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Background: Psychosis is characterized by problems in social functioning and trust,
the assumed glue to positive social relations. But what helps building trust? A prime
candidate could be social mindfulness: the ability and willingness to see and consider
another person’s needs and wishes during social decision making. We investigated
whether first-episode psychosis patients (FEP) and patients at clinical high-risk (CHR)
show reduced social mindfulness, and examined the underlying neural mechanisms.
Methods: Twenty FEP, 17 CHR and 46 healthy controls, aged 16–31, performed
the social mindfulness task (SoMi) during fMRI scanning, spontaneously and after the
instruction “to keep the other’s best interest in mind.” As first of two people, participants
had to choose one out of four products, of which three were identical and one was
unique, differing in a single aspect (e.g., color).
Results: FEP tended to choose the unique item (unmindful choice) more often than
controls. After instruction, all groups significantly increased the number of mindful
choices compared to the spontaneous condition. FEP showed reduced activation of
the caudate and medial prefrontal cortex (mPFC) during mindful, and of the anterior
cingulate cortex (ACC), mPFC, and left dorsolateral prefrontal cortex (dlPFC) during
unmindful decisions. CHR showed reduced activation of the ACC compared to controls.
Discussion: FEP showed a trend toward more unmindful choices. A similar increase
of mindful choices after instruction indicated the ability for social mindfulness when
prompted. Results suggested reduced sensitivity to the rewarding aspects of social
mindfulness in FEP, and reduced consideration for the other player. FEP (and CHR to a
lesser extent) might perceive unmindful choices as less incongruent with the automatic
mindful responses than controls. Reduced socially mindful behavior in FEP may hinder
the building of trust and cooperative interactions.
Keywords: social mindfulness, trust, first-episode psychosis, clinical high-risk, fMRI, mentalizing, reward
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trust (Declerck et al., 2013; Lemmers-Jansen et al., 2018b). Apart
from social cognition and reward, other mechanisms may also
play a role, like self-representation and self-other distinction
(Fonagy and Target, 2006; van Os et al., 2010). In the SoMi task
participants are presented with four items, of which three are
identical and one only differed in a single aspect (e.g., three green
baseball caps and one yellow baseball cap). Choosing the unique
item removes the option of choice for the second player. This is
the socially unmindful choice. Choosing one of the three identical
items still leaves the next player a choice, making it the socially
mindful choice.
Previously Lemmers-Jansen et al. (2018b) have shown that
making mindful decisions engaged the fronto-parietal network
and when choosing unmindfully the default mode network was
recruited. Mindful and unmindful choices showed an overlap of
activated regions, especially in medial prefrontal cortex (mPFC)
and the temporo-parietal junction (TPJ). Exclusion analysis
revealed condition specific activation for mindful choices in
parietal regions. Unmindful choices activated frontal regions
(anterior cingulate cortex (ACC) and mPFC). The caudate was
associated with mindful choices in prosocially oriented subjects,
indicating a rewarding aspect of prosocial behavior. These
regions are consistent with the reward, cognitive control, and
social cognition systems, each of which is implicated in prosocial
decision making (Declerck et al., 2013).
Patients with psychotic disorder show aberrant activation of
these brain areas, which are often associated with mentalizing
and reward processing (Juckel et al., 2006; Murray et al.,
2008; Schilbach et al., 2016; Bartholomeusz et al., 2018). Both
mechanisms have been linked to trust (Brüne, 2005; King-Casas
et al., 2005; Baas et al., 2008; Marwick and Hall, 2008; Benedetti
et al., 2009; Gromann et al., 2013; Billeke et al., 2015; Horat
et al., 2017; Lemmers-Jansen et al., 2017). In patients at clinical
high-risk for psychosis (CHR) and in unaffected siblings of
patients similar social cognitive impairments are found, albeit
to a lesser degree, suggesting milder impairments in high-risk
populations, and a major decline with the first episode (Pinkham
et al., 2007; Bora and Pantelis, 2013; Lavoie et al., 2013; McCleery
et al., 2014). CHR are already in care for other psychopathology,
reporting psychotic-like symptoms, but have not yet experienced
(or never will) full-blown psychosis (Velthorst et al., 2009;
Woods et al., 2009; van Os and Linscott, 2012; Wigman et al.,
2012; van Os and Reininghaus, 2016). With the conversion to
psychosis, impairments in social function increase, therefore
it is important to understand the changes that occur during
this transition. Investigating social interactions in patients with
psychotic symptoms, first-episode psychosis patients (FEP) and
CHR, who are unbiased with regard to long lasting stigma and
institutionalized living can help identifying processes that decline
at first onset. This may provide specific targets for intervention,
to prevent or delay social decline, which is crucial for outcome
prognosis and early intervention.
Isolated social cognitive skills have been successfully assessed
with off-line tasks; however, they do not capture the wide range
of mechanisms involved in social interactions. Real life social
interactions are difficult to measure in a controlled environment,
but neuro-economics provide paradigms, investigating sharing

INTRODUCTION
Psychotic disorder is characterized by positive psychotic
symptoms (e.g., delusions and hallucinations), negative
symptoms (e.g., affective flattening and lack of motivation), and
cognitive impairments (American Psychiatric Association, 2013).
In addition, patients display problems in social functioning
(Couture et al., 2006; Fett et al., 2012), which are already present
before the onset of psychosis, and have also been reported in
individuals at high-risk for psychosis (Yung et al., 2003; Ballon
et al., 2007; Cornblatt et al., 2007; Corcoran et al., 2011; Velthorst
et al., 2016a,b). One of these social impairments is reduced
trust in unknown others, a common aspect of the psychosis
spectrum, which is also found in individuals at genetic and
clinical high-risk for psychosis. In chronic patients reduced trust
seems to persist in the face of trustworthy behavior of others,
possibly due to repeated negative experiences. In contrast to
first episode patients and individuals at genetic and clinical
high-risk, initially reduced trust can be overcome when others
are trustworthy (Gromann et al., 2013; Fett et al., 2014a, 2015,
2016; Lemmers-Jansen et al., 2018a). Additionally, patients
may sometimes misplace trust: patients with a first-episode
psychosis did not decrease their levels of trust when confronted
with an unfair partner to the same degree as healthy controls
did (Fett et al., 2016). Although trust is often assumed to be
the glue to positive social interactions, little is known about
what it is that helps to build trust. A prime candidate could be
social mindfulness. Social mindfulness is expressed as low-cost
cooperative behavior, that involves the ability and willingness to
see and consider another person’s needs and wishes during social
decision making (Van Lange and Van Doesum, 2015). In this
paper social mindfulness is explored in first-episode psychosis
patients and in patients at clinical high-risk for psychosis. We
investigate whether first-episode and clinical high-risk patients
show reduced spontaneous socially mindful behavior, and
whether they show reduced neural activation in brain areas
associated with social decision making compared to controls,
similar to the trust literature in these patient groups (Gromann
et al., 2013; Lemmers-Jansen et al., 2018a).
Social mindfulness (SoMi) is being thoughtful of others in
the present moment, and considering their needs and wishes
when making a decision (Van Doesum et al., 2013; LemmersJansen et al., 2018b). Perceived socially mindful behavior will
promote close relationships, facilitate cooperation, and increase
trust in the other person (Declerck et al., 2013; Van Doesum
et al., 2013; Van Lange and Van Doesum, 2015; Dou et al.,
2018). On the contrary, displays of low socially mindful behavior
may elicit reduced feelings of trust in the counterpart, who
in turn will behave less trusting toward the initial actor. The
ability and willingness to think about preferences of and benefits
for others are two core requirements for SoMi, for trust, and
for positive social interactions in general. The ability, the skill,
reflects social cognitive processes, especially mentalizing, to
recognize the needs and wishes of others, to judge the other’s
trustworthiness and intentions; the willingness, the will, reflects
social motivation, the sensitivity to the intrinsic pleasurable
effects of positive social interactions, to act socially mindful or to
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or trusting behavior in real interactions. They can capture social
cognitive skills, as well as the neural processes underlying social
behavior. When investigating impairments in social behavior
in psychopathology, especially schizophrenia/psychosis, studying
these paradigms with fMRI can advance the understanding
of the neurobiology of social dysfunction (Kishida et al.,
2010; Hasler, 2012; Cáceda et al., 2014; Riccardi et al., 2015).
Studies have shown aberrant behavioral outcomes and neural
mechanisms during trust processing in patients with psychosis
(Fett et al., 2012, 2014a, 2015, 2016; Gromann et al., 2013;
Lemmers-Jansen et al., 2018a). The SoMi paradigm resembles
everyday interpersonal situations by involving very little costs
(c.f. giving compliments or making nice gestures), and low-level
cooperation, as reflected in a straightforward choice for an item,
whereas trust can be seen as high-level cooperation, with more at
stake, including risk, and building a model about the counterpart.
Furthermore, unlike other neuro-economical paradigms, where
the pay-offs for the player and the other person are usually very
clear, in the SoMi task participants have to recognize or see
what others want, and how their actions influence the outcomes
for others. Thus, the situation has to be recognized as a social
one, with all the associated demands and opportunities. This
realization is an intricate part of the construct.
The current study sets out to investigate behavioral and neural
mechanisms of spontaneous socially mindful decisions in FEP
and CHR patients. Given that patients show impairments in
reward processing and social cognitive skills, including taking
the perspective of the other person, we hypothesized that (1)
FEP will opt more often for individual gain (the unique item),
and therefore spontaneously make more unmindful choices
compared to controls. Given the straightforward nature of the
task, we further hypothesized that (2) FEP, similar to controls,
make more socially mindful choices after being asked to keep the
other’s best interest in mind. Given the evidence for altered brain
activation during social decisions and impairments in reward
processing and mentalizing in patients, we hypothesized that
(3) FEP will show reduced activation of the caudate during
spontaneous mindful choices, and generally less activation in
mPFC and TPJ compared to controls. With regard to CHR, we
hypothesized that they will show (4) an intermediate behavioral
performance compared to FEP and controls (Giuliano et al.,
2012; Thompson et al., 2012; Lemmers-Jansen et al., 2018a), and
intermediate neural activation compared to FEP and controls.
Additionally, associations of positive and negative symptoms,
and paranoia with behavioral and neural outcomes are explored,
based on the association between paranoia and reduced trust, and
mixed outcomes in the trust game literature (Gromann et al.,
2013; Fett et al., 2014b; Lemmers-Jansen et al., 2018a).

