics, and 20 control individuals without a

personal history of psychosis or a family history of psychosis. The

recruitment of participants took place through the South London

and Maudsley (SLAM) NHS Trust. The SLAM PICuP research

register was consulted to identify suitable patients, which is a re-

search database for patients undergoing psychological treatment

at the Maudsley Hospital, London. In order to select control sub-

jects, a database of healthy volunteers was used, which has been

created for this purpose at the Institute of Psychiatry, King’s

College London. Exclusion criteria included: current treatment

with typical antipsychotics, current drug or alcohol abuse, a history

of neurological disorder and serious intellectual impairment.

Individuals were also screened with the imaging safety question-

naire and were excluded if they showed any contraindications to

MRI, such as metal in the body or claustrophobia. For the control

group, a lifetime or a family history of psychosis was used as an

additional exclusion criterion. After complete description of the

study to the subjects, written informed consent was obtained.

The study received ethical approval by the Barking and Havering

Local Research Ethics Committee.
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Assessment

Psychotic symptoms

The positive, negative and general subscales of the Positive and

Negative Syndromes Scale (Kay et al., 1986) were used to assess

the extent of psychotic symptoms. The persecution item of the

Positive and Negative Syndromes Scale was used as an additional

index for patients’ paranoid symptoms.

Depressive symptoms

The Beck’s Depression Inventory (Beck et al., 1961) was used as a

measure of co-morbid depression to ensure that patients were not

suffering from severe depression.

General cognition

Two additional cognitive measures were used to control for the

potential impact of general cognitive impairment on trust game

behaviour. The Vocabulary subtest of the Wechsler Adult

Intelligence Scale III (Wechsler, 1981) was used as an index for

general cognitive ability. Working memory was estimated by the

Letter Number Span of the Wechsler Adult Intelligence Scale III.

Experimental design
The trust game was a modified version of a previous multi-round

trust game (King-Casas et al., 2005). Subjects played the role of

the first player. They played against the computer, but were led to

believe that they would play with two different human partners.

Subjects were asked to decide how much money to share with the

other player. At the beginning of each round, subjects received

the same starting budget consisting of £10. Any amount between

£0 and £10 could be shared. The shared amount was tripled, and

the second player had to decide how much to repay to the first

player.

The computer algorithm consisted of two versions programmed

in a probabilistic way, which reflected a cooperative and a decep-

tive style of playing. The decision on how much money should be

returned depended on the previous investments of the investor.

Specifically, in the cooperative strategy, the first repayment was

either 100%, 150% or 200% of the amount invested. Each of

these possible first repayments occurred with a probability of

33%. Subsequent repayment increased in a probabilistic way if

the current investment reflected an increase in trust relative to

the previous investment, but remained stable in all other situ-

ations. Hence, with each increase in trust from the side of the

investor, the chance of a repayment of 200% increased with

10%. In the deceptive strategy, the first repayment was 50%,

75% or 100% of the amount invested. Each of these possible

first repayments occurred with a probability of 33%. Subsequent

repayments decreased in a probabilistic way if the current invest-

ment reflected an increase in trust relative to the previous invest-

ment, but remained stable in all other situations. Hence, with each

increase in trust from the side of the investor, the chance of a

repayment of 50% invested increased with 10%.

In total, all participants played two trust games, each consisting

of 20 game trials and 20 null trials. The null trials were included as

a baseline condition for the functional MRI analysis. The design

and duration of each event within the null trials was identical to

the game trials. Participants were told that the null trials were not

related to the investment decisions. In one game, the computer

playing style was cooperative, and in the second it was deceptive.

The order of the games was counterbalanced across subjects.

A single round was set up as follows. Every trial started with an

investment cue of £10 and the investment period of the subject

(maximum 6 s). The invested amount was shown (2 s), followed by

waiting period with a bar slowly filling itself with dots (2–4 s), and

a fixation cross (500 ms). The partner’s response was displayed

(3 s), followed by the totals (3–5 s depending on the length of

the partner’s response). Each trial ended with a fixation cross

(500 ms). In total, each trial lasted 18.5 s.

