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Abstract

Background: Recent clinical trials suggest promising antidepressant effects of psilocybin, despite methodological challenges. While various studies
have investigated distinct mechanisms and proposed theoretical opinions, a comprehensive understanding of psilocybin’s neurobiological and
psychological antidepressant mechanisms is lacking.

Aims: Systematically review potential antidepressant neurobiological and psychological mechanisms of psilocybin.

Methods: Search terms were generated based on existing evidence of psilocybin’s effects related to antidepressant mechanisms. Following Preferred
Reporting Items for Systematic Reviews and Meta-Analysis guidelines, 15 studies were systematically reviewed, exploring various therapeutic change
principles such as brain dynamics, emotion regulation, cognition, self-referential processing, connectedness, and interpersonal functioning.

Results: Within a supportive setting, psilocybin promoted openness, cognitive and neural flexibility, and greater ability and acceptance of emotional
experiences. A renewed sense of connectedness to the self, others, and the world emerged as a key experience. Imaging studies consistently
found altered brain dynamics, characterized by reduced global and within default mode network connectivity, alongside increased between-network
connectivity.

Conclusions: Together, these changes may create a fertile yet vulnerable window for change, emphasizing the importance of a supportive set, setting,
and therapeutic guidance. The results suggest that psilocybin, within a supportive context, may induce antidepressant effects by leveraging the
interplay between neurobiological mechanisms and common psychotherapeutic factors. This complements the view of purely pharmacological effects,
supporting a multileveled approach that reflects various relevant dimensions of therapeutic change, including neurobiological, psychological, and
environmental factors.

Keywords
Psilocybin, depression, mechanisms of change, common factors of psychotherapy, functional connectivity, default mode network, experiential
avoidance, connectedness

investigated the use of psychedelics in treating several mental
disorders, such as depression, anxiety disorders, and alcohol
addiction (Passie et al., 2002). After psilocybin was listed as a
Schedule I drug by the United Nations in 1971, all research came
to an end despite promising early findings of significant antide-

Introduction

Depression can be characterized as a disease of disconnection:
from the sense of self, significant others, the environment, emo-
tions, and behaviors (Christensen et al., 2022; Osler, 2022;

Wickramaratne et al., 2022). Symptoms of depression further
maintain disconnection by decreasing individuals’ motivation to
engage with novel positive stimuli, favoring negative informa-
tion (Winer and Salem, 2016). Recent research suggests hyper-
connectivity within the default mode network (DMN) as an
underlying neurobiological factor of rigid functioning and nega-
tivity bias (Chou et al., 2023; Guha et al., 2021; Zhou et al.,
2020). Decreased openness for novel stimuli poses a significant
challenge for therapeutic change processes, particularly in treat-
ing depression. About 30% of those diagnosed with depression
fulfill the criteria of treatment-resistant depression (TRD), lead-
ing to disproportionately high healthcare costs and significant
mental distress, highlighting the great need for novel treatment
approaches (Zhdanava et al., 2021).

Classic psychedelics such as psilocybin have been used by
humans for thousands of years in indigenous medicine traditions
(Lowe et al., 2021). In the 1960s, researchers enthusiastically

pressant effects (Lowe et al., 2021). More than 50 years after the
prohibition, research was revived with a series of clinical trials,
initiating the so-called psychedelic renaissance (Kelly et al.,
2022; Pearson et al., 2022).
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Psilocybin, a psychedelic prodrug compound, is naturally
produced by over 200 mushrooms (Nichols, 2020). Its active
metabolite psilocin can cross the blood—brain barrier and exerts
an agonistic effect on serotonin 5-HT,, receptors (MacCallum
et al., 2022). 5-HT,, receptors are a key component of the sero-
tonergic system, which is associated with a wide range of func-
tions including emotion and mood regulation, complex cognitive
processing, perception, and learning (Svob Strac et al., 2016).
5-HT,, receptors are most densely expressed in the prefrontal
cortex, limbic system, basal ganglia, and claustrum (Hensler,
2012; Svob Strac et al., 2016). Psilocybin induces various subjec-
tive effects including changes in self-referential cognition, emo-
tional states, and sensory experiences (Studerus et al., 2011).
Collectively, the effects are known to acutely alter individuals’
sense of consciousness, inducing phenomena described as oce-
anic boundlessness, ego dissolution, or visionary restructuraliza-
tion, among others (Studerus et al., 2010). Other subjective
effects commonly referred to as mystical-type experiences
encompass profound feelings of unity, noetic quality, positive
mood, transcendence of time and space, and ineffability, among
others (MacLean et al., 2012). Recent studies have placed par-
ticular emphasis on feelings of unity and connectedness with
oneself, others, and the world (Watts et al., 2022).

At the neural level, psilocybin is believed to promote neuro-
plasticity and change functional connectivity (FC) by reducing
within-network FC and increasing between-network FC, includ-
ing in the DMN (Gattuso et al., 2023; Ly et al., 2018). These
changes in FC are linked to alterations in brain modularity, a
measure of how distinctly brain regions or networks interact
(Sporns and Betzel, 2016). Higher brain modularity reflects more
segregated, specialized network activity, which may enhance
specific cognitive functions (Chaddock-Heyman et al., 2020).
However, excessive modularity can lead to rigid functioning,
whereas reduced modularity supports increased network integra-
tion and flexibility (Gattuso et al., 2023; Sporns and Betzel,
2016). Together, psilocybin’s impact on brain dynamics may thus
foster more flexible and less rigid brain functioning.

The effects vary greatly depending on the individual, dos-
age, and the psychological, emotional, and environmental con-
text, collectively known as set and setting (Hartogsohn, 2017;
MacCallum et al., 2022). It is crucial to understand that
increased sensitivity to context opens the door for both func-
tional and dysfunctional change, depending on the context’s
nature. In a hostile environment, increased context receptivity
is likely to promote anxiety and increase the risk of adverse
events, whereas in a supportive setting, it may help to over-
come rigid depressive states previously limiting treatment effi-
cacy (Griinder et al., 2024b).

A growing body of evidence suggests that psilocybin-assisted
therapy exerts its antidepressant effects through mechanisms of
change known from psychotherapeutic processes (Greenway
et al., 2020; Griinder et al., 2024a; Nayak and Johnson, 2021;
Wolff et al., 2024). The so-called common factors are well-
researched and offer a helpful framework for understanding the
therapeutic effects of psychedelics. Results from meta-analyses
highlight the centrality of alliance bond experience, agreement
on means and goals of the therapeutic endeavor, perceived empa-
thy and positive regard from the therapist/setting, opportunities
for emotional expression and experience, activating resources,
motivational clarification, and mastery by self-management and

emotion regulation (Grawe, 2000; Norcross and Lambert, 2018;
Wucherpfennig et al., 2024).

The findings from recent clinical trials, employing psilocybin
within supportive therapeutic contexts, suggest sustained antide-
pressant effects alongside rather minor and temporary adverse
events (Watford and Masood, 2024). However, the findings of
early trials face methodological challenges concerning blinding
and pre-treatment expectancy and must therefore be interpreted
with caution (Mertens et al., 2022). Despite challenges, the grow-
ing evidence indicates psilocybin might serve as an attractive
alternative to traditional drugs for depression (Watford and
Masood, 2024). However, to inform new treatment approaches, a
comprehensive understanding of the mechanisms underlying the
antidepressant effect is necessary. While various theoretical arti-
cles focus on distinct mechanisms of psilocybin, a comprehensive
review including recent empirical data on both neurobiological
and psychological antidepressant effects is lacking.

This systematic review primarily aims to address this knowl-
edge gap by providing a holistic overview, integrating both the
neurobiological and psychological effects of psilocybin previ-
ously associated with antidepressant mechanisms.

Other levels of explanation, such as molecular and cellular
mechanisms, may be crucial as well and have been discussed
extensively in previous reviews (e.g., Jaster and Gonzalez-
Maeso, 2023).

Moreover, this review also acknowledges the ongoing debate
over whether psilocybin operates solely through direct pharma-
cological means, a notion which is already questioned for classic
drugs for depression (Rief et al., 2016), or if its effects are com-
plemented by subjective experiences, thereby catalyzing com-
mon factors of change in psychotherapy (Goodwin et al., 2024;
Griinder et al., 2024b; Mander et al., 2013; Mertens et al., 2020;
Norcross and Lambert, 2018). As a secondary objective, this
review seeks to contribute to this discourse by discussing paral-
lels between its findings and established concepts of psychedelic
effects and common factors of psychotherapy. The outcomes
may inform future research and add to an empirical base for
instruments measuring psychotherapeutic change mechanisms in
psychedelic-assisted therapy, such as the General Change
Mechanisms Questionnaire (GCMQ) introduced by Wolff et al.
(2024).

Methods

Protocol

This review was conducted using the preferred reporting items
for systematic reviews and meta-analysis protocol (PRISMA;
Page et al., 2021) and the guidelines outlined in the Cochrane
Handbook for Systematic Reviews (Higgins et al., 2023).
Inclusion and exclusion criteria were structured based on the
PICOS framework (Population, Intervention, Comparator,
Outcome, Study Characteristics). The research protocol has been
pre-registered under https://www.osf.io/eswn7.