in the Amsterdam and The Hague area. All patients were
contacted through their treating clinicians at the academic
medical center Amsterdam (AMC), the Amsterdam early
intervention team psychosis (“Vroege Interventie Psychose” or
VIP team), and PsyQ The Hague. FEP were diagnosed at the
AMC, according to the DSM-IV criteria (American Psychiatric
Association, 2000), and included within 18 months of the
diagnosis (M = 5.6 months). Thirty percent was unmedicated,
55% was on atypical antipsychotic medication, and 15% on other
psychotropic medication. FEP illness ranged from hospitalized
to reentering work and society living, with symptoms ranging
from mildly to markedly ill, and one severely ill patient (Leucht
et al., 2005). CHR were help seeking individuals that were referred
to PsyQ by their general practitioners or other mental health
institutions. After an initial diagnosis based on their complaints,
all new admissions (between age 14–35) were screened for an “atrisk mental state” (ARMS) with the Comprehensive Assessment
of At-Risk Mental States [CAARMS; (Yung et al., 2005)], a
semi-structured interview that assesses psychotic experiences in
the last year before assessment. Additionally, patients had to
display marked problems in socially useful activities (work and
study), relationships, and self-care, indicated by a score below
55 on the Social and Occupational Functioning Assessment
Scale [SOFAS; mean score 46.9; (Goldman et al., 1992; Morosini
et al., 2000)], see also (Rietdijk et al., 2012). CHR were included
within 1 year after CAARMS assessment (M = 4.8 months).
Symptoms of depression and anxiety are often the primary
presenting complaints of CHR patients, rather than (subclinical)
psychotic symptoms (Modinos et al., 2014). Similar to other
CHR samples (Woods et al., 2009; Kelleher et al., 2012; Morrison
et al., 2012; Wigman et al., 2012; Fusar-Poli et al., 2014), the
current CHR sample had comorbid diagnoses of anxiety (5),
personality (3), eating (2) and mood (2) disorders, trauma
(2), and ADHD (3). Exclusion criteria for both patient groups
were primary diagnosis of mood disorders, comorbidity with
autism spectrum disorder (ASD) and an IQ < 80, information
provided by their primary clinicians, based on the initial
assessment and diagnosis. And for the healthy control group
this was a family history of psychiatric disorders, ASD and
an IQ < 80, as was assessed with a questionnaire and by
recruiting participants from regular educational institutes. All
participants were fluent in Dutch. We excluded nine FEP, one
CHR, and six controls from analyses due to invalid or missing
data. The remaining sample consisted of 20 FEP, 17 CHR,
and 46 controls. The first study on the neural mechanisms
of social mindfulness was based on the same sample of
healthy controls (Lemmers-Jansen et al., 2018b). This research
was approved by the Ethics Committee of the VU Medical
Center Amsterdam.

MATERIALS AND METHODS

Measures
Social Mindfulness Paradigm (SoMi Task)

Subjects

The SoMi task consisted of a dyadic game in which the participant
and a fictitious other (someone “who you don’t know and are not
likely to meet in the near future”) repeatedly choose what to take
from a set of four similar products [identical task characteristics
as in Lemmers-Jansen et al. (2018b)]. One of these products

Twenty-nine young adolescents with a first psychotic episode
(FEP), aged 16–22 were recruited in the Amsterdam area.
Additionally, 18 patients at clinical high-risk for developing
psychosis (CHR) and 52 controls, aged 16–31 were recruited
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was unique in a single aspect, whereas the other three were
identical, for example one red among three green apples (1:3
ratio; see Figure 1). Participants were instructed that they would
always choose first, and that chosen items would not be replaced.
Choosing an identical item would leave the next person a choice,
and was scored as socially mindful; taking away the unique item
would limit this other person’s choice, and was scored as socially
unmindful. Each of the experimental trials featured different
products. All products were low in value, e.g., pens, water bottles,
etc. We added control trials as a baseline measure to the analyses,
which displayed the items in a 2:2 ratio in which the participant’s
choices would have no social consequences (see Figure 1).
The SoMi paradigm was administered twice. In the first round
(spontaneous condition), participants only received the general
information that someone else would choose after them. In the
second round (instructed condition), participants received the
additional instruction to “keep the best interest of the other
person in mind” (cf. Van Doesum et al., 2013, Studies 1a–c). This
round was added to check if lower scores on social mindfulness
are the result of a lack of ability to understand how one’s own
behavior affects the other player. Each round consisted of 24
experimental trials, with one unique versus three identical items
(e.g., one red and three green apples); 24 control trials, offering
two pairs of identical items (e.g., two blue and two yellow baseball
hats), and 12 low-level baseline trials, where participants passively
watched a blank screen. Each trial had a duration of 5000 ms.
A final score of social mindfulness was computed. This SoMiindex is the proportion of socially mindful answers, varying
from 0 (only socially unmindful choices) to 1 (only socially
mindful choices).

Wechsler Adult Intelligence Scale (WAIS) Vocabulary
A subtest of the WAIS-III (Wechsler, 1997) was included as a
proxy for intelligence. The vocabulary subscale, a measure of
verbal comprehension, consisted of 33 words that had to be
defined or described by the participants (e.g., winter, catastrophe,
and reckless). Answers were either fully correct (2 points),
partially correct (1) or wrong (0). After six consecutive 0 scores,
the test was discontinued.

Procedure
All participants provided general informed consent; patients
also signed a form that allowed the researchers to obtain
additional patient data from their care giving institution.
After signing the consent forms, participants completed several
pen and paper questionnaires, followed by two computeradministered tasks. Both patient groups were assessed with the
PANSS. Medication use was assessed with the pre-scanning
questionnaire, a questionnaire pertaining to the safety procedure
for scanning. Subsequently participants were scanned for about
an hour. For patients, extra time was needed to guide them into
the scanner, comfort them and to ensure they understood the
tasks. Therefore, we planned 15 min extra for them. First, all
participants performed an unrelated task [the Trust Game, see
(Lemmers-Jansen et al., 2018a)]. Next the structural scan was
made, during which participants could relax, while watching
a movie if they wanted. The SoMi task was the second task
participants performed in the scanner. Two rounds of the SoMi
task were played as described above, each round lasting 6 min.
Instructions for the task were given in the scanner, immediately
prior to the task. Four practice trials were completed before the
task started to ensure that instructions were clear. Instructions
for the second round were given visually and orally, while
scanning was paused. Scanning sessions ended with a resting
state scan. After scanning participants received an image of
their structural brain scan, 25€ for participation and travel costs
were reimbursed.

Positive and Negative Syndromes Scale (PANSS)
The well validated 30-item PANSS semi-structured interview
was used for rating symptoms in the 2 weeks prior to testing.
The PANSS distinguishes between positive, negative, and general
symptoms (Kay et al., 1987). The item P6 was used as an
indication for paranoia. Items are scaled on a 7-point Likert scale,
ratings 3 and higher indicating clinical values. All FEP and 13
CHR completed the interview.

fMRI Data Acquisition
fMRI data were obtained at the Spinoza center Amsterdam, using
a 3.0 T Philips Achieva whole body scanner (Philips Healthcare,
Best, Netherlands) equipped with a 32 channel head coil. A T2∗
EPI sequence (TR = 2, TE = 27.63, FA = 76.1◦ , FOV 240 mm,
voxel size 3 × 3 × 3, 37 slices, 0.3 mm gap) was used, resulting
in 185 images per condition. A T1-weighed anatomical scan was
acquired for anatomical reference (TR = 8.2, TE = 3.8, FA = 8◦ ,
FOV 240 mm∗ 188 mm, voxel size 1 × 1 × 1, 220 slices).

Data Analysis
Behavioral Data
Demographic and behavioral data were analyzed using Stata 13
(StataCorp, 2013) with regression analyses and chi-square tests.
For behavioral outcomes, t-tests and regression analyses were
used. Analyses included spontaneous choices and choices after
instruction, and were controlled for age and gender as a priori
confounders, and for WAIS Vocabulary, to avoid potential
confounding effects of group differences. To examine whether

FIGURE 1 | Example trials of the Social Mindfulness task (SoMi), displaying
(A) an experimental trial (3:1 ratio presentation) where the participant’s choice
can influence the choice options of the other player; and (B) a control trial (2:2
ratio presentation) where the choice has no social consequences. The
stimulus was displayed for 5000 ms, followed by an inter-stimulus interval (0,
1000, or 2000 ms). Reproduced from (Lemmers-Jansen et al., 2018b).
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using the Simple Interactive Statistical Analysis Bonferroni tool1 ,
resulting in adjusted significance thresholds (Woudstra et al.,
2013; Li et al., 2014; Lemmers-Jansen et al., 2018a). Additional
whole-brain group comparisons were performed, to investigate
activation outside the predefined ROIs.

the results were influenced by general cognitive impairment in
patients, all analyses were repeated without WAIS Vocabulary.

