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Psychosis is associated with distorted perceptions and deficient bottom-up learning
such as classical fear conditioning. This has been interpreted as reflecting imprecise
priors in low-level predictive coding systems. Paradoxically, overly strong beliefs,
such as overvalued beliefs and delusions, are also present in psychosis-associated
states. In line with this, research has suggested that patients with psychosis and
associated phenotypes rely more on high-order priors to interpret perceptual input. In
this behavioural and fMRI study we studied two types of fear learning, i.e., instructed
fear learning mediated by verbal suggestions about fear contingencies and classical fear
conditioning mediated by low level associative learning, in delusion proneness—a trait in
healthy individuals linked to psychotic disorders. Subjects were shown four faces out of
which two were coupled with an aversive stimulation (CS+) while two were not (CS-) in a
fear conditioning procedure. Before the conditioning, subjects were informed about the
contingencies for two of the faces of each type, while no information was given for the
two other faces. We could thereby study the effect of both classical fear conditioning and
instructed fear learning. Our main outcome variable was evaluative rating of the faces.
Simultaneously, fMRI-measurements were performed to study underlying mechanisms.
We postulated that instructed fear learning, measured with evaluative ratings, is stronger
in psychosis-related phenotypes, in contrast to classical fear conditioning that has
repeatedly been shown to be weaker in these groups. In line with our hypothesis, we
observed significantly larger instructed fear learning on a behavioural level in delusion-
prone individuals (n = 20) compared to non-delusion-prone subjects (n = 23; n = 20
in fMRI study). Instructed fear learning was associated with a bilateral activation of
lateral orbitofrontal cortex that did not differ significantly between groups. However,
delusion-prone subjects showed a stronger functional connectivity between right lateral
orbitofrontal cortex and regions processing fear and pain. Our results suggest that
psychosis-related states are associated with a strong instructed fear learning in addition
to previously reported weak classical fear conditioning. Given the similarity between
nocebo paradigms and instructed fear learning, our results also have an impact on
understanding why nocebo effects differ between individuals.

Keywords: delusion-proneness, instructed fear learning, classical fear conditioning, nocebo effect, fMRI,
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INTRODUCTION

Clinical observations of patients with psychosis suggest that
these individuals have difficulties to focus on one stimulus at
a time, especially in an acute psychotic state. Instead, their
attention often quickly shifts between different irrelevant stimuli
that they perceive as highly salient. The same individual may
simultaneously have a set of delusions that are resistant to change,
despite being extremely unlikely or even bizarre to most people.
The paradox that poorly reliable low-level processes (such as
unstable perceptions) co-exist with overly stable high-level beliefs
(such as delusions) is of central interest in psychosis research
(Sterzer et al., 2008; Moller et al., 2021). Here, we used a task
combining instructed fear learning (Mertens et al., 2018) and
classical fear conditioning (Fullana et al., 2016) in order to test
whether belief formation induced by instructions is stronger
in high delusion-proneness—a trait associated with psychotic
disorders that is expressed in healthy subjects (van Os et al.,
2009)—compared to controls.

Mirroring the clinical picture of unstable perceptions
described above, experimental research supports the idea
that low-level processes are dysfunctional in schizophrenia
and related endophenotypes (Javitt and Freedman, 2015).
A consequence of noisy perceptual processes would be a
less efficient bottom-up learning. This has been suggested for
psychosis-related states in various simple learning paradigms
including associative learning (Corlett et al., 2007; Corlett and
Fletcher, 2012), reward learning (Murray et al., 2008; Roiser et al.,
2009; Schlagenhauf et al., 2014) and classical fear conditioning
(Jensen et al., 2008; Holt et al., 2009, 2012; Romaniuk et al.,
2010; Balog et al., 2013; Tuominen et al., 2021). These studies
on patients and related endophenotypes have often shown both
a smaller learning effect of the true association and an increased
learning effect of non-existent associations, in line with the
aberrant salience hypothesis (Kapur, 2003).

In contrast to bottom-up learning, recent studies suggest
that the effect of high-level top-down learning is stronger
in patients with psychosis, and in delusion-prone subjects,
compared to healthy controls (Schmack et al., 2013; Teufel
et al., 2015). Namely, after being presented with explicit and
consciously accessed information, these individuals use high-
level priors in a top-down fashion more readily than controls,
in order to interpret simple perceptual input. Such beliefs
may be characterised as overly strong and associated with the
predisposition of delusion formation (Schmack et al., 2013).

Recently, theories such as the predictive coding hypothesis
of psychosis, have suggested an association between information
processing deviations and psychotic symptoms (Fletcher and
Frith, 2009; Adams et al., 2013; Sterzer et al., 2018). Despite
this, the reason for why psychosis related states are associated
with overly strong beliefs and delusions in parallel with a noisy
perceptual system, is not fully understood. It has been proposed
that the formation of delusions is a secondary consequence
of adaption to aberrant low-level signals (Kapur, 2003).
Alternatively, it may suggest a strategy of integrating explicit
information in a proactive manner to facilitate interpretation of a
noisy environment in psychosis-related states.

Here, we tested whether delusion-prone subjects integrate
explicit information given in advance, to a higher degree than
controls in a social fear learning task. We hypothesised that verbal
suggestions about the threat value of specific social stimuli, i.e.,
instructed fear learning, would have stronger effect on affective
learning in delusion-prone participants than in controls, in
sharp contrast to results from previously performed low-level
classical fear conditioning studies on psychosis patients (Jensen
et al., 2008; Holt et al., 2009, 2012; Romaniuk et al., 2010;
Tuominen et al., 2021), and schizotypal individuals (Balog et al.,
2013), which have suggested a weaker learning in psychosis
associated phenotypes.

In order to test our hypothesis we showed our subjects
four faces out of which two were coupled with aversive
electric stimulation (CS+) while two were not (CS-) in a
fear conditioning procedure. Ahead of the fear conditioning
procedure subjects were informed about the contingencies for
two of the faces of each type, while no information was given for
the two other faces. We could thereby study the effect of both
classical fear conditioning and instructed fear learning. Our main
outcome measure consisted of explicit evaluation of the presented
faces (Petrovic et al., 2008), and involves, therefore, conscious
beliefs about the context. We also measured autonomic responses
(i.e., skin conductance response) as an index of learning.

Our study also translates to the nocebo effect, that may be
defined as the role of negative expectations from suggestions,
associative learning and context in producing an aversive
outcome (Barsky et al., 2002; Faasse et al., 2019; Colloca and
Barsky, 2020).

It has been suggested that the lateral orbitofrontal cortex
(lOfc) is a key structure involved in the processing of higher order
expectations that influence emotional processing and experience
(Petrovic et al., 2010). In line with this, previous functional
imaging studies using tasks related to the present, such as
instructed fear learning (Tabbert et al., 2011; Atlas et al., 2016)
and nocebo responses (Kong et al., 2008; Asghar et al., 2015;
Ellerbrock et al., 2015; Freeman et al., 2015; Schienle et al., 2018),
have shown increased activation in lOfc and related regions.
Other studies where a change in expectations underlies a change
in emotional experience including placebo responses (Petrovic
et al., 2002, 2005, 2010; Atlas and Wager, 2014; Wager and Atlas,
2015) and cognitive reappraisal (Eippert et al., 2007; Wager et al.,
2008; Kanske et al., 2011; Golkar et al., 2012) have also shown
the involvement of lOfc. We therefore hypothesised that (1) the
behavioural results would be associated with an larger activation
in lOfc for instructed stimuli than for non-instructed stimuli for
all subjects, and (2) that this effect would be stronger in high
delusion proneness vs. low delusion proneness as well as (3)
have a differential interaction with regions involved in pain and
fear processing.

MATERIALS AND METHODS

Participants
We screened 925 male individuals aged 18 to 35 years
(mean = 24.98 years, SD = 0.161) for delusion-proneness using

Frontiers in Psychology | www.frontiersin.org 2 April 2022 | Volume 13 | Article 786778

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-786778 April 7, 2022 Time: 14:54 # 3

Louzolo et al. Instructed Fear Learning in Delusion-Proneness

PDI (Peters’ Delusion Inventory-21 items) (Peters et al., 2004).
For each PDI item that is endorsed, three dimensions are rated
by the participant on a 5-point Likert scale (1–5) in order to
assess the level of conviction, distress, and preoccupation related
to the given item (i.e., conviction, distress, and preoccupation
scores, respectively). The subjects also completed ASRS (World
Health Organization Adult ADHD Self-Report Scale) (Kessler
et al., 2005), and AQ (Autism Spectrum Quotient questionnaire)
(Baron-Cohen et al., 2001) to control for sub-clinical tendencies
of ADHD (Attention and Hyperactivity disorder) and ASD
(Autism Spectrum disorder) (Louzolo et al., 2017). Participants
were recruited through social media and filled in online versions
of the questionnaires. It was stressed twice that they had to be
healthy and without any psychiatric history. Upon submission of
their contact details and after giving their consent, participants
received a link to the questionnaires and an automatically
generated unique ID-code that they used when filling in
the questionnaires.

Based on the questionnaire results we selected 51 right-handed
male individuals aged 18–35 years; out of which 26 were in the
low delusion proneness group (lDP; PDI scores ranging from 2
to 6), and 25 in the high delusion proneness group (hDP; PDI
scores ranging from 10 to 17). Due to technical issues during
the scanning procedures (movement and technical problems with
the stimulation device), 8 participants had to be removed from
both behavioural and imaging analyses. A total of 43 participants
(lDP: n = 23, PDI mean = 3.78, SD = 1.38, and hDP: n = 20, PDI
mean = 12.85, SD = 1.84) thus underwent a successful instructed
fear learning and classical fear conditioning procedure in a 3T GE
MR scanner and contributed to the behavioural results. Out of
those 43 participants, another 3 were removed from the imaging
analyses due to large movement artefacts, resulting in a total of
20 participants in each group contributing to the fMRI results
(lDP: PDI mean = 3.85 and SD = 1.37; hDP: PDI mean = 12.85
and SD = 1.84). The size of the two groups were comparable
to previous fMRI studies on conditioning and psychosis related
states (Jensen et al., 2008; Holt et al., 2009, 2012; Romaniuk et al.,
2010; Balog et al., 2013).