Scanning parameters
Imaging data were acquired using a 3 T GE Signa Neuro-optimized

MR System at the Centre of Neuroimaging Science of the Institute

of Psychiatry, King’s College London. A quadrature birdcage head

coil was used for radio frequency transmission and reception. Foam

padding was placed around the subject’s head in the coil to min-

imize head movement. Three hundred and seventy T2*-weighted

whole-brain echo-planar images sensitive to the blood oxygen

level-dependent contrast were acquired with the following param-

eters: slice thickness = 2.4 mm; gap = 1 mm; repetition time = 2 s;

echo time = 25 ms; flip angle = 75�; in-plane resolution = 3.4 mm;

number of slices = 38; number of slices/DDAs = 4; matrix =

64 � 64. For anatomical reference, a coronal fast spoiled gradient

echo image of the whole brain was obtained for each subject,

which consisted of 196 slices acquired with the following param-

eters: slice thickness = 1.1 mm; gap = 0; repetition time = 7 s; echo

time = 2.8 ms; flip angle = 20�; matrix = 256 � 256.

Statistical analyses
The SPSS software, version 17, was used to analyse the behav-

ioural data. The average of the initial investments of the first

round of both games was used as an index for baseline trust.

The average of all investments was calculated for each game sep-

arately as an index for overall trusting behaviour.

The imaging data were analysed using BrainVoyager QX, version

2.3 (Brain Innovation). The functional scans were coregistered to

each individual anatomical scan and converted to Talairach space.

Preprocessing consisted of slice scan-time correction, 3D motion

correction, temporal highpass filtering (0.01 Hz), and modest tem-

poral Gaussian smoothing (3 s). Finally, spatial smoothing using a

3D Gaussian kernel (full-width at half-maximum = 6 mm) was per-

formed. The preprocessed functional data were then resampled in

standard space, resulting in normalized 4D volume time-course

data. For each subject, a protocol was created defining the

onsets and offsets of the events (real versus control investments

with an onset at 2 s with duration of 4 s; real versus control re-

payments with an onset of 10.5 s after trial start and a duration of

5 s) for the different games. Using these protocols, design matrices

were computed by convolving each event with a standard haemo-

dynamic response function. A priori regions of interest were

defined based on the Talairach coordinates from previous

Social reward deficit in psychosis Brain 2013: Page 3 of 8 | 3

 at M
aastricht U

niversity on June 5, 2013
http://brain.oxfordjournals.org/

D
ow

nloaded from
 

http://brain.oxfordjournals.org/


research, identifying robust reward- and mentalizing-related acti-

vation in independent samples for the right caudate nucleus

(Talairach coordinates 10, 9, 4; Knutson et al., 2003), the right

temporo-parietal junction (Talairach coordinates 51, �54, 27;

Saxe and Kanwisher, 2003) and the medial prefrontal cortex

(Talairach coordinates �3, 64, 20; Hampton et al., 2008).

Regions of interest were created with a 5 mm sphere centred

around the published coordinates. Random-effects general linear

model analyses were run, based on the individual design matrices

and 4D volume time-course data, but restricted to the voxels con-

tained by the regions of interest, after correction for serial correl-

ations. For region of interests with a significant group difference,

beta weights were extracted and subjected to further post hoc

analyses in relation to symptoms (i.e. paranoid, positive, negative

and general scores) and behavioural outcomes (i.e. initial invest-

ment for the caudate and mean investments for the temporo-

parietal junction). These correlation analyses were conducted

using adjusted alpha levels of 0.01 per test.

Furthermore, any effect of repayment magnitude on caudate

activation was analysed using repeated measures ANOVA with

repayment magnitude as the within-subjects variable, and group

as the between-subjects factor.

An exploratory whole-brain, voxel-wise analysis focusing on the

repayment phase of the cooperative and the deceptive game was

conducted to investigate if there were group wise differences in

regions outside the a priori defined region of interests.

Results

Demographics
Table 1 displays the means and standard deviations for the par-

ticipant characteristics within each group. To ensure that age and

indices of cognitive ability were distributed equally across the two

groups, ANOVAs were run, comparing the demographic informa-

tion obtained from patients and control subjects. There were no

significant differences between patients and control subjects in

terms of age [F(1, 38) = 0.29, not significant], Wechsler Adult

Intelligence Scale vocabulary scores [F(1, 38) = 0.6, not signifi-

cant], and Wechsler Adult Intelligence Scale letter-number span

[F(1, 38) = 2.7, not significant].

