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Abstract

The Relaxed Beliefs Under pSychedelics (REBUS) model proposes that serotonergic psychedelics
decrease the precision weighting of neurobiologically-encoded beliefs. We conducted a
preliminary examination of two psychological assumptions of REBUS: (a) psychedelics foster
acute relaxation and post-acute revision of confidence in mental-health-relevant beliefs; which (b)
facilitate positive therapeutic outcomes and are associated with the entropy of EEG signals.
Healthy individuals (N= 11) were administered 1 mg and 25 mg psilocybin 4-weeks apart.
Confidence ratings for personally held beliefs were obtained before, during, and 4-weeks post-
psilocybin. Acute entropy and subjective experiences were measured, as was well-being (before
and 4-weeks post-psilocybin). Confidence in negative self-beliefs decreased following 25 mg
psilocybin. Entropy and subjective effects under 25 mg psilocybin correlated with decreases in
negative self-belief confidence (acutely and at 4-weeks). Particularly strong evidence was seen for
a relationship between decreases in negative self-belief confidence and increases in well-being.
We report the first empirical evidence that the relaxation and revision of negative self-belief
confidence mediates psilocybin's positive psychological outcomes, and provide tentative evidence
for a neuronal mechanism, namely, increased neuronal entropy. Replication within larger and
clinical samples is necessary. We also introduce a new measure for examining the robustness of
these preliminary findings and the utility of the REBUS model.

Introduction

Psychedelic therapy is receiving increasing attention for its putative transdiagnostic action across mental
health outcomes’, including decreasing anxiety, depression, and suicidal ideation within clinical populations
(e.g.,”"?), and enhancing well-being among healthy individuals'*'’. In line with precision psychiatry'® and
process-based psychotherapy'’, identifying the mechanisms through which psychedelic therapy leads to
positive therapeutic change may help to tailor, deliver, and maximise its therapeutic efficacy (see').

The RElaxed Beliefs Under pSychedelics (REBUS) model'”*’ provides a unified theoretical account of the
effects of psychedelics and the mechanisms through which they lead to positive therapeutic outcomes.
Building on the Bayesian hierarchical predictive processing view of brain function®, REBUS proposes that the
"entropic" brain state induced by psychedelics*** corresponds to a relaxation in the precision-weighting of
neuronally encoded predictive models. REBUS also proposes that within the transient drug-induced state of
enhanced neural and cognitive plasticity, there may be a reduction in the felt confidence associated with
maladaptive beliefs and assumptions (that are ordinarily encoded with excessive precision-weighting and
confidence; e.g., negative self-perceptions), and increased amenability to therapeutic change.

Neurobiological support for REBUS can be seen in multiple experimental findings, including reduced
hierarchical organisation and top-down processing in the brain (e.g.,”*”"). Perhaps most notably, neuroimaging
experiments with psychedelics have revealed a consistent increase in markers of neural entropy***, which
predict behavioural reports during the experience29. This growing body of research contrasts with the lack of
psychological research on the topic, which has not yet examined the effects of psychedelics on acute belief
confidence, and whether this belief relaxation can serve as an opportunity for subsequent revision of these
negative (self)beliefs and improved well-being; an important assumption of REBUS.

A key question related to the therapeutic application of psychedelics is how this putative acute relaxation
translates into long-term therapeutic change. We refer to the post-acute revision of overweighted beliefs as
REvised Beliefs After pSychedelics (REBAS) and propose that this is a fundamental feature of recovery from a
broad swathe of mental illness. Within clinical and healthy populations, the administration of psychedelics is
associated with decreases in negative attitudes toward the future®***, which correlate with reductions in
depression severity” and suicidal ideation’. Similarly, the administration of a psychedelic is associated with
self-reported increases in positive self-related beliefs (e.g.,*"****). However, research has not yet examined
whether administration of a psychedelic leads to decreases in negative self-beliefs. Furthermore, research has
been limited by the use of nomothetic (i.e., general) rather than idiographic (i.e., personally identified)
measurement of self-related beliefs (for the benefits of idiographic approaches, see®). Accordingly, evidence
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supporting a relationship between negative belief relaxation and revision and neurobiological markers of
REBUS (e.g., increased neural entropy as a corollary of relaxed precision weighting) or subsequent
improvements in well-being remain elusive.

REBUS offers an account of much of the phenomenology of the psychedelic experience, including the unitive
experience where discriminative beliefs diminish and are replaced by a sense of reciprocal
interconnectedness®. Research supports a role for subjective unitive experiences in mediating long-term
outcomes after psychedelics”, as well as an association between neurobiological indices of REBUS (such as
decreased top-down information fow and hierarchical organization in the brain) and properties of the acute
experience - including the unitive experience******. However, research has not yet directly examined
psychological indices of belief relaxation under psychedelics (REBUS), and revision after psychedelics
(REBAS), nor whether these relate to the intensity of the acute unitive experiences elicited under psychedelics
or subsequent enduring psychological changes.

In sum, the REBUS model suggests that psychedelics can potentially improve mental health by relaxing and
revising the confidence associated with overweighted beliefs. However, there is still no evidence as to
whether: (a) psychedelics acutely decrease confidence in (i.e. relax) negative self-beliefs; and (b) induce
lasting decreases in negative self-belief confidence (i.e. revision); and (c) this relaxation and revision of
overweighted beliefs are associated with neurobiological markers of REBUS, acute unitive experience, and
long-term improvements in mental health. Therefore, in this paper we examined whether:

1. Administration of psilocybin leads to decreases in felt confidence in negative self-beliefs (a) acutely
(belief relaxation; REBUS) and (b) 4-weeks later (belief revision; REBAS).

2. Relaxation (REBUS) and revision (REBAS) of confidence associated with negative self-beliefs are
associated with: (a) neurobiological markers of REBUS (i.e., entropy), (b) the intensity of the acute
unitive experience, and (c) increases in well-being 4-weeks after psilocybin administration.