Inclusion criteria

The review included studies that met the specified inclusion
criteria:


https://www.osf.io/eswn7
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Population. Human populations with diagnosed depression or
healthy subjects in studies directly related to depression. Samples
with depressive conditions included various diagnoses, such as
major depressive disorder (MDD) and TRD.

Intervention. Studies involving psilocybin therapy, with a min-
imum dose of 10mg in the test group, administered in a con-
trolled and guided study context. Microdosing was excluded, as
current evidence indicates that significant antidepressant effects
are primarily observed at moderate to higher doses in clinical tri-
als (e.g., Goodwin et al., 2022).

Comparator. Studies with randomized placebo or active control
groups. Alternatively, pre—post comparisons, if higher standard
designs are not available on the same issue, for example, follow-
up studies.

Outcome. Studies focusing on antidepressant neurological or
psychological mechanisms of psilocybin and associations with
common factors of psychotherapy.

Study characteristics. Clinical trials of all types (quantitative
and qualitative) were published from 2015 onwards in English or
German language. This review included studies from 2015
onwards to focus on modern psilocybin trials with controlled
protocols, depressive samples, and recent advancements in neu-
roimaging and brain functioning research.

Exclusion criteria

Studies were excluded if they:

(a) Administered other psychedelic substances than psilocy-
bin. Although comparable reviews, such as (Gattuso
et al., 2023), often include other serotonergic hallucino-
gens like lysergic acid diethylamide (LSD) or dimethyl-
tryptamine (DMT), this review focuses on psilocybin
due to its recent prominence in research and clinical tri-
als. In addition, it may be beneficial to investigate the
effects of one substance in isolation during the early
stages of this research field and later generalize and com-
pare it to other related substances. It is also important to
note, that although LSD and DMT are also classified as
classic serotonergic psychedelics, their drug effects dif-
fer in duration and intensity from those of psilocybin
(Gattuso et al., 2023);

(b) Used retrospective data on past dosing sessions that were
not controlled parts of the study;

(c) Investigated clinical benefits without the underlying
mechanisms responsible for the effect. Studies focusing
primarily on quantifying clinical outcomes, such as anti-
depressant efficacy, without exploring the mechanisms
driving these effects were excluded, as this review aimed
to explore potential antidepressant neurobiological and
psychological mechanisms of psilocybin;

(d) Focused on fundamental research on brain mechanics
and subjective effects of psilocybin lacking a clear con-
nection to depression symptoms or antidepressant
effects; and

(e) Were review articles and conceptual or theoretical articles.

Search strategy and identification of studies

Between November 18, 2023 and December 5, 2023, a compre-
hensive literature search was conducted using multiple online
databases including PubMed, PsycINFO, PsycARTICLES, Web
of Science, and Clinicaltrials.gov. Search terms were identified
upon existing literature on antidepressant neural and psychologi-
cal mechanisms of psilocybin (i.e., FC, neural plasticity, flexibil-
ity, openness, connectedness, experiential avoidance) and
common factors of psychotherapy or terms serving as proxies
(i.e., alliance, empathy, problem activation, resource activation,
emotional activation) and combined with “psilocybin.” An
exhaustive list of search terms and operators is available in the
Supplemental Material.

Study selection

The search results were imported into Covidence, a web-based
collaboration software platform for systematic reviews
(Covidence, 2023). Duplicates were removed automatically by
Covidence and references were screened for eligibility by the
author J.L. in two rounds: (1) title and abstract screening fol-
lowed by (2) full-text review.

Data extraction

Data were extracted using a predefined template that included the
aim of the study, sample characteristics such as clinical status, age,
gender, sample size, information on treatment including study
design, conditions, dose of psilocybin/placebo, information on sup-
portive therapy, and outcome measures. To address the interdisci-
plinary nature and the aims of this review, the outcome measures
were specified, differentiating between brain dynamics, psycho-
logical findings, and secondary outcomes. We decided against con-
ducting a meta-analysis due to the nature of the research question
and the insufficient availability of data that could be statistically
aggregated. Instead, we chose to perform a narrative synthesis.

Risk of bias assessment

The included studies were evaluated for their risk of bias and
study quality. Randomized controlled trials (RCT) were assessed
using the revised Cochrane Risk-of-Bias tool for randomized tri-
als (RoB 2; (Sterne et al., 2019). The overall risk of bias was
assessed on a scale with three tiers: low risk, some concerns, and
high risk. Non-RCTs were assessed using the Risk Of Bias In
Non-randomized Studies—of Interventions tool (ROBINS-I;
(Sterne et al., 2016). The overall risk of bias was assessed on a
scale with four tiers: low, moderate, serious, and critical.
Qualitative reports were assessed using the Critical Appraisal
Skills Programme (CASP; Critical Appraisal Skills Programme,
2024). All three tools are commonly used in systematic reviews
and were recommended in the Cochrane Handbook for system-
atic reviews (Higgins et al., 2023).

Results
Study selection

The search resulted in a total of 352 papers across databases.
After the removal of 77 duplicates, 275 studies were screened
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Figure 1. PRISMA flow diagram.

PRISMA: preferred reporting items for systematic reviews and meta-analysis.

against title and abstract. Fifty-seven references were assessed
as eligible for full-text screening. A citation search of these arti-
cles provided one more result that was included in a full-text
review, increasing the total count to 58 papers. After a full-text
review, 43 studies were excluded. See Figure 1 for a detailed
flow chart of the process and all exclusion reasons. A total of 15
studies fulfilled the inclusion criteria and were included in the
review.

Overview of included studies

Table 1 provides an overview of the aims, sample and treatment
characteristics, and outcome measures of the 15 included studies.
The included studies were based on data from seven distinct trials
with a total of 251 probands. The trial ID for each study is refer-
enced in the table under the 7rial column, indicating when multi-
ple analyses are based on the same trial. For a comprehensive

mapping of the included studies and the source trials, please refer
to the Supplemental Material. To address the heterogeneity of the
included studies and facilitate the differentiation of therapeutic
mechanisms, the studies were clustered into four preliminary
domains based on their study aims and outcome measures: (1)
Brain dynamics; (2) Emotion regulation; (3) Cognition & self-
referential processing; and (4) Connectedness & interpersonal
functioning. Yet, the domains are not exhaustive, and some stud-
ies contributed to more than one domain due to their integrative
study aims.

Clinical status. Seven studies utilized data from a trial with a
sample of individuals diagnosed with MDD and five studies
included samples of probands with TRD. In addition, four studies
used samples of healthy probands, aligning with depression-ori-
entated study aims. One study included two trials with samples of
MDD and TRD, respectively.



401

Liebnau et al.

(panunuo))

foueyadxy

pue ‘Aysuajug ‘qybisug Jeuorjowy :00T—0 40 3)eIS B U0

Te “(1g3) ybnoiypieaig jeuorows ‘(DIw) ddudLiadxd

1e21shiy (g-518) Aatsindwy ‘(Sy1aow) uondiosqy
‘(Sv48 8 148) Aaneuosiag anly big e/u

(01d) yB1sut 1eatbojoydAsq “(1g3) ybnoaypieaiq
Jeuorows ‘(D3w) dduduadxa 1eaushi ‘(1q3) uounjossip
063 “(S)M) sseupairauuo) ‘(3tea]-1v1S) Mewxuy ‘(Svars)

u01eaPL 1PN ‘(9TYS-SAID '8 SYAYW) uoissaidag

‘(samwam) butag-nam ‘(Dv3g) @dueploae Jequauiadxg e/u
(21835 butiel 0T-T 3 SAVHS)

TYW4 Buunp ainseard pue “(S3H) UOLIOWS PAOAS JLSN|y JYN 40 )4

4w

(Syy) uoneutwny ‘(1qg '3 91¥S-SAID) uoissaidag  pue ejepbAwe ut )4

9V 1eleiellq
(D3d) sutewop jeosoydAsd ut sabuey) pue 224 “4dw
“(SY-QG) SS8USNOLISU0D JO S83eIS palaly 1SqNY NW@ 40 D4

‘933 BLA painseaw
(L1-0-WVH Q1¥9) uotssaidag  1amod ejay) pajoa3

sqny NS pue
‘N3 ‘NWa Jo Aqixay

sjdomiau pue

(10g) uotssaidag  ‘Ajueinpow uteiq ‘)4
ejepbAwe

Jesene)lq pue “)ybs

“J4dWwA ‘Hd JesRrelq

(9T¥S-SQID) uotssaidag 40 D4SY ‘0109 ‘49

Rytep pue bt x g 10
ogadeyd Ajtep g buigz x 2

Rytep pue bt x g 10
ogade)d Ajep g buigz x g

pede shep/ bwgz 3 01

ypede skep/ buigz 8 01T

o

Rep yay uo by/Bwgieo

uighooyisd by/bw g o
1938 S23M ¥ ‘0gE]d

Rytep pue Bw T x g 10

ogaoeyd Ajtep B Buigz x 2

ede shep/ buigz 8 01T

ede shep/ bw gz 3 0T

weidojeydsy -z
utghooyisg 1

weidojeydsy -z
uighoyisq °1

uighooyisg 1

uighooyisq °1

ogadeyd ‘2
ulghooyisg 1

uighooyisg -z
0gadeld ‘T

weidojeydsy 'z
uighooyisq 1
b

uighooyisq °1
:12gp)-uadp

ulghooyisg 1

L %99 & %YE

‘sjtes} (£202)
7 adw faneuosiad any big ‘e 32 sstom 2
Butuopouny JejuaIalal-)as |3 uouboy

sainseaw 1e2160j0ydAsd 10y B SoLweuhp uteig

Suo3LPUO)