Imaging Data
Imaging data were analyzed using Statistical Parametric Mapping
(SPM8; Wellcome Trust Centre for Neuroimaging, London,
United Kingdom). Functional images for each participant were
preprocessed with the following steps: realign and unwarp,
coregistration with individual structural images, segmented
for normalization to an MNI template and smoothing with
a 6 mm full width at half maximum (FWHM) Gaussian
kernel. At fist-level, a general linear model (GLM) was used
to construct individual time courses for the onset of the
presentation of the trial, and individual reaction times for
the spontaneous and instructed conditions. Decision making
was defined as the interval between stimulus onset and
button press. In the SoMi trials (3:1 ratio) a distinction
was made between the socially mindful (choosing one of
the three identical items) and unmindful responses (choosing
the unique item). The choices made in the spontaneous and
instructed rounds were contrasted with the corresponding
control trials (2:2 ratio).
At second level, a three-group factorial design was used for
the main effects and group comparisons. Participants were only
included in the analysis of the SoMi trials if they had at least
1/3 of the 24 responses within a response category: Participants
with 1–7 unmindful responses were included only in the
mindful condition, with 8–16 unmindful choices were included
in both mindful and unmindful conditions, and with 17–24
only in the unmindful condition. Due to this procedure, sample
size varied per condition. Mindful and unmindful responses
in the spontaneous condition and mindful responses after
instruction were included in the neural analyses. The unmindful
condition after instruction included too few participants for
reliable analyses. Analyses were controlled for age, gender,
and WAIS.
Whole brain main effects of social choice (all SoMi trials,
including mindful and unmindful choices; FWE corrected) over
groups were calculated, to define the coordinates for the regions
of interest (ROI). Regions involved in social decision making,
conflict processing, and self- and other-representation, were
predefined on the basis of previous neuroimaging studies (Zhu
et al., 2007; Rilling and Sanfey, 2011). When activated in the
whole brain analysis, peak coordinates of the predefined regions
were extracted and a 10 mm sphere was built around this peak.
For the bilateral caudate a 5 mm sphere was used. Whole brain
results did not show activation clusters for the ACC and right
insula. Coordinates for the ACC were therefore manually defined
from a larger prefrontal cluster, covering the ACC; right insula
coordinates were mirrored from the contralateral region. This
resulted in the following ROIs: mPFC (MNI coordinates: 0, 50,
34), precuneus (9, −52, 31), ACC (3, 47, 13), and bilateral insula
(33, 20, −14 and −27, 20, −14), caudate (12, 8, 13 and −12, 5,
13), TPJ (51, −52, 46 and −51, −55, 43), and dlPFC (42, 14,
49 and −39, 20, 46). A priori ROI analyses compared group
activation per condition. P-values were Bonferroni corrected for
multiple comparisons and adjusted for internal correlations, by

Frontiers in Human Neuroscience | www.frontiersin.org

RESULTS
Participant Characteristics
Participant characteristics are shown in Table 1. FEP, CHR
and controls did not differ significantly from each other with
respect to gender, handedness, and other measures (see Table 1).
However, CHR were significantly older than FEP (β = 0.56,
p < 0.001), and controls (β = 0.40, p < 0.001). Furthermore, FEP
scored significantly lower than CHR (β = −0.30, p = 0.02), and
controls (β = −0.34, p = 0.003) on the WAIS Vocabulary scale.
Between the patient groups, no significant differences were found
in number of medicated participants, nor in symptom severity.

Behavioral Results
Spontaneous Choices
Partly confirming our first hypothesis, FEP showed a trend
toward spontaneously choosing the unique item more often than
controls, (β = −0.22, f 2 = 0.15, p = 0.08; see Table 2), but not
than CHR (β = 0.08, p = 0.59). CHR did not differ significantly
from controls (β = −0.12, p = 0.33). The difference between
spontaneous mindful and unmindful choices was significant in
all groups (controls: t = −4.0, p < 0.001; CHR: t = −2.0, p = 0.05;
FEP: t = 2.1, p = 0.04). Note that spontaneously FEP made more
socially unmindful than socially mindful choices, whereas CHR
and controls made more socially mindful choices, resulting in a
SoMi index under 0.5 for FEP (i.e., 0.45), and above 0.5 for CHR
and controls (0.54 and 0.56, respectively).

Choices After Instruction
After instruction FEP showed the same trend to choose the
unique item more often than controls (β = −0.22, p = 0.08),
but not than CHR (β = 0.12, p = 0.45), and CHR did not differ
significantly from controls (β = −0.08, p = 0.51). After instruction
all groups made significantly more socially mindful than socially
unmindful choices (all t’s < −4, all p’s < 0.001). Additionally,
all groups significantly increased the number of mindful choices
compared to the spontaneous condition (all t’s < −3.5, all
p’s ≤ 0.001), indicating that the manipulation was effective. The
difference at trend level between FEP and controls in the number
of socially mindful choices persisted after instruction, showing no
significant group differences in the number of socially mindful
choices after instruction similarly (β = −0.05, p = 0.67). The CHR
group performed in between FEP and controls, resembling the
control group most.
Additional analyses without WAIS as a covariate showed the
same results, with similar significance levels, and comparable
medium to large effect sizes. However, the trend result of FEP
choosing more often the unique option than controls now
1

5
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TABLE 1 | Participant characteristics.
FEP N = 20

CHR N = 17

Controls N = 46

Statistics

13 (65%)

7 (41%)

24 (52%)

χ2 = 2.12

Age (Mean/SD)

19.96 (1.56)

23.78 (2.49)

21.10 (2.72)

F = 11.85∗

WAIS (Mean/SD)

32.8 (11.02)

41.71 (12.16)

42.11 (11.26)

F = 4.96∗

Right handed n (%)

16 (80%)

17 (100%)

38 (83%)

χ2 = 4.09

Medicated n (%)

14 (70%)

8 (47%)

Gender (n male, %)

• Atypical antipsychotics (n)

11

–

• Other psychotropics (n)

3

8

60.70 (15.32)

58.92 (11.84)

2.02 (.51)

1.96 (0.39)

13.60 (6.0)

13.38 (2.69)

1.94 (0.86)

1.91 (0.38)

16.80 (6.13)

13.69 (3.88)

2.40 (0.88)

1.96 (0.55)

30.30 (7.73)

31.85 (6.31)

1.89 (0.48)

1.99 (0.39)

1.9 (1.6)

1.2 (0.4)

PANSS – total (SD)
• Mean severity (SD)
Positive – total (SD)
• Mean (SD)
Negative – total (SD)
• Mean (SD)
General – total (SD)
• Mean
P6 paranoia item (SD)

χ2 = 0.16

F = 0.13
F = 0.02
F = 2.64
F = 0.36
F = 2.64

group differences at p < 0.05, with the group in bold differing from the two other groups.
FEP, first-episode psychosis; CHR, clinical high-risk. WAIS, Wechsler Adult Intelligence Scale; PANSS, Positive and Negative Syndrome Scale.

∗ Significant

TABLE 2 | Number of choices and participants for fMRI analysis per condition by group.
Condition

FEP (N = 20)

CHR (N = 17)

Controls (N = 46)

Mindful, mean (SD)

10.80 (3.41)∗

13.06 (3.17)

13.43 (3.65)

Unmindful, mean (SD)

13.05 (3.40)∗

10.82 (3.23)

10.39 (3.64)

Mindful, mean (SD)

17.05 (7.19)∗

20.12 (4.05)

20.76 (4.41)

Unmindful, mean (SD)

6.95 (7.19)∗

3.76 (4.01)

3.24 (4.41)

0.45 (0.14)∗

0.54 (0.13)

0.56 (0.15)

Social decision

20

17

46

Spontaneous mindful

18

16

43

Spontaneous unmindful

20

15

37

Mindful after instruction

18

17

45

Unmindful after instruction

8

3

8

Spontaneous

Instructed

SoMi-index
Number of participants for fMRI analysis

∗p

= 0.08, FEP differing at trend level from controls. FEP, first-episode psychosis; CHR, clinical high-risk; SoMi index, proportion of socially mindful choices.

reached significance, in both spontaneous choices (β = −0.27,
p = 0.02) and choices after instruction (β = −0.24, p = 0.02).

fMRI Results
ROI Analyses
Analogous to our previous study (Lemmers-Jansen et al., 2018b),
participants were only included in a condition when they had
at least 1/3 of the decisions within that particular condition
(see section “Imaging Data”). Due to this procedure, sample size
varied per condition, see Table 2.
To determine the coordinates for the predefined ROI, whole
brain analysis of social choice over all trials and all groups
were conducted (see Table 3). Regions and coordinates used
for ROI analyses are marked in bold font. ROI analyses were
performed with 11 predefined ROIs. ROI analysis outcomes
are presented in Table 4. During spontaneous mindful choices,
the caudate was less activated in FEP than controls; and the
mPFC was less activated in FEP than both CHR and controls.
During spontaneous unmindful choices controls activated the

Symptoms
Associations between the paranoia item, positive and negative
symptoms and behavioral outcomes were investigated in FEP
and CHR. Group-by-symptom interactions on spontaneous
and instructed choices were non-significant (all |β’s| < 1.4,
p’s > 0.21), as were the group-by-symptom interactions on
increase of mindful choices after instruction (β’s < 0.67,
p’s > 0.59). Removing the interactions from the model showed
an inverse main effect at trend level of negative symptoms
on increase of mindful choices after instruction (β = −0.33,
p = 0.08), indicating that patients with higher levels of negative
symptoms showed a smaller increase of mindful choices after
instruction than patients with less negative symptoms.
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TABLE 3 | Whole brain main effects of social choices, including all SoMi trials, regardless of choice, over all groups.
Region