All participants gave once again their informed consent before
the experiment, and were paid 450 SEK for their participation.
The study was approved by the regional ethical board of
Stockholm.1

Stimuli and Apparatus
In the classical fear conditioning paradigm, the unconditioned
stimulus (UCS) consisted of a mildly aversive electric
stimulation. Prior to the start of the experiment a pair
of Ag/AgCl electrodes (27 × 36 mm) was attached to
participants’ left forearm with electrode gel and used to
deliver electrical stimulation. Before lying down in the scanner,
participants went through a standard work-up procedure,
during which stimulation intensity was gradually increased
until participants judged it as unpleasant, but not intolerably
painful. Stimulus delivery was controlled by a monopolar
DC-pulse electric stimulation (STM200; Biopac Systems Inc.,

1www.epn.se

Santa Barbara, United States2). Each electrical stimulation
lasted for 200 ms, co-terminating the presentation of the
reinforced CS+ stimuli. The experiment was presented using
Presentation3 and was displayed on a screen inside the scanner.
Participants controlled the computer cursor through the use of a
trackball device.

The paradigm consisted of a social learning task that started
with an instruction phase that was followed by a fear acquisition
phase, and ended with an extinction phase (Figure 1A). The
conditioned stimuli (CS) consisted of four Caucasian male faces
(selected from a picture set used in Johansson et al., 2013)
displaying a neutral facial expression (2 CS+ and 2 CS−) and
randomised between participants. We used faces, as in several
of our previous studies (e.g., Olsson et al., 2005; Petrovic et al.,
2008), since they are more salient than abstract figures and
we wanted to measure the likability of the different individual
faces. Finally, social stimuli also contain more delusion relevant
information (as exemplified in paranoia) than many other
stimuli. For illustration purposes, we used silhouettes on the
timeline sketch Figure 1.

In the instruction phase, two of the faces (instructed CS+
and CS-; iCS+/iCS-) were coupled with information about
their contingencies with the UCS (including a fabricated
short description about their personality and the risk of
being associated with a “shock”). The two other CS faces
(non-instructed CS+ and CS-; niCS+/niCS-) contained no
information about their contingencies with the UCS. The
phrasing used in the instructions is presented in Figure 1B
(original text in Swedish).

In the acquisition and extinction phases each CS was displayed
12 times for 5 s, and the jittered inter-trial interval was 11.5± 2 s.
The CS+ were coupled with UCS with a 50% contingency in the
acquisition phase and there was no UCS in the extinction phase.

Skin Conductance Response
Skin conductance was recorded during the whole session. Two
Ag/AgCl electrodes (27 × 36 mm) were attached to the distal
phalange of the first and third fingers of participants’ left
hand. The skin conductance response (SCR) was amplified
and recorded using an fMRI compatible BIOPAC Systems
(Santa Barbara, CA). Data were analysed using AcqKnowledge
software (BIOPAC Systems). Processing of the raw data consisted
of low-pass (1 Hz) and high-pass (0.05 Hz) filtering. For each
CS, the conditioned SCR amplitude was quantified as the peak-
to-peak amplitude difference to the largest response, in the
0.5–4.5 s latency window after the stimulus onset. The SCRs
were transformed into microSiemens (µS), and responses below
0.02 µS were encoded as zero. A square-root transformation
was applied to raw SCRs to normalise the data distribution.
Participants who displayed a SCR to less than 20% of each of
the two CS+were considered non-responders and excluded from
SCR analyses. This resulted in 18 lDP and 20 hDP participants
that were used in the SCR analysis.

2www.biopac.com
3www.neurobs.com, version 9.13
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FIGURE 1 | Subjects and experimental design. (A) Timeline of paradigm. In the acquisition and extinction phases each CS was displayed 12 times for 5 s, and the
jittered inter-trial interval was 11.5 ± 2 s. The CS+ were coupled with UCS (mildly painful electric stimulation) with a 50% contingency in the acquisition phase and
there was no UCS in the extinction phase. Participants were asked to rate how friendly each CS was experienced, using a visual analogue scale (−100 to 100). In
order to estimate learning we calculated the difference between CS- rating and CS+ rating for each CS-pair (instructed and non-instructed). This difference score is
referred to as “affective learning index”’ and the main outcome value in the study. We analysed three affective learning indices: (1) T1: after instruction learning, (2) T2:
after acquisition, and (3) T3: after extinction. All ratings were normalized in regards to T0. (B) In the instruction phase, two of the faces (instructed CS+ and CS-;
iCS+/iCS-) were coupled with information about their contingencies with the UCS that included a fabricated short description about their personality and the risk of
being associated with an aversive stimulation. The two other CS faces (non-instructed CS+ and CS-; niCS+/niCS-) contained no information about their
contingencies with the UCS. Instructions were presented twice (followed by ratings–T1’ and T1) in order to increase the effect of information.
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Behavioural Analyses
Since our focus was on explicit learning we measured evaluative
fear ratings (Petrovic et al., 2008) for the presented faces.
On several occasions throughout the experiment (before
instructions, during instructions, before acquisition, before and
after extinction) participants had to rate how friendly each
CS looked, using a visual analogue scale with “the least
sympathetic person you can imagine” stated on the left anchor,
and “the most sympathetic person you can imagine” on the
right anchor (originally in Swedish). The X-axis coordinates
of the scale were converted into numbers, from -100 (left
anchor) to +100 (right anchor) and used as the rating scores.
The first rating of each CS was referred to as the baseline
rating and used to normalise the subsequent ratings for a
given CS. The normalised scores were computed for each CS,
by subtracting the first ratings from the following ratings.
In order to estimate learning in our paradigm we calculated
the difference between CS- rating and CS+ rating, in each
pair (instructed and non-instructed). This difference score is
referred to as “affective learning index” and represents the
main outcome value in the study as we were interested in
explicit learning. Instructions were presented twice (followed
by ratings: T1’ and T1) in order to increase explicit learning
(Figure 1A). Out of these two ratings we used the one following
the second instruction presentation (T1) in subsequent analyses
as it represented the total effect of the instruction manipulation.
This resulted in three affective learning indices: (1) T1-after
instruction learning, (2) T2-after acquisition, and (3) T3-after
extinction (Figure 1A). During the debriefing session after the
experiment, participants were also asked to rate how strongly
they felt they had been influenced by instructions and aversive
stimulation, respectively (0: no influence at all, 10: extremely
high influence).

We used linear mixed models to analyse the effect of the
experimental manipulations on the main behavioural outcome
variable, i.e., the affective learning index. A random effect of
subject was modelled, accounting for the repeated measures. The
explanatory variables used were subject group (hDP vs. lDP), the
stimulus type (instructed vs. non-instructed), the phase of the
trial (T1, T2, or T3) and the interactions between these variables.
Analysis were conducted using the software R 3.2.3 (R Core
Team, 2015) using packages lme4 (Bates et al., 2015) and lmerTest
(Kuznetsova et al., 2017).

Two specific hypotheses were tested for the behavioural part
of the study:

-Main hypothesis: As psychosis proneness has been associated
with stronger higher order learning and use of high-level priors
(Schmack et al., 2013; Teufel et al., 2015), instructions should
have a greater influence on fear learning in the delusion-
prone subjects than in the normal population. We therefore
hypothesised that hDP would show larger instructed affective
learning index in all phases compared to lDP.

-Secondary hypothesis: In line with previous studies on
classical fear conditioning (Jensen et al., 2008; Holt et al., 2009,
2012; Romaniuk et al., 2010; Balog et al., 2013; Tuominen et al.,
2021) we hypothesised that delusion-prone individuals would
display an attenuated fear learning. This would be reflected

by significantly smaller non-instructed affective learning index
following acquisition in hDP as compared to lDP.

In summary, on a behavioural level we expected increased
effect of instructions on fear learning (instructed fear learning)
but decreased effects of classical fear conditioning related to
delusion proneness.

Functional Imaging Analysis
We hypothesised that lateral orbitofrontal cortex (lOfc) would
have a decisive role in the increase of fear learning due
to instructions—based on its previously shown involvement
in processes where expectations have been experimentally
manipulated including instructed fear learning (Tabbert et al.,
2011; Atlas et al., 2016), nocebo responses (Kong et al., 2008;
Asghar et al., 2015; Ellerbrock et al., 2015; Freeman et al., 2015;
Schienle et al., 2018), placebo responses (Petrovic et al., 2002,
2005, 2010; Atlas and Wager, 2014; Wager and Atlas, 2015) and
cognitive reappraisal (Eippert et al., 2007; Wager et al., 2008;
Kanske et al., 2011; Golkar et al., 2012). Data from these studies
suggests that the right lOfc, especially, is involved in placebo
(Petrovic et al., 2002, 2005, 2010) and cognitive reappraisal
processes (Wager et al., 2008). We therefore examined the
acquisition phase results with a primary focus on effects in lOfc.
Further, we posited that any behavioural effects in relation to
instructed fear learning would be linked to functional or effective
connectivity effects in the right lOfc as previously observed in
cognitive reappraisal (Wager et al., 2008).