SaInsesw awodng

(e202)
L %99 ‘& %yE Iy QQW  9JuBpLOAR JeljudLIddX] ‘e 19 Uewta7 2
"4 pue (€202) e 32
L %89 ‘& %2E LYy QYL  Suoljows paxoAd-dlsn nojboinynys T
*Buissanoid
90y Jeuojows buunp
4dwA-ejepbAue (0202)
L %89 & %€ LYy ayL 40 AyiAaUL0D DY “1e 39 sudpRl T
uotjenbai uorowy
*$S3USNOLISU0D (e6102)
L %19 & %6E £15 Aynesy 195 pue 34 NW@  “1e 39 bisjaibLuig k4
“Rypuserd (€202)
L %2E S %89 827 QdW  1ednau Jo s31e1ali0d 933 e 33 JLUsoxS €
102 %99 ' %vE *Ryaoe
1y 1y 1y NWQ pue ‘Aueinpow
P %89 ‘5 heE ‘I'v7 QOW ‘D4 ‘uonesbajul jeqoyp (2202)
;Joqoj-uadp  joqoj-uadp 73 QYL :butuogouny uteig e smeq 2T
*MO}4 POO)q |BIGaIDI
‘Ryuenpow uteq (£102) e 12
L %89 ' %2E Ly ayL )4 SolueydaW uelg SUIRH-1eYIR) T
sotweuAp utesg
snjels
JELNED) aby qeaw)
so1psualdeleyd ddwes Apn1s jo wiy ERICIETCNER =TT

*S2UNSEAW SWOIINO PUB SALPNIS JO MILAIAQ *T d)qef



Journal of Psychopharmacology 39(5)

402

$SjuBWIeal] J3Y30 03 aiedwod 3L SIOP MOH ;piemialye syjuow

pue s3aam ay3 uL 199} nok pip moH ;butsop buunp pauaddey jeyp ;paul nok aaey sjuswieas jeym ;Apnis sy 21049q uolssaidap Jo ddusauRdxe INOA sem Jeyp ‘@dwexa 1oy :sadudLIadxd Judljed UO SMILAISIUL PRINJINIIS DALIRILIENY
‘81eas butag-1am Jejusw ybinquip3-yoImiep :SGMWIM ‘]IS SSBUPSIIBULO0I SIIBM SIM ‘B]BIS SSaUINJpULW 03U0I0] S|y ‘diysuoie)as dianadelayy ay3 ssasse 03 31eds :d-YVy1S ‘Alojuanul Ajaixue Jiei-a3els :3tel] -TyLS ‘8]eds saynquiie
UOLIBDPL |BPLILNS SIS ‘21eIs ainseald uojLweH-yIleus :SqyHS ‘91eas asuodsas uojeutwnt :Syy ‘AbojojewoldwAs aaissaidap jo Aiojuaaul 3dtnb :9TYS-SAID ‘aiteuuolysanb Jybisut jeatbojoydhsd :p1d ‘aiteuuorysenb s3oayye burysisiad
:D3d Ise3 3dadu0d ain3aid :]Jd ‘1593 UOLSN}IX® JRUOLILPUOD UURY :]3)d ‘@)Npayds 19ajje aalebau pue aaltsod :SyNYd ‘@1eds uondiosqe uabayial-payLpow :Sy1qOW ‘@Ateuuolysanb adusuadxe jearrshw :p3 ‘1593 Ayredws pajadejqnu
:]3W ‘a4teuuorisanb yidap uowejipaw :PIQIW ‘42IDWOWLIBYY SSAIISLP Jesow W ‘o1eds buiyes uotssaidap Biaqsy-Aiawobiuoy :SYQyYW ‘@1e3s wsworsAw :91eds-| ‘pasiaai-Aiojuaaul sebueyd ajl) :y-1)7 ‘uotssaidap 1oy 91eas burjes uojL
-WeH :/T-0-WVH QI¥9 ‘2]e3s JISNW Jeuoljows eAsuY :SiI9 ‘Alojuaaul ssaujnjpuiw bingraid 14 ‘Alojuanul coa.z:_omm% oba :103 ‘A10juaaul ybnouyyealq jeuciyows :1g3 ‘yauig-a)eds Ayalsindwl jauieg :g-s1g ‘Alojuaaut aay big :14g
‘a)eas syoadse aAy biq :Sy4g ‘aiteuuolsanb adueploAe jerjuauadxe Jauiq :pyag ‘Aiojuaaul uolssaidap 329g :1qg IS} 9SN dALJRUIDIE | NY (B]EIS SSAUSNOLISUOD JO SIS PaIS)|e |eUOLSUBWILP dAY :)SY-AS :Saunspayy 1p216ojoyIAsy (x9310d
1e3u04j21d 1ELPIWOIIUBA (){dWA (}I0MIBU dIUBLIES NS ‘X140 93eInbuld Jousjue Jenuabgns :)Jybs (A3iAL309uu0d Jeuoliduny a3e3s-bulisal :)4SY ‘Asaiaiul Jo uotbal :10Y ‘snAb jedwedoddiyesed :Hd ‘xa3403 a3eNbuLd Joudsod ))d
{SURQLUNJIE SNB1INU YN ‘X23402 Jejuoiaid Jetpaw )4dw ‘paytdads asmiayio ssajun butbewl soueuosal d13aubew jeuor3duny [Ty BLA painseaw 1]y ‘A31A1309uu0d JeuoLjduny )4 Homiau aALNIexa N3 ‘Aydesbojeydasusoiids)s :933
510MI3U BpOW JINEBP :NWQ ‘MOY4 POO]q Jeigasad :4g) ‘Quapuadap usabAxo pooiq :q10g ‘snuAb senbue :gy !xe1103 a1eINbULD JouBIUR D)V 0¥ ¥ SwpUAp uIpig ‘ialje suolssas uoljeibajul pue ‘buisop buunp buipinb ‘ai0jaq suolssas
uotjesedaid :sap :Adbiay) anipoddns (papul)q-a)qnop a1am S|y 18 “|eL] Pa1)0iu0d PaZLWOpUR )Y {BLI} Pa]|0J3u0d PazLWopueI-uou :[JYN :ubisag ‘uolssaidap Juelsisal-juawiless) qy| ‘4apiosip aAlssaidap tolew :qQi :snIp3s JwLUL)
*(£102) "1e 39 Awiood =/ :(0202) "1e 32 uosel=9 :(1202) "1 39 siaeq =6 :(q6102) 1B I LisPLbLWS =4 {(£202) "1e 33 ylusoyS=¢ {(1202) "8 I3 SLueH-Mewe) =g {(£102) "8 19 SLUeH-JeyIe) =T S|eu3 924noS :jeu ‘ajoy

(SYNVd) 12243y “(JSY-QG) Ssausnopsuod jiede skepor (ojuuew) 0gadeld 2 “Bupjew-uotsiap (z102)
40 s31e35 pasany ‘(1aw) ewwalp jesol “(13w) Ayreduwy e/u oN ogadeyd ‘by/buigrz:o ughooyisd 1 104 26 L WESE %Ly £'92 Aynesy Jesow pue Ayjedwy ‘e1s Awoyod £
weidojeyoss
(193) ybnoiypieasg jeuorjowy Rytep pue but x z 10 *S3WW0IIN0 JUSWILI] pue
“(D3w) @duauadxa 1eaysAy ‘a1eas o1-0 :Moddey ogade)d Ajep g bugz x ¢ weidojejdsy 'z ‘9duauiadxa d1apaydAsd (z202)
‘(d-¥v1s) diysuorreras snadessy] “(sqIp) uotssaidag e/u SOA Jede syeam g ulqhoo)isd ‘1 10¥ 65 L %99 ‘& %yE 19 aaw ‘aauelyje onadesay | e 39 Aydiny 2

weidojeyass
Rytep pue bt x g 10
ogadeyd Ajep g buigz x gz  wesdojejrdsy g *30n135U02 (pliom ‘s1dy30 (z202)
(S2M) ssaupajoauuo) “(9T¥S-SAID) uotssaidag e/u S9A Jede s)eam g ulghoo)isd ‘1 108 65 L %99 ‘& %YE 19 aaw ‘}19S) SSaUP3AUUO) 1e 19 s1em 2z
‘uighooyisd yam
juawieas) Jo sadusuadxa
pue swstueydsw