Results

Self and other (negative/positive) belief confidence

For results of ANOVAs, effect sizes, and Bayes Factors examining changes in confidence related to
participants' beliefs, see Table 1. For changes in belief confidence over time, see Fig. 1. A significant effect of
time (anecdotal evidence) was observed for negative other-belief confidence following 1 mg psilocybin with
significant (anecdotal evidence) acute reductions in confidence. A significant effect of time (moderate
evidence) was observed for negative self-belief confidence following 25 mg psilocybin with significant
(moderate evidence) reductions in confidence 4-weeks after 25 mg psilocybin. No other significant effects of
time were observed across belief categories for 1 mg and 25 mg psilocybin. However, a significant (substantial
evidence) increase in positive self-belief confidence was observed 4-weeks after 25 mg psilocybin.

Following the administration of 25 mg psilocybin, the effect size for the relationship between oceanic
boundless and acute decreases in negative self-belief confidence was large (r=-0.502; Fig. 2A), but not
statistically significant (p=0.116), with an anecdotal BF (BF,,=1.374). Interestingly, this association grew over
time, exhibiting a large (r=-0.725; Fig. 2B) and significant (p=0.012) effect 4-weeks after the session. Te BF
revealed substantial evidence towards the alternative hypothesis (BF,,= 4.750). In contrast, the relationship
between oceanic boundlessness and decreases in acute negative self-belief confidence was small and non-
significant both acutely (r=-0.176, p=0.604) and 4-weeks after 1 mg psilocybin (r=0.048, p=0.889). BFs were
anecdotally in support of the null hypothesis (Acute BF,,=0.655; 4-week BF,,=0.601). See Fig. 2. For
correlations between changes in negative self-belief confidence and additional ASC scales, see Supplementary
Material.
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Figure 1. Changes in belief confidence following 1 and 25 mg psilocybin administration. Shaded areas represent
standard errors. Acute confidence ratings were collected 4 h after administration of psilocybin.

Following 25 mg psilocybin, results showed a large (r=-0.815) and significant (p=0.002) association between
decreases in acute negative self-belief confidence and increases in well-being 4-weeks later (Fig. 2C).
Decreases in negative self-belief confidence measured at 4-week follow-up remained strongly associated with
increases in well-being (r=-0.870, p<0.001; Fig. 2D). These findings were supported by strong BFs for the
association between increases in well-being and decreases in negative self-belief confidence during the acute
experience (BF,,=11.368) and 4-weeks after the session (BF,,=24.808).

For the 1 mg session, there was a small and non-significant association between decreases in acute negative
self-belief confidence and decreases in well-being at 4-week follow-up (r=0.178, p=0.601). There was a
moderate but non-significant association between increases in well-being and decreases in negative self-belief
confidence at 4-week follow-up (r=0.546, p=0.082). The BFs were anecdotally in support of the null hypothesis
for the association between changes in well-being and changes in negative self-belief confidence during the
acute experience (BF,,=0.656) and anecdotally in support of the alternative hypothesis at 4-weeks
(BF,,=1.645).
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Figure 2. Association between decreases in negative self-belief confidence (acute and 4-week follow-up), acute oceanic
boundlessness, and increases in well-being at 4-week follow-up. Shaded areas represent standard errors. ANegative Self-
Belief Confidence (Acute)=Confidence at 4 h post-25 mg psilocybin - Confidence at pre-25 mg psilocybin. ANegative Self-
Belief Confidence (4-weeks)=Confidence at 4-weeks post-25 mg psilocybin - confidence at pre-25 mg psilocybin.
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Belief type

1 mg psilocybin

F(2,20)=0.273, p=0.678, BF,,=0.237

25 mg psilocybin Negative self-belief
F(2, 20)=5.42, p=0.013*, BF,,=4.604"

Baseline |Acute Post-acute Baseline |Acute Post-acute
Mean 69.55 68.64 72.27 72.27 56.82 *%49.73
Negative self-belief SD 21.50 [22.59 19.54 19.54 27.77 25.11
Cohen's d, - 0.05 0.17 0.54 0.98
95% CI -12.52 to0 14.34 -8.14 t0 13.60 - -3.81t0 34.72  7.14 to 37.95
BF,, 0.300" 0.3400 0.990 6.861"
F(2,20)=0.913, p=0.417, BF,,=0.356  *F(1.16, 11.59)=3.69, p=0.076, BF,,=1.778
Baseline | Acute Post-acute Baseline |Acute Post-acute
Mean 81.73 |86.52 84.09 84.09 75.55 *88.64
Positive self-belief SD 13.11 1111 12.91 12.91 27.02 10.08
Cohen's d, - 0.32 0.25 - 0.37 0.83
95% CI |- -5.18 to 14.76 -4.03 to 8.75 -7.11 to 24.20 0.87 to 8.22
BFy, - 0.477 0.396 0.667 3.453"
F(2,20)=3.93, p=0.036*, BF,;=1.916 | F(2, 20)=1.80, p=0.192, BF,,=0.597
Baseline |Acute Post-acute Baseline |Acute Post-acute
Mean 85.46  [*75.00 78.27 78.27 69.09 78.82
Negative other-belief SD 14.22 |24.50 23.41 23.41 32.47 27.17
Cohen's d, - 0.74 0.56 - 0.63 0.03
95% CI |- 1.01 t0 19.90 -1.45to 15.81 - -0.65 to 19.02 -10.41 to 11.50
BE), - 2.340 1.074 1.410 0.299"
F(2, 20)=0.89, p=0.425, BF,,=0.350 “F(1.02, 10.24)=1.04, p=0.373, BF,,;=0.417
Baseline | Acute Post-acute Baseline |Acute Post-acute
Mean 97.27 98.18 97.36 97.36 96.82 92.91
Positive other-belief SD 3.44 2.52 3.39 8880 4.62 14.99
Cohen's d, - 0.30 0.04 - 0.36 0.33
95% CI |- -2.93t01.12 -1.43to1.61 -0.47t0 1.56  -4.70 to 13.61
BF,, - 0.450 0.300" 0.533 0.482

Table 1. Changes in belief confidence over time, means, standard deviations, efect sizes, and Bayes factors.
*p<0.05; **p<0.01; “strong evidence in support of the alternative (BF>3) or the null (B<0.3); *Huynh-Feldt
correction applied due to violation of assumption of sphericity based on Mauchly's Sphericity Test (€=0.580,
p<0.001); "Huynh-Feldt correction applied due to violation of assumption of sphericity based on Mauchly's
Sphericity Test (€=0.512, p<0.001).

