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Background: Treatment expectations for open-label placebos (OLPs) - placebos prescribed transparently - refer to
what a person anticipates will happen as a result of taking the placebo. The actual outcome of OLP treatment may
deviate from the initial expectation.

Method: A total of 108 participants received OLP treatment for reducing visually induced emotional distress
during functional magnetic resonance imaging. They rated the expected effect of the OLP before the experiment,
and evaluated the perceived effect after the experiment. Ratings reflecting the degree of outcome deviation from
expectation were correlated with brain activity in regions of interest (dorsolateral/ventrolateral prefrontal
cortex, anterior cingulate cortex (ACC), insula, inferior parietal cortex).

Results: Activity in the ACC, the insula, and parietal regions (region-of-interest findings), as well as the para-
hippocampus (whole-brain finding) was lower when the perceived treatment outcome met or even exceeded
expectations.

Conclusions: A positive expectation-outcome evaluation for the OLP was associated with reduced activity in brain
regions decoding the salience (insula, ACC) and context of stimuli (parahippocampus). These findings shed light

on the mechanisms through which OLPs influence emotion regulation.

1. Introduction

Treatment expectancy refers to what a patient thinks or expects to
happen as a result of taking a specific medication or receiving a specific
therapeutic intervention (Kirsch, 1985). These expectations can either
be positive (e.g., anticipated symptom reduction) or negative (e.g.,
anticipated side effects). Expectations also hold significant importance
in cases where the administered treatment is inert. Thus, expectancy
stands as a pivotal mechanism in both placebo and nocebo effects (Petrie
and Rief, 2019; Zhou et al., 2019; Wager and Atlas, 2015).

Expectations are not a unitary concept. According to the response
expectancy theory by Kirsch (1985), two types of placebo-related ex-
pectations need to be distinguished from each other: stimulus expec-
tancies (anticipation of external events), and response expectancies
(anticipated changes due to treatment). Response expectancies tend to
be self-confirming and are more resistant to extinction than stimulus
expectancies (Kirsch, 2018). Moreover, expectations can be based on
different sources, such as prior learning experiences (e.g., classical
conditioning) or secondary sources (e.g., instructions by doctors/

experimenters; see Koban et al., 2019). Finally, treatment expectations
are not static but can change over time according to new information
and experiences.

Neural mechanisms mediating the effects of expectations in placebo
treatment have been investigated in several studies with functional
magnetic resonance imaging (fMRI: Wager et al., 2004; Elsenbruch
et al., 2012; Makary et al., 2018; Koban et al., 2019). In a classical
investigation by Wager et al. (2004), placebo-induced activity changes
were recorded during the anticipation and experience of pain. Placebo
analgesia was associated with decreased activity in pain-sensitive brain
regions (e.g., insula), and increased activity during anticipation of pain
in prefrontal regions (e.g., dorsolateral prefrontal cortex: DLPFC).
Elsenbruch et al. (2012) changed patients’ expectations regarding the
probability (0 %, 50 %, 100 %) of receiving an analgesic drug during
noxious stimulation. Activity changes occurred in various brain areas
during cued anticipation, including the dorsolateral/ ventrolateral pre-
frontal cortex (DLPFC, VLPFC), and parietal somatosensory regions. In
another study (Makary et al., 2018), patients with low back pain
answered a questionnaire that assessed the expected efficacy of a
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supposedly pain-reducing intervention (sham acupuncture). Question-
naire scores were positively correlated with DLPFC/VLPFC activation
during placebo administration. In a study on placebo analgesia (Koban
et al.,, 2019), learned versus socially instructed expectations (condi-
tioning vs. ratings of fictive other participants) modulated pain via
different networks. Conditioning effects were identified in limbic and
posterior brain regions, while social-information effects concerned the
anterior cingulate cortex (ACC), anterior insula, DLPFC, and inferior
parietal areas.

These studies demonstrate that placebo-related expectations are
associated with activation changes in regions concerned with attention
and cognitive control (e.g., DLPFC, VLPFC, ACC) as well as somato-
sensory integration (insula, parietal regions). All mentioned findings
refer to so-called deceptive placebos. This involves that the placebo is
presented as an active treatment. To the best of our knowledge, neural
correlates of response expectations have not been analyzed for treat-
ments with nondeceptive placebos, also referred to as open-label
placebos (OLPs). OLPs avoid the ethical issues involved in the decep-
tive prescription of placebos, which violates informed consent (Colloca
and Howick, 2018).