juessaidapiiue jo (£102)
s9ouaLadxa Jualjed U0 SMBLAIDIUL PRINJINILS BALIRILENY e/u SOA uede shep/ buigz 3 01 ulghaoyisd "1 19qe)-uadg 6T L %89 ‘& %2E LY il SJUN0JJ® dALIRILeNY “1e 18 s1em 1
Butuotouny Jeuosiadiaul g SsaUPaIIBULO)
(JSY-@G) SSAUSNOLISUO0D 4O S3IeYS sndwedoddiy pue 0gade)d ‘2 *sabueyd Jo sijiewolq (1202)
paseqly ‘(1NV B 12d) Bubjuiyy Juabiaatp pue Juabiaauo) Jidw :sqny NWQ 40 I4 OoN ogadeyd Jo Byy/buwi /170 uighooyisg 1 109 09 L %8G ‘S %Y €2 Ayneay pue Bupjuiyy aaiess) ‘e 32 uosey 9
ogaded 1o pede uLqhooisq
22d PUe )V 40 D45y SY2am9'T ~ 6%0./6w 0g pakejaq
(132d) uoduny 3A1IN2X3 ‘(24 40 so1weufp) pue B0z/bwoz +1013u0) "2 "24 pue Ayqixayy
(£1-0-WYH-Q1¥9) uoissaidaq faniqixay jenan SOA 1s3s0p 2 uighooyisd 1 10¥ 72 L %EE 'S %L9 8'6E QW Jeinau pue aawbo) (1202) eI SS0Q G
(¥-127) sepn3iwe pue Jolaeyaq ut sabuey) -ad1poeud
‘(3125-W) seouauadxa 1ea13sAY “(ISY-QG) SSAUSNOLISU0D uorjeiLpaw
40 sa3e3s paselly “(0D303W) yadep uonelpay asuajul 0gadeld 2 “Butuorpuny jerosoyahsd (g6102)
‘(SWL) ssaunyputw a3e15 “(IW4) ssauInyput Jies| e/u  3ng ‘oN 0gade|d Jo By/buisTe0 uighdoyisd °1 104 65 L %65 ‘S %Ly £'15 Rynesy pue ssaujnyputy e 39 pispbus g
snjes
sainseaw 1eatbojoydhsd 10y B sowweuhp uteig Adesay uighooyisd jo asoq SUOL}LpU0) ubisag N Japuag aby 1eawun)
SaInseauw awodnQ Juaweas) saysualeleyd ajdwes Apmys o wy DuaIayeY Jeu]

(panuyuo)) °1 3qeL



Liebnau et al.

403

Study design. Five studies were single-arm open-label designs
with pre—post measures. Among these, one study utilized qualita-
tive methods, while the remaining four employed quantitative
methods. Ten studies used RCT and one study used data from a
non-randomized, but controlled trial (NRCT). One study included
both, an open-label trial and an RCT. The RCTs either used a
placebo or the serotonin reuptake inhibitor escitalopram as an
active comparator.

Dose of psilocybin. The administered dose of psilocybin ranged
from 0.17 to 0.315mg/kg body weight or up to 25mg in max
dose independent of body weight. Probands received either one
or two doses across all studies. In all cases, psilocybin was
administered orally.

Supportive therapy. All studies with clinical samples included
supportive therapy sessions before, during, and after dosing ses-
sions. Preparation sessions were commonly used for psychoedu-
cation and intention-building. Therapeutic guidance during the
dosing sessions had a non-directive, supportive character, and the
sessions after the dosing were used for integration work. Yet, the
supportive sessions varied in frequency, skill level of the thera-
pist, and specific therapeutic concepts employed. Probands of
studies without supportive therapy were nonetheless briefed
intensely and guided by health practitioners throughout the entire
trial.

Outcome measures. The outcome measures of the included
studies were heterogeneous. For better clarity, (1) brain dynamics
measures and region of interest, (2) psychological measures, and
(3) secondary outcomes were reported separately. Eight studies
employed brain dynamic measures including FC, cerebral blood
flow, or blood oxygenation level-dependent via functional mag-
netic resonance imaging (fMRI) or neural plasticity via electro-
encephalography (EEG). All 15 included studies employed
psychological measures. The type of measure was diverse, rang-
ing from depression severity to assessments of personality, cre-
ativity, emotion regulation, acute psychedelic effect, therapeutic
relationship, connectedness, anxiety, rumination, empathy, and
measures of moral decision-making.

Outcomes

Table 2 contains a narrative synthesis of outcomes grouped by
potential mechanisms of action investigated. Due to the heteroge-
neity in the quality of study design and the aims of included stud-
ies, the reported outcomes were dependent on the best available
body of evidence. Statistical significance was considered at a
p-value below 0.05 (¥p <0.05; **p<<0.01; ***p<<0.001). The
studies reported different effect sizes including correlation coef-
ficients 7, Cohen’s d, Hedge’s g, and n*/partial n°. Adhering to
standard conventions, a |7 of 0.10 is considered small, 0.30
medium, and 0.50 large; for both ¢ and g 0.20 is considered
small, 0.50 medium, and 0.80 large; while 1> or partial n* of
0.01 is considered small, 0.06 medium and 0.14 large (Cohen,
1988).

Brain dynamics. A total of eight studies examined the sub-
acute effects of psilocybin on brain dynamics based on data from

one open-label trial and five RCTs. The most investigated sub-
jects were alterations in FC of brain regions associated with
depression via fMRI. Hubs of the DMN, such as the mPFC,
vmPFC, PCC, and AG were investigated as key regions of inter-
est along with the ACC, amygdala, PH, and NAc.

Functional connectivity. All studies found alterations in
FC following psilocybin compared to placebo or baseline. The
predominant finding observed in four studies was a reduction in
resting-state connectivity within the DMN, coupled with a simul-
taneous increase in FC between the DMN and other networks
such as the executive network (EN), salience network (SN),
and visual cortices (Daws et al., 2022; Doss et al., 2021; Mason
et al., 2021; Mertens et al., 2020). The study by Smigielski et al.
(2019a) on a healthy test group reported a reduction in FC within
the DMN correlated with higher scores on measures of oceanic-
self-boundlessness, an acute effect of psilocybin linked to feel-
ings of unity and connectedness. In addition, the same study
found increased resting-state connectivity within specific DMN
hubs, (mPFC-PCC) and decreased FC within other DMN hubs
(mPFC-AGQG) during meditation. Both effects predicted a positive
change in psychosocial attitudes at a 4-month follow-up.

While the FC between the DMN and other networks like EN,
SN, or visual cortices increased (Daws et al., 2022; Mason et al.,
2021; Mertens et al., 2020), it did not universally increase across
all brain regions. Mertens et al. (2020) reported a decrease in FC
between the vimPFC, a key hub of the DMN, and the amygdala
during emotional face processing following psilocybin. This shift
was significantly correlated with lower rumination scores 1 week
post-psilocybin. Carhart-Harris et al. (2017) found decreased
resting state connectivity between the PFC and the parahip-
pocampal gyrus (PH) post-psilocybin, correlating with depres-
sion treatment response. Responders showed significantly greater
decreases in PFC-PH resting state connectivity compared to
non-responders.

Global modularity. A two-trial study by Daws et al. (2022)
reported a significant decrease in global brain modularity and
greater global brain network integration compared to base-
line (open-label), and escitalopram (RCT), respectively. This
effect significantly correlated with improvements in depression
symptoms at 3 weeks following psilocybin, but not escitalo-
pram, and at 6 months compared to baseline. In addition, two
studies identified simultaneous global increases in FC across
the brain, compared to control and placebo (Doss et al., 2021;
Mason et al., 2021).

Cerebral blood flow. Carhart-Harris et al. (2017) found
a decrease in CBF in multiple brain regions, including the left
amygdala, post psilocybin. The decrease in the amygdala corre-
lated with decreased depression symptoms compared with base-
line.

Neural plasticity. One study investigated neural plasticity
by measuring average theta power amplitudes through EEG,
serving as a neural correlate, following psilocybin compared to
placebo (Skosnik et al., 2023). While the average theta power
amplitudes did not change 24 h after psilocybin, it doubled, com-
pared to placebo, 2weeks post-treatment, indicating enhanced
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neural plasticity processes and correlating with improvements in
depressive symptom severity scores.

Emotion regulation. A total of three studies employed mea-
sures that were associated with emotion regulation. Two studies
used data from an open-label trial that incorporated assessments
of brain dynamics. One study was based on an RCT solely with
psychological outcomes. Across studies, two main effects on
emotion regulation have formed following psilocybin treatment
in supportive contexts. First, a significant decoupling occurred
between limbic brain regions and the DMN during exposure to
emotional stimuli, concurrently accompanied by strengthened
connectivity to visual cortices. Second, patients were more open,
non-judgmental, and accepting toward challenging or distressing
emotions and sensations, demonstrating less experiential
avoidance.

Altered connectivity of limbic regions. Two studies
investigated altered brain dynamics following psilocybin dur-
ing exposure to emotional stimuli including emotional faces and
emotional music (Mertens et al., 2020; Shukuroglou et al., 2023).
Both reported decreased FC between limbic regions including
amygdala and NAc and the DMN. Moreover, a simultaneous
increase in FC of both amygdala and DMN with occipital-pari-
etal-cortices was reported, suggesting a heightened influence of
external visual stimuli during the processing of emotions and self
(Mertens et al., 2020).

Anhedonia. One study reported significant increases in
pleasure and peacefulness listening to music as well as reduced
music-evoked sadness post-psilocybin compared to baseline
(Shukuroglou et al., 2023). In the same study, anhedonia scores
improved significantly from baseline to 1 day, 1 week, and
3months post-treatment. While the decoupling of DMN and
NAc did not correlate significantly with decreases in anhedonia,
post-psilocybin music-evoked pleasure was significantly associ-
ated with greater reductions in anhedonia scores at 1 week post-
treatment.