Behavioural results
The variance of the individual investments was examined because

the algorithms for the two games were programmed such that an

investment of £10 sustained throughout the game would lead to

similar repayments. There was no single subject who invested the

maximum of £10 throughout all trust game rounds of the two

games. Table 2 provides an overview of the means and standard

deviations for the behavioural analyses. There was an effect of

initial investments: patients invested significantly less during the

first round than control subjects [F(1, 38) = 8.071, P50.01], indi-

cating reduced levels of baseline trust in patients. Patients invested

significantly less during the cooperative game [F(1, 38) = 14.431,

P50.01]. No group differences were found for the deceptive

game [F(1, 38) = 0.033, not significant].

Functional magnetic resonance imaging
For the right caudate nucleus (Fig. 1), there was a significant

game � group interaction [F(1, 38) = 4.834, P50.04], with stron-

ger activation in control subjects than patients during cooperative

repayments [t(38) = 2.144, P50.04] and no significant differ-

ences for deceptive repayments [t(38) = �0.541, not significant].

The strength of the caudate signal during cooperative repayments

correlated negatively with patients’ paranoia scores (Pearson’s

r = �0.555, P5 0.01; Fig. 3), but not with negative (Pearson’s

r = �117, not significant), positive (Pearson’s r = 0.168, not sig-

nificant) or general symptom scores (Pearson’s r = 0.094, not sig-

nificant). When tested with a non-parametric measure, the

correlation between caudate activation and paranoia scores re-

vealed the same trend, but was not significant at the adjusted

alpha level of 0.01 (Spearman’s rho = �0.409, P50.05).

In control subjects the caudate signal correlated positively with

the magnitude of the initial investment (Pearson’s r = 0.522,

P50.01), linking healthy baseline trust with the brain reward re-

sponse in control subjects. The correlation between caudate signal

strength and initial investment was not significant for patients

(Pearson’s r = 0.011, not significant).

There was a significant group effect for the right temporo-

parietal junction [F(1, 38) = 5.642, P50.03; Fig. 2], with stronger

activation in control subjects than patients during cooperative re-

payments [t(38) = 2.064, P50.05] as well as during deceptive

repayments [t(38) = 2.099, P50.05]. The strength of the

temporo-parietal junction signal during deceptive repayments cor-

related positively with patients’ positive symptom scores (Pearson’s

r = 0.516, P5 0.01; Fig. 4), but not with negative (Pearson’s

r = 0.391, not significant), general (Pearson’s r = 0.449, not signifi-

cant), and paranoia symptom scores (Pearson’s r = 0.292, not sig-

nificant). There were no significant correlations between the

temporo-parietal junction signal during cooperative repayments

Table 2 Behavioural measures

Measure Mean
patients (SD)

Mean control
subjects (SD)

First investment 6.1 (2.2) 7.8 (1.4)

Mean investment during
cooperative game

5.8 (2.3) 8 (1.7)

Mean investment during
deceptive game

4.5 (1.7) 4.4 (1.2)

Table 1 Participant characteristics

Measure Possible
range

Mean
patients (SD)

Mean control
subjects (SD)

Age 18–50 33.7 (7.8) 32.2 (9.1)

WAIS vocabulary 0–66 41.5 (8.9) 43.9 (10.7)

WAIS letter-number 0–21 11.2 (2.3) 12.3 (2.2)

WAIS = Wechsler Adult Intelligence Scale-Revised; SD = standard deviation.
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Controls

Patients

Figure 1 Location and percent signal change of the right caudate nucleus based on mean beta weights. COR = coronal;

left = cooperative game; right = deceptive game.

Controls

Patients

Figure 2 Location and per cent signal change of the right temporo-parietal junction based on mean beta weights. TRA = transverse;

left = cooperative game; right = deceptive game.
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PANSS persecution score

Figure 3 Scatterplot of the negative association between

caudate signal strength and Positive and Negative Syndromes

Scale (PANSS) persecution scores in patients.

Figure 4 Scatterplot of the positive association between

temporo-parietal junction (TPJ) signal strength and Positive and

Negative Syndromes Scale (PANSS) positive scores in patients.
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and any of the Positive and Negative Syndromes Scale symptom

scores. To assess whether the observed association between

temporo-parietal junction signal and positive symptoms was stron-

ger for the deceptive than for the cooperative game, a repeated

measures ANOVA was run for the patient group, yielding a

trend-level significant temporo-parietal junction � positive symp-

toms interaction [F(1, 37) = 3.583, P5 0.1].