Changes in negative-self belief confidence and neural entropy

Large associations were found between decreases in acute negative self-belief confidence and neural entropy
at 1 (r=-0.837, p=0.003; Fig. 3A), 2 (r=-0.785, p=0.012; Fig. 3B), and 4.5 (r=-0.603, p=0.0496; Fig. 3C) hours
after 25 mg psilocybin. This was supported by substantial BFs for 1 (BF,,=9.640) and 2 (BF,,=4.067) hours,
and an anecdotal BF for 4.5 h (BF,,=2.121) after 25 mg psilocybin. Similarly, there were medium to large
associations between neural entropy at 1 (r=-0.721, p=0.019; Fig. 3D), 2 (r=-0.652, p=0.005; Fig. 3E), and 4.5
(r=-0.385, p=0.242; Fig. 3F) hours after 25 mg psilocybin and decreases in negative self-belief confidence 4-
weeks later (with significance at 1 h after administration but not at 2 and 4.5 h). This was reflected in a
substantial BF at 1 h (BF,,=3.584), anecdotal/weak BF at 2 (BF,,=1.928), and no evidence at 4.5 h
(BF,,=0.948).
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Figure 3. Association between decreases in negative self-belief confidence (acute and 4-week follow-up) and resting-
state EEG entropy during the 25 mg psilocybin session. Shaded areas represent standard errors. ANegative Self-Belief
Confidence (Acute)=Confidence ratings 4 h post-25 mg psilocybin - confidence at pre25 mg psilocybin; ANegative Self-
Belief Confidence (4-weeks)=Confidence at 4-weeks post-25 mg psilocybin - confidence at pre-25 mg psilocybin. (A,D)
n=10; (B,E) n=9; (Figs. 3C and 3F), n=11.

The associations between decreases in acute negative self-belief confidence and neural entropy after 1 mg
psilocybin and were small and not significant for 1 (r=-0.078, p=0.830), 2 (r=0.250, p=0.517), and 4.5
(r=-0.024, p=0.944) hours after the beginning of the session. Evidence was very anecdotal towards the null (1
h BF,,=0.622, 2 h BF,,=0.735, 4.5 h BF,,=0.598). Similarly, the associations between acute neural entropy at 1
(r=-0.371, p=0.291), 2 (r=-0.184, p=0.636), and 4.5 (r=-0.338, p=0.310) hours after 1 mg psilocybin and
decreases in negative self-belief confidence 4-weeks later were small to medium and not significant. Here,
there was no evidence to either support or reject a relationship (1 h BF,;=0.873; 2 h BF,,=0.683; 4.5 h
BF,,=0.849).

Discussion

The recently proposed REBUS model” provides a unified account of the effects of psychedelics and the

mechanism through which they can potentially facilitate therapeutic change. Neuroscientific evidence for the
REBUS model is growing, but little research has directly examined the model's psychological counterpart. This
is an oversight, as the model hinges on its psychological validity to an equivalent extent (to its neurobiological
validity). Here we conducted a preliminary examination of key components of the REBUS model, which
suggest that (a) psychedelics allow for an acute relaxation and post-acute revision in confidence associated
with strongly held beliefs, and (b) decreased confidence in maladaptive beliefs is associated with
improvements in well-being and neurobiological markers of increased neural entropy
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From belief relaxation to belief revision

Four weeks after the administration of 25 mg psilocybin, we found a moderate-substantial and significant
decrease in confidence in negative self-beliefs. These results expand on past research showing significant
decreases in pessimism (e.g.,*) and hopelessness® following psilocybin therapy. Further, we found evidence
against the 1 mg of psilocybin inducing a change in negative self-belief confidence (i.e., BFs~0.3), particularly
in the acute state. Additionally, we observed large and significant increases in positive self-belief confidence 4-
weeks after the administration of 25 mg psilocybin, with a moderate BF. This result is consistent with
suggestions that relaxed priors at the microscale level may also manifest in subjectively experienced
strengthened beliefs*’ and past research indicating that psychedelics increase positive beliefs about the self
(e.g.,*"*"). This study is the first to include pre-post measurement of positive self-beliefs or personally identified
positive self-beliefs. While the acute decreases in confidence for both categories of self-belief were not
statistically significant, the effect size for negative self-beliefs was moderate. The BFs were fairly equivocal,
suggesting that, rather than the data supporting an absence of effect, the current data are not sufficient to
accept or reject either hypothesis. It will therefore be important for future studies to explore whether
inference can be improved by increasing the sample size.

We observed weak evidence toward acute decreases in negative other-belief confidence, as well as evidence
against changes in negative other beliefs 4-weeks after 25 mg psilocybin. We also did not find changes in
confidence associated with positive other-beliefs and evidence against a change 4-weeks post 1 mg psilocybin.
It is interesting to note that this was the only belief category with no apparent decrease in belief confidence in
the acute state. There was little room for increases in belief confidence due to ceiling effects, and the BF
indicates that the data are only anecdotally in support of the null hypothesis (i.e., no change). Nevertheless,
this is interesting because it suggests that belief relaxation is not global and it is consistent with the tendency
for psychedelics to induce a sense of social connectedness*'. Conversely, these results may be due to these
beliefs not having been salient enough for significant changes in confidence to occur, as we did not direct
participant's attention toward the individual they had identified a belief about during the psilocybin
experience.

Although there were generally decreases in acute certainty following 25 mg psilocybin (except for positive-
other beliefs), changes in confidence 4-weeks after 25 mg psilocybin differ between belief categories. While
these post-acute changes were generally in an adaptive direction (i.e., decreases in negative belief confidence
and increase in positive belief confidence), this does not necessarily demonstrate that psychedelics inherently
generate positive belief changes. Nevertheless, sensitisation of the brain to new evidence through the
relaxation of high-level priors may sometimes be beneficial in itself (i.e., independent of the valence of the new
evidence), especially given that positive (or desirable) evidence is typically overweighted and negative (or
undesirable) evidence is typically underweighted in healthy individuals*’. It is also likely that the
administration of psilocybin in a comfortable and emotionally supportive environment contributed to the
positive nature of the confidence change. While specific manipulations of the context (e.g., administering a
psychedelic in an adverse or unsupportive environment) may be ethically problematic, measurement of
individual's perception of the context (e.g., their relationship with their guides/therapists®), grading the extent
of environmental support (e.g., from low to very high), and naturalistic research, may aid in understanding the
effects of context on belief relaxation and revision*.