Experiential avoidance. Experiential avoidance was sig-
nificantly reduced 6 weeks following psilocybin, but not escit-
alopram (Zeifman et al., 2023). In a study on qualitative reports
of patients’ experiences of treatment with psilocybin, changes in
experiential avoidance were among the most common themes
(Watts et al., 2017). Sixteen out of nineteen patients reported
a change from avoidance of difficult or painful emotions and
memories toward greater motivation and capacity for acceptance
and confrontation. Patients shared that, even if feeling the previ-
ously avoided emotions was very intense, they experienced relief
and bliss by surrendering to the emotion. Fifteen out of nineteen
reported that their emotional repertoire expanded long term after
treatment.

Increases in well-being and decreases in depression severity,
suicidal ideation, and trait anxiety at 6 weeks post-treatment were
significantly mediated through reductions in experiential avoid-
ance in the psilocybin group, but not in the escitalopram group
(Zeifman et al., 2023). All improvements driven by reductions in
experiential avoidance were found to be significantly serially
mediated by increases in connectedness. Suicidal ideation was
the only exception to this pattern. Moreover, the reduction in

experiential avoidance was significantly positively correlated
with experiences of ego dissolution and psychological insight.

Cognition & self-referential processing. Four studies investi-
gated the effect of psilocybin on cognition and self-referential
processes, based on data from four RCT trials. Two studies also
included measures of brain dynamics to investigate the neural
correlates of psilocybin-induced changes to cognitive processes.
The investigated psilocybin-induced effects were diverse and
included changes in personality, consciousness, mindfulness and
meditation depth, and neural and cognitive flexibility.

Personality changes. Psilocybin induced significant reduc-
tions in Neuroticism, Introversion, Disagreeableness, and Impul-
sivity, along with increased Openness and Absorption at 6 weeks,
persisting for Neuroticism and Disagreeableness at 6 months
(Weiss et al., 2023). While neither Introversion nor Absorp-
tion changed in the escitalopram control, comparable changes
were noted at 6 weeks, with only Neuroticism persisting after
6months. No significant differences in personality changes were
observed between conditions. Pre-treatment expectancy signifi-
cantly moderated changes in Neuroticism and Consciousness in
the escitalopram condition. Expectancy was not shown to signifi-
cantly moderate any outcomes in the psilocybin condition.

Consciousness and self. Psilocybin led to higher post-
retreat trait mindfulness scores and greater meditation depth
compared to placebo (Smigielski et al., 2019b). In addition,
ratings for oceanic boundlessness, visionary restructuraliza-
tion, and vigilance reduction were significantly higher follow-
ing psilocybin compared to placebo. At 4months, perceived
changes in psychosocial behavior and attitudes were notably
higher in the psilocybin group, along with higher ratings on
Self-Acceptance, Appreciation of Life and Death, and Quest
for Meaning/Sense of Purpose scales, all surpassing placebo
levels. Experience of unity explained a significant amount of
variance in score on the subscale Self-Acceptance. See Table 2
for more details.

Neural and cognitive flexibility. As previously men-
tioned, psilocybin induced significant reductions in resting-
state brain modularity and increases in between-network FC,
indicating greater neural flexibility (Doss et al., 2021). Studies
investigating the relationship between neural and cognitive flex-
ibility reported mixed findings. On one hand, psilocybin led to
decreased perseverative errors in an executive functions measure
indicating improved cognitive flexibility (Doss et al., 2021). On
the other hand, psilocybin acutely impaired measures of conver-
gent thinking and aspects of divergent thinking compared to pla-
cebo (Mason et al., 2021). While convergent thinking remained
decreased at 1 week post-treatment, measures of divergent think-
ing either matched placebo levels, for example, fluency, or sig-
nificantly improved compared to placebo, for example, idea
novelty at 1-week follow-up. Both studies reported that moder-
ate increases in DMN and global between-network connectivity
were beneficial for cognitive functioning, whereas high levels
impaired cognitive functioning. While decreases in within-DMN
FC were associated with reduced idea originality, they also cor-
related with increased insightfulness and long-term idea nov-
elty, further underscoring complex effects (Mason et al., 2021).
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Changes in cognitive flexibility were not associated with changes
in depression severity (Doss et al., 2021).

Connectedness & interpersonal functioning. Four studies
investigated the effect of psilocybin on connectedness and inter-
personal functioning, based on two RCTs and one open-label
trial. The investigated outcomes included psilocybin-induced
effects on connectedness, patients’ qualitative accounts of thera-
peutic mechanisms, therapeutic alliance, and empathy.

Connectedness. Inan RCT study by Watts et al. (2022), con-
nectedness was significantly increased at 6 weeks post-treatment
following psilocybin compared to escitalopram. Thematic analy-
sis of qualitative patient reports identified increases in connect-
edness as the most common theme of patients’ experiences of
treatment with psilocybin (Watts et al., 2017). In all, 17 out of
19 patients in the qualitative study experienced a change from a
depressive state of disconnection from the self, others, and the
outside world toward experiences of connectedness with these
aspects. This transition was commonly described as the most cen-
tral antidepressant effect of treatment with psilocybin within the
qualitative reports. As previously mentioned, improvements in
depressive symptoms that were associated with reduced experien-
tial avoidance were serially mediated by increases in connected-
ness post psilocybin, but not escitalopram (Zeifman et al., 2023).

Interpersonal  functioning. Across studies, psilocybin
improved various aspects of interpersonal functioning such as
rapport and empathy compared to escitalopram and placebo.
In addition, a stronger therapeutic alliance was associated with
increases in rapport, emotional break-through, mystical-type
experiences, and reduced depression severity following psilo-
cybin but not escitalopram (Murphy et al., 2022). We include
therapeutic alliance as a proxy of interpersonal functioning, as it
encompasses stable interpersonal characteristics of both patients
and therapists (Zilcha-Mano and Fisher, 2022). Moreover,
psilocybin induced increases in implicit and explicit emotional
empathy, while cognitive empathy and moral decision-making
remained unaffected compared to placebo (Pokorny et al., 2017).

Risk of bias assessment

Overall, the included studies were of acceptable quality with
moderate risk of bias assessments (see Table 2). All 10 studies
based on RCTs were evaluated with some concerns for risk of
bias. The main sources of risk of bias were deviations from the
intended intervention due to blinding problems and treatment
expectancy, both commonly known in psilocybin studies. All five
studies based on open-label trials were evaluated with a moderate
risk of bias. The main sources for risk of bias were confounding
variables not controlled for in baseline measures or control
groups. The qualitative study fulfilled 9/10 checklist questions
for study quality and can therefore be considered to have low to
moderate risk of bias. For a comprehensive risk of bias assess-
ment of all studies, please refer to the Supplemental Material.

Discussion

This systematic review aimed to add to a holistic understanding
of how psilocybin facilitates therapeutic change processes.

Consequently, 15 studies of 7 distinct trials have been systemati-
cally reviewed, exploring various aspects of candidates for thera-
peutic change principles, including brain dynamics, emotion
regulation, cognition & self-referential processing, and connect-
edness & interpersonal functioning.

Brain dynamics

Overall, the included studies reported complex and multi-direc-
tional alterations of brain dynamics linked to depression includ-
ing FC, cerebral blood flow, and neural plasticity. Alterations in
FC include key neural circuits such as the cortico-striatal-
thalamo-cortical (CSTC) and cortico-claustro-cortical (CCC)
pathways that are previously found to play crucial roles in mood
regulation, cognitive flexibility, and consciousness (Doss et al.,
2022; Vollenweider and Preller, 2020). The predominant finding
was a decrease in global modularity and resting state connectiv-
ity within DMN hubs and an increase in FC between DMN hubs
and other networks, such as the EN or the SN and occipital pari-
etal cortices.

Depression has consistently been associated with changes in
DMN FC (Borserio et al., 2021; Yan et al., 2019). Recent reviews
link depression with elevated FC within the DMN and with
reduced FC of DMN to other brain networks, promoting greater
brain modularity (Yan et al., 2019; Zhou et al., 2020). This shift
appears to promote rigid brain functioning, associated with
depressive self-referential thinking (Zhou et al., 2020). This
aligns with other symptoms of depression, such as anhedonia and
decreased sensitivity to sensory and emotional information.
Previous research found that the CSTC circuit’s dysregulation
has been implicated in promoting such rigidity, contributing to
persistent negative thought patterns and compulsive behaviors
characteristic of depression (Onofij et al., 2023).

In this review, psilocybin consistently changed the DMN
connectivity with numerous clinical improvements. Psilocybin’s
modulation of the CSTC circuit may facilitate these changes, as
it can reduce overactivity in this loop, thereby decreasing rigid
thought patterns and enhancing cognitive flexibility. Less
within-DMN connectivity and reduced global brain modularity
correlated with greater feelings of unity, connectedness, and
improvements in depression severity (Daws et al.,, 2022;
Smigielski et al., 2019b). Psilocybin induced increases in con-
nectivity between the DMN and the EN, SN, and visual cortices,
suggesting more adaptive and flexible brain functioning (Daws
et al., 2022). However, the connectivity of the DMN to other
brain regions was not increased universally. One study found
decreased connectivity between the PFC, a key hub of the DMN,
and the PH at rest, correlating with reduced depression severity
(Carhart-Harris et al., 2017; Mertens et al., 2020). This aligns
with previous findings of elevated PFC-PH RSFC in depression
(Kaiser et al., 2015). Another study of this review found
decreases in PFC-amygdala FC during emotional face process-
ing, correlating with reduced rumination (Mertens et al., 2020).
This phenomenon may also involve the CCC circuit, where psil-
ocybin alters the CCC interactions, leading to changes in sen-
sory integration and emotional processing, thereby enhancing
bottom-up sensory input during emotional experiences. This
clinical improvement challenges the common notion that
reduced PFC-amygdala FC is usually linked to depression
(Kaiser et al., 2015).
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We interpret the reduced prefrontal coactivation as indica-
tions for decreased inhibitory top-down input from the PFC to the
amygdala, consequently resulting in heightened amygdala
responsiveness (Mertens et al., 2020). A recent study by Stoliker
et al. (2024) further supports the decreased top-down input from
resting state networks involved in cognition, including the DMN,
to the amygdala post-psilocybin. Notably, Stoliker and col-
leagues also reported heightened connectivity of the amygdala
with the central EN, indicating a complex, nuanced relationship.
In addition, Mertens et al. (2020) found increases in FC of the
amygdala to visual cortices, suggesting greater importance of
sensory bottom-up input during emotional processing.