The temporo-parietal junction signal did not correlate signifi-

cantly with the magnitude of the mean investment during the

deceptive game (Pearson’s r = 0.378, not significant).

For the medial prefrontal cortex, there was a significant main

effect of game [F(1, 38) = 7.297, P50.02], with stronger activation

for cooperative repayments than for deceptive repayments in both

groups [t(38) = 2.730, P50.01]. There were no significant group

differences for the medial prefrontal cortex [F(1, 38) = 1.105, not

significant]. Figures 1 and 2 illustrate the size of the haemodynamic

responses during cooperative versus deceptive repayments for the

areas with significant group differences, i.e. the caudate nucleus and

the temporo-parietal junction.

There was no significant effect of repayment magnitude on

caudate activation [F(3, 36) = 1.604, not significant].

The exploratory whole-brain, voxel-wise analysis revealed signifi-

cant task-related activation in three regions. Cooperative repay-

ments were associated with stronger activation of the inferior

parietal lobule (Talairach coordinates 44, �63, 48) and the

middle temporal gyrus (61, �43, �1) in control subjects compared

with patients; and deceptive repayments were associated with

stronger activation of the inferior parietal lobule (Talairach coordin-

ates 39, �53, 38) in control subjects compared with patients.

Discussion
This study examined the mechanisms underlying the lack of trust

manifest in psychosis using a neuroeconomic game approach. In

line with the strong link between paranoia and reduced trust, pa-

tients invested less during the first round of the games compared

with control subjects. During this initial investment, subjects have

no information on the behaviour of the other player, conse-

quently, a reduced investment indicates reduced baseline trust in

patients. This is in line with previous research and theories on the

role of trust in psychosis (Erikson, 1953; Harford and Solomon,

1969).

Our imaging data show that receiving cooperative repayments

is linked to stronger caudate activation in control subjects than in

patients. The neural signal change correlated positively with the

baseline trust index in control subjects, but not in patients.

Combined with the finding of a negative association between

paranoia scores and the strength of caudate activation, this pro-

vides a specific link between lack of trust and a reduced caudate

signal in psychosis. No group differences were found for encoun-

ters with a deceptive partner. This is particularly interesting con-

sidering that the caudate forms part of the brain reward system

and has been linked to greater activation in the generous condi-

tion of the trust game in healthy control subjects (King-Casas

et al., 2005). Consequently, this different activation pattern

might suggest that patients have a reduced ability to perceive

positive interactions as rewarding.

Patients also showed a reduced temporo-parietal junction signal

in response to both cooperation and deception. This is in line with

previous imaging data, showing impaired temporo-parietal junc-

tion activation during an on-line mentalizing task (Das et al.,

2012). Of note, the temporo-parietal junction has been specifically

linked to mental state reasoning in a social context (Saxe and

Kanwisher, 2003), in line with the notion that our subjects

believed that they were interacting with real people. In the current

study, the temporo-parietal junction signal change was associated

with the severity of positive psychotic symptoms during deceptive

repayments only, suggestive of a link between enhanced menta-

lizing activity during unfair social encounters and positive psychotic

symptoms. However, this interpretation is based on a suggestive,

but non-significant, interaction and hence requires replication in a

larger sample.

Surprisingly, no group differences were established for the

medial prefrontal cortex. Previous research suggests that medial

prefrontal cortex impairments are directly linked to the mentalizing

deficits observed in psychosis (Lee et al., 2011). The lack of medial

prefrontal cortex abnormalities in our study contradicts this notion.

One explanation of this discrepancy might be that the medial

prefrontal cortex is a better functioning region of the mentalizing

network during social decision-making than the temporo-parietal

junction. This would explain why patients exhibited similar medial

prefrontal cortex activation as the healthy control subjects in our

study, with a stronger signal for beneficial than non-beneficial

social encounters. Alternatively, it is also possible that subtle

medial prefrontal cortex impairments might be present in patients,

which could not be detected in our study due to insufficient

sample sizes.