Belief relaxation, belief revision, and the unitive experience

Following the 25 mg, but not the 1 mg psilocybin session, we found a strong relationship between participants'
acute unitive experience and decreases in negative self-belief confidence (acutely and 4-weeks later). The
unitive experience is a key predictor of psychedelic therapy outcomes®” and has been framed as a
phenomenological "proxy" for the entropic psychedelic state during which belief confidence is relaxed****. The
current results provide further support for this interpretation and suggest that the unitive experiences may be
associated with positive therapeutic outcomes because they are characterized by an acute relaxation of, and
potential revision of, belief structures that maintain psychopathology.

Interestingly, relative to acute reductions in negative self-belief confidence, decreases in confidence were




greater 4-weeks after 25 mg psilocybin and more strongly associated with the intensity of participants' unitive
experience. This suggests that a yet uncaptured post-acute mediator may be implicated and it will be
important for future research to explore the factors that facilitate the successful transition from REBUS to
REBAS, such as the process of re-evaluating previously held beliefs or successfully integrating the psychedelic
experience.

Belief relaxation, belief revision, and increases in well-being

We found a large and significant association between decreases in negative self-belief confidence (acute and at
4-weeks) and increases in well-being 4-weeks after the administration of 25 mg psilocybin. This is the first
study to provide evidence for the association between psilocybin-modulated acute decreases in negative self-
belief confidence and long-term improvements in well-being. The findings are in line with research indicating
that decreased pessimism is associated reductions in depression severity’* and provide further support for the
role of the relaxation (REBUS) and revision (REBAS) of beliefs as putative mechanisms underlying the positive
therapeutic effects associated with psychedelics.

Although our sample was comprised of healthy individuals, these finding suggest that psilocybin therapy may
be especially promising for the treatment of psychiatric disorders characterized by especially rigid and
infexible negative self-beliefs, such as depression*’ and anorexia (see***’). Moreover, integrating psychedelic
therapy within therapies that challenge and increase distance from such beliefs (e.g., cognitive behavioural
therapies) may help to enhance the efficacy of psychedelic therapy (see*®”). Relatedly, identifying and
examining confidence associated with salient maladaptive beliefs within the context of psychedelic therapy
may help to more effectively target such maladaptive beliefs.

Belief relaxation, belief revision, and neural entropy

Previous research has suggested that the entropy-enhancing capability of psychedelics may be important for
the decreases in subjective confidence in personally-held beliefs®. Bridging the neurobiological underpinnings
of the REBUS model with its psychological implications, we found medium-large associations between neural
entropy and reductions in negative self-belief confidence during 25 mg psilocybin and 4-weeks later. Neural
entropy at 1, 2, and 4.5 h post-25 mg psilocybin was significantly associated with acute decreases in negative
self-belief confidence. Additionally, neural entropy at 1 and 2 h post-25 mg psilocybin was significantly
associated with reductions in negative self-belief confidence 4-weeks later. Nonetheless, due to the small
sample size, we are more inclined to draw inferences from the BFs, rather than frequentist p-values, to
(cautiously) qualify that these results provide very preliminary evidence in support of the REBUS model. These
results are the first to find evidence for an association between the effects of psychedelics on neural entropy
and both acute and sustained decreases in negative self-belief confidence.

Limitations and future directions

The present findings should be interpreted in line with their limitations; First, and most pertinent of which
being the relatively small sample of 'healthy' volunteers who are less likely to have pathologically
overweighted confidence in maladaptive negative self-beliefs than clinical samples** Small samples are prone
to overestimating effect sizes and poorer reproducibility®. Furthermore, due to the small sample size and
exploratory nature of the present study, the present analyses were not corrected for multiple comparisons.
Accordingly, confirmation of these results and their extrapolation to clinical contexts and psychiatric disorders
characterized by negative self-beliefs (e.g., anorexia) must await replication in studies with both larger sample
sizes and clinical samples. Such research will be necessary to increase the specificity of the REBUS model and
to identify the specific types of maladaptive beliefs that psychedelics can reliably relax and revise, as well as
for whom such changes may be beneficial or harmful (e.g., it is possible that destabilization of positive and/or
negative self-related beliefs may be iatrogenic or require increased psychotherapeutic treatment®’). Of note,
even within a healthy sample, we observed a decrease in negative self-belief confidence that was associated
with improved well-being, which speaks to the prophylactic potential of psychedelics. Second, the present
findings may be limited by difficulties surrounding blinding due to psilocybin's acute psychoactive efects™. We
attempted to control for possible expectancy effects by only including psychedelic naive individuals and a very
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low dose (1 mg) psilocybin session. Nonetheless, it will be worthwhile for future research to measure the
strength of participant blinding (e.g., see’”*"). Additionally, using other acutely psychoactive pharmacological
agents as controls and designs with additional variable doses of psilocybin will add specificity to the
relationship between dosing and changes in belief confidence (including belief relaxation [REBUS],
strengthening, and revision [REBAS]***’). Identification of a "sufficient" dose will be important for therapeutic
implementation. While the present results are generally consistent with the REBUS model, they may also be
accounted for by alternative neural models of psychedelics' mechanism of action, such as the Altered Beliefs
Under pSychedelics [ALBUS] model®’; also see”. Finally, there is likely to be a psychological process (e.g., re-
evaluation or refection of one's beliefs) that facilitates the transition from an experience of REBUS to post-
acute REBAS™® that has not yet been elucidated and will have implications for therapeutic application. In line
with this hypothesis, several studies®®* have found that changes in well-being are predicted by active
engagement in behaviours to integrate one's psychedelic experience (i.e., making meaning and applying
insights from the experience in one's life®). To help facilitate this process, integration sessions are typically
included in psychedelic research63 and their importance is often emphasized by participants®.

To help future research address some of these questions, we utilised these preliminary results to further
develop the Relaxed BEliefs Questionnaire (REB-Q®), which provides a structured approach to measuring the
psychological assumptions of REBUS. The measure instruct participants to identify their core beliefs and
provides an index of confidence change in these self-identified beliefs. The measure can be flexibly adapted for
the specific study population, aims, and design. Working versions of the measure and manual are available
online (https://doi.org/10.31234/osf.io/r597a), and we encourage feedback from those wanting to use it in their
own studies.