Hemisphere

MNI coordinates
X

Y

Cluster size k

z

807

7.32

Z

mPFC

L

−6

38

46

mPFC

R

0

50

34

7.28

mPFC

R

12

44

46

6.84

mPFC

R

6

68

7

6

5.42

mPFC

R

9

62

28

2

5.14

Inferior frontal gyrus

L

−51

17

7

21

5.65

dlPFC

R

42

14

49

89

6.94

dlPFC

L

−39

20

46

66

6.02

Inferior orbitofrontal gyrus

R

36

23

−11

144

6.88

Inferior orbitofrontal gyrus

R

48

35

−11

Middle orbitofrontal gyrus

R

39

56

−2

Middle orbitofrontal gyrus

L

−42

50

−2

1

Insula

L

−27

20

−14

30

Inferior orbitofrontal gyrus

L

−33

20

−23

6.57
5.37
4.74
6.16
5.40

Inferior orbitofrontal gyrus

L

−48

38

−8

3

Inferior frontal operculum

R

57

20

13

58

5.39
7.20

Superior frontal gyrus

L

−21

59

22

2

4.96

Middle temporal gyrus

R

63

−43

−5

29

5.94

Middle temporal gyrus

L

−54

−22

−11

42

5.45

Middle temporal gyrus

L

−63

−28

−5

5.40

Middle temporal gyrus

L

−48

−31

−5

5.32

Middle temporal gyrus

R

63

−13

−14

1

4.74

Superior temporal pole

L

−45

20

−14

14

5.78

Inferior temporal gyrus

L

−48

−1

−32

3

4.94

Angular gyrus

R

57

−61

34

416

>7.7

TPJ

R

51

−52

46

TPJ

L

−51

−55

43

Angular gyrus

L

−54

−64

25

Angular gyrus

L

−42

−67

46

Caudate

R

12

8

13

13

5.55

Caudate

L

−12

5

13

4

5.00

Mid cingulum

L

−3

−22

34

312

Precuneus

R

9

−52

31

6.07

Precuneus

R

3

−67

34

5.64

6.94
342

7.68
6.91
6.69

6.58

Regions displayed in bold font correspond with predefined regions of interest (ROI). MNI, Montreal Neurological Institute; mPFC, medial prefrontal cortex; dlPFC,
dorsolateral prefrontal cortex; TPJ, temporo-parietal junction; L, left; R, right. Regions and coordinates for the ROI are displayed in bold font. Two additional ROI were
defined: Anterior cingulate cortex (ACC): 3, 47, 13, based on the large prefrontal cluster, and right insula: 33, 20, −14, based on mirroring the left insula. Analyses were
FWE corrected, at p < 0.05.

ACC significantly more than both CHR and FEP, and controls
showed more activation in the mPFC and the left dlPFC than
FEP. Summarizing, most activation was found in controls,
with CHR performing in between FEP and controls. Mindful
choices after instruction yielded no significant group differences.
Replication of the analyses without WAIS Vocabulary as
covariate yielded similar significance levels in the same ROIs as
displayed in Table 4.

brain activation, a global-null analysis was performed. Results
are shown in Supplementary Table S1, and indicate similar
networks as described in our previous paper with a partly
overlapping sample (Lemmers-Jansen et al., 2018b). During
spontaneous unmindful choices, however, this analysis also
revealed additional activation in the ventrolateral prefrontal
cortex, caudate, and insula.

Associations With Symptoms
Exploratory Whole Brain Analyses

Analyses showed no significant associations between contrast
estimates and symptoms. Contrast estimates of the significant
ROI were associated with positive and negative symptoms.
In the mPFC during mindful choices (the only ROI with

Additional whole brain analyses on group differences per SoMi
condition revealed no group differences surviving the FWE
cluster correction. To verify that all three groups showed similar
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TABLE 4 | Region of interest analysis outcome per condition in the SoMi paradigm.
CHR > FEP

ROI

Spontaneous mindful∗
Spontaneous unmindful∗∗

mPFC

Con > FEP

Con > CHR

t

p

t

p

1.74

0.043ˆ

2.30

0.012

Right caudate

1.84

0.035

ACC

1.93

0.029

Left dlPFC

2.01

0.024

mPFC

1.86

0.034

t

p

1.85

0.34

∗ Significance

level of p = 0.039, Bonferroni corrected, adjusted for internal correlation. ∗∗ Significance level of p = 0.042, Bonferroni corrected, adjusted for internal
correlation. ˆBordering significance. ROI, region of interest; CHR, clinical high-risk; FEP, first-episode psychosis; Con, healthy controls; mPFC, medial prefrontal cortex;
ACC, anterior cingulate cortex; dlPFC, dorsolateral prefrontal cortex.

proportion of social mindfulness of 0.45, while the other groups
chose more often the non-unique item (mean proportion CHR:
0.54; controls: 0.56). Other studies have shown that the mean
proportion of social mindfulness toward strangers converges
around 0.67 (Van Doesum et al., 2013; Van Lange and Van
Doesum, 2015). Social mindfulness tends to be greater in
prosocially orientated individuals; when the other player has
a trustworthy face, is an in-group member, or is someone
liked (Van Doesum et al., 2013, 2016) and when the second
person is perceived as lower in social class than the participant
(Van Doesum et al., 2017). When interacting with a friend,
social mindfulness also increases (Van Lange and Van Doesum,
2015; Van Doesum et al., 2016). However, with a foe or an
outgroup member, the proportion of socially mindful choices
decreases to around 0.45, which could be labeled as social
hostility (Van Doesum et al., 2016). FEP showed a similarly
low proportion of social mindfulness, suggesting that they were
spontaneously less inclined to consider the interest of the partner.
This finding is of theoretical interest because it indicates that
psychotic disorder is also linked to differences in spontaneous
low-cost cooperation. As noted earlier, social mindfulness is
causally linked to maintaining or enhancing trust: Greater social
mindfulness yields greater trust in the recipient of socially
mindful behavior. And especially, more social unmindfulness
undermines trust (see Van Doesum et al., 2013; Dou et al.,
2018), in that the negative consequences (ending up having
no choice) tend to outweigh positive consequences in terms
of attention, and of what people recall and reciprocate (Van
Lange et al., 2002). Whether SoMi is sensitive to interventions
remains to be determined in future research. We suggest
that the SoMi task has some features, such as the emphasis
on perspective taking and giving small favors to others, that
might make it suitable for intervention purposes. However,
there is a big differences between instructing social mindfulness
and actually expressing it in a spontaneous manner in real
life situations.
Contrary to our hypothesis, the mean SoMi score of CHR
was not between FEP and controls, but CHR displayed a similar
level of spontaneous socially mindful behavior as controls.
Low level cooperation therefore seems to be still intact in
CHR, contrary to the higher level trust processing, where CHR
showed reduced levels of baseline trust, similar to FEP [cf.
(Lemmers-Jansen et al., 2018a)]. Confirming our hypothesis,

significant differences between the two patient groups), no
significant group-by-symptom interactions were found (positive:
β = −0.69, p = 0.6; negative: β = 1.05, p = 0.34; paranoia:
β = −0.13, p = 0.95). After removing the interaction from the
model, symptoms did not show a significant main effect on
mPFC activation. In the ROIs where patient groups differed
significantly from to controls, i.e., the right caudate during
mindful choices, and the ACC, mPFC and left dlPFC during
unmindful choices, the only significant association was in
the dlPFC with paranoia, indicating increased activation with
increasing paranoia (β = 0.49, p = 0.029).

DISCUSSION
The purpose of the present research was to examine the
behavioral outcomes and neural substrates of socially mindful
and unmindful choices, in a clinical high-risk (CHR) and
first-episode psychosis (FEP) sample. The results showed a
trend toward more spontaneously unmindful choices in FEP
compared to the CHR and control group, but a similar increase
of socially mindful choices after instruction across the three
groups, indicating the ability for socially mindful behavior when
prompted. At the neural level FEP showed decreased activation
in the caudate compared to controls when making socially
mindful choices, possibly suggesting reduced sensitivity to the
rewarding aspects of social mindfulness. Additionally, reduced
activation in the mPFC, ACC and dlPFC was found in FEP
during unmindful choices, suggesting that FEP might perceive
unmindful choices as less incongruent with the automatic
mindful responses than controls. Scores for CHR were in between
FEP and controls.

Behavioral Results
In partial support of our hypothesis, we found a marginal
effect showing that FEP tended to make spontaneously more
socially unmindful choices than controls. This result became
significant when analyses were run without the covariate WAIS
Vocabulary, a proxy for intelligence. Despite the visual nature
of the task, social mindfulness seems to depend on cognitive
ability. The small reduction of effect size, however, suggests
only a minimal confounding effect. FEP opted more often
for the unique than for the non-unique option, with a mean
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and mentalizing mechanisms may play a role in social
mindfulness. This is supported by the activation of mPFC and
caudate during mindful decisions. No differences were found
between groups in the ROIs that are typically related to selfperception and self-other representation (insula, precuneus, and
TPJ), suggesting that these mechanisms are unlikely to play
a role. However, the association between these mechanisms
and social mindfulness warrants further investigation with
additional measures.
When making socially unmindful decisions, FEP showed
reduced activation of mPFC, ACC, and dlPFC, the latter being
associated with the paranoia score. Reduced mPFC activation
in both spontaneous choice options could indicate reduced
anticipation of thoughts and feelings of others (Frith and Frith,
2006), although other process might also play a role in socially
unmindful decisions. Alternatively, after instruction to mind
the other’s best interest, no differences in neural activation
were present, suggesting that FEP only show impairments in
spontaneously anticipating the feelings of others, but follow
instructions similar to controls. The ACC and dlPFC are, among
many cognitive processes, involved in cognitive control and
conflict processing (MacDonald et al., 2000; Milham et al., 2003;
Badre and Wagner, 2004; Ridderinkhof et al., 2004; Mitchell
et al., 2009). Based on predominantly prefrontal activation
during socially unmindful decisions, when contrasted with
socially mindful decisions, we previously concluded that in
healthy subjects socially unmindful decisions seemed to be more
deliberate, requiring cognitive control, whereas socially mindful
decisions were the more automatic response (Lemmers-Jansen
et al., 2018b). Reduced ACC and dlPFC activation in FEP
might therefore indicate that FEP perceive socially unmindful
choices as less incongruent or deliberate, and less effortful.
The association of dlPFC activation and paranoia warrants
further investigation.
In contrast to FEP, CHR showed no impairments in reward
processing areas, possibly explaining the intact spontaneous
socially mindful behavior. No differences in mentalizing
areas were found, suggesting normal functioning of this
mechanism. CHR showed less reduction in activation than
FEP, especially in prefrontal areas [see also (Morey et al.,
2005; Broome et al., 2010; Schmidt et al., 2013)]. These
results only partly confirm our hypothesis of intermediate
neural activation compared to FEP and controls. Reduced
ACC activation compared to controls during unmindful choices
might indicate, similar to FEP, that CHR also perceive
unmindful choices as less incongruent or effortful than
controls. Differential neural activation in patients at-risk despite
similar behavioral performance was previously found, although
activation in CHR was often increased (Morey et al., 2005;
Marjoram et al., 2006; Seiferth et al., 2008; Brüne et al., 2011;
Derntl et al., 2015).
The frequency of spontaneous socially mindful behavior
appeared to be independent of symptom severity, but reduced
after a first psychotic episode. Future research could investigate
this behavior in chronic illness, testing whether spontaneous
socially mindful behavior further declines with illness duration.
Interestingly, more negative symptoms were associated with

though, all groups showed a similar increase of socially mindful
choices when instructed to keep the other’s best interest in
mind, indicating that low levels of social mindfulness in
FEP did not reflect an inability to understand the impact of
their behavior on the partner, but rather a reduced tendency
to consider other’s perspective spontaneously. These findings
suggest an impact of the first psychotic episode on spontaneous
socially mindful behavior. This tentatively suggests that reduced
socially mindful behavior in FEP may affect social interactions
with other people, which may fail to evolve according to
the positive reciprocity that characterizes ‘typical’ patterns of
interactions, if not made explicitly clear. However, similar to
observations of initially reduced trust in FEP, our findings show
that this pattern can be overcome through positive feedback
(Lemmers-Jansen et al., 2018a).