In the present fMRI study, participants were provided with an OLP to
assist emotion regulation during exposure to disgusting pictures. They
were asked to evaluate their treatment expectations before the picture
viewing (‘How effective will the OLP be in reducing your negative
emotional responses to the images?) and the perceived efficacy of the
treatment at the end of the experiment (‘How effective was the OLP in
reducing your negative emotional responses to the images?). The rat-
ings were correlated with brain activity in regions of interest (ROIs:
VLPFC, DLPFC, ACC, insula, inferior parietal cortex; e.g., Koban et al.,
2019; Elsenbruch et al., 2012, Makary et al., 2018). Moreover, a dif-
ference score was computed reflecting whether the OLP treatment met
the expectations. This score was also associated with ROI activity.

2. Method
2.1. Participants

Data from 108 healthy female participants (mean age = 22.55 years,
SD = 4.60; all Caucasian and with a high-school diploma) with no his-
tory of psychiatric or neurological disorders were analyzed (66 females
had participated in a previous OLP study (Schienle et al., 2024); 42 new
data sets were added to the sample). The sample had been restricted to
females as there are significant sex differences in disgust propensity
(Schienle et al., 2002). All participants provided informed consent. The
study was conducted according to the Declaration of Helsinki and
approved by the Ethics Committee at the University of Graz (GZ
39/64/63 ex 2021/22).

2.2. Procedure

Participants were shown 60 images (Lang et al., 2008; Schienle et al.,
2014) while undergoing functional magnetic resonance imaging. Thirty
images displayed disgusting content (e.g., rotten food, bodily secretions;
average disgust rating: M = 5.18, SE = 0.14, on a scale from 1 [no
disgust] to 9 [intense disgust]) and 30 images were affectively neutral
(average disgust rating: M = 1.26, SE = 0.04). Each image was displayed
for five seconds, grouped into blocks of three images of the same type
(Disgust or Neutral). The blocks were presented in a pseudo-randomized
order, with no more than two consecutive blocks from the same cate-
gory. The experiment consisted of 10 blocks each for disgust and neutral
images. Before the picture presentation, participants were informed
about the neurobiological effects of placebos with a focus on affective
processing (via a PowerPoint presentation). Then they received an OLP
either in the form of a capsule filled with dextrose (pill; n = 54) or they
were asked to imagine the intake of an OLP pill (imaginary pill; n = 54).
In both cases, participants were instructed that the OLP is designed to
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help reduce their emotional reactions to the images. Before viewing the
images, participants were asked ‘What do you think? How effective will
the OLP be in reducing your negative emotional responses to the im-
ages?’ (1 = not effective; 9 = very effective). After the picture viewing,
the perceived effectiveness of the treatment (‘How effective was the OLP
in reducing your negative emotional responses to the images?‘; 1 = not
effective; 9 = very effective) and the perceived plausibility of the
treatment were rated (‘How plausible did you find the intervention?’ 1 =
not plausible; 9 = very plausible).

2.3. fMRI recording and analysis

Functional/structural data were obtained via a 3 T scanner (Vida,
Siemens, Erlangen, Germany) with a 64-channel head coil.

a) Functional data: T2*-weighted multiband EPI protocol (number of
slices: 58, interleaved, flip angle = 82°, slice thickness: 2.5 mm; slice
spacing: 2.5 mm; TE = 0.03; TR = 1800 ms; multi-band accel.
factor = 2; acquisition matrix: 88; in-plane
resolution = 2.5 x 2.5 x 2.5 mm).

b) Structural data: T1-weighted MPRAGE sequence (voxel size:
1 x 1 x 1 mm; acquisition matrix: 224, slice thickness: 1 mm,
TE = 0.00236, TR = 1600 ms; flip angle = 9°).

Preprocessing of data included field homogeneity correction, skull
stripping, anatomical image segmentation into gray and white matter as
well as cerebrospinal fluid, motion and slice time correction, and
normalization to the MNI space. Images were smoothed with a Gaussian
kernel with a full width at half maximum of 8 mm. First level analyses
included convolving event-related responses for the image categories
(Disgust, Neutral) and rating scales. To account for motion-induced
variance, we used scrubbing. Volumes with framewise displacement
exceeding the threshold of 0.5 mm were excluded from further analyses.
An autoregressive AR(1) model was applied to estimate serial correla-
tions due to aliased biorhythms and unmodeled neuronal activity. For
more detailed information about the preprocessing and first-level
analysis, see Schienle et al. (2024).