Conclusion

In summary, REBUS is a recently proposed model that aims to account for the acute action of psychedelics and
their potential to catalyze therapeutic change. In line with the REBUS model, we found that administration of a
25 mg dose of psilocybin was associated with specific decreases in negative self-belief confidence. Following
25 mg psilocybin, we found that decreases in negative self-belief confidence (acutely and 4-weeks after 25 mg
psilocybin) were strongly associated with participants' acute unitive experience and increases in well-being 4-
weeks later. These results provide preliminary support for the possibility that the therapeutic action of
psychedelics may be linked to their relaxation, and subsequent revision of, overweighted beliefs. Additional
research, including larger samples and that facilitated by use of the REB-Q, will be necessary to replicate and
further elaborate on these findings.

Methods

Overview

This study was conducted as part of a larger trial focused on investigating long-term psychological and brain
changes following a single 25 mg dose of psilocybin in healthy psychedelic naive volunteers. Psilocybin
(COMP360) was provided by COMPASS Pathways. The study received a favourable opinion from the NRES
London-Surrey Research Ethics Committee and was carried out in accordance with Good Clinical Practice
Guidelines. The National Institute for Health Research/Wellcome Trust Imperial Clinical Research Facility
(ICRF) provided site-specific approvals, and a Home Office Licence was obtained for the storage and handling
of psilocybin.

Participants

Participants were 11 healthy psychedelic-naive individuals (4 females; age M=42 years, SD=10.12). For
participant demographics, see Table 2. Inclusion criteria were: (a) physically and mentally healthy; (b)
between 18 and 85 years old; (c) understanding of the English language; no experience with a psychedelic in
the prior 12 months (11 participants had no lifetime experience with a psychedelic). Exclusion criteria
included the presence of (a) a current or previously diagnosed psychiatric disorder; (b) current medically
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significant condition that renders them unsuitable for the study (e.g., diabetes, severe cardiovascular disease);
(c) positive pregnancy test at screening or during the study; (d) excessive use of alcohol or other drugs
(determined by study physician); and (e) no email access. All participants provided written informed consent.

Procedures

This study used a single-blind, fixed order, within-subjects design. Participants underwent two dosing sessions
four weeks apart. The first session involved a 1 mg dose of psilocybin and the second, a 25 mg dose of
psilocybin. Previous research has shown that 1 mg can be regarded as sub-perceptual/subthreshold for
subjective effects and is regarded as an inactive or negligibly active dose, while 25 mg is the dose of choice in
many therapeutic studies'. Participants were not informed of the dosing order or the psilocybin dosage for
either dosing session. Dosing sessions were conducted in line with study protocols suggested by Johnson et
al.®®, including preparation prior to, and integration session following, dosing sessions. Psilocybin
administration occurred in a comfortable and dimly lit environment, and included a preselected music playlist,
eyeshades, and two 'guides' (therapeutic support persons) to provide comfort and reassurance. Throughout
dosing days, participants gave hourly ratings of drug intensity from 0 (not at all) to 10 (most intense drug
effect imaginable). The end-of-dosing test battery started at least 4 h post-administration and only once
participants gave a drug intensity rating of 4/10 or less.

Resting-state electroencephalogram (EEG) was measured with a 24-channel wireless EEG head cap (DSI24
System, Wearable Sensing; 0.317 pV resolution, 300 Hz sampling rate) with 21 active channels. Pz and FPz
acted as reference and ground during recording respectively. EEG data were recorded (via Bluetooth using
DSIStreamer-v.1.08.41) during the 1 mg and 25 mg psilocybin sessions at the following time points: (a)
baseline (prior to the administration of psilocybin), (b) 1-h post-dosing, (c) 2-h post-dosing, and (d)
approximately 4.5 h post-dosing and only once participants gave a drug intensity rating of 4/10 or less. During
the EEG resting state recordings relevant for this manuscript, participants were instructed to focus on their
intentions for their dosing session and to remain still with their eyes closed for four minutes.

Age

42 (10.12)
Female 4 (36)
Sex
Male 7 (64)
: h United Kingdom 9 (82)
Nationality
Israel 2 (18)
White British 8 (64)
Ethnicity Mixed other 2 (18)
Black African 1(9)
Unemployed 1(9)
Employment Part-time employment 1(9)
Full-time employment 9 (82)
None 109
n College Diploma 5 (45)
Education
Associate Degree/Technical Degree 2 (18)
Doctorate or professional degree 3(27)

Table 2. Participant demographics.
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Measures

Belief confidence

Idiographic beliefs and confidence associated with these beliefs were measured using the RElaxed Beliefs
Questionnaire (REB-Q) developed for the present study (see Supplement). One day before the 1 mg psilocybin
session (1 mg psilocybin baseline), participants were verbally instructed to identify: (a) a negative belief about
themselves (negative self-belief); (b) a positive belief about themselves (positive self-belief); (c) a negative
belief about a person they disliked (negative other-belief); (d) a positive belief about a person they loved
(positive other-belief). In situations where participants found it difficult to identify one of these beliefs, they
were guided by one of their guides to do so through examples and self-refection. Participants were also asked
to rate the extent to which they were confident that each belief was true on a scale from 0 ("Not at all certain")
to 100 ("Absolutely certain") at five time points: (a) 1 mg psilocybin baseline; (b) during the 1 mg psilocybin
session/4.5 h after psilocybin administration (acute 1 mg psilocybin); (c) 4-weeks after 1 mg psilocybin/one day
before 25 mg psilocybin (25 mg psilocybin baseline); (d) during the 25 mg psilocybin session/4.5 h after
psilocybin administration (acute 25 mg psilocybin); and (e) 4-weeks after 25 mg psilocybin.

Acute experiences

Acute experiences were measured using the Altered States of Consciousness questionnaire (ASC)®”’. The
oceanic boundlessness scale of the ASC was used as a measure of acute unitive experience and is the ASC
scale most closely related to the positive therapeutic outcomes associated with psychedelics®. The scale
measures the experience of unity, spiritual experience, blissful state, insightfulness, and disembodiment. Items
were rated on a digitally-presented visual analogue scale from 0 ("no more than usual") to 100 ("much more
than usual"). The ASC was completed following the 1 and 25 mg psilocybin sessions and within 1 h of
participants rating their acute belief confidence.