Apart from the general hypothesis about the involvement
of lOfc in instruction effects, we more specifically hypothesised
that hDP (compared to lDP) would exhibit (i) increased lOfc
responses to instructed fear learning, and (ii) increased effective
connectivity between the lOfc, and pain and fear regions, as
an underlying mechanism associated with a stronger effect of
instructions on affective learning index.

Due to limited space, we constrained the present functional
imaging analysis to the acquisition phase.

Image Acquisition
Participants were scanned in a 3T MR General Electric scanner
with a 32-channel head coil. A T1-weighted structural image was
acquired before the beginning of the paradigm. Functional scans
were obtained using a gradient echo sequence T2∗-weighted
echo-planar imaging (EPI) scan [TR = 2.334 s, TE = 30 ms,
flip angle = 90 degrees, 49 axial slices in ascending order
(thickness = 3 mm) and a field of view (FOV) = 22 cm,
matrix size = 72 × 72 × 3 mm]. The first four scans were
defined as dummy scans and discarded from the analysis.
Functional image acquisition comprised 2 runs of 245 volumes
each (acquisition and extinction phases, respectively), with a
break of approximately 4–5 min between them.

Imaging Data Analysis
Data pre-processing and analyses were performed using a default
strategy in the SPM8 software package (Statistical parametric
mapping, Welcome Department of Cognitive Neurology,
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London, United Kingdom4). For each participant, individual
images were first slice-time corrected and realigned to the first
volume to correct for head movement. The T1-weighted image
was then co-registered with the mean EPI image, segmented
and normalised to the Montréal Neurological Institute standard
brain (MNI). Then, functional images were spatially smoothed
with an 8-mm full width at half maximum (FWHM) isotropic
Gaussian kernel, and a temporal high-pass filter with a cut-off of
128 s was used to remove low-frequency drifts.

All analysis in the present study focused on the acquisition
phase. A general linear model (GLM) comprising nine regressors
was defined at the first-level analysis; one regressor per CS type
(iCS+, iCS−, niCS+, and niCS−) with each onset modelled
as a 5-s event, and one regressor for the UCS presentation.
In addition, these four regressors (excluding UCS) were also
parametrically modulated with a linearly changing function to
capture activity changes over time. All nine regressors were
convolved with the canonical haemodynamic response function
and entered into the GLM as implemented in SPM. Motion
regressors were also included in the model. The two phases of
the experiment (acquisition and extinction) were modelled and
analysed separately.

We first analysed main effects of fear (CS+ vs. CS−). Similarly,
we examined the main effects of pain. We also analysed possible
differences between hDP and lDP in a 2nd level analysis of
these activations using a ROI approach in order to increase the
sensitivity. A small volume correction in a spherical ROI (6 mm
radius) was then applied in the contrasts between the two groups.
The ROIs were centred over the maximally activated voxels in
caudal ACC (cACC) and anterior insula in the main effect of fear
and in posterior insula in the main effect of pain. The results
were assessed at p < 0.05, family-wise error (FWE) corrected for
multiple comparisons.

To test our main hypotheses regarding the functional imaging
results, we first conducted a GLM group analysis to compare
the effect of instruction in the lOfc for hDP to lDP participants.
The results were assessed at p < 0.05, family-wise error
(FWE) corrected for multiple comparisons. Given our a priori
hypothesis, we used small-volume correction (SVC) for multiple
comparisons within an anatomical lOfc ROI defined using
the pick atlas in the SPM, in addition to an exploratory
whole brain analysis.

We also examined effective connectivity using a
psychophysiological interaction (PPI) analysis in SPM (Friston
et al., 1997). This analysis identifies context-induced changes in
the strength of connectivity between brain regions, as measured
by a change in the magnitude of the linear regression slope
that relates their underlying neuronal responses. Significant PPI
results indicate that the contribution of one area to another
changes with the experimental context (Friston et al., 1997). We
assessed connectivity changes between the right lOfc and the rest
of the brain. The lOfc seed region was defined using a sphere
with a radius of 6 mm centred on the right lOfc group maximum
from the GLM analyses of instruction-related activity. For each
participant, the seed was adjusted to centre on the individual

4http://www.fil.ion.ucl.ac.uk/spm

peak response within the group seed sphere, and the fMRI time
series was extracted and deconvolved to generate the neuronal
signal. We then conducted two PPI analyses using the contrast (i)
instructed vs. non-instructed [(iCS+ and iCS-) vs. (niCS+ and
niCS-)] and (ii) the interaction effect (fear learning in instructed
vs. fear learning in non-instructed stimuli; [(iCS+ vs. iCS-)
vs. (niCS+ vs. niCS-)]) as the psychological factor. For each
participant, a GLM was conducted including three regressors
representing the time course of the seed region (the physiological
factor), the psychological factor and their product (the PPI). The
parameter estimates for the PPI regressor from each participant
were then entered into a second-level analysis, and we again
assessed the results at pFWE < 0.05.

We conducted SVC in several ROIs for the PPI analyses.
First, we used the group-level main effect of fear learning (CS+
vs. CS-) to identify cACC and anterior insula (Supplementary
Table 1). Second, we examined any group differences in low-level
sensory processing areas, in line with previous findings of altered
effective connectivity between the lOfc and the visual cortex
in a visual expectation manipulation task related to delusion
proneness (Schmack et al., 2013). To obtain a low-level sensory
region, we used the group-level main effect pain (mildly painful
electric stimulation) to identify the posterior insular cortex. This
region has been the most consistently reported brain activation
site across all pain conditions and is considered a nociceptive
input area (Tanasescu et al., 2016).

Finally, we assessed whether there was a significant correlation
between conviction scores and the functional connectivity
between the lOfc seed-region and low-level sensory regions (i.e.,
defined as posterior insular in the present study) to investigate
whether we could reproduce the findings by Schmack et al.
(2013). On a more exploratory level, we analysed whether such
a correlation was also present for the total PDI-score, the
normalised conviction score as well as the two other sub-scores
in PDI (distress score and preoccupation scores).

RESULTS

In the present study, we show behavioural results that either
involve all phases together or the instruction and acquisition
phase separately as well as the fMRI-results from the acquisition
phase in order to study our predefined hypotheses. The study
results have previously been presented in bioRxiv (Louzolo et al.,
2019). Behavioural and fMRI results specifically focusing on
extinction phase will be presented elsewhere.

BEHAVIOURAL RESULTS

Ratings
Baseline Ratings
A baseline rating (T0) was collected for each face before any
information was presented and it was used for normalisation of
subsequent ratings (Figure 1A). We tested whether groups (hDP
and lDP) differed on the averaged absolute value of the initial
baseline ratings, and found no significant difference (t = 0.092,
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p = 0.927, independent two-sample t-test). This result suggests
that any possible group differences associated to instructions or
conditioning cannot be explained simply by a difference between
the groups in their general rating strategy.

Affective Learning Index
The main behavioural outcome measure of the study was the
affective learning index, which reflects how subjects change
the ratings given to CS- vs. CS+ stimuli after conditioning
or instructions.

As a general control of the paradigm, effects of instructed
fear learning and classical fear condition were first analysed
independently in the two groups (lDP and hDP). Evaluative fear
learning measured with affective learning index was observed
after instructions (T1 vs. T0) for instructed stimuli and after
acquisition phase (T2 vs. T1) for both instructed (threshold
level) and non-instructed stimuli independently for both lDP
and hDP. Thus, learning as a consequence of instructed fear
learning and classical fear conditioning were accomplished for
both groups independently.

A mixed linear model was used to study the effects of
subject group (hDP vs. lDP), stimulus type (instructed vs. non-
instructed), phase of the trial (T1, T2, or T3) and the interactions
between these variables on the affective learning index. We found
significant effects of group (p = 0.029), stimulus type (p < 0.00001),
and phase (p < 0.00001). The three-way interaction between these
variables as well as the interaction between group and phase were
not significant (p = 0.750 and p = 0.167, respectively). However,
there was an almost significant stimulus type × group interaction
(p = 0.057) and a significant stimulus type × phase interaction
(p = 0.00003). This means that the effect of instructions depends
on the group (according to our main hypothesis) and also on
the phase. Since there were interaction effects with the stimulus
type, in order to study the effects of group and phase, we divided
the data into two sets, corresponding to the instructed and
non-instructed stimuli.

For the instructed stimuli (Figures 2A,B), there was a
significant effect of group (p = 0.044), but not of phase
(p = 0.109). The affective learning index was higher for the hDP
(mean = 125.77, SD = 93.06) than for the lDP (mean = 74.50, SD
= 67.98) thus confirming our main hypothesis. We also extended
the model to include the interaction between group and phase.
The interaction was not significant (p = 0.26), indicating that
the group effect is present in all phases. The affective learning
index was significantly larger than zero for lDP (p = 0.0002).
Thus, for the instructed stimuli, the affective learning index
was larger than zero for all groups and phases, confirming
that there was an effect of instructions in both groups, that
persisted for all phases.

For the non-instructed stimuli (Figures 2C,D), there was a
significant effect of phase (p < 0.00001), but not of group
(p = 0.105). The affective learning index was not different from
0 at phase T1. This is expected since, for non-instructed stimuli,
at T1 the subjects had no more information than at T0. At phases
T2 and T3 the affective learning index was significantly larger than
0 (p < 0.00001), indicating that the classical fear conditioning
worked and the subjects learned the contingencies.

To test the secondary hypothesis, the model on the non-
instructed stimuli was extended to include the interaction
between group and phase. The interaction was almost significant
(p = 0.056). Hence, to be able to interpret the effects of group,
we analysed the data for each phase separately. However, there
was no significant effect of group for T1 and T2 (p = 0.653 and
p = 0.235, respectively) and only an effect for T3 (p = 0.025).
Namely, after the acquisition phase (T2) for the non-instructed
stimuli there was no difference in affective learning index between
the two groups of subjects. The effect of extinction (associated
with ratings at T3) is further elaborated elsewhere.