Neural Results
The analyses of the brain activation corroborated the behavioral
findings that FEP were able to act socially mindfully when
prompted: No group differences in brain activation were found
in the mindful condition after instruction.
As hypothesized, FEP showed reduced activation of the
caudate compared to controls. Reduced caudate activity during
socially mindful choices might reflect reduced feelings of reward
when leaving the other the option, setting aside one’s own
preferences. Impairments in reward processing in psychosis
have frequently been reported (Juckel et al., 2006; Waltz
et al., 2010; Strauss et al., 2013). Neuro-economic research
using the trust game in chronic patients similarly showed
reduced caudate activity during positive social interactions
(Gromann et al., 2013; Brown et al., 2014). The current
findings suggest that reduced reward processing may extend to
socially mindful behavior. When social interactions or doing
good are not perceived as inherently rewarding (Higgins and
Scholer, 2009), FEP will less likely engage in other regarding
interactions. Furthermore, in line with our hypothesis, activation
of the mPFC, one of the regions previously shown to be
engaged in both mindful and unmindful choices (LemmersJansen et al., 2018b) was reduced in FEP compared to
controls (and CHR) in both choice types. The mPFC is
involved in many aspects of social and general cognition, such
as mentalizing, learning, memory, cognitive control, decision
making, predicting valence and timing of expected outcomes of
an action, reward anticipation and salience, and in processing
emotions (Ridderinkhof et al., 2004; Frith and Frith, 2006;
Van Overwalle and Baetens, 2009; Ziauddeen and Murray,
2010; Forster and Brown, 2011; Euston et al., 2012; Cáceda
et al., 2014). Considering this range of functions in the
context of the current paradigm, reduced mPFC activation
might indicate that FEP consider the consequences of their
decisions for the other player less than controls and CHR.
It is important to consider that reduced mPFC activation in
both decision types might also reflect general and not task
related reduced activity of this region, inherent to psychosis
patients (Sugranyes et al., 2011). Contrary to our predictions
FEP did not display reduced TPJ activation in socially mindful,
nor in socially unmindful choices. As hypothesized, reward
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such as a questionnaire after the task, to inquire after
the motivation of participants’ choices; measures of hostility
toward other people; and tasks that could rule out the
alternative explanation that FEP might encounter choosing
the single option as the prepotent, automatic response [see
also (Yamagishi et al., 2016)]. Despite controlling for WAIS
vocabulary, questions about the association between social
mindfulness and verbal and cognitive ability remain. This
warrants further investigation.

less increase of mindful choices in both patient groups after
instruction. Negative symptoms have been related to avolition,
reduced social motivation, and poor social functioning and
cognition in both FEP and CHR (Milev et al., 2005; Voges
and Addington, 2005; Chan and Chen, 2011; Corcoran et al.,
2011; Meyer et al., 2014). However, they are not related
to reduced spontaneous socially mindful behavior, but to
reduced changes in socially mindful behavior after being
told to mind the other’s best interest, possibly indicating
reduced propensity to set aside their own preferences for the
benefit of others.

CONCLUSION

Limitations and Future Directions

This study is the first to examine social mindfulness in
patients with problems in social cognition and functioning.
Our results show that relative to the healthy control group,
spontaneous social mindfulness seems reduced when patients
have experienced a first full-blown psychosis. At the same
time, social mindfulness was not lower for those at risk for
psychosis (CHR). However, when explicitly told to act in
the other person’s best interest, FEP are just as capable to
be socially mindful as anyone else. Neural outcomes suggest
reduced feelings of reward during socially mindful decisions
in FEP, and possibly a stronger, automatic inclination to
focus on the unique options that seem most attractive for
themselves in FEP and CHR. Left to themselves, FEP seem
to have reduced appreciation for the more subtle social
consequences of leaving or limiting choices. In all, the current
research can be seen as a first step in showing reduced
socially mindful behavior in psychosis. This aspect of social
interactions may possibly underlie deficits in more complex
cooperative interactions, such as trust, that patients might
otherwise develop within their social environment. Alternatively,
displays of low socially mindful behavior may elicit reduced
feelings of trust in the counterpart, who in turn will behave
less trusting. The next step is to investigate whether and how
social unmindfulness serves as a cause underlying patients’ low
levels of trust.

Several limitations should be considered. First, the size of
the sample was modest, especially of the CHR group. Results
should therefore be considered as a first step investigating
socially mindful decision making in these patients, demanding
replication and extension in future research. Larger samples
would permit subtyping of FEP and comparing CHR that
transitioned to psychosis with non-converters, yielding more
information about social mindfulness and its underlying
mechanisms in patient populations. Furthermore, only one CHR
patient transitioned to psychosis, 1 year after participating in this
study. This could raise questions about the representativeness
of the sample. However, our sample was comparable to
other samples in terms of comorbidities (Woods et al.,
2009; Corcoran et al., 2011; Morrison et al., 2012; FusarPoli et al., 2014; Modinos et al., 2014; Ising et al., 2016),
and participants were assessed with the CAARMS, and
included when scoring below 55 on the SOFAS, following
the procedure of previous CHR investigations (Shim et al.,
2008; Phillips et al., 2009; Fusar-Poli et al., 2010; Wood
et al., 2011; Rietdijk et al., 2012; Thompson et al., 2012;
van der Gaag et al., 2012; McGorry and van Os, 2013;
Valmaggia et al., 2013).
The CHR patients were not informed about their at-risk
for psychosis status, to not unnecessarily alarm them, since
most of them will not make the transition to psychosis. They
were told they had ‘extraordinary or unusual experiences’,
when discussing psychotic symptoms. These were regularly
monitored by their treating clinicians. Regardless of transition
rates, the presence of psychotic symptoms in these patients
is associated with a poorer prognosis, showing that these
patients are in need of special care (Ruhrmann et al., 2010;
van Os and Linscott, 2012; McGorry and van Os, 2013;
Valmaggia et al., 2013; van Os and Reininghaus, 2016).
Further, FEP symptom severity was rather mild, possibly
due to responsiveness to antipsychotic treatment. Similar
symptom severity has been found in stable and medicated
patients (Möller et al., 2005), but a wider range of symptoms
might have revealed more associations with social mindfulness
at the behavioral or neural level. Additionally, participants
were scanned for about an hour, which could have caused
fatigue, which may have affected neural outcomes, especially
in patients with a psychotic disorder. Questions remain
about the motivation for choosing socially (un)mindfully.
For further research we recommend additional measures,

Frontiers in Human Neuroscience | www.frontiersin.org

AUTHOR CONTRIBUTIONS
IL-J collected and processed the data, and wrote the manuscript.
LK and PVL designed the study. PVL and NVD designed
the paradigm. NVD prepared it for fMRI. DV planned the
fMRI analyses. IL-J, A-KF, LK, and DV interpreted the fMRI
results. LK supervised the project. All authors discussed the
results, contributed to the writing process, and approved the
final manuscript.

FUNDING
This work was supported by funding of the Hersenstichting
Nederland [KS2011(1)-75], a VIDI and VICI grant from
the Netherlands Organization for Scientific Research (NWO)
(452-07-007 and 453-11-005), and a ERC Consolidator grant
(648082 SCANS) to LK. A-KF was supported by a Netherlands

10

February 2019 | Volume 13 | Article 47

Lemmers-Jansen et al.

Social Mindfulness in FEP and CHR

Organization for Scientific Research (NWO) VENI grant (45113-035) and a NARSAD Young Investigator Grant from the Brain
& Behaviour research Foundation (24138).

her help during data collection and Julia Isacescu for preliminary
analyses of the data.