Well-being

Well-being was measured using the Warwick-Edinburgh Mental Well-being Scale (WEMWBS)*, a 14-item self-
report measure of subjective hedonic and eudaimonic well-being over the past two weeks. The scale consists of
positively worded items rated on a 5-point scale from 1 ("None of the time") to 5 ("All of the time"). The
WEMWBS was completed at (a) 1 mg psilocybin baseline, (b) 4-weeks after 1 mg psilocybin/25 mg psilocybin
baseline, and (c) 4-weeks after 25 mg psilocybin.

Entropy of neural signals

EEG data were used to calculate neural entropy during the 1 and 25 mg psilocybin dosing sessions. EEG data
were missing from one participant at the 1 h post-administration time point and from two participants at 2 h
post-psilocybin administration (both 1 and 25 mg psilocybin). Data were manually cleaned, low-pass flatered at
100 Hz, and subsampled at 200 Hz. The entropy of a signal corresponds to its level of unpredictability or
diversity (i.e., how many different "patterns" are present in the signal). There are multiple methods to estimate
the entropy of a signal, the most common of which is via a quantity known as Lempel-Ziv complexity (LZc).
Here, we estimated entropy using the Context Tree Weighting (CTW) algorithm (based on the method
described in”’), which is known to outperform LZc in terms of bias, variance, and data-efciency’".

We employed a combination of frequentist and Bayesian Hypothesis Testing for all analyses. To examine
changes in confidence related to their identified beliefs during (acute) and 4-weeks after 1 and 25 mg
psilocybin (Question #1), we conducted general linear model (GLM) repeated measures ANOVAs. Follow-up
pairwise comparisons examined the relationship between the time point (acute and 4-weeks after psilocybin
administration) and respective baseline. Effect sizes were calculated using Cohen's d, for repeated measures.
Pearson correlation coefficients were calculated to examine the association between changes in belief
confidence and both (a) acute unitive experiences (Question #2b) and (b) changes in well-being (Question
#2c). Changes in belief confidence and well-being were calculated by subtracting scores at each time point by
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their respective baseline (i.e., 1 mg/25 mg psilocybin baseline). Exploratory analyses also examined the
strength of the association (Pearson correlation coefficients) between entropy and changes in negative self-
belief confidence (Question #2a). The alpha level indicating significance was set at p<0.05. All frequentist
analyses were conducted using IBM SPSS Statistics (Version 26).

The addition of Bayes Factors (BF) is relevant to the current analysis for two main reasons: (1) BFs represent
the strength of the evidence for or against the null hypothesis, and (2) the strength of a BF scale with the
evidence and can therefore be used with small sample sizes’>. Bayesian ANOVA and Bayesian correlations
were performed with default JZS and Jeffries-Beta priors, respectively. The further a BF is from 1, the stronger
the evidence for either the model of interest (BF,, > 1) or the competing model (BF,, < 1). Rstudio
(https://rstudio.com/) was used for generating figures and Bayesian analysis, using the packages ggplot2” and
Bayes Factor’, respectively.

Data availability

The data that support the findings of this study are available from the corresponding author, RJZ, upon
reasonable request.

Acknowledgements
We thank the study participants for the contribution to this research study.

Author contributions
RJ.Z., M].S., HK, F.E.R, and P.M. conducted the analyses. R.].Z., M.J.S., HK,, T.L., and R.C.H. contributed
to the design of the study. All authors contributed to the writing and reviewed the manuscript.

Funding
RJZ received funding from the Canadian Institutes of Health Research. PM is supported by the Wellcome Trust
(grant no. 202110MFE-472921- HTB-272687).

Competing interests

RJZ is a post-doctoral fellow in the NYU Langone Psychedelic Medicine Research Training program funded by
MindMed. DE is a paid advisor for Mydecine, Entheon, SmallPharma Ltd, and Field Trip Healthcare. RCH is a
scientifc advisor to Usona Institute, Synthesis Institute, Mydecine, Maya Health, Osmind, Entheon, Beckley
Psychtech, TRYP therapeutics, Journey Collab and Journey Space. MJS, HK, TL, FER, and PM report no
conficts of interest.

Additional information
Supplementary Information The online version contains supplementary material available at
https://doi.org/10.1038/s41598-023-28111-3.

Correspondence and requests for materials should be addressed to R.]J.Z.

References

1. Nutt, D., Erritzoe, D. & Carhart-Harris, R. Psychedelic psychiatry's brave new world. Cell 181, 24-28 (2020).

2. Carhart-Harris, R. L. et al. Psilocybin with psychological support for treatment-resistant depression: Six-month follow-up.
Psychopharmacology 235, 399-408 (2018).

3. Carhart-Harris, R. et al. Trial of psilocybin versus escitalopram for depression. NEJM 384, 1402-1411 (2021).

4. Davis, A. K. et al. Effects of psilocybin-assisted therapy on major depressive disorder: A randomized clinical trial. JAMA
Psychiatry 78, 481-489 (2021).

5. Griffiths, R. R. et al. Psilocybin produces substantial and sustained decreases in depression and anxiety in patients with life-
threatening cancer: A randomized double-blind trial. J. Psychopharmacol. 30(12), 1181-1197 (2016).

6. Ross, S. et al. Rapid and sustained symptom reduction following psilocybin treatment for anxiety and depression in patients
with life-threatening cancer: A randomized controlled trial. J. Psychopharmacol. 30, 1165-1180 (2016).

7. Ross, S. et al. Acute and sustained reductions in loss of meaning and suicidal ideation following psilocybin-assisted
psychotherapy for psychiatric and existential distress in life-threatening cancer. ACS Pharmacol. Transl. Sci. 4, 553-562
(2021).

8. Zeifman, R. ]J. et al. Rapid and sustained decreases in suicidality following a single dose of ayahuasca among individuals with
recurrent major depressive disorder: Results from an open-label trial. Psychopharmacology 238(2), 453-459 (2021).

13



vww.en.psilosophy.info/lmpbzcbrbdhaauhwctaycifh

10.
eh.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.
24.

25.

26.

2l

28.
29.

30.

il

32

33.

34.

35.