The exploratory whole-brain analysis revealed reduced activa-

tion in patients in the inferior parietal lobule during cooperative

and deceptive repayments, and additionally in the middle temporal

gyrus during cooperative repayments. Abnormal activation in the

inferior parietal lobule in schizophrenia has been linked to difficul-

ties in self/other distinction and agency attribution (Shergill et al.,

2003, 2013; Brunet-Gouet and Decety, 2006), but given the ex-

ploratory nature of this analysis, the significance of this finding in

the context of the trust game should be investigated in future

studies.

The current study had a relatively moderate sample size

(n = 40). Consequently, the results should be regarded as prelim-

inary evidence and have to be interpreted with caution.

Replication in a larger sample is required to obtain a more reliable

account of the neural correlates of the lack of trust in patients

with psychosis. Moreover, the generalizability of the current re-

sults is limited due to the strict inclusion criteria (i.e. only

right-handed males, illness onset of 515 years, only atypical

medication). However, these criteria were necessary in order to

avoid potential confounding problems due to handedness,

gender or medication.

One major drawback is that the design of our task does not

allow for clear differentiation between social reward and more

generic reward. Previous studies suggest that social reward

during social interaction in the trust game can be distinguished
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from utilitarian decision-making with evaluation of standard risk

and reward. Recently, it has been shown that risk attitudes do not

predict trust decisions during trust game interactions (Eckel and

Wilson, 2004; Houser et al., 2010). The neuropeptide oxytocin

demonstrates specific effects on social learning, and not on learn-

ing in non-social risk games (Baumgartner et al., 2008). Explicit

social information has also been shown to modulate traditional

reward learning systems in the striatum (Delgado et al., 2005),

indicating a clear distinction between social learning and reward

learning. These studies support the notion that trust games tap

into social rather than generic reward learning.

However, these social interactions can also be viewed as being

underpinned by the mechanisms underlying reward-based learn-

ing. In accordance with this, a change in the timing of the caudate

activation from the repayment phase towards the investment

phase has been reported indexing the development of trust be-

tween interacting persons (King-Casas et al., 2005). Other data

have highlighted the correlation between social preferences and

individual risk attitudes (Lauharatanahirun et al., 2012), indicating

that risk attitudes could influence decision-making in a social con-

text. Combined with the finding of impaired reward prediction

errors in psychosis (Murray et al., 2008), this offers an alternative

interpretation of the trust game paradigm, suggesting that trust

game interactions may be influenced by reward processing and

risk sensitivity. Future studies could usefully control for sensitivity

to reward and risk in order to clarify these relationships.

By definition, the decision to trust the second player occurs at

the very beginning of the trust game. Hence, higher initial invest-

ments reflect higher baseline trust. However, we chose to use the

repayment phase as our point of interest because in a multi-round

game, this is the time at which there is maximal mentalizing and

planning for the next trial. In the current study, we found evi-

dence for reduced baseline trust in patients, reflected by the lower

initial investments compared with the healthy control subjects.

Yet, it was not possible to investigate the deficit in baseline trust

at a neural level due to an insufficient number of initial investment

trials. Future imaging studies could overcome this using a single

shot design with multiple trustees or a design with repeated in-

vestment trials without feedback as implemented in Fett et al.

(2012).

Further research in this field should focus on risk groups such as

individuals from the general population with subclinical psychotic

symptoms or first-degree relatives of patients with psychosis.

Previous research on first-degree relatives has revealed similar

findings in the relatives as in the patients in terms of dopaminergic

abnormalities (Hirvonen et al., 2006; Huttunen et al., 2008).

Recently, evidence has been found for reduced trust in relatives

at baseline, but trust levels similar to control subjects in the feed-

back condition, suggesting that cognitive flexibility may be a pro-

tective mechanism against transition from subclinical to clinical

symptoms (Fett et al., 2012). The neural basis of this transition

still needs to be explored.

To conclude, we demonstrate for the first time that reduced

sensitivity to social reward in psychosis is accompanied by attenu-

ated caudate activation and this correlates with levels of paranoia.

Moreover, there seems to be an impaired temporo-parietal junc-

tion signal in patients, which is linked to positive symptoms for

situations of unfair social encounters. Overall, this points to aber-

rant reward and mentalizing mechanisms underlying disturbed

social interactions in psychosis and contributing to paranoid delu-

sions and overall symptomatology. Although speculative, this

offers a new account of the origins of social cognition disturbances

in psychosis. Further research on paranoia and its manifestations

during social interactions is needed to gain more insight into one

of the most devastating symptoms of psychosis.
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