SUPPLEMENTARY MATERIAL
ACKNOWLEDGMENTS
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnhum.
2019.00047/full#supplementary-material

The authors would like to thank Dirk Heslenfeld for his help in
making the SoMi paradigm suitable for fMRI, Esther Hanssen for

REFERENCES

Corcoran, C., Kimhy, D., Parrilla-Escobar, M., Cressman, V., Stanford, A.,
Thompson, J., et al. (2011). The relationship of social function to depressive
and negative symptoms in individuals at clinical high risk for psychosis. Psychol.
Med. 41, 251–261. doi: 10.1017/S0033291710000802
Cornblatt, B. A., Auther, A. M., Niendam, T., Smith, C. W., Zinberg, J., Bearden,
C. E., et al. (2007). Preliminary findings for two new measures of social and
role functioning in the prodromal phase of schizophrenia. Schizophr. Bull. 33,
688–702. doi: 10.1093/schbul/sbm029
Couture, S. M., Penn, D. L., and Roberts, D. L. (2006). The functional significance
of social cognition in schizophrenia: a review. Schizophr. Bull. 32, S44–S63.
doi: 10.1093/schbul/sbl029
Declerck, C. H., Boone, C., and Emonds, G. (2013). When do people cooperate?
The neuroeconomics of prosocial decision making. Brain Cogn. 81, 95–117.
doi: 10.1016/j.bandc.2012.09.009
Derntl, B., Michel, T. M., Prempeh, P., Backes, V., Finkelmeyer, A., Schneider, F.,
et al. (2015). Empathy in individuals clinically at risk for psychosis: brain and
behaviour. Br. J. Psychiatry 207, 407–413. doi: 10.1192/bjp.bp.114.159004
Dou, K., Wang, Y. J., Li, J. B., Li, J. J., and Nie, Y. G. (2018). Perceiving high social
mindfulness during interpersonal interaction promotes cooperative behaviours.
Asian J. Soc. Psychol. 21, 97–106. doi: 10.1111/ajsp.12210
Euston, D. R., Gruber, A. J., and Mcnaughton, B. L. (2012). The role of medial
prefrontal cortex in memory and decision making. Neuron 76, 1057–1070.
doi: 10.1016/j.neuron.2012.12.002
Fett, A. J., Shergill, S., Gromann, P., and Krabbendam, L. (2015). Trust vs. Paranoia:
the dynamics of social interaction in early and chronic psychosis. Schizophr.
Bull. 41:S170.
Fett, A.-K., Gromann, P., Giampietro, V., Shergill, S., and Krabbendam, L. (2014a).
Default distrust? An fMRI investigation of the neural development of trust and
cooperation. Soc. Cogn. Affect. Neurosci. 9, 395–402. doi: 10.1093/scan/nss144
Fett, A.-K., Shergill, S., Gromann, P., Dumontheil, I., Blakemore, S.-J., Yakub, F.,
et al. (2014b). Trust and social reciprocity in adolescence–a matter of
perspective-taking. J. Adolesc. 37, 175–184. doi: 10.1016/j.adolescence.2013.11.
011
Fett, A.-K., Shergill, S., Joyce, D., Riedl, A., Strobel, M., Gromann, P., et al. (2012).
To trust or not to trust: the dynamics of social interaction in psychosis. Brain
135, 976–984. doi: 10.1093/brain/awr359
Fett, A.-K., Shergill, S., Korver-Nieberg, N., Yakub, F., Gromann, P., and
Krabbendam, L. (2016). Learning to trust: trust and attachment in early
psychosis. Psychol. Med. 46, 1437–1447. doi: 10.1017/S0033291716000015
Fonagy, P., and Target, M. (2006). The mentalization-focused approach to self
pathology. J. Pers. Disord. 20, 544–576. doi: 10.1521/pedi.2006.20.6.544
Forster, S. E., and Brown, J. W. (2011). Medial prefrontal cortex predicts and
evaluates the timing of action outcomes. Neuroimage 55, 253–265. doi: 10.1016/
j.neuroimage.2010.11.035
Frith, C. D., and Frith, U. (2006). The neural basis of mentalizing. Neuron 50,
531–534. doi: 10.1016/j.neuron.2006.05.001
Fusar-Poli, P., Broome, M. R., Matthiasson, P., Woolley, J. B., Johns, L.,
Tabraham, P., et al. (2010). Spatial working memory in individuals at high
risk for psychosis: longitudinal fMRI study. Schizophr. Res. 123, 45–52. doi:
10.1016/j.schres.2010.06.008
Fusar-Poli, P., Nelson, B., Valmaggia, L., Yung, A. R., and Mcguire, P. K. (2014).
Comorbid depressive and anxiety disorders in 509 individuals with an at-risk
mental state: impact on psychopathology and transition to psychosis. Schizophr.
Bull. 40, 120–131. doi: 10.1093/schbul/sbs136

American Psychiatric Association (2000). DSM-IV-TR: Diagnostic and Statistical
Manual of Mental Disorders, Text Revision. Washington, DC: American
Psychiatric Association.
American Psychiatric Association (2013). Diagnostic and Statistical Manual of
Mental Disorders (DSM-5). Washington, DC: American Psychiatric Pub. doi:
10.1176/appi.books.9780890425596
Baas, D., Aleman, A., Vink, M., Ramsey, N. F., De Haan, E. H., and Kahn, R. S.
(2008). Evidence of altered cortical and amygdala activation during social
decision-making in schizophrenia. Neuroimage 40, 719–727. doi: 10.1016/j.
neuroimage.2007.12.039
Badre, D., and Wagner, A. D. (2004). Selection, integration, and conflict
monitoring: assessing the nature and generality of prefrontal cognitive control
mechanisms. Neuron 41, 473–487. doi: 10.1016/S0896-6273(03)00851-1
Ballon, J. S., Kaur, T., Marks, I. I., and Cadenhead, K. S. (2007). Social functioning
in young people at risk for schizophrenia. Psychiatry Res. 151, 29–35. doi:
10.1016/j.psychres.2006.10.012
Bartholomeusz, C. F., Ganella, E. P., Whittle, S., Allott, K., Thompson, A., AbuAkel, A., et al. (2018). An fMRI study of theory of mind in individuals with first
episode psychosis. Psychiatry Res. 281, 1–11. doi: 10.1016/j.pscychresns.2018.
08.011
Benedetti, F., Bernasconi, A., Bosia, M., Cavallaro, R., Dallaspezia, S., Falini, A.,
et al. (2009). Functional and structural brain correlates of theory of mind and
empathy deficits in schizophrenia. Schizophr. Res. 114, 154–160. doi: 10.1016/j.
schres.2009.06.021
Billeke, P., Armijo, A., Castillo, D., López, T., Zamorano, F., Cosmelli, D.,
et al. (2015). Paradoxical expectation: oscillatory brain activity reveals social
interaction impairment in schizophrenia. Biol. Psychiatry 78, 421–431. doi:
10.1016/j.biopsych.2015.02.012
Bora, E., and Pantelis, C. (2013). Theory of mind impairments in first-episode
psychosis, individuals at ultra-high risk for psychosis and in first-degree
relatives of schizophrenia: systematic review and meta-analysis. Schizophr. Res.
144, 31–36. doi: 10.1016/j.schres.2012.12.013
Broome, M. R., Fusar-Poli, P., Matthiasson, P., Woolley, J. B., Valmaggia, L.,
Johns, L. C., et al. (2010). Neural correlates of visuospatial working memory
in the ‘at-risk mental state’. Psychol. Med. 40, 1987–1999. doi: 10.1017/
S0033291710000280
Brown, E. C., Tas, C., Gonzalez, C., and Brüne, M. (2014). Neurobiologic
underpinnings of social cognition and metacognition in schizophrenia
spectrum disorders. Soc. Cogn. Metacogn. Schizophr. 1, 1–27. doi: 10.1016/
B978-0-12-405172-0.00001-6
Brüne, M. (2005). “Theory of mind” in schizophrenia: a review of the literature.
Schizophr. Bull. 31, 21–42. doi: 10.1093/schbul/sbi002
Brüne, M., Özgürdal, S., Ansorge, N., Von Reventlow, H. G., Peters, S., Nicolas, V.,
et al. (2011). An fMRI study of “theory of mind” in at-risk states of psychosis:
comparison with manifest schizophrenia and healthy controls. Neuroimage 55,
329–337. doi: 10.1016/j.neuroimage.2010.12.018
Cáceda, R., Nemeroff, C. B., and Harvey, P. D. (2014). Toward an understanding of
decision making in severe mental illness. J. Neuropsychiatry Clin. Neurosci. 26,
196–213. doi: 10.1176/appi.neuropsych.12110268
Chan, K. K., and Chen, E. Y. (2011). Theory of mind and paranoia in schizophrenia:
a game theoretical investigation framework. Cogn. Neuropsychiatry 16,
505–529. doi: 10.1080/13546805.2011.561576

Frontiers in Human Neuroscience | www.frontiersin.org

11

February 2019 | Volume 13 | Article 47

Lemmers-Jansen et al.