2.4. Second-level analysis

Four participants were excluded from further analysis due to sig-
nificant deviations in quality-related metrics (n = 3) and one missing
rating for the perceived efficacy of the OLP, leaving a final sample of 104
participants.

To obtain a variable reflecting whether the OLP treatment met the
expectations, a percentage difference score was computed. PDS =
(perceived efficacy — expected efficacy)/expected efficacy. Three gen-
eral linear models were fitted to associate perceived and expected effi-
cacy ratings as well as the PDS with brain activity for the contrast
‘Disgust Images — Neutral Images’ by controlling for the type of OLP.

Regions of interest (ROIs: ventrolateral prefrontal cortex (VLPFC),
dorsolateral prefrontal cortex (DLPFC), anterior cingulate cortex (ACC),
insula, and the inferior parietal cortex) were selected based on previous
research (Wager et al., 2004; Koban et al., 2019; Elsenbruch et al.,
2012). The ROI masks were derived from the Harvard—-Oxford proba-
bility atlas (with a threshold of 50 %). Cluster-building threshold was set
to .001 uncorrected. Statistical significance was determined based on a
family-wise corrected (FWE) p-value for voxel peaks that was below
0.05 with at least three contiguous voxels.

3. Results
3.1. Self-reports

On average, participants expected and perceived moderate effects of
the OLP (Table 1). The difference between perceived and expected
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Table 1
Descriptive statistics (means, standard deviations) and correlations for the
treatment ratings.

M (SD) Expected Perceived Efficacy PDS
Efficacy
Expected Efficacy 5.71 (1.48) -
Perceived Efficacy 5.53 (2.08) -
PDS % -1(34) 677 -
Plausibility 7.07 (1.91) 447 .03

Note: PDS (percentage difference score) = (perceived efficacy - expected effi-
cacy)/expected efficacy).

" p<.05

" p <.001

efficacy of the OLP was M = —0.16 (SD = 1.80, scores ranged between
—5 and 4). Treatment plausibility, which was perceived as high, was
positively correlated with expected as well as perceived efficacy of the
OLP but not with the PDS (Table 1).

3.2. Brain activity

The percentage difference score (PDS) was negatively correlated
with ROI activity in the bilateral insula, the anterior cingulate cortex
(ACCQ), and inferior parietal regions. The whole-brain analysis identified
a negative association between the PDS and activity in the left para-
hippocampus (Table 2, Fig. 1). Expected efficacy and plausibility ratings
showed no statistically significant correlations with ROI activity.
Perceived efficacy was negatively correlated with activity in the left
supramarginal gyrus (MNI coordinates x,y,z: —59,-45,29; t = 3.44, p
(FWE) =.0095, cluster size = 5).

4. Discussion

This study assessed both the expected and perceived efficacy of an
open-label placebo (OLP) in reducing feelings of disgust, examining
these measures in association with brain activity. Accordingly, our
analysis focused on the neural correlates of expectancy rather than those
of emotional distress. Positive expectations have been identified as a
central mechanism underlying the therapeutic effects of both deceptive
and non-deceptive placebos (e.g., Buergler et al., 2023). However, how
these expectations are linked to brain activity in the context of OLP
treatment had not been studied before.

On average, participants expected moderate effects from the OLP.
These expectations were generally met, as indicated by the difference
‘perceived minus expected treatment efficacy’ close to zero. At first
glance, this supports the model by Kirsch (2018) suggesting that
response expectancies regarding placebos tend to be self-confirming.
However, the correlation between expected and perceived treatment
efficacy was only moderate (r =.53), and the difference scores varied
widely (-5—4). This indicates that some participants were clearly
disappointed, while others were pleasantly surprised by the effects of the
OLP.
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The computed percentage difference score (PDS), which reflects
whether treatment expectations were met, was negatively correlated
with activity in regions of interest (ROIs), including the insula, anterior
cingulate cortex (ACC), and parietal regions (operculum, supramarginal
gyrus). The insula and the ACC are part of the salience network (SN),
which perceives and responds to homeostatic demands (Seeley, 2019;
Uddin, 2015). According to the SN model, the ACC provides the earliest
signal of saliency and is involved in functions such as error detection,
task anticipation, inhibitory and motivated control, playing a crucial
role in the allocation of attentional resources as well as modulation of
emotional responses (Vassena et al., 2020). The anterior insula is critical
for interoceptive awareness, emotion, and sensory information inte-
gration, helping to identify important stimuli from both the external and
internal environment (Menon and Uddin, 2010; Uddin, 2015).