Although preliminary due to insufficient comparability of
clinical and healthy samples, these findings imply greater amyg-
dala responsiveness and greater importance of sensory informa-
tion during emotional processing post-psilocybin. This notion
resonates with other results of this review about enhanced pleas-
ure during music listening and patients’ reports of enriched emo-
tional experiences after psilocybin treatment (Shukuroglou et al.,
2023; Watts et al., 2017). The CCC circuit’s involvement might
contribute to these enhanced sensory and emotional experiences,
as psilocybin’s action on the claustrum through 5-HT,, receptors
could lead to altered states of consciousness and increased inte-
gration of sensory information, contributing to the feelings of
unity and connectedness reported by patients.

The findings by Skosnik et al. (2023) suggest increased sus-
tained neural plasticity post-psilocybin. However, with signifi-
cant limitations due to the correlational nature of EEG-based
measures of neural plasticity.

Entropic brain and relaxed beliefs under psychedelics. The
demonstrated findings align with common theoretical frame-
works on underlying mechanisms of psilocybin, such as the
Entropic Brain theory and the Relaxed Beliefs Under Psychedel-
ics model (Carhart-Harris, 2018; Carhart-Harris and Friston,
2019). In brief, the Entropic Brain theory proposes that the
entropy (randomness) of spontaneous brain activity reflects the
informational richness of conscious experiences within certain
lower and upper limits (Carhart-Harris, 2018). Too little entropy
can lead to rigid and inflexible functioning, while excessively
high entropy might result in chaotic and unstructured states.
Along with this review, recent studies indicate that psilocybin
appears to elevate brain entropy by altering connectivity patterns
and inducing neural plasticity (Gattuso et al., 2023). Higher
entropy is hypothesized to be associated with greater sensitivity
to changes and intrinsic and extrinsic influences (Carhart-Harris,
2018). It is crucial to understand that heightened entropy pro-
motes a state of disruption and reorganization, which is vulnera-
ble and does not per se imply a specific direction of change.
Negative or hostile settings or absence of therapeutic guidance
may promote dysfunctional external influences and adverse
events. But, within a supportive context, heightened entropy may
provide a powerful opportunity for novel and more adaptive per-
spectives and behaviors. This indicates that a supportive psycho-
therapeutic context serves a function beyond ensuring patient
safety (Griinder et al., 2024b). More essentially, it may serve to
utilize common factors of therapy, such as motivational clarifica-
tion, resource activation, alliance bond and mastery experiences
during the receptive and open state induced by psilocybin (Gre-
enway et al., 2020). Griinder et al. (2024b) support this notion

arguing that “Treatment with psychedelics is psychotherapy” (p.
231) and that its effects cannot be reduced to solely mechanistic
pharmacological means.

This essential importance of context is further refined in the
REBUS model. It suggests that processing of consciousness is
organized hierarchically with stable, abstract beliefs at the top
and basal sensory input at the bottom (Carhart-Harris and Friston,
2019). The model suggests that under the influence of psilocybin,
humans may experience a relaxation of rigid top-down beliefs
and increased openness for bottom-up information flow. These
effects may be mediated by alterations in CTSC and CCC net-
works through direct pharmacological effects of psilocybin on
5-HT,, receptors in these networks in complementary interaction
with the wider context. The revision of pathologically over-
weighted beliefs is hypothesized to reinforce more flexible brain
functioning and self-referential processing (Ho et al., 2020). This
process can be understood through the lens of resource activa-
tion, which enhances the brain’s ability to engage existing
strengths and positive experiences, thereby promoting cognitive
flexibility.

Decreased connectivity within the DMN, lower brain modu-
larity, along with reduced FC between the DMN and the NAc
during music listening and DMN-amygdala during emotional
face processing, as demonstrated in this review, may support the
theory of relaxed top-down beliefs and less inhibitory input on
bottom-up information. Simultaneous increases in FC between
the amygdala and visual cortices, as well as between the DMN
and visual cortices, may serve as neural correlates for increased
openness to bottom-up flow of sensory information. These
changes can also be interpreted as the brain clarifying and reor-
ganizing its motivational frameworks, aligning new sensory and
emotional inputs with personal goals and values—a process
known as motivational clarification.

The clinical improvements associated with changes in DMN
connectivity, reported in this review, for example, decreased
rumination and depression severity, less perseverative cognitive
errors as well as enhanced pleasure ratings during music listening
align with the predictions of the REBUS model which incorpo-
rates findings concerning alterations in CTSC and CCC net-
works. Furthermore, REBUS’s assumptions underscore the
paramount importance of therapeutic context and Griinder et al.’s
(2024b) notion that psilocybin’s effects extend beyond purely
pharmacological factors. Viewing these effects through the per-
spectives of common factors’ resource activation and motiva-
tional clarification provides a more comprehensive understanding
of how psilocybin-assisted therapy can facilitate profound and
lasting psychological changes.

Emotion regulation

Psilocybin-assisted therapy induced meaningful effects on emo-
tion regulation in the included studies correlating with clinical
benefits. Overall, psilocybin reinforced participants’ ability and
capacity to experience pleasant and accept unpleasant emotions.
Maladaptive emotion regulation strategies such as rumination,
avoidance, or suppression are clearly associated with psychopa-
thology and depression (Aldao et al., 2010). Adaptive strategies,
potentially catalyzed by psilocybin as suggested by this review,
such as acceptance, reappraisal, or problem-solving are linked
with better emotional and mental health.
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The shift from emotional avoidance and numbness toward
acceptance was among the two most mentioned mechanisms of
the antidepressant effects, as reported by Watts et al. (2017) in a
qualitative study of this review.

The great majority of patients in the study described their
depression as a state of being cut off from their emotions and as
suppressed suffering. Patients reported avoiding intense emo-
tions due to cultural or social norms, or because they perceived
their internal resources as insufficient. During the dosing session,
patients were wearing eye shades and were gently encouraged to
direct their attention inward and explore and feel, rather than
avoid, emerging feelings and bodily sensations. The patients
experienced a wide range of intense pleasant and unpleasant feel-
ings. Some patients described the intensity of emotions as terrify-
ing and overwhelming and that it was hard to “give in to what
you’re experiencing” (Watts et al., 2017: 538).

These experiences highlight the impact of proper set and set-
ting, as well as therapeutic guidance during the session. The
therapeutic alliance bond, characterized by trust and collabora-
tion between patient and therapist, may play a crucial role in sup-
porting individuals to maintain an inward focus and an open state
of mind during challenging experiences. The absence of such
support could reduce the motivation to let go and accept difficult
emotions, potentially resulting in a less pronounced antidepres-
sant effect and increasing the risk of adverse events. This is par-
ticularly significant when traumatic memories and associated
emotions are activated. The absence of these essential character-
istics, that is, a therapeutic alliance that supports in confronting
with difficult emotions, distinguishes recreational from therapeu-
tic psilocybin use and illustrates why antidepressant effects
observed in clinical studies cannot be transferred to other
contexts.

In the qualitative study, therapeutic guidance together with
psilocybin’s effects may supported patients in accepting and
releasing intense emotions like deep sadness, grief, or anger
(Watts et al., 2017). While this process was often described as
challenging, it also led to a sense of relief afterward. This was
also evident in the embodied response of patients. About half of
the patients responded with intense crying during the session,
with many expressing that they had not cried for a very long time,
either due to emotional numbness or societal expectations. In
addition, the experience of successfully navigating intense emo-
tions can be viewed as a form of mastery by emotion regulation.
Patients developed a greater sense of control and competence in
managing their emotional states, contributing to long-term men-
tal health benefits.

Although the qualitative study’s findings were preliminary
and exploratory by study design, the results of the RCT-based
study by Zeifman et al. (2023) replicate the trend of reduced
emotional avoidance and increased acceptance following psilo-
cybin compared to escitalopram. Notably, reductions in depres-
sion severity were significantly mediated through decreases in
experiential avoidance in the psilocybin group, contrasting with
no mediation effect in the escitalopram group. This effect indi-
cates distinct antidepressant mechanisms between psilocybin and
escitalopram (Zeifman et al., 2023).