Social Mindfulness in FEP and CHR

Giuliano, A. J., Li, H., Mesholam-Gately, R. I., Sorenson, S. M., Woodberry, K. A.,
and Seidman, L. J. (2012). Neurocognition in the psychosis risk syndrome:
a quantitative and qualitative review. Curr. Pharm. Design 18, 399–415. doi:
10.2174/138161212799316019
Goldman, H. H., Skodol, A. E., and Lave, T. R. (1992). Revising axis V for DSM-IV:
a review of measures of social functioning. Am. J. Psychiatry 149, 1148–1156.
doi: 10.1176/ajp.149.9.1148
Gromann, P., Heslenfeld, D., Fett, A.-K., Joyce, D., Shergill, S., and Krabbendam, L.
(2013). Trust versus paranoia: abnormal response to social reward in psychotic
illness. Brain 136(Pt 6), 1968–1975. doi: 10.1093/brain/awt076
Hasler, G. (2012). Can the neuroeconomics revolution revolutionize psychiatry?
Neurosci. Biobehav. Rev. 36, 64–78. doi: 10.1016/j.neubiorev.2011.04.011
Higgins, E. T., and Scholer, A. A. (2009). Engaging the consumer: the science
and art of the value creation process. J. Consum. Psychol. 19, 100–114. doi:
10.1016/j.jcps.2009.02.002
Horat, S. K., Favre, G., Prévot, A., Ventura, J., Herrmann, F. R., Gothuey, I.,
et al. (2017). Impaired social cognition in schizophrenia during the Ultimatum
Game: an EEG study. Schizophr. Res. 192, 308–316. doi: 10.1016/j.schres.2017.
05.037
Ising, H. K., Kraan, T. C., Rietdijk, J., Dragt, S., Klaassen, R. M., Boonstra, N.,
et al. (2016). Four-year follow-up of cognitive behavioral therapy in persons at
ultra-high risk for developing psychosis: the Dutch early detection intervention
evaluation (EDIE-NL) trial. Schizophr. Bull. 42, 1243–1252. doi: 10.1093/schbul/
sbw018
Juckel, G., Schlagenhauf, F., Koslowski, M., Filonov, D., Wüstenberg, T.,
Villringer, A., et al. (2006). Dysfunction of ventral striatal reward prediction
in schizophrenic patients treated with typical, not atypical, neuroleptics.
Psychopharmacology 187, 222–228. doi: 10.1007/s00213-006-0405-4
Kay, S. R., Fiszbein, A., and Opler, L. A. (1987). The positive and negative syndrome
scale (PANSS) for schizophrenia. Schizophr. Bull. 13, 261–276. doi: 10.1093/
schbul/13.2.261
Kelleher, I., Keeley, H., Corcoran, P., Lynch, F., Fitzpatrick, C., Devlin, N.,
et al. (2012). Clinicopathological significance of psychotic experiences in nonpsychotic young people: evidence from four population-based studies. Br. J.
Psychiatry 201, 26–32. doi: 10.1192/bjp.bp.111.101543
King-Casas, B., Tomlin, D., Anen, C., Camerer, C. F., Quartz, S. R., and
Montague, P. R. (2005). Getting to know you: reputation and trust in a
two-person economic exchange. Science 308, 78–83. doi: 10.1126/science.110
8062
Kishida, K. T., King-Casas, B., and Montague, P. R. (2010). Neuroeconomic
approaches to mental disorders. Neuron 67, 543–554. doi: 10.1016/j.neuron.
2010.07.021
Lavoie, M.-A., Lacroix, J. B., Godmaire-Duhaime, F., Jackson, P. L., and Achim,
A. M. (2013). Social cognition in first-degree relatives of people with
schizophrenia: a meta-analysis. Psychiatry Res. 209, 129–135. doi: 10.1016/j.
psychres.2012.11.037
Lemmers-Jansen, I. L., Fett, A.-K. J., Hanssen, E., Veltman, D. J., and
Krabbendam, L. (2018a). Learning to trust: social feedback normalizes trust
behavior in first episode psychosis and clinical high risk. Psychol. Med. doi:
10.1017/S003329171800140X. [Epub ahead of print].
Lemmers-Jansen, I. L., Krabbendam, L., Amodio, D. M., Van Doesum, N. J.,
Veltman, D. J., and Van Lange, P. A. (2018b). Giving others the option of
choice: an fMRI study on low-cost cooperation. Neuropsychologia 109, 1–9.
doi: 10.1016/j.neuropsychologia.2017.12.009
Lemmers-Jansen, I. L., Krabbendam, L., Veltman, D. J., and Fett, A.-K. J. (2017).
Boys vs. girls: gender differences in the neural development of trust and
reciprocity depend on social context. Dev. Cogn. Neurosci. 25, 235–245. doi:
10.1016/j.dcn.2017.02.001
Leucht, S., Kane, J. M., Kissling, W., Hamann, J., Etschel, E., and Engel, R. R. (2005).
What does the PANSS mean? Schizophr. Res. 79, 231–238. doi: 10.1016/j.schres.
2005.04.008
Li, W., Tol, M. J., Li, M., Miao, W., Jiao, Y., Heinze, H. J., et al. (2014). Regional
specificity of sex effects on subcortical volumes across the lifespan in healthy
aging. Hum. Brain Mapp. 35, 238–247. doi: 10.1002/hbm.22168
MacDonald, A. W., Cohen, J. D., Stenger, V. A., and Carter, C. S. (2000).
Dissociating the role of the dorsolateral prefrontal and anterior cingulate cortex
in cognitive control. Science 288, 1835–1838. doi: 10.1126/science.288.5472.
1835

Frontiers in Human Neuroscience | www.frontiersin.org

Marjoram, D., Job, D. E., Whalley, H. C., Gountouna, V. E., Mcintosh, A. M.,
Simonotto, E., et al. (2006). A visual joke fMRI investigation into Theory
of Mind and enhanced risk of schizophrenia. Neuroimage 31, 1850–1858.
doi: 10.1016/j.neuroimage.2006.02.011
Marwick, K., and Hall, J. (2008). Social cognition in schizophrenia: a review of face
processing. Br. Med. Bull. 88, 43–58. doi: 10.1093/bmb/ldn035
McCleery, A., Horan, W. P., and Green, M. F. (2014). “Social cognition during
the early phase of schizophrenia,” in Social Cognition and Metacognition in
Schizophrenia: Psychopathology and Treatment Approaches eds P. H. Lysaker,
G. Dimaggio, and M. Brune (Cambridge, MA: Academic Press), 49–67. doi:
10.1016/B978-0-12-405172-0.00003-X
McGorry, P., and van Os, J. (2013). Redeeming diagnosis in psychiatry: timing
versus specificity. Lancet 381, 343–345. doi: 10.1016/S0140-6736(12)61268-9
Meyer, E. C., Carrión, R. E., Cornblatt, B. A., Addington, J., Cadenhead, K. S.,
Cannon, T. D., et al. (2014). The relationship of neurocognition and negative
symptoms to social and role functioning over time in individuals at clinical high
risk in the first phase of the North American Prodrome Longitudinal Study.
Schizophr. Bull. 40, 1452–1461. doi: 10.1093/schbul/sbt235
Milev, P., Ho, B.-C., Arndt, S., and Andreasen, N. C. (2005). Predictive
values of neurocognition and negative symptoms on functional outcome in
schizophrenia: a longitudinal first-episode study with 7-year follow-up. Am. J.
Psychiatry 162, 495–506. doi: 10.1176/appi.ajp.162.3.495
Milham, M., Banich, M., Claus, E., and Cohen, N. (2003). Practice-related effects
demonstrate complementary roles of anterior cingulate and prefrontal cortices
in attentional control. Neuroimage 18, 483–493. doi: 10.1016/S1053-8119(02)
00050-2
Mitchell, D. G., Luo, Q., Avny, S. B., Kasprzycki, T., Gupta, K., Chen, G.,
et al. (2009). Adapting to dynamic stimulus-response values: differential
contributions of inferior frontal, dorsomedial, and dorsolateral regions of
prefrontal cortex to decision making. J. Neurosci. 29, 10827–10834. doi: 10.
1523/JNEUROSCI.0963-09.2009
Modinos, G., Allen, P., Frascarelli, M., Tognin, S., Valmaggia, L., Xenaki, L., et al.
(2014). Are we really mapping psychosis risk? Neuroanatomical signature of
affective disorders in subjects at ultra high risk. Psychol. Med. 44, 3491–3501.
doi: 10.1017/S0033291714000865
Möller, H.-J., Llorca, P.-M., Sacchetti, E., Martin, S. D., Medori, R., Parellada, E.,
et al. (2005). Efficacy and safety of direct transition to risperidone long-acting
injectable in patients treated with various antipsychotic therapies. Int. Clin.
Psychopharmacol. 20, 121–130. doi: 10.1097/00004850-200505000-00001
Morey, R. A., Inan, S., Mitchell, T. V., Perkins, D. O., Lieberman, J. A., and
Belger, A. (2005). Imaging frontostriatal function in ultra-high-risk, early, and
chronic schizophrenia during executive processing. Arch. Gen. Psychiatry 62,
254–262. doi: 10.1001/archpsyc.62.3.254
Morosini, P., Magliano, L., Brambilla, L., Ugolini, S., and Pioli, R. (2000).
Development, reliability and acceptability of a new version of the DSM-IV
Social and Occupational Functioning Assessment Scale (SOFAS) to assess
routine social funtioning. Acta Psychiatr. Scand. 101, 323–329.
Morrison, A. P., French, P., Stewart, S. L., Birchwood, M., Fowler, D., Gumley,
A. I., et al. (2012). Early detection and intervention evaluation for people at
risk of psychosis: multisite randomised controlled trial. BMJ 344:e2233. doi:
10.1136/bmj.e2233
Murray, G., Corlett, P., Clark, L., Pessiglione, M., Blackwell, A., Honey, G., et al.
(2008). Substantia nigra/ventral tegmental reward prediction error disruption
in psychosis. Mol. Psychiatry 13, 239–276. doi: 10.1038/sj.mp.4002157
Phillips, L. J., Nelson, B., Yuen, H. P., Francey, S. M., Simmons, M., Stanford, C.,
et al. (2009). Randomized controlled trial of interventions for young people at
ultra-high risk of psychosis: study design and baseline characteristics. Austr.
N. Z. J. Psychiatry 43, 818–829. doi: 10.1080/00048670903107625
Pinkham, A. E., Penn, D. L., Perkins, D. O., Graham, K. A., and Siegel, M.
(2007). Emotion perception and social skill over the course of psychosis: a
comparison of individuals “at-risk” for psychosis and individuals with early and
chronic schizophrenia spectrum illness. Cogn. Neuropsychiatry 12, 198–212.
doi: 10.1080/13546800600985557
Riccardi, I., Stratta, P., and Rossi, A. (2015). When economic theory meets the
mind: neuroeconomics as a new approach to psychopathology. J. Psychopathol.
21, 141–144.
Ridderinkhof, K. R., Van Den Wildenberg, W. P., Segalowitz, S. J., and Carter,
C. S. (2004). Neurocognitive mechanisms of cognitive control: the role

12

February 2019 | Volume 13 | Article 47

Lemmers-Jansen et al.