Skin Conductance
A one-tailed t-test on the differential SCR (SCR-CS+ vs. SCR-
CS-) in the acquisition phase for all subjects together, was
significantly different from zero (mean = 0.0151, SD = 0.0271;
t = 3.424, df = 37, p = 0.001 one-tailed) suggesting a significant
conditioning. This was also the case for each group, when
analysed separately (lDP mean = 0.0126 µS, SD = 0.0248, one-
sample t-test t = 2.145, df = 17, p = 0.024 one-tailed—hDP
mean = 0.0174 µS, SD = 0.0296, one-sample t-test t = 2.628,
df = 19, p = 0.009 one-tailed). There was no group difference
(independent two-sample t-test t =−0.741, df = 73, p = 0.461).

The differential SCR was mainly driven by the iCS-pair as
suggested by a significant difference between the instructed and
non-instructed condition in lDP (instructed mean = 0.0266 µS,
SD = 0.036, non-instructed mean =−0.015 µS, SD = 0.029; paired
t-test t = 2.780, df = 17, p = 0.014) and in hDP (instructed
mean = 0.0251 µS, SD = 0.031, non-instructed mean = 0.010 µS,
SD = 0.036; paired t-test t = 2.188, df = 19, p = 0.042). However,
there was no significant interaction between the groups (hDP or
lDP) and condition (instructed or non-instructed).

Overall, it should be noted that the SCR data recorded in the
fMRI scanner was noisy. We only used participants who showed
a SCR to at least 20% of the presentations of each CS (hence,
considered as responders; n = 38). However, many of them were
characterised by a low reactivity.

Effects of Peters’ Delusion Inventory
Sub-Scores on Ratings
In an exploratory analysis, we investigated whether PDI scores
and their components (distress, preoccupation and conviction)
were related to the different ratings for instructed stimuli in
lDP and hDP, respectively. In hDP we observed a significant
correlation between distress scores and the overall instructed
affective learning index (r = 0.555, p = 0.011 Pearson correlation
tests) (Figure 3A), as well as the instructed affective learning index
in T1 (after instructions; r = 0.614, p = 0.004) and T2 (after
acquisition; r = 0.518, p = 0.019). While similar correlations were
observed for preoccupation and conviction scores, they did not
reach significance. No significant correlations between distress
scores and affective learning index were found for lDP.

Since distress seemed to be an important variable in relation to
effects of instructions in our fear learning paradigm, we explored
it further. Only analysing the total sum of each of these sub-
scores without controlling for the Yes/No score can be somewhat

Frontiers in Psychology | www.frontiersin.org 7 April 2022 | Volume 13 | Article 786778

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-786778 April 7, 2022 Time: 14:54 # 8

Louzolo et al. Instructed Fear Learning in Delusion-Proneness

FIGURE 2 | Behavioural results of instructed and non-instructed learning. (A) Timeline of likability ratings for instructed CS-stimuli over the three phases. (B) In line
with our hypothesis the affective learning index was higher for the hDP (mean = 125.77, SD = 93.06) than for the lDP (mean = 74.50, SD = 67.98) for the instructed
CS-stimuli and we found a significant group effect (p = 0.044) over all phases thus confirming our main hypothesis. (C) Timeline of likability ratings for non-instructed
CS-stimuli over the three phrases. (D) For the non-instructed stimuli, there was no significant effect of group (p = 0.105). The average non-instructed affective
learning index after acquisition was somewhat larger (albeit non-significant) in the delusion-prone group than in the control group (hDP: mean = 89.45, SD = 81.52;
lDP: mean = 63.00, SD = 62.16). As suggested from the time-line the largest part of this non-significant difference was dependent on T3 (ratings after extinction). At
phases T2 the affective learning index was significantly larger than 0 (p < 0.00001) for each group, indicating that the fear conditioning worked and the subjects
learned the contingencies. Error bars: 2 S.E.

misleading, as it makes it difficult to differentiate between
people who would score high on distress because they have
a few delusion-like experiences that are extremely distressing,
from people who score as high on distress because they have
many delusion-like experiences that are not distressing at all.

Normalising to the number of endorsed items (number of “yes”
answers, or the so-called “total PDI score”) provides a better
estimate of how distressed participants are, unrelated to whether
there is one or several delusion-like experiences. We therefore
also compared the two groups in terms of normalised sub-scores
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FIGURE 3 | Relation between instruction effects and delusional distress. (A) Correlations between distress scores and overall instructed affective learning index
(averaged over three phases) in hDP (r = 0.555, p = 0.011, Pearson correlation tests). (B) Correlations between normalised distress scores and overall instructed
affective learning index (averaged over three phases) in hDP (r = 0.433, p = 0.056, Pearson correlation tests). (C) Rating of the explicit influence of instructions in lDP
and hDP. The group difference is on the border of significance t = −1.910, p = 0.063, df = 40 (independent two-sample t-test). (D) Correlation between distress
scores and explicit rating of instruction influence in hDP (r = 0.562, p = 0.010, Pearson correlation tests). (E) Correlation between normalised distress scores and
explicit rating of instruction influence in in hDP (r = 0.491, p = 0.028, Pearson correlation tests). Error bars: 2 S.E.

and found that the average normalised distress score in hDP
was significantly larger than in lDP (hDP = 2.47, lDP = 1.95;
independent sample t-test t = −2.593, p = 0.013, df = 41).
Moreover, in hDP, the normalised distress score also correlated
positively with affective learning index after the instruction phases
(r = 0.527, p = 0.017, Pearson correlation tests) (Figure 3B).
This correlation only reached a trend level after the acquisition
phase (T2), as well as when considering the three phases together
(r = 0.400, p = 0.080; r = 338, p = 0.091, respectively—Pearson
correlation tests). No significant correlations between normalised
distress scores and affective learning index were found for lDP.

Post-experiment Ratings
After the experiment, participants were asked to explicitly rate
the influence of instructions, and pain stimuli (respectively) from
0 to 10. An independent sample t-test revealed a trend towards a
larger influence of instructions reported in the hDP, compared to
the lDP (mean lDP = 4.07, SD = 2.42, mean hDP = 5.58, SD = 2.69;

t =−1.910, p = 0.063, df = 40 two-tailed) (Figure 3C), while there
was no group difference in terms of pain influence.

Interestingly, in the delusion-prone group the explicit rating
of instruction influence was also significantly correlated to the
distress sub-score (r = 0.562, p = 0.01 Pearson correlation tests)
(Figure 3D) and with the normalised distress score (r = 0.491,
p = 0.028 Pearson correlation tests) (Figure 3E).

FUNCTIONAL IMAGING RESULTS

A simultaneous fMRI measurement showed that the main effect
of conditioning (i.e., all CS+ vs. all CS- in the acquisition phase)
led to activations in brain areas that are consistently reported
in studies of classical fear conditioning (Fullana et al., 2016).
These included anterior insula, caudal anterior cingulate cortex
and thalamus bilaterally as well as brainstem (Figure 4A and
Supplementary Table 1). However, no significant differences
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FIGURE 4 | Brain activity related to the effects of conditioning and instructions—BOLD response (A,B) and PPI analyses (C,D). (A) Main effect of fear (CS+ vs. CS-):
an activation in caudal anterior cingulate cortex (cACC), bilateral anterior insula, premotor/dorsolateral prefrontal cortex (dlPFC), right temporo-parietal junction (rTPJ)
was observed (Supplementary Table 1). The activation pattern was similar for instructed (iCS+ vs. iCS-) and non-instructed (niCS+ vs. niCS-) stimuli. No group
difference was observed. (B) Main effect of instructions: bilateral activations in lateral orbitofrontal cortex (lOfc) (ROI analysis and whole brain analysis) and an
activation in dlPFC (whole brain analysis) were observed (Supplementary Table 2). This effect was mainly driven by the hDP, and only this group showed significant
activations in lOfc (bilateraly). (C) A psychophysiological interaction (PPI) analysis on the effect of instructions (vs. non-instructed trials): An increased connectivity
between the right lOfc and functionally defined low-level pain processing areas (i.e., right posterior insula) (Z = 3.29, pFWE = 0.004) was observed specifically in hDP
(i.e., compared to in lDP). (D) A PPI-analysis on the effects of instruction on fear processing: A larger connectivity between lOfc and the cACC (overlapping with fear
related activation) was observed in hDP than in lDP (Z = 2.96, pFWE = 0.012). Error bars: S.E.

were observed between the groups in the regions of interest (ROI)
analysis for (CS+ vs. CS-).

In line with our hypothesis, we observed a main effect of
instructions [(iCS+ + iCS-) vs. (niCS+ + niCS-)] in lateral
orbitofrontal cortex (lOfc) for all subjects (Figure 4B and
Supplementary Table 2)—driven mainly by hDP subjects (only
this group showed significant activations in lOfc; Supplementary
Table 2). This suggests a plausible underlying prefrontal
mechanism associated with the observed behavioural effects
of instructions on fear learning. In addition, hDP individuals
also displayed activation in the ventromedial prefrontal cortex
(vmPFC) that was not observed in the lDP, nor in the all-subject
activations (Supplementary Table 2). However, there were no
significant differences between the groups in the main effects of
instructions (subtraction analysis).

For completeness, we analysed the effect of fear learning
specifically for the instructed (Supplementary Table 3) and
non-instructed stimuli (Supplementary Table 4). These analyses
overall resembled the main effect of conditioning and did
not reveal and significant differences between hDP and lDP.
Our final contrast analysis focused on the main effect of pain
for all subjects, and showed activations in region previously

implicated in pain processing including bilateral insula and cACC
(Supplementary Table 5).