36.
37.

38.

39.

40.
41.

42.
43.

44.
45.
46.
47.
48.

49.

. Zeifman, R. J. et al. Decreases in suicidality following psychedelic therapy: A meta-analysis of individual patient data across

clinical trials. J. Clin. Psychiatry 83, 21r14057 (2022).

Goodwin, G. M. et al. Single-dose psilocybin for a treatment-resistant episode of major depression. NEJM 387(18), 1637-1648
(2022).

Raison, C. L. et al. Single-dose psilocybin treatment for major depressive disorder: A randomized clinical trial. JAMA 330(9),
843-853 (2023).

Petridis, P. D. et al. Psilocybin-assisted psychotherapy improves psychiatric symptoms across multiple dimensions in patients
with cancer. Nat. Mental Health 2, 1408-1414 (2024).

Carhart-Harris, R. L. Implications for psychedelic-assisted psychotherapy: Functional magnetic resonance imaging study with
psilocybin. Br. J. Psychiatry 200(3), 238-244 (2012).

Haijen, E. C. et al. Predicting responses to psychedelics: A prospective study. Front. Pharmacol. 9, 897 (2018).

Lyons, T. et al. Human brains change after first psilocybin use. BiorXiv. https://doi.org/10.1101/2024.10.11.617955 (2024).
Collins, F. S. & Varmus, H. A new initiative on precision medicine. NEJM 372, 793-795 (2015).

Hofmann, S. G. & Hayes, S. C. The future of intervention science: Process-based therapy. Clin. Psychol. Sci. 7, 37-50 (2019).
Kazdin, A. E. Mediators and mechanisms of change in psychotherapy research. Annu. Rev. Clin. Psychol. 3, 1-27 (2007).
Carhart-Harris, R. L. How do psychedelics work?. Curr. Opin. Psychiatry 32, 16-21 (2019).

Carhart-Harris, R. L. & Friston, K. J. REBUS and the anarchic brain: Toward a unified model of the brain action of
psychedelics. Pharmacol. Rev. 71, 316-344 (2019).

Friston, K. & Frith, C. A duet for one. Consciousness Cogn. 36, 390-405 (2015).

Carhart-Harris, R. L. et al. The entropic brain: A theory of conscious states informed by neuroimaging research with
psychedelic drugs. Front. Hum. Neurosci. 8, 20 (2014).

Carhart-Harris, R. L. The entropic brain-revisited. Neuropharmacology 142, 167-178 (2018).

Alamia, A., Timmermann, C., Nutt, D. J., VanRullen, R. & Carhart-Harris, R. L. DMT alters cortical travelling waves. Elife 9,
€59784 (2020).

Carhart-Harris, R. L. et al. Neural correlates of the LSD experience revealed by multimodal neuroimaging. Proc. Natl. Acad.
Sci. U.S.A. 113, 4853-4858 (2016).

Lord, L. D. et al. Dynamical exploration of the repertoire of brain networks at rest is modulated by psilocybin. Neuroimage
199, 127-142 (2019).

Schartner, M. M. et al. Increased spontaneous MEG signal diversity for psychoactive doses of ketamine, LSD and psilocybin.
Sci. Rep. 7(1), 1-12 (2017).

Timmermann, C. et al. Neural correlates of the DMT experience assessed with multivariate EEG. Sci. Rep. 9, 1-13 (2019).
Mediano, P. A. et al. Effects of external stimulation on psychedelic state neurodynamics. ACS Chem. Neurosci. 15(3) 462-471
(2020).

Carhart-Harris, R. L. et al. The paradoxical psychological effects of lysergic acid diethylamide (LSD). Psychol. Med. 46,
1379-1390 (2016).

Griffiths, R. R. et al. Psilocybin-occasioned mystical-type experience in combination with meditation and other spiritual
practices produces enduring positive changes in psychological functioning and in trait measures of prosocial attitudes and
behaviors. J. Psychopharmacol. 32, 49-69 (2018).

Lyons, T. & Carhart-Harris, R. L. More realistic forecasting of future life events after psilocybin for treatment-resistant
depression. Front. Psychol. 9, 1721 (2018).

Griffiths, R. R. et al. Psilocybin occasioned mystical-type experiences: Immediate and persisting dose-related effects.
Psychopharmacology 218, 649-665 (2011).

Mans, K. et al. Sustained, multifaceted improvements in mental well-being following psychedelic experiences in a prospective
opportunity sample. Front. Psychiatry 12, 1038 (2021).

Elliott, R. et al. Psychometrics of the Personal Questionnaire: A client-generated outcome measure. Psychol. Assess. 28,
263-278 (2016).

Brouwer, A. & Carhart-Harris, R. L. Pivotal mental states. J. Psychopharmacol. 35(4), 319-352 (2021).

Romeo, B., Hermand, M., Pétillion, A., Karila, L. & Benyamina, A. Clinical and biological predictors of psychedelic response in
the treatment of psychiatric and addictive disorders: A systematic review. J. Psychciatr. Res. 137, 273-282 (2021).

Girn, M. et al. Serotonergic psychedelic drugs LSD and psilocybin reduce the hierarchical differentiation of unimodal and
trans modal cortex. Neuroimage 256, 11920 (2022).

Tagliazucchi, E. et al. Increased global functional connectivity correlates with LSD-induced ego dissolution. Curr. Biol. 26,
1043-1050 (2016).

Safron, A. On the varieties of conscious experiences: Altered beliefs under psychedelics (ALBUS). PsyArXiv (2020).
Carhart-Harris, R. L., Erritzoe, D., Haijen, E., Kaelen, M. & Watts, R. Psychedelics and connectedness. Psychopharmacology
235, 547-550 (2018).

Sharot, T. & Garrett, N. Forming beliefs: Why valence matters. Trends Cogn. Sci. 20, 25-33 (2016).

Murphy, R. et al. Therapeutic alliance and rapport modulate responses to psilocybin assisted therapy for depression. Front.
Pharmacol. 12, 788155 (2022).

Carhart-Harris, R. L. et al. Psychedelics and the essential importance of context. J. Psychopharmacol. 32, 725-731 (2018).
Dozois, D. J. & Rnic, K. Core beliefs and self-schematic structure in depression. Curr. Opin. Psychol. 4, 98-103 (2015).