Social Mindfulness in FEP and CHR

of prefrontal cortex in action selection, response inhibition, performance
monitoring, and reward-based learning. Brain Cogn. 56, 129–140. doi:
10.1016/j.bandc.2004.09.016
Rietdijk, J., Klaassen, R., Ising, H., Dragt, S., Nieman, D., Van De Kamp, J., et al.
(2012). Detection of people at risk of developing a first psychosis: comparison
of two recruitment strategies. Acta Psychiatr. Scand. 126, 21–30. doi: 10.1111/j.
1600-0447.2012.01839.x
Rilling, J. K., and Sanfey, A. G. (2011). The neuroscience of social decision-making.
Annu. Rev. Psychol. 62, 23–48. doi: 10.1146/annurev.psych.121208.131647
Ruhrmann, S., Schultze-Lutter, F., and Klosterkötter, J. (2010). Probably at-risk, but
certainly ill—advocating the introduction of a psychosis spectrum disorder in
DSM-V. Schizophr. Res. 120, 23–37. doi: 10.1016/j.schres.2010.03.015
Schilbach, L., Derntl, B., Aleman, A., Caspers, S., Clos, M., Diederen, K. M.,
et al. (2016). Differential patterns of dysconnectivity in mirror neuron and
mentalizing networks in schizophrenia. Schizophr. Bull. 42, 1135–1148. doi:
10.1093/schbul/sbw015
Schmidt, A., Smieskova, R., Aston, J., Simon, A., Allen, P., Fusar-Poli, P., et al.
(2013). Brain connectivity abnormalities predating the onset of psychosis:
correlation with the effect of medication. JAMA Psychiatry 70, 903–912. doi:
10.1001/jamapsychiatry.2013.117
Seiferth, N. Y., Pauly, K., Habel, U., Kellermann, T., Shah, N. J., Ruhrmann, S., et al.
(2008). Increased neural response related to neutral faces in individuals at risk
for psychosis. Neuroimage 40, 289–297. doi: 10.1016/j.neuroimage.2007.11.020
Shim, G., Kang, D. H., Chung, Y. S., Yoo, S. Y., Shin, N. Y., and Kwon, J. S. (2008).
Social functioning deficits in young people at risk for schizophrenia. Austr.
N. Z. J. Psychiatry 42, 678–685. doi: 10.1080/00048670802203459
StataCorp (2013). Stata Statistical Software. College Station, TX: StataCorp LP.
Strauss, G. P., Waltz, J. A., and Gold, J. M. (2013). A review of reward processing
and motivational impairment in schizophrenia. Schizophr. Bull. 40, S107–S116.
doi: 10.1093/schbul/sbt197
Sugranyes, G., Kyriakopoulos, M., Corrigall, R., Taylor, E., and Frangou, S. (2011).
Autism spectrum disorders and schizophrenia: meta-analysis of the neural
correlates of social cognition. PLoS One 6:e25322. doi: 10.1371/journal.pone.
0025322
Thompson, A. D., Papas, A., Bartholomeusz, C., Allott, K., Amminger, G. P.,
Nelson, B., et al. (2012). Social cognition in clinical “at risk” for psychosis and
first episode psychosis populations. Schizophr. Res. 141, 204–209. doi: 10.1016/
j.schres.2012.08.007
Valmaggia, L., Stahl, D., Yung, A., Nelson, B., Fusar-Poli, P., Mcgorry, P., et al.
(2013). Negative psychotic symptoms and impaired role functioning predict
transition outcomes in the at-risk mental state: a latent class cluster analysis
study. Psychol. Med. 43, 2311–2325. doi: 10.1017/S0033291713000251
van der Gaag, M., Nieman, D. H., Rietdijk, J., Dragt, S., Ising, H. K., Klaassen,
R. M., et al. (2012). Cognitive behavioral therapy for subjects at ultrahigh risk
for developing psychosis: a randomized controlled clinical trial. Schizophr. Bull.
38, 1180–1188. doi: 10.1093/schbul/sbs105
Van Doesum, N. J., Tybur, J. M., and Van Lange, P. A. M. (2017). Class impressions:
higher social class elicits lower prosociality. J. Exp. Soc. Psychol. 68, 11–20.
doi: 10.1016/j.jesp.2016.06.001
Van Doesum, N. J., Van Lange, D. A. W., and Van Lange, P. A. M. (2013). Social
mindfulness: skill and will to navigate the social world. J. Pers. Soc. Psychol. 105,
86–103. doi: 10.1037/a0032540
Van Doesum, N. J., Van Prooijen, J. W., Verburgh, L., and Van Lange, P. A. M.
(2016). Social hostility in soccer and beyond. PLoS One 11:e0153577. doi: 10.
1371/journal.pone.0153577
Van Lange, P. A., Ouwerkerk, J. W., and Tazelaar, M. J. (2002). How to
overcome the detrimental effects of noise in social interaction: the benefits
of generosity. J. Pers. Soc. Psychol. 82, 768–780. doi: 10.1037/0022-3514.82.
5.768
Van Lange, P. A. M., and Van Doesum, N. J. (2015). Social mindfulness and social
hostility. Curr. Opin. Behav. Sci. 3, 18–24. doi: 10.1016/j.cobeha.2014.12.009
van Os, J., Kenis, G., and Rutten, B. P. (2010). The environment and schizophrenia.
Nature 468, 203–212. doi: 10.1038/nature09563
van Os, J., and Linscott, R. J. (2012). Introduction: the extended psychosis
phenotype—relationship with schizophrenia and with ultrahigh risk
status for psychosis. Schizophr. Bull. 38, 227–230. doi: 10.1093/schbul/
sbr188
van Os, J., and Reininghaus, U. (2016). Psychosis as a transdiagnostic and extended
phenotype in the general population. World Psychiatry 15, 118–124. doi: 10.
1002/wps.20310
Frontiers in Human Neuroscience | www.frontiersin.org

Van Overwalle, F., and Baetens, K. (2009). Understanding others’ actions and goals
by mirror and mentalizing systems: a meta-analysis. Neuroimage 48, 564–584.
doi: 10.1016/j.neuroimage.2009.06.009
Velthorst, E., Fett, A. K. J., Reichenberg, A., Perlman, G., Van Os, J., Bromet,
E. J., et al. (2016a). The 20-year longitudinal trajectories of social functioning
in individuals with psychotic disorders. Am. J. Psychiatry 174, 1075–1085. doi:
10.1176/appi.ajp.2016.15111419
Velthorst, E., Nieman, D. H., Becker, H. E., Van De Fliert, R., Dingemans, P. M.,
Klaassen, R., et al. (2009). Baseline differences in clinical symptomatology
between ultra high risk subjects with and without a transition to psychosis.
Schizophr. Res. 109, 60–65. doi: 10.1016/j.schres.2009.02.002
Velthorst, E., Reichenberg, A., Kapara, O., Goldberg, S., Fromer, M., Fruchter, E.,
et al. (2016b). Developmental trajectories of impaired community functioning
in schizophrenia. JAMA Psychiatry 73, 48–55. doi: 10.1001/jamapsychiatry.
2015.2253
Voges, M., and Addington, J. (2005). The association between social anxiety and
social functioning in first episode psychosis. Schizophr. Res. 76, 287–292. doi:
10.1016/j.schres.2005.01.001
Waltz, J. A., Schweitzer, J. B., Ross, T. J., Kurup, P. K., Salmeron, B. J., Rose, E. J.,
et al. (2010). Abnormal responses to monetary outcomes in cortex, but not in
the basal ganglia, in schizophrenia. Neuropsychopharmacology 35, 2427–2439.
doi: 10.1038/npp.2010.126
Wechsler, D. (1997). WAIS-III Dutch Translation. Lisse: Swets & Zeitlinger.
Wigman, J. T., Van Nierop, M., Vollebergh, W. A., Lieb, R., Beesdo-Baum, K.,
Wittchen, H. U., et al. (2012). Evidence that psychotic symptoms are prevalent
in disorders of anxiety and depression, impacting on illness onset, risk, and
severity—implications for diagnosis and ultra–high risk research. Schizophr.
Bull. 38, 247–257. doi: 10.1093/schbul/sbr196
Wood, S. J., Yung, A. R., Mcgorry, P. D., and Pantelis, C. (2011). Neuroimaging
and treatment evidence for clinical staging in psychotic disorders: from the
at-risk mental state to chronic schizophrenia. Biol. Psychiatry 70, 619–625.
doi: 10.1016/j.biopsych.2011.05.034
Woods, S. W., Addington, J., Cadenhead, K. S., Cannon, T. D., Cornblatt, B. A.,
Heinssen, R., et al. (2009). Validity of the prodromal risk syndrome for first
psychosis: findings from the North American Prodrome Longitudinal Study.
Schizophr. Bull. 35, 894–908. doi: 10.1093/schbul/sbp027
Woudstra, S., Van Tol, M.-J., Bochdanovits, Z., Van Der Wee, N. J., Zitman,
F. G., Van Buchem, M. A., et al. (2013). Modulatory effects of the piccolo
genotype on emotional memory in health and depression. PLoS One 8:e61494.
doi: 10.1371/journal.pone.0061494
Yamagishi, T., Takagishi, H., Fermin Ade, S., Kanai, R., Li, Y., and Matsumoto, Y.
(2016). Cortical thickness of the dorsolateral prefrontal cortex predicts strategic
choices in economic games. Proc. Natl. Acad. Sci. U.S.A. 113, 5582–5587. doi:
10.1073/pnas.1523940113
Yung, A. R., Phillips, L. J., Yuen, H. P., Francey, S. M., Mcfarlane, C. A.,
Hallgren, M., et al. (2003). Psychosis prediction: 12-month follow up of a
high-risk (“prodromal”) group. Schizophr. Res. 60, 21–32. doi: 10.1016/S09209964(02)00167-6
Yung, A. R., Yung, A. R., Pan Yuen, H., Mcgorry, P. D., Phillips, L. J., Kelly, D.,
et al. (2005). Mapping the onset of psychosis: the comprehensive assessment of
at-risk mental states. Austr. N. Z. J. Psychiatry 39, 964–971. doi: 10.1080/j.14401614.2005.01714.x
Zhu, Y., Zhang, L., Fan, J., and Han, S. (2007). Neural basis of cultural influence
on self-representation. Neuroimage 34, 1310–1316. doi: 10.1016/j.neuroimage.
2006.08.047
Ziauddeen, H., and Murray, G. K. (2010). The relevance of reward pathways
for schizophrenia. Curr. Opin. Psychiatry 23, 91–96. doi: 10.1097/YCO.
0b013e328336661b
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2019 Lemmers-Jansen, Fett, Van Doesum, Van Lange, Veltman
and Krabbendam. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
13

February 2019 | Volume 13 | Article 47