A psychophysiological interaction (PPI) analysis revealed
increased connectivity in instructed trials (vs. non-instructed
trials) specifically for hDP (i.e., compared to lDP) between the
right lOfc and functionally defined nociceptive input region
(right posterior insula) (Z = 3.29, corrected p = 0.004),
supporting previous findings of an association between sensory
processing and lOfc in delusion-prone individuals (Schmack
et al., 2013; Figure 4C). Moreover, PPI-analysis of the effects
of instruction on fear processing showed a significantly larger
connectivity between the lOfc and the caudal anterior cingulate
cortex (cACC), overlapping with fear related activation, in hDP
compared to lDP (Z = 2.96, corrected p = 0.012) (Figure 4D).
Last, we tested whether we could conceptually replicate the
correlation reported in earlier work, between conviction scores
and functional connectivity in instructed trials between the
right lOfc and functionally defined early sensory processing
regions (Schmack et al., 2013) (i.e., right posterior insula, here),
specifically for hDP individuals (i.e., compared to lDP). This
analysis showed a significant effect (pFWE = 0.003) (Figure 5),
that was also observed when the PPI-analysis was correlated

Frontiers in Psychology | www.frontiersin.org 10 April 2022 | Volume 13 | Article 786778

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-786778 April 7, 2022 Time: 14:54 # 11

Louzolo et al. Instructed Fear Learning in Delusion-Proneness

FIGURE 5 | Relation between delusion-proneness and functional connectivity. The functional connectivity (PPI-analysis) between the right lOfc and i.e., right
posterior insula ROI as an effect of instructions (vs. non-instructed trials) correlated with conviction scores in the hDP (Z = 3.44, pFWE = 0.003). A similar effect was
shown for PDI-total scores (Z = 3.29, pFWE = 0.004) and normalised conviction scores also in the hDP (Z = 2.77, pFWE = 0.016).

with the total PDI score (pFWE = 0.004) and the normalised
convictions scores (pFWE = 0.016).

DISCUSSION

The present findings confirmed our main hypothesis stating that
the effect of instructions on fear learning, i.e., instructed fear
learning, would be larger in the delusion-prone group (hDP)
than in the control group (lDP) (Figures 2A,B). The effect
was shown in the affective learning index for the instructed
stimuli, where evaluative ratings of instructed CS+ faces were
compared to instructed CS- faces. However, we did not observe
any significant group difference in non-instructed fear learning
(classical fear conditioning) (Figures 2C,D). Our results mirror
recent studies reporting an increased effect of high-level priors
on perceptions in psychosis-related states (Schmack et al.,
2013; Teufel et al., 2015) and extend these observations to
instructed fear learning. Importantly, as we measured evaluative
social ratings as our outcome variable, we also targeted the
participants’ specific beliefs about different social stimuli. Thus,
in contrast to the aforementioned studies (Schmack et al., 2013;
Teufel et al., 2015), we argue that in psychosis-related states,
explicit beliefs about the world are also more susceptible to be
changed after explicit learning. In addition, our data suggests
that hDP individuals displayed a larger affective learning than
lDP individuals after instructions, already before the CS-UCS
pairing. In other words, they had already formed stronger beliefs
that biased their experience of the faces, even before low-level
learning in the acquisition phase. Thus, we expand previous views
on delusion formation as a secondary mechanism in which the
individual tries to explain specific aberrant stimuli (Kapur, 2003),

by suggesting that formation of such beliefs might also represent
a pro-active coping strategy in order to facilitate interpretation of
an unstable environment.

Instructed fear learning (Mertens et al., 2018) has many
similarities to nocebo treatment effects (Barsky et al., 2002;
Faasse et al., 2019; Colloca and Barsky, 2020), in that both often
involve a suggestion that an experience will be unpleasant or
aversive. More specifically, in instructed fear learning the subject
is informed that a specific event (Stimulus 1) is associated with
and predicts an aversive stimulus (Stimulus 2). The effects on
subsequently shown Stimuli 1 are then measured in ratings,
autonomic measures or brain responses. In nocebo paradigms,
the subject is typically informed that a treatment or an event
(Stimulus 1) is associated with an increased unpleasant or
aversive experience induced by an aversive stimulus such as a
painful event (Stimulus 2). The nocebo effect is measured when
Stimulus 2 is presented using ratings, autonomic measures or
brain responses. Thus, while instructed fear learning is focused on
the anticipation phase of an unpleasant event, the nocebo effect
is focused on the unpleasant event itself. Also, while instructed
fear learning just informs the subject about a relation, the
nocebo paradigm gives suggestion about the nature of a stimulus.
Both instructed fear learning and nocebo paradigms may also
involve a conditioning procedure, but verbal suggestions are
of key importance in the experimental paradigms (Mertens
et al., 2018; Colloca and Barsky, 2020). In fact, nocebo studies
suggest that verbal suggestions may fully mediate the effect, in
contrast to placebo studies where the conditioning has additive
effects (Colloca et al., 2008). Similarly, instructions mediate
a strong effect on fear learning (Mertens et al., 2018) that
cannot be completely overridden by subsequent situational safety
information (Mertens et al., 2016). Given the similarities between
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instructed fear learning and nocebo effects, our results suggest
that high delusion proneness may be associated with stronger
explicit nocebo-like effects than low delusion proneness.

In the present study, we focused on delusion proneness, a
personality trait in healthy individuals that includes subclinical
levels of delusional ideation (Peters et al., 2004; van Os
et al., 2009). Cognitive, thought- and perceptual mechanisms
underlying delusion- and psychosis-proneness are considered to
be similar to the one underlying psychosis (Peters et al., 2004; van
Os et al., 2009; Fusar-Poli et al., 2013; Teufel et al., 2015). As this
phenotype is dimensionally expressed in humans, all individuals
are more or less prone to this type of behaviour and related
information processing. Thus, this trait has significant impact on
variability in human behaviour among healthy subjects. However,
we propose that similar effects of top-down high-level learning
may be present in psychosis patients.

The effect of instructions on fear learning was also significantly
related to the degree of delusional distress in the hDP. This
finding was still present when distress scores were normalised,
such that they did not depend on the number of endorsed
delusional items, which underscores the importance of this
dimension in belief formation. These findings may be of special
interest since it has been suggested that psychosis-related states
characterised with more distress and help seeking are also
associated with a larger risk to convert into a clinical psychotic
disorder (Fusar-Poli et al., 2013).

We failed to show that hDP was associate with lower classical
fear conditioning than lDP for the non-instructed condition
as initially hypothesised. In fact, the average non-instructed
affective learning index after acquisition (i.e., evaluative ratings)
was somewhat larger, albeit non-significant, in hDP compared to
lDP (Figure 2D). At first glance, this result seems to contrast with
previous studies showing a smaller classical fear conditioning
effect in psychosis patients (Jensen et al., 2008; Holt et al.,
2009, 2012; Romaniuk et al., 2010; Balog et al., 2013; Tuominen
et al., 2021) and schizotypal individuals (Balog et al., 2013)
suggestive of a weaker bottom-up learning in these phenotypes.
However, it is important to keep in mind that our non-
instructed condition may involve a faster development of explicit
beliefs about contingencies compared to ordinary classical fear
conditioning experiments, due to the presence of an instructed
condition in the same experiment. Thus, our non-instructed
fear learning cannot be simply compared to standard classical
fear conditioning studies. Future studies will have to control for
such confounding effects when comparing instructed vs. non-
instructed conditions.

Apart from the effects of fear learning measured with affective
learning index, the subjects also explicitly rated how much
the painful stimulation and the instructions affected them.
Interestingly, although no group difference was observed for
the painful stimulation, the hDP tended to rate that they were
more affected by the instructions than the lDP. Also, this
effect was significantly correlated with the delusional distress
for the instructed stimuli in the hDP (similarly to the affective
learning index). Thus, subjects in the hDP group seem to have
a metacognitive awareness of the fact they are highly affected by
explicit information.

Our fMRI results revealed that the main effect of conditioning
led to activations in brain areas that are consistently reported
in classical fear conditioning studies including caudal ACC,
anterior insula, thalamus and brainstem (Fullana et al., 2016),
but no group differences were reported (Figure 4A and
Supplementary Table 1).

In line with our hypothesis, we observed a main effect of
instructions in lateral orbitofrontal cortex (lOfc) for all subjects
(Figure 4B and Supplementary Table 2)—driven mainly by
hDP as only this group showed a significant (and bilateral)
activation in lOfc. Increased activation in the orbitofrontal
cortex has previously been shown in imaging studies involving
both instructed fear learning (Tabbert et al., 2011; Atlas et al.,
2016) and nocebo effect (Kong et al., 2008; Asghar et al., 2015;
Ellerbrock et al., 2015; Freeman et al., 2015; Schienle et al., 2018)
as well as in placebo treatment studies (Petrovic et al., 2002,
2005, 2010; Atlas and Wager, 2014; Wager and Atlas, 2015) and
cognitive reappraisal (Eippert et al., 2007; Wager et al., 2008;
Kanske et al., 2011; Golkar et al., 2012). All these experimental
paradigms involve an explicit change in the underlying rules
relating to how to interpret an emotional experience and
the associated expectations. Also, the activity seems to be
independent of expected value. In a predictive coding framework,
which has previously been applied to the placebo effect (Petrovic
et al., 2010; Buchel et al., 2014), the lOfc may thus be a key
region for higher order priors. A related research line suggests
that the orbitofrontal cortex is important for learning task-state
representations, especially when hidden information is important
for the task (Niv, 2019). This may be compared to the presented
paradigms above, that contained hidden information about how a
stimuli should be interpreted, given in the instruction phase. This
suggests a plausible underlying prefrontal mechanism associated
with the observed behavioural effects of instructions on fear
learning—an effect that was significantly larger in the hDP than
in the lDP. However, there was not a significant difference in
the lOfc activations related to instructions between the groups,
possible due to too low power. As a general comment it should
be noted that the paradigms discussed above do not always show
increased activation in lOfc, an effect that may be due to large
susceptibility artefacts in this region.