The PDS was also negatively correlated with activity in the inferior
parietal cortex (supramarginal gyrus (SMG), operculum), a sensory
integration area that receives input from top-down attentional filters to
align experience with instructed expectations (e.g., Koban et al., 2019).
In a study by Colloca et al. (2019), a mismatch between expected and
perceived painful stimulation (the reduction of the placebo effect) was
associated with increased activity in inferior parietal regions (e.g., SMG)
that are involved in redirecting attention when discrepancies between
sensory and cognitive events occur.

A whole-brain finding of the present study involved activity in the
parahippocampus, which was negatively associated with the difference
score PDS. The parahippocampal cortex is part of a network that pro-
cesses contextual information (Aminoff et al., 2013). More specifically,
contextual details are connected with memories. For example, this area
is activated when individuals remember the context in which an event
occurred (the time, place, and circumstances surrounding a memory).
This function is also important for the emotional significance of mem-
ories and their impact on behavior. In line with this view, attentional
shifting during emotion regulation tasks engaged the parahippocampal
cortex (Ma et al., 2017). These findings are in good accordance with the
general conceptualization of placebo effects defined as “beneficial ef-
fects that are attributable to the brain-mind responses to the context in
which a treatment is delivered” (Wager and Atlas, 2015, p.1).

Notably, we did not find associations between DLPFC/VLPFC activ-
ity and expectation ratings, as identified in previous studies (Elsenbruch
et al., 2012; Koban et al., 2019). This discrepancy might be due to the
different rating procedures used; the present study obtained evaluations
only before and after the experiment, while other studies used
trial-by-trial ratings (e.g., Koban et al., 2019). Additionally, participants
in the present study were unfamiliar with the OLP treatment, possibly
leading their expectancy ratings to reflect a broader mindset, such as
optimism.

We also observed no significant correlations between brain activity
and plausibility ratings, despite these ratings being positively associated
with expected and perceived efficacy of the OLP. This however suggests
a specificity in the correlations between the PDS (met expectations) and
localized brain activity.

The correlation between the PDS and activity in the ACC was

Table 2

Negative correlations between the percentage difference score (PDS) and brain activity.
Region H X Y Z t-value P(FWE) Cluster Size
Anterior cingulate cortex L -2 3 44 -3.73 0.0221 23
Anterior cingulate cortex R 4 15 27 -3.49 0.0433 4
Insula L -34 -23 12 —4.02 0.0039 3
Insula R 41 -3 -9 —4.38 0.0012 47
Parietal operculum L —47 -35 24 —3.72 0.0038 20
Parietal operculum R 44 —28 22 —3.61 0.0048 35
Supramarginal gyurs R 64 —40 14 —4.16 0.0016 11
Parahippocampus L —34 -8 —24 —4.85 0.0467 108

Note: H: hemisphere, x,y,z: spatial location of the found activation on the three- dimensional coordinate system, p(FWE): p-value corrected for family-wise error; PDS:
(perceived efficacy — expected efficacy)/expected efficacy; bold (whole-brain finding); regular (region-of-interest finding).
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influenced by an outlier. The marked activity of the single participant
remained after applying data cleaning routines (e.g., scrubbing,
MRICQ). When this participant was excluded from the analysis, the ACC
effect disappeared, while all other effects (insula, SMG, parietal oper-
culum, parahippocampus) remained stable.

Finally, it is noteworthy that we sampled from a population of female
university students with a restricted age range and ethnically diversity.
This limits the generalizability of the results to other groups.

5. Conclusions

We demonstrated that met expectations concerning an OLP treat-
ment for disgust regulation were associated with reduced brain activity
in regions involved in decoding the salience and context of stimuli. Our
findings provide new insights into the metacognitive processes that
mediate the effects of OLPs, showing that the extent to which expecta-
tions are fulfilled modulates brain activity. These results enhance our
understanding of how OLPs influence emotion regulation mechanisms.
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