Another important factor to consider when comparing psilo-
cybin with traditional drugs for depressions arises from the quali-
tative study by Watts et al. (2017). Patients noted that while
common drugs for depression can be helpful in crisis, they may

also contribute and maintain the avoidance of underlying issues
through emotional numbing (Watts et al., 2017). It could be
hypothesized that common drugs for depression reduce symp-
toms like sadness or anxiety, but at the cost of emotional blunt-
ing. Recent research debates whether this blunting is a residual
symptom of depression or an adverse effect of the medication
(Christensen et al., 2022; Jawad et al., 2023; Peters et al., 2022).
However, there is also research pointing out the importance of
helpful social and physical environmental stimulation for posi-
tive drug effects also in classical drugs for depression (Rief et al.,
2016).

This review, along with previous articles including (Wolff
etal., 2020), suggests that psilocybin, when combined with proper
therapeutic guidance, may intensify emotional experiences and
thereby facilitate the confrontation of underlying issues. Through
the lens of resource activation, motivational clarification, alliance
bond experiences, and mastery by emotion regulation (Mander
etal., 2013), these processes illustrate the multifaceted therapeutic
potential of psilocybin-assisted therapy.

Cognition & self-referential processing

Psilocybin induced varied changes toward a more open and resil-
ient personality, hence less prone to depression. Furthermore,
psilocybin improved mindfulness psychosocial behavior and atti-
tudes of probands. Neural and cognitive flexibility were signifi-
cantly affected by both increases and decreases in functioning,
indicating a nuanced relationship between psilocybin, neural, and
cognitive flexibility.

In a large meta-analysis by Kotov et al. (2010), depression has
been associated with high neuroticism, introversion or low extra-
version, high impulsivity, and low conscientiousness. In this
review, psilocybin significantly impacted all depression-linked
personality domains toward a more resilient, less psychopathol-
ogy-associated personality profile (Weiss et al., 2023). The
decreasing effects on Neuroticism remained stable for 6 months
after receiving psilocybin, indicating lasting effects. The results
replicate the findings of a prior uncontrolled open-label trial
(Erritzoe et al., 2018).

Both neuroticism and hyperactivity within the DMN are asso-
ciated with rigid self-referential processing and rumination
(Chou et al., 2023; Zhou et al., 2020). Reductions in neuroticism
could therefore be accompanied by reduced connectivity within
the DMN, as suggested by previous findings of this review. This
idea gains support from a recent study by Chou et al. (2023),
reporting increased activity within the DMN among healthy indi-
viduals with higher neuroticism compared to those with lower
scores. The direction of causality remains unclear, though. These
results may grant further insight into the underlying connections
between the neurological and psychological antidepressant
mechanisms of psilocybin.

In addition, psilocybin significantly increased trait openness
and absorption (Weiss et al., 2023). Absorption refers to an indi-
vidual’s ability to get deeply immersed in sensory or mystical
experiences (Witthoft et al.,, 2008). It includes immersion in
internal mental landscapes and heightened awareness of external
stimuli, such as finding meaning in nature or music (Lifshitz
et al., 2019; Wild et al., 1995). High absorption is linked to para-
normal beliefs and vivid spiritual and affective experiences.
Notably, extreme levels of absorption have been, although
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weakly, linked with psychotic disorders (Glicksohn and Barrett,
2003; Lifshitz et al., 2019; Rosen et al., 2017). Findings on
increased absorption align with another study in this review
observing enhanced trait mindfulness, deeper meditation experi-
ence, and increases in oceanic boundlessness following psilocy-
bin (Smigielski et al., 2019b). However, it is important to note
that trait mindfulness may constitute a long-term outcome,
whereas oceanic boundlessness is an acute effect of psilocybin.

Similar to the previously discussed enhanced emotional
expression and experience, elevated absorption embodies a vul-
nerable state that may hold potent and ambiguous implications
for psilocybin-assisted therapy and mental health. On one side,
heightened absorption could foster therapeutic change processes
by promoting intense engagement with therapeutic stimuli as
well as sensory and affective experiences. On the other side, in
dysfunctional environments, it may bear the risk of adverse
events including psychosis. Similar considerations apply to
increased trait openness. Once again, this underscores the critical
importance of a supportive set, setting, and therapeutic guidance,
characterized by empathy and positive regard, in realizing the
potential benefits of psilocybin-induced effects. Hereby, it adds
to the growing evidence and discussion suggesting that the anti-
depressant effect of psilocybin may not solely be attributed to the
substance itself but also largely to the therapeutic context it is
administered in (Griinder et al., 2024b).

Notably, within the study by Weiss et al. (2023), apart from
elevated levels of absorption, there were no group differences in
personality effects compared to the escitalopram control group at
first sight. However, exploratory analysis revealed that pre-treat-
ment expectancy mediated the changes in neuroticism and con-
scientiousness in the escitalopram group. If escitalopram
expectancy was set to zero in a counterfactual model, these
changes lost significance in the escitalopram condition. On the
other hand, expectancy, often attributed to the effects of psilocy-
bin therapy, did not moderate any outcomes in the psilocybin
condition.

In this review, psilocybin showed mixed effects on cognitive
functioning. While both divergent and convergent thinking were
initially impaired, divergent thinking improved compared to
baseline 1 week post-treatment (Mason et al., 2021). Furthermore,
participants made fewer perseverative errors following psilocy-
bin, indicating better cognitive flexibility (Doss et al., 2021).
Notably, exploratory analysis revealed that high levels of
between-network connectivity impaired cognitive functioning
including convergent thinking and cognitive flexibility, while
moderate levels showed a beneficial effect, suggesting a nuanced,
inverted U-shaped relationship. This effectively illustrates a
potential synergistic interplay between the Entropic Brain theo-
ry’s assumptions and the common factors of psychotherapy. It
indicates that moderate brain entropy can help break from rigid-
ity, inducing resource activation, motivational clarification, and
mastery by self-management, whereas high entropy may lead to
chaotic and less functional states.

Connectedness

Across qualitative and quantitative studies of this review, psilo-
cybin reinforced a sense of connectedness to the self, others, and
the world (Watts et al., 2017, 2022). This change was associated
with antidepressant responses and other therapeutic mechanisms,

such as reduced experiential avoidance. In addition, psilocybin
increased interpersonal functioning in terms of therapeutic alli-
ance and emotional empathy compared to escitalopram and
placebo.

In this review, depression has previously been described as a
state of disconnection, as noted by Osler (2022). Patients’
accounts of their experiences before treatment with psilocybin
align with that notion (Watts et al., 2017). They described their
depression as being disconnected from their senses, self, others,
and the world. In interviews 6 months after the treatment, the
most common theme among patients was a process from initial
disconnection toward reconnection with these qualities. An RCT-
based follow-up study included in this review confirmed that
psilocybin induced persistent and significant increases in con-
nectedness scores compared to an escitalopram control group
(Watts et al., 2022). While connectedness scores were increased
for responders in both groups, they increased significantly more
following psilocybin. The differences between groups may fur-
ther indicate distinct antidepressant mechanisms of psilocybin
compared to escitalopram. Moreover, the follow-up study con-
firmed the three-factor model of connectedness (self, others, and
the world) identified in the qualitative reports, using exploratory
and confirmatory factorial analyses (Watts et al., 2022).

Taking a closer look at these dimensions of connectedness
helps to unravel potential antidepressant mechanisms and their
interconnections. One aspect was patients’ reconnection with
their self, namely with their sensory, bodily, and emotional expe-
riences (Watts et al., 2017, 2022). Several patients reported
engaging with their perception of self and discovering new less
judgmental perspectives (Watts et al., 2017). This more accepting
state of mind reportedly enabled them to reappraise old, critical
self-concepts, uncovering more tender and compassionate views
of themselves.

Reappraisal has been associated with potential mental health
benefits (Aldao et al., 2010). Interestingly, antidepressant effects
seem to depend on the success of reappraisal strategies, suggest-
ing that attempting reappraisal creates a vulnerable state with
possible outcomes in varied directions (Ford et al., 2017). This is
consistent with the REBUS model and mechanisms proposed in
CTSC and CCC models of psilocybin promoting a state of mind
that is sensitive to positive change yet also vulnerable. This
patient’s experience may help to understand the mechanism
between reconnecting to self and employing adaptive emotion
regulation strategies. It can be hypothesized that connectedness
and less experiential avoidance facilitate mental space for the
reappraisal of beliefs and emotions. Supporting this notion,
Zeifman et al. (2023) found that psilocybin-induced decreases in
experiential avoidance were significantly serially mediated
through increases in connectedness. This effect was absent in the
escitalopram control group, further highlighting the distinct ther-
apeutic mechanism of psilocybin. It is important to consider that
improvements as reported by the patients, occurred within a
highly supportive context and under therapeutic guidance. Hence,
the significant importance of empathy and positive regard by the
therapist/setting and the possibility for emotional expression and
experience also applies here.

Another domain in which patients found reconnection was
in their relationship with others. Many patients reported a last-
ing sense of interconnectedness with their social groups but
also strangers on the street (Watts et al., 2017). Some mentally
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Figure 2. Conceptualization of review findings and candidates for antidepressant mechanisms.
Note. Aspects of set and setting according to Hartogsohn (2017). Common factors of psychotherapy according to Norcross and Lambert (2018) and Wucherpfennig et al.
(2024). The key outcomes on the right correspond to the primary domains identified in this review. T=increasing effect; \ =decreasing effect; ¢ =mixed or dose-depen-

dent effect.

revisited painful or traumatic relationships of their past and
managed to reappraise them. They reported discovering new
perspectives by feeling compassion for those who had harmed
them. Many described this process as emotionally releasing, as
they found new explanations for why and how these traumatic
events occurred, enabling new bond experiences as well as
motivational clarification.