In contrast to the fMRI analysis based purely on differences
in activations between conditions, the psychophysiological
interaction (PPI) analysis revealed increased functional
connectivity in instructed trials (as compared to non-instructed
trials) specifically for hDP individuals between the right lOfc
and functionally defined primary nociceptive input region
(right posterior insula). This result supports previous findings
of an association between sensory processing and lOfc activity
during an expectation modulated condition in schizophrenia
(Schmack et al., 2017) and delusion-proneness (Schmack et al.,
2013; Figure 4C). Interestingly, as in the study by Schmack
and colleagues on delusion-proneness (Schmack et al., 2013)
this functional connectivity was related to the conviction scores
for the delusion-prone group (Figure 5). Although this effect
was also observed for the total PDI-scores in our sample, it
remained significant when tested for the normalised convictions
scores. Thus, the conviction scores had a specific effect on the
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connectivity between lOfc and right posterior insula independent
on the number of endorsed delusional items.

The PPI-analysis of the effects of instruction on fear
processing also showed a significantly larger connectivity
between the lOfc and the caudal anterior cingulate cortex
(cACC), overlapping with fear related activation, in hDP
compared to lDP (Figure 4D).

The significant group difference in lOfc functional
connectivity—combined with no difference between the groups
in the activation level related to fear processing—suggests mainly
a difference in the re-appraisal effect between delusion-prone
and control subjects. A similar region in lOfc links expectations
to visual input (Bar, 2003) and mediates belief congruent
information to visual processing of the random dot kinetogram
illusion related to delusion-proneness (Schmack et al., 2013).
Prefrontal networks, that include lOfc, are also involved in self-
referential experience of presented generic stimuli in delusional
patients with Schizophrenia (Lariviere et al., 2017). Based on
these previous studies as well as our results, we argue that lOfc
may be important for construction of higher-order priors used
more readily in delusion-proneness, especially in emotional and
visual processes

In a previous study on the impact of instructions on classical
fear learning (Atlas et al., 2016), an effect of instructions was
observed in the dorsolateral prefrontal cortex (dlPFC), stretching
towards ventrolateral PFC. Our main activation in the lOfc
extends towards the same area. Finally, only the delusion-
prone group showed activation in the ventromedial prefrontal
cortex (vmPFC) in main effect of instructions—a region
previously implicated in mediation of cognitive reappraisal
(Wager et al., 2008).

Cognitive neuroscience research on psychosis has recently
focused on the involvement of expectations (or priors) in
underlying mechanisms (Fletcher and Frith, 2009; Adams et al.,
2013; Sterzer et al., 2018) and suggested that the balance between
bottom-up signals and top-down influence of expectations is
altered in psychotic states due to aberrant (or hyper) salience
of incoming information (Kapur, 2003)—possibly linked to a
hypersensitive dopamine system (Kuepper et al., 2012)—and
weakened or imprecise low-level priors. Recently, hierarchical
Bayesian models (Friston, 2005) have been successfully applied
to explain hallucinations and underlying processes observed
in psychosis-associated states (Powers et al., 2017). However,
predictive coding models have so far not been able to account
for both chaotic perceptions (involving imprecise priors) and
delusions (involving overly precise priors). From a predictive
coding perspective, the present study together with previous

findings (Schmack et al., 2013; Teufel et al., 2015) suggest
that individuals in psychosis-related states, including healthy
delusion-prone subjects, are more prone to integrate and
use higher-order beliefs (or models/priors) of the world in
order to better comprehend a noisy perceptual environment.
Altogether, our study and previous work on fear processing
in psychosis-related states, suggest the coexistence of a weak
low-level and strong high-level fear learning in psychosis-
related endophenotypes.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Regional Ethical Board of Stockholm (www.epn.se).
The participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

PP, MI, and ALo designed the study. PP and ALo performed
the experiments. All authors performed parts of the analyses,
contributed to the writing, read the manuscript, and approved
the submitted version.

FUNDING

This study was supported by grants from the Swedish Research
Foundation (Vetenskapsrådet; 2014-30186-113005-19 and 2019-
01253), ALF Medicine (20140306 and 20160039), Karolinska
Institutet (2-70/2014-97; KID-funding 2011; KID-funding
2020), Hjärnfonden, and Marianne och Marcus Wallenbergs
Stiftelse (MMW2014.0065).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2022.786778/full#supplementary-material

REFERENCES
Adams, R. A., Stephan, K. E., Brown, H. R., Frith, C. D., and Friston, K. J. (2013).

The computational anatomy of psychosis. Front. Psychiatry 4:47. doi: 10.3389/
fpsyt.2013.00047

Asghar, M. S., Pereira, M. P., Werner, M. U., Martensson, J., Larsson,
H. B., and Dahl, J. B. (2015). Correction: secondary Hyperalgesia
phenotypes exhibit differences in brain activation during noxious

stimulation. PLoS One 10:e0128640. doi: 10.1371/journal.pone.0
114840

Atlas, L. Y., Doll, B. B., Li, J., Daw, N. D., and Phelps, E. A. (2016).
Instructed knowledge shapes feedback-driven aversive learning in striatum and
orbitofrontal cortex, but not the amygdala. eLife 5:e15192. doi: 10.7554/eLife.
15192

Atlas, L. Y., and Wager, T. D. (2014). A meta-analysis of brain mechanisms
of placebo analgesia: consistent findings and unanswered questions.

Frontiers in Psychology | www.frontiersin.org 13 April 2022 | Volume 13 | Article 786778

http://www.epn.se
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.786778/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.786778/full#supplementary-material
https://doi.org/10.3389/fpsyt.2013.00047
https://doi.org/10.3389/fpsyt.2013.00047
https://doi.org/10.1371/journal.pone.0114840
https://doi.org/10.1371/journal.pone.0114840
https://doi.org/10.7554/eLife.15192
https://doi.org/10.7554/eLife.15192
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-786778 April 7, 2022 Time: 14:54 # 14

Louzolo et al. Instructed Fear Learning in Delusion-Proneness

Handb. Exp. Pharmacol. 225, 37–69. doi: 10.1007/978-3-662-445
19-8_3

Balog, Z., Somlai, Z., and Kéri, S. (2013). Aversive conditioning, schizotypy,
and affective temperament in the framework of the salience hypothesis. Pers.
Individ. Dif. 54, 109–112.

Bar, M. (2003). A cortical mechanism for triggering top-down facilitation in
visual object recognition. J. Cogn. Neurosci. 15, 600–609. doi: 10.1162/
089892903321662976

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., and Clubley, E. (2001).
The autism-spectrum quotient (AQ): evidence from Asperger syndrome/high-
functioning autism, males and females, scientists and mathematicians. J. Autism
Dev. Disord. 31, 5–17. doi: 10.1023/a:1005653411471

Barsky, A. J., Saintfort, R., Rogers, M. P., and Borus, J. F. (2002). Nonspecific
medication side effects and the nocebo phenomenon. JAMA 287, 622–627.
doi: 10.1001/jama.287.5.622

Bates, D., Maechler, M., Bolker, B., and Walker, S. (2015). Fitting Linear Mixed-
Effects Models Using lme4. J. Stat. Softw. 67, 1–48.

Buchel, C., Geuter, S., Sprenger, C., and Eippert, F. (2014). Placebo analgesia: a
predictive coding perspective. Neuron 81, 1223–1239. doi: 10.1016/j.neuron.
2014.02.042

Colloca, L., and Barsky, A. J. (2020). Placebo and Nocebo Effects. N. Engl. J. Med.
382, 554–561.

Colloca, L., Sigaudo, M., and Benedetti, F. (2008). The role of learning in nocebo
and placebo effects. Pain 136, 211–218. doi: 10.1016/j.pain.2008.02.006

Corlett, P. R., and Fletcher, P. C. (2012). The neurobiology of schizotypy: fronto-
striatal prediction error signal correlates with delusion-like beliefs in healthy
people. Neuropsychologia 50, 3612–3620. doi: 10.1016/j.neuropsychologia.2012.
09.045

Corlett, P. R., Murray, G. K., Honey, G. D., Aitken, M. R., Shanks, D. R., Robbins,
T. W., et al. (2007). Disrupted prediction-error signal in psychosis: evidence for
an associative account of delusions. Brain 130, 2387–2400. doi: 10.1093/brain/
awm173

Eippert, F., Veit, R., Weiskopf, N., Erb, M., Birbaumer, N., and Anders, S. (2007).
Regulation of emotional responses elicited by threat-related stimuli. Hum. Brain
Mapp. 28, 409–423. doi: 10.1002/hbm.20291

Ellerbrock, I., Wiehler, A., Arndt, M., and May, A. (2015). Nocebo context
modulates long-term habituation to heat pain and influences functional
connectivity of the operculum. Pain 156, 2222–2233. doi: 10.1097/j.pain.
0000000000000297

Faasse, K., Helfer, S. G., Barnes, K., Colagiuri, B., and Geers, A. L. (2019).
Experimental Assessment of Nocebo Effects and Nocebo Side effects:
definitions, study design, and implications for psychiatry and beyond. Front.
Psychiatry 10:396. doi: 10.3389/fpsyt.2019.00396

Fletcher, P. C., and Frith, C. D. (2009). Perceiving is believing: a Bayesian approach
to explaining the positive symptoms of schizophrenia. Nat. Rev. Neurosci. 10,
48–58. doi: 10.1038/nrn2536

Freeman, S., Yu, R., Egorova, N., Chen, X., Kirsch, I., Claggett, B., et al. (2015).
Distinct neural representations of placebo and nocebo effects. Neuroimage 112,
197–207. doi: 10.1016/j.neuroimage.2015.03.015

Friston, K. (2005). A theory of cortical responses. Philos. Trans. R. Soc. Lond. B Biol.
Sci. 360, 815–836.