Spriggs, M. J., Kettner, H. & Carhart-Harris, R. L. Positive effects of psychedelics on depression and wellbeing scores in
individuals reporting an eating disorder. Eat. Weight. Disord. 26, 1265-1270 (2021).

Spriggs, M. J. et al. Study protocol for "psilocybin as a treatment for anorexia nervosa: A pilot study". Front. Psychiatry 12,
735523 021).

Agin-Liebes, G. et al. Prospective examination of the therapeutic role of psychological flexibility and cognitive reappraisal in
the ceremonial use of ayahuasca. J. Psychopharmacol. 36(3), 295-308 (2022).

Sloshower, J. et al. Psilocybin-assisted therapy of major depressive disorder using acceptance and commitment therapy as a

14 since 17.07.2025 at



vww.en.psilosophy.info/lmpbzcbrbdhaauhwctaycifh

50.

il

52.

53.

54.

595

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7L

72.

73.
74.

therapeutic frame. J. Contextual Behav. Sci. 15, 12-19 (2020).

Wolff, M. et al. Learning to let go: A cognitive-behavioral model of how psychedelic therapy promotes acceptance. Front.
Psychiatry 11, 5 (2020).

Watts, R. & Luoma, J. The use of the psychological flexibility model to support psychedelic assisted therapy. J. Contextual
Behav. Sci. 15, 92-102 (2020).

Zeifman, R. ]. et al. Post-psychedelic reductions in experiential avoidance are associated with decreases in depression severity
and suicidal ideation. Front. Psychiatry 11, 782 (2020).

Sloshower, J. et al. Psychological flexibility as a mechanism of change in psilocybin-assisted therapy for major depression:
results from an exploratory placebo-controlled trial. Sci. Rep. 14(1), 8833 (2024).

Button, K. S. et al. Power failure: Why small sample size undermines the reliability of neuroscience. Nat. Rev. Neurosci. 14(5),
365-376 (2013).

Zeifman, R. J. & Wagner, A. C. Exploring the case for research on incorporating psychedelics within interventions for
borderline personality disorder. J. Contextual Behav. Sci. 15, 1-11 (2020).

Schatzberg, A. F. Some comments on psychedelic research. Am. J. Psychiatry 177, 368-369 (2020).

Szigeti, B. et al. The difference between 'placebo group' and 'placebo control': A case study in psychedelic microdosing. Sci.
Rep. 13(1), 12107 (2023).

Wen, A. et al. A systematic review of study design and placebo controls in psychedelic research. Psychedelic Med. 2(1), 15-24
(2024).

van Elk, M. & Yaden, D. B. Pharmacological, neural, and psychological mechanisms underlying psychedelics: A critical review.
Neurosci. Biobehav. Rev. 140, 104793 (2022).

Amada, N., & Shane, J. Self-actualization and the integration of psychedelic experience: The mediating role of perceived
benefits to narrative self-functioning. J. Humanist. Psychol (2022). Advance online publication.

Frymann, T., Whitney, S., Yaden, D. B. & Lipson, J. The Psychedelic Integration Scales: Tools for measuring psychedelic
integration behaviors and experiences. Front. Psychol. 13, 863247 (2022).

St. Arnaud, K. O. & Sharpe, D. Contextual parameters associated with positive and negative mental health in recreational
psychedelic users. J. Psychoact. Drugs 55(1), 30-39 (2023).

Richards, W. A. Psychedelic psychotherapy: Insights from 25 years of research. J. Humanist. Psychol. 57(4), 323-337 (2016).
Breeksema, J. J., Niemeijer, A. R., Krediet, E., Vermetten, E. & Schoevers, R. A. Psychedelic treatments for psychiatric
disorders: A systematic review and thematic synthesis of patient experiences in qualitative studies. CNS Drugs 34(9), 925-946
(2020).

Zeifman, R., Spriggs, M. J., Kettner, H. & Carhart-Harris, R. RElaxed Beliefs-Questionnaire (REB-Q) and REB-Q Self-Report
(REB-Q-SR): Administration manual. PsyArXiv https://doi.org/10.31234/o0sf.io/r597a (2022).

Johnson, M. W., Richards, W. A. & Griffiths, R. R. Human hallucinogen research: Guidelines for safety. J. Psychopharmacol.
22, 603-620 (2008).

Dittrich, A. The standardized psychometric assessment of altered states of consciousness (ASCs) in humans.
Pharmacopsychiatry 31, 80-84 (1998).

Roseman, L., Nutt, D. J. & Carhart-Harris, R. L. Quality of acute psychedelic experience predicts therapeutic efficacy of
psilocybin for treatment-resistant depression. Front. Pharmacol. 8, 974 (2018).

Tennant, R. et al. The Warwick-Edinburgh Mental Well-Being Scale (WEMWBS): Development and UK validation. Health Qual.
Life Outcomes 5, 63 (2007).

Begleiter, R., El-Yaniv, R. & Yona, G. On prediction using variable order Markov models. J. Artif. Intell. Res. 22, 385-421
(2004).

Gao, Y., Kontoyiannis, I. & Bienenstock, E. Estimating the entropy of binary time series: Methodology, some theory and a
simulation study. Entropy 10, 71-99 (2008).

Keysers, C., Gazzola, V. & Wagenmakers, E. ]J. Using Bayes factor hypothesis testing in neuroscience to establish evidence of
absence. Nat. Neurosci. 23, 788-799 (2020).

Wickham, H. ggplot2: Elegant Graphics for Data Analysis (Springer, 2009).

Morey, R. D., Rouder, J. N. & Jamil, T. BayesFactor: Computation of Bayes factors for common designs. R Package Version 0.9,
9 (2015).

15 since 17.07.2025 at



	Abstract
	Introduction
	Results
	Self and other (negative/positive) belief confidence
	Changes in negative-self belief confidence and neural entropy

	Discussion
	From belief relaxation to belief revision
	Belief relaxation, belief revision, and the unitive experience
	Belief relaxation, belief revision, and increases in well-being
	Belief relaxation, belief revision, and neural entropy
	Limitations and future directions

	Conclusion
	Methods
	Overview
	Participants
	Procedures
	Measures
	Belief confidence
	Acute experiences
	Well-being
	Entropy of neural signals

	Data availability

	References