These patients’ experiences illustrate how psilocybin may
promote improvements in connectedness to others via increased
motivation to confront difficult emotions and perform reappraisal
strategies. It further connects to other findings of this review,
suggesting improved empathy as well as therapeutic alliance and
rapport following psilocybin (Murphy et al., 2022; Pokorny
et al., 2017). Empathy is widely considered a key component of
interpersonal functioning (Main et al., 2017). The patients’ expe-
riences may also demonstrate how heightened empathy induced
by psilocybin supported them in adopting alternative perspec-
tives and sharing the emotional state of others, thereby gaining a
better understanding of their motivations.

Psilocybin’s potential to enhance private and therapeutic rela-
tionships, as indicated by the study of Murphy et al. (2022), could
significantly advance our understanding of its mechanisms and
inform its application in therapy. The therapeutic relationship is
universally recognized as the most fundamental factor and medi-
ator of change in psychotherapy (Baier et al., 2020; Norcross and
Lambert, 2018). A safe and stable therapeutic relationship also
appears to be an essential element in psilocybin-assisted therapy,
given the heightened openness and potential vulnerability dem-
onstrated in this review. Moreover, lasting psilocybin-induced

improvements in therapeutic alliance may foster positive change
in regular psychotherapy. Future studies investigating the long-
term effects of psilocybin on therapeutic alliance are needed to
validate this hypothesis, though.

Lastly, the studies reported a reconnection with the world. As
conceptualized by Watts et al. (2022), this includes various quali-
ties such as humanity, universal love, or nature. It can be hypoth-
esized that experiencing profound feelings of connectedness with
the world counteracts rigid disconnected states of depression.
One patient said, “I felt like sunshine twinkling through leaves, 1
was nature” (Watts et al., 2017). Deep immersion into sensory
experiences of nature, as described by this patient, resonate with
the findings on increased trait absorption by Weiss et al. (2023),
earlier described in this review. Moreover, nature connectedness
was found to promote adaptive emotion regulation strategies and
reduce stress levels further underscoring its importance and legit-
imacy in novel treatment approaches for depression (Bakir-
Demir et al., 2021).

Integration and future outlook

Figure 2 integrates the findings of this systematic review and pro-
poses potential candidates for mechanisms underlying the antide-
pressant effect of psilocybin-assisted treatment approaches.

The results suggest an interactive conglomerate of psilocybin,
set & setting, and common factors of psychotherapy contributing
to the observed effects. The primary outcomes on the right were
linked to antidepressant responses through correlations and serial
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mediation effects reported in this review, suggesting them as
potential mechanisms of change within psilocybin-assisted psy-
chotherapy. However, it is important to note that, at this stage of
research, no directional causality can be claimed, and it is likely
that unknown additional factors have been overlooked by recent
studies.

Hence, the findings appear to expand upon and complement
the notion proposed by Goodwin et al. (2024), who propose that
psilocybin predominantly exerts a mechanistic pharmacological
effect and does not necessarily require psychotherapy to achieve
antidepressant outcomes. Consequently, this review suggests a
multileveled interplay between the direct pharmacological
effects of psilocybin, acting as a catalyst for common factors of
psychotherapy as suggested by Griinder et al. (2024b), and envi-
ronmental variables such as set and setting. The findings high-
light the need for an integrative approach that reflects multiple
perspectives on psilocybin’s antidepressant mechanisms, as
illustrated in Figure 2. Future studies are encouraged to expand
upon this concept with additional data as more qualified trials
become available and are invited to embrace multiple perspec-
tives (e.g., pharmacological, molecular, epigenetic, psychologi-
cal, and systemic) rather than focusing solely on reductionist
approaches.

In addition, changes in self-referential processing, emotion
regulation, connectedness, and interpersonal functioning can be
viewed through the lens of personality functioning as defined by
criterion A of the alternative model for personality disorders in
the DSM-5 which includes self-functioning (identity and self-
direction) and interpersonal functioning (empathy and intimacy)
(Sharp and Wall, 2021). The review’s findings indicate that psilo-
cybin appears to enhance these aspects by promoting changes in
self-referential processing, personality, empathy, and intimate
connections with oneself, others, and the world (Pokorny et al.,
2017; Smigielski et al., 2019b; Watts et al., 2017, 2022; Weiss
etal., 2023).

Recent investigations could show that problems in aspects of
personality functioning such as identity, emotion regulation, and
internal models of relationships are central to a wide range of
psychopathology (Kerber et al., 2024).

In addition to the existing connections between change pro-
cesses in psilocybin-assisted therapy and frameworks such as the
Research Domain Criteria (Kelly et al., 2021; Pouyan et al.,
2022), future research should investigate changes in personality
functioning in relation to alterations of brain dynamics, self-ref-
erential processing, emotion regulation, connectedness, and
interpersonal functioning.

Limitations and strengths

This systematic review has various strengths and limitations. To
begin with the strengths, it offers an overview of psilocybin’s
potential antidepressant mechanisms across diverse domains,
contributing to a holistic understanding of its effects and underly-
ing interconnections. Moreover, integrating the findings of this
review into existing frameworks beyond psilocybin-related
research, such as common factors of psychotherapy and transdi-
agnostic factors for psychopathology such as personality func-
tioning helps connect new findings with established knowledge.
However, as this field of research just emerges after decades of
stagnation, the quality of studies is very heterogeneous. While 11
studies were based on RCTs or NRCTs, 5 studies relied on

single-arm open-label trials, due to the lack of alternatives. The
results stemming from uncontrolled studies must therefore be
cautiously interpreted as preliminary. Despite the explorative
character, the results may still inform hypotheses for future con-
firming research. The broad range of mechanisms examined may
unveil interconnections but also pose comparability challenges.
Several included studies were novel or unique in their field, lack-
ing comparable counterparts. The four domains that this review
introduces for clarity are not meant to be exhaustive and need to
be validated with factorial analysis.

Also, it is fundamental to declare that, at this stage of the
research, claims to causality are minimal or non-existent. The
mechanisms of change presented in this review should be viewed
as potential preliminary candidates. While direct correlations and
mediation analysis with the antidepressant effects provide hints
of possible causality, the reported effects across all four domains
may well be byproducts of the actual, possibly unknown or over-
looked, mechanisms.

The nature of psilocybin’s effects demonstrated in this review
highlights the importance of a supportive therapeutic context.
However, many studies insufficiently report how they employed
set, setting, and therapeutic guidance. Future studies should put
more emphasis on the details of the therapeutic concept of prepa-
ration, dosing, and integration sessions, given its essential role.

A central methodological limitation among all included stud-
ies are potential problems with blinding and pre-treatment expec-
tancy. These have been widely discussed as a source of potential
bias for novel treatment approaches including psilocybin
(Griinder et al., 2024a). Although RCTs are double-blinded per
design, the strong effects of psilocybin often break the blinding to
practitioners and participants creating various sources of bias,
including both placebo and nocebo effects (Mertens et al., 2022).
The disappointment in expectancy within control groups may
negatively influence treatment outcomes and create false effects.
However, a recent study found that despite higher initial expec-
tancy for psilocybin, its association with treatment outcomes was
only significant in the escitalopram control group (Szigeti et al.,
2024).

Moving forward, studies should consistently address these
challenges by controlling for pre-treatment expectancy like
Weiss et al. (2023) or offering a potentially effective dose to con-
trol group participants post-primary study endpoints to reduce
nocebo effects, as proposed by Mertens et al. (2022).

Conclusion

In summary, this review suggests that psilocybin acts as a potent
catalyst for changes across various domains, including brain
dynamics, emotion regulation, self-referential processing, and
interpersonal functioning. These effects proved to be intercon-
nected and associated with clinical improvements. Evidence sug-
gests that psilocybin promotes a state of consciousness
characterized by heightened openness, flexibility, and greater
ability and acceptance of emotional experiences. Moreover, a
renewed sense of connectedness to the self, others, and the world
emerged as a key experience of treatment with psilocybin.
Consistent reports indicate significant alterations in underlying
brain dynamics, marked by reduced global and DMN modularity
and increasing connectivity between networks. The findings
align with the assumptions of the Entropic Brain theory as well as
REBUS, CTSC, and CCC models.
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Collectively, these effects indicate parallels to adaptive emo-
tion regulation strategies and common factors of effectiveness in
psychotherapy, such as alliance bond experiences, perceived
empathy, positive regard from the therapist or setting, opportuni-
ties for emotional expression and experience, activation of
resources, motivational clarification, and mastery through self-
management and emotion regulation.

Together, these changes may create a fertile yet vulnerable
window for change processes, strongly emphasizing the essential
importance of supportive set, setting and therapeutic guidance in
fostering the benefits of psilocybin. Consequently, the results
suggest that psilocybin, within a supportive context, may induce
antidepressant effects by leveraging the interplay between neuro-
biological mechanisms and common psychotherapeutic factors.
These findings complement the view of purely pharmacological
effects, supporting a multileveled approach that reflects various
relevant dimensions of therapeutic change, including neurobio-
logical, psychological, and environmental factors.
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