Friston, K. J., Buechel, C., Fink, G. R., Morris, J., Rolls, E., and Dolan,
R. J. (1997). Psychophysiological and modulatory interactions in
neuroimaging. Neuroimage 6, 218–229. doi: 10.1006/nimg.1997
.0291

Fullana, M. A., Harrison, B. J., Soriano-Mas, C., Vervliet, B., Cardoner, N., Avila-
Parcet, A., et al. (2016). Neural signatures of human fear conditioning: an
updated and extended meta-analysis of fMRI studies. Mol. Psychiatry 21,
500–508. doi: 10.1038/mp.2015.88

Fusar-Poli, P., Borgwardt, S., Bechdolf, A., Addington, J., Riecher-Rossler,
A., Schultze-Lutter, F., et al. (2013). The psychosis high-risk state: a
comprehensive state-of-the-art review. JAMA Psychiatry 70, 107–120. doi: 10.
1001/jamapsychiatry.2013.269

Golkar, A., Lonsdorf, T. B., Olsson, A., Lindstrom, K. M., Berrebi, J., Fransson,
P., et al. (2012). Distinct contributions of the dorsolateral prefrontal and
orbitofrontal cortex during emotion regulation. PLoS One 7:e48107. doi: 10.
1371/journal.pone.0048107

Holt, D. J., Coombs, G., Zeidan, M. A., Goff, D. C., and Milad, M. R. (2012). Failure
of neural responses to safety cues in schizophrenia. Arch. Gen. Psychiatry 69,
893–903. doi: 10.1001/archgenpsychiatry.2011.2310

Holt, D. J., Lebron-Milad, K., Milad, M. R., Rauch, S. L., Pitman, R. K., Orr, S. P.,
et al. (2009). Extinction memory is impaired in schizophrenia. Biol. Psychiatry
65, 455–463. doi: 10.1016/j.biopsych.2008.09.017

Javitt, D. C., and Freedman, R. (2015). Sensory processing dysfunction in
the personal experience and neuronal machinery of schizophrenia. Am. J.
Psychiatry 172, 17–31. doi: 10.1176/appi.ajp.2014.13121691

Jensen, J., Willeit, M., Zipursky, R. B., Savina, I., Smith, A. J., Menon, M., et al.
(2008). The formation of abnormal associations in schizophrenia: neural and
behavioral evidence. Neuropsychopharmacology 33, 473–479. doi: 10.1038/sj.
npp.1301437

Johansson, P., Hall, L., Tärning, B., Sikström, S., and Chater, N. (2013). Choice
Blindness and Preference Change: you Will Like This Paper Better If You
(Believe You) Chose to Read It! J. Behav. Decis. Mak. 27, 281–289. doi: 10.1002/
bdm.1807

Kanske, P., Heissler, J., Schonfelder, S., Bongers, A., and Wessa, M. (2011). How
to regulate emotion? Neural networks for reappraisal and distraction. Cereb.
Cortex 21, 1379–1388. doi: 10.1093/cercor/bhq216

Kapur, S. (2003). Psychosis as a state of aberrant salience: a framework linking
biology, phenomenology, and pharmacology in schizophrenia. Am. J. Psychiatry
160, 13–23. doi: 10.1176/appi.ajp.160.1.13

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E., et al. (2005).
The World Health Organization Adult ADHD Self-Report Scale (ASRS): a short
screening scale for use in the general population. Psychol. Med. 35, 245–256.
doi: 10.1017/s0033291704002892

Kong, J., Gollub, R. L., Polich, G., Kirsch, I., Laviolette, P., Vangel, M., et al. (2008).
A functional magnetic resonance imaging study on the neural mechanisms
of hyperalgesic nocebo effect. J. Neurosci. 28, 13354–13362. doi: 10.1523/
JNEUROSCI.2944-08.2008

Kuepper, R., Skinbjerg, M., and Abi-Dargham, A. (2012). “The dopamine
dysfunction in schizophrenia revisited: new insights into topography and
course,” in Handbook of Experimental Pharmacology, eds G. Gross and M. Geyer
(Berlin: Springer), 1–26. doi: 10.1007/978-3-642-25761-2_1

Kuznetsova, A., Brockhoff, P. B., and Christensen, R. H. B. (2017). lmerTest
Package: Tests in Linear Mixed Effects Models. J. Stat. Softw. 82, 1–26.

Lariviere, S., Lavigne, K. M., Woodward, T. S., Gerretsen, P., Graff-Guerrero,
A., and Menon, M. (2017). Altered functional connectivity in brain
networks underlying self-referential processing in delusions of reference
in schizophrenia. Psychiatry Res. Neuroimaging 263, 32–43. doi: 10.1016/j.
pscychresns.2017.03.005

Louzolo, A., Almeida, R., Guitart-Masip, M., Björnsdotter, M., Ingvar, M., Olsson,
A., et al. (2019). Enhanced instructed fear learning in delusion-proneness.
bioRxiv [Preprint]. doi: 10.1101/264739v1

Louzolo, A., Gustavsson, P., Tigerstrom, L., Ingvar, M., Olsson, A., and Petrovic,
P. (2017). Delusion-proneness displays comorbidity with traits of autistic-
spectrum disorders and ADHD. PLoS One 12:e0177820. doi: 10.1371/journal.
pone.0177820

Mertens, G., Boddez, Y., Sevenster, D., Engelhard, I. M., and De Houwer,
J. (2018). A review on the effects of verbal instructions in human
fear conditioning: empirical findings, theoretical considerations, and
future directions. Biol. Psychol. 137, 49–64. doi: 10.1016/j.biopsycho.2018
.07.002

Mertens, G., Kuhn, M., Raes, A. K., Kalisch, R., De Houwer, J., and Lonsdorf,
T. B. (2016). Fear expression and return of fear following threat instruction
with or without direct contingency experience. Cogn. Emot. 30, 968–984. doi:
10.1080/02699931.2015.1038219

Moller, T. J., Georgie, Y. K., Schillaci, G., Voss, M., Hafner, V. V., and Kaltwasser,
L. (2021). Computational models of the "active self " and its disturbances in
schizophrenia. Conscious. Cogn. 93, 103155. doi: 10.1016/j.concog.2021.103155

Murray, G. K., Corlett, P. R., Clark, L., Pessiglione, M., Blackwell, A. D., Honey,
G., et al. (2008). Substantia nigra/ventral tegmental reward prediction error
disruption in psychosis. Mol. Psychiatry 13, 239, 267–76.. doi: 10.1038/sj.mp.
4002058

Niv, Y. (2019). Learning task-state representations. Nat. Neurosci. 22, 1544–1553.
doi: 10.1038/s41593-019-0470-8

Frontiers in Psychology | www.frontiersin.org 14 April 2022 | Volume 13 | Article 786778

https://doi.org/10.1007/978-3-662-44519-8_3
https://doi.org/10.1007/978-3-662-44519-8_3
https://doi.org/10.1162/089892903321662976
https://doi.org/10.1162/089892903321662976
https://doi.org/10.1023/a:1005653411471
https://doi.org/10.1001/jama.287.5.622
https://doi.org/10.1016/j.neuron.2014.02.042
https://doi.org/10.1016/j.neuron.2014.02.042
https://doi.org/10.1016/j.pain.2008.02.006
https://doi.org/10.1016/j.neuropsychologia.2012.09.045
https://doi.org/10.1016/j.neuropsychologia.2012.09.045
https://doi.org/10.1093/brain/awm173
https://doi.org/10.1093/brain/awm173
https://doi.org/10.1002/hbm.20291
https://doi.org/10.1097/j.pain.0000000000000297
https://doi.org/10.1097/j.pain.0000000000000297
https://doi.org/10.3389/fpsyt.2019.00396
https://doi.org/10.1038/nrn2536
https://doi.org/10.1016/j.neuroimage.2015.03.015
https://doi.org/10.1006/nimg.1997.0291
https://doi.org/10.1006/nimg.1997.0291
https://doi.org/10.1038/mp.2015.88
https://doi.org/10.1001/jamapsychiatry.2013.269
https://doi.org/10.1001/jamapsychiatry.2013.269
https://doi.org/10.1371/journal.pone.0048107
https://doi.org/10.1371/journal.pone.0048107
https://doi.org/10.1001/archgenpsychiatry.2011.2310
https://doi.org/10.1016/j.biopsych.2008.09.017
https://doi.org/10.1176/appi.ajp.2014.13121691
https://doi.org/10.1038/sj.npp.1301437
https://doi.org/10.1038/sj.npp.1301437
https://doi.org/10.1002/bdm.1807
https://doi.org/10.1002/bdm.1807
https://doi.org/10.1093/cercor/bhq216
https://doi.org/10.1176/appi.ajp.160.1.13
https://doi.org/10.1017/s0033291704002892
https://doi.org/10.1523/JNEUROSCI.2944-08.2008
https://doi.org/10.1523/JNEUROSCI.2944-08.2008
https://doi.org/10.1007/978-3-642-25761-2_1
https://doi.org/10.1016/j.pscychresns.2017.03.005
https://doi.org/10.1016/j.pscychresns.2017.03.005
https://doi.org/10.1101/264739v1
https://doi.org/10.1371/journal.pone.0177820
https://doi.org/10.1371/journal.pone.0177820
https://doi.org/10.1016/j.biopsycho.2018.07.002
https://doi.org/10.1016/j.biopsycho.2018.07.002
https://doi.org/10.1080/02699931.2015.1038219
https://doi.org/10.1080/02699931.2015.1038219
https://doi.org/10.1016/j.concog.2021.103155
https://doi.org/10.1038/sj.mp.4002058
https://doi.org/10.1038/sj.mp.4002058
https://doi.org/10.1038/s41593-019-0470-8
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-786778 April 7, 2022 Time: 14:54 # 15

Louzolo et al. Instructed Fear Learning in Delusion-Proneness

Olsson, A., Ebert, J. P., Banaji, M. R., and Phelps, E. A. (2005). The role of social
groups in the persistence of learned fear. Science 309, 785–787. doi: 10.1126/
science.1113551

Peters, E., Joseph, S., Day, S., and Garety, P. (2004). Measuring delusional ideation:
the 21-item Peters et al. Delusions Inventory (PDI). Schizophr. Bull. 30, 1005–
1022. doi: 10.1093/oxfordjournals.schbul.a007116

Petrovic, P., Dietrich, T., Fransson, P., Andersson, J., Carlsson, K., and Ingvar,
M. (2005). Placebo in emotional processing–induced expectations of anxiety
relief activate a generalized modulatory network. Neuron 46, 957–969. doi:
10.1016/j.neuron.2005.05.023

Petrovic, P., Kalisch, R., Singer, T., and Dolan, R. J. (2008). Oxytocin attenuates
affective evaluations of conditioned faces and amygdala activity. J. Neurosci. 28,
6607–6615. doi: 10.1523/JNEUROSCI.4572-07.2008

Petrovic, P., Kalso, E., Petersson, K. M., Andersson, J., Fransson, P., and Ingvar,
M. (2010). A prefrontal non-opioid mechanism in placebo analgesia. Pain 150,
59–65. doi: 10.1016/j.pain.2010.03.011

Petrovic, P., Kalso, E., Petersson, K. M., and Ingvar, M. (2002). Placebo and opioid
analgesia– imaging a shared neuronal network. Science 295, 1737–1740. doi:
10.1126/science.1067176

Powers, A. R., Mathys, C., and Corlett, P. R. (2017). Pavlovian conditioning-
induced hallucinations result from overweighting of perceptual priors. Science
357, 596–600. doi: 10.1126/science.aan3458

R Core Team (2015). R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing. Available online at: https:
//www.R-project.org/

Roiser, J. P., Stephan, K. E., Den Ouden, H. E., Barnes, T. R., Friston, K. J., and
Joyce, E. M. (2009). Do patients with schizophrenia exhibit aberrant salience?
Psychol. Med. 39, 199–209. doi: 10.1017/S0033291708003863

Romaniuk, L., Honey, G. D., King, J. R., Whalley, H. C., Mcintosh, A. M., Levita, L.,
et al. (2010). Midbrain activation during Pavlovian conditioning and delusional
symptoms in schizophrenia. Arch. Gen. Psychiatry 67, 1246–1254. doi: 10.1001/
archgenpsychiatry.2010.169

Schienle, A., Hofler, C., Ubel, S., and Wabnegger, A. (2018). Emotion-specific
nocebo effects: an fMRI study. Brain Imaging Behav. 12, 180–187. doi: 10.1007/
s11682-017-9675-1

Schlagenhauf, F., Huys, Q. J., Deserno, L., Rapp, M. A., Beck, A., Heinze, H. J.,
et al. (2014). Striatal dysfunction during reversal learning in unmedicated
schizophrenia patients. Neuroimage 89, 171–180. doi: 10.1016/j.neuroimage.
2013.11.034

Schmack, K., Gomez-Carrillo De Castro, A., Rothkirch, M., Sekutowicz, M.,
Rossler, H., Haynes, J. D., et al. (2013). Delusions and the role of beliefs in
perceptual inference. J. Neurosci. 33, 13701–13712. doi: 10.1523/JNEUROSCI.
1778-13.2013

Schmack, K., Rothkirch, M., Priller, J., and Sterzer, P. (2017). Enhanced predictive
signalling in schizophrenia. Hum. Brain Mapp. 38, 1767–1779. doi: 10.1002/
hbm.23480

Sterzer, P., Adams, R. A., Fletcher, P., Frith, C., Lawrie, S. M., Muckli, L., et al.
(2018). The predictive coding account of psychosis. Biol. Psychiatry 84:634.

Sterzer, P., Frith, C., and Petrovic, P. (2008). Believing is seeing: expectations alter
visual awareness. Curr. Biol. 18:R697. doi: 10.1016/j.cub.2008.06.021

Tabbert, K., Merz, C. J., Klucken, T., Schweckendiek, J., Vaitl, D., Wolf, O. T.,
et al. (2011). Influence of contingency awareness on neural, electrodermal and
evaluative responses during fear conditioning. Soc. Cogn. Affect. Neurosci. 6,
495–506. doi: 10.1093/scan/nsq070

Tanasescu, R., Cottam, W. J., Condon, L., Tench, C. R., and Auer, D. P. (2016).
Functional reorganisation in chronic pain and neural correlates of pain
sensitisation: a coordinate based meta-analysis of 266 cutaneous pain fMRI
studies. Neurosci. Biobehav. Rev. 68, 120–133. doi: 10.1016/j.neubiorev.2016.04.
001

Teufel, C., Subramaniam, N., Dobler, V., Perez, J., Finnemann, J., Mehta, P. R.,
et al. (2015). Shift toward prior knowledge confers a perceptual advantage in
early psychosis and psychosis-prone healthy individuals. Proc. Natl. Acad. Sci.
U.S.A. 112, 13401–13406. doi: 10.1073/pnas.1503916112

Tuominen, L., Romaniuk, L., Milad, M. R., Goff, D. C., Hall, J., and Holt,
D. J. (2021). Impairment in acquisition of conditioned fear in schizophrenia.
Neuropsychopharmacology. [Epub ahead of print]. doi: 10.1038/s41386-021-
01193-1

van Os, J., Linscott, R. J., Myin-Germeys, I., Delespaul, P., and Krabbendam, L.
(2009). A systematic review and meta-analysis of the psychosis continuum:
evidence for a psychosis proneness-persistence-impairment model of
psychotic disorder. Psychol. Med. 39, 179–195. doi: 10.1017/S00332917080
03814

Wager, T. D., and Atlas, L. Y. (2015). The neuroscience of placebo effects:
connecting context, learning and health. Nat. Rev. Neurosci. 16, 403–418. doi:
10.1038/nrn3976

Wager, T. D., Davidson, M. L., Hughes, B. L., Lindquist, M. A., and Ochsner,
K. N. (2008). Prefrontal-subcortical pathways mediating successful emotion
regulation. Neuron 59, 1037–1050. doi: 10.1016/j.neuron.2008.09.006

Conflict of Interest: 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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Louzolo, Almeida, Guitart-Masip, Björnsdotter, Lebedev, Ingvar,
Olsson and Petrovic. 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.

Frontiers in Psychology | www.frontiersin.org 15 April 2022 | Volume 13 | Article 786778

https://doi.org/10.1126/science.1113551
https://doi.org/10.1126/science.1113551
https://doi.org/10.1093/oxfordjournals.schbul.a007116
https://doi.org/10.1016/j.neuron.2005.05.023
https://doi.org/10.1016/j.neuron.2005.05.023
https://doi.org/10.1523/JNEUROSCI.4572-07.2008
https://doi.org/10.1016/j.pain.2010.03.011
https://doi.org/10.1126/science.1067176
https://doi.org/10.1126/science.1067176
https://doi.org/10.1126/science.aan3458
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1017/S0033291708003863
https://doi.org/10.1001/archgenpsychiatry.2010.169
https://doi.org/10.1001/archgenpsychiatry.2010.169
https://doi.org/10.1007/s11682-017-9675-1
https://doi.org/10.1007/s11682-017-9675-1
https://doi.org/10.1016/j.neuroimage.2013.11.034
https://doi.org/10.1016/j.neuroimage.2013.11.034
https://doi.org/10.1523/JNEUROSCI.1778-13.2013
https://doi.org/10.1523/JNEUROSCI.1778-13.2013
https://doi.org/10.1002/hbm.23480
https://doi.org/10.1002/hbm.23480
https://doi.org/10.1016/j.cub.2008.06.021
https://doi.org/10.1093/scan/nsq070
https://doi.org/10.1016/j.neubiorev.2016.04.001
https://doi.org/10.1016/j.neubiorev.2016.04.001
https://doi.org/10.1073/pnas.1503916112
https://doi.org/10.1038/s41386-021-01193-1
https://doi.org/10.1038/s41386-021-01193-1
https://doi.org/10.1017/S0033291708003814
https://doi.org/10.1017/S0033291708003814
https://doi.org/10.1038/nrn3976
https://doi.org/10.1038/nrn3976
https://doi.org/10.1016/j.neuron.2008.09.006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Enhanced Instructed Fear Learning in Delusion-Proneness
	Introduction
	Materials and Methods
	Participants
	Stimuli and Apparatus
	Skin Conductance Response
	Behavioural Analyses
	Functional Imaging Analysis
	Image Acquisition
	Imaging Data Analysis

	Results
	Behavioural Results
	Ratings
	Baseline Ratings
	Affective Learning Index

	Skin Conductance
	Effects of Peters' Delusion Inventory Sub-Scores on Ratings
	Post-experiment Ratings


	Functional Imaging Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


