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Impact of psilocybin on cognitive function: A systematic review
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Psilocybin is a classic psychedelic with demonstrated pre-
liminary clinical efficacy in a range of psychiatric disorders.
Evaluating the impact of psilocybin on cognitive function is
essential to unravel its potential benefits and risks. In this
systematic review, we assessed psilocybin’s effect on cog-
nitive function through a comprehensive search of electronic
databases from inception to January 2024, identifying 20 arti-
cles involving 2,959 participants. While 85% of studies
were conducted in healthy volunteers, most of these studies
(85%) used macrodoses, ranging from 45pg/kg to
30 mg/70 kg. Various cognitive aspects were evaluated and
yielded mixed results. Global cognitive function, and
processing speed remained mostly unchanged in healthy
individuals; However, a limited number of studies reported
improvements in certain areas such as sustained attention,
working memory, and executive function especially in
patients with treatment-resistant depression (TRD). Emo-
tional processing was positively modified, particularly in TRD
patients. Psilocybin was observed to enhance emotional

Classic psychedelics include psilocybin {3-(2-[dimethylamino] ethyl)-
1H-indol-4-yl dihydrogen phosphate}, N,N-dimethyltryptamine and
ergolines such as lysergic acid diethylamide.' Psilocybin was first discov-
ered in mushrooms of the Psilocybe genus, and is dephosphorylated in
the small intestines to its active metabolite, psilocin, which has a range
of receptor interactions, including serotonin (5-HT) receptors 1A, 2A,
2B and 2C agonist effects.!?> Of note, the activation of the 5-HT2A
receptor by psilocin is proposed to confer hallucinogenic effects.' Pre-
liminary evidence supports the efficacy of psilocybin in several psychiat-
ric conditions including major depressive disorder (MDD), treatment-
resistant depression (TRD), obsessive—compulsive disorder, alcohol and
nicotine dependence, and cancer-related anxiety.”® Starting from the
early to mid-1960s, psilocybin found its application in psychiatric

empathy without significantly altering cognitive empathy and
social cognition. Cognitive flexibility and creative cognition
were noted to initially decline but could potentially
improve over time. Additionally, with respect to learning and
memory skills, psilocybin showed promise in improving specific
memory types such as semantic associations and associative
learning, while its effects on episodic and verbal memory have
been less pronounced compared to other cognitive enhancers.
The observed mixed findings underscore the complexity of psi-
locybin’s cognitive influence. Further research is essential to
provide a clearer understanding of psilocybin’s impact on cog-
nitive domains and to guide the development of safe and effec-
tive interventions.
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medicine and psychodynamic-oriented psychotherapy.’ Its initial isola-
tion by Albert Hofmann in 1957, followed by synthesis in 1958 by
Sandoz Pharmaceuticals: Basel, Switzerland, under the trade name
Indocybin, played a crucial role in its development.”® However, the pro-
gress of psilocybin research faced a significant setback when it was
legally sanctioned and classified as a schedule 1 substance due to inter-
national legal restrictions.” Nonetheless, there has been renewed interest
and resurgence in studying psilocybin’s effects since the mid-1990s."°
Dosing with psilocybin results in an altered state of consciousness,
characterized by shifts in emotional state and perception.!! The psycho-
logical impacts of psilocybin encompass feelings of euphoria, hallucina-
tions, dissociation, and altered cognitive states as well as impacting
empathy, creativity, and subjective well-being.'>'> The therapeutic
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Psilocybin and cognition

advancement of psilocybin for mental health disorders relies on targeting
the neural mechanisms of cognitive and emotional processing.'* Studies
have revealed that serotonergic psychedelics can acutely alter activity
within the neural circuits.'* Importantly, psychedelic-induced changes
align with the concept of neuroplasticity, emphasizing the brain’s capac-
ity to undergo adaptive and transformative structural and functional alter-
ations, thereby impacting cognition.'

Cognitive deficits play a significant role in the development, pro-
gression, and treatment of mental disorders.'® Many psychiatric disor-
ders are characterized by impairments in cognitive function, which
can significantly hinder a person’s ability to function in real-world sit-
uations.'” The serotonin system, which is targeted by psychedelic
compounds, may represent a promising target for pharmacological
modulation of cognitive functioning and has been implicated in the
pathophysiology of various mental health disorders.'”'® Therefore, it
is necessary to better understand the short- and long-term effects of
psilocybin on cognition.

In the realm of research with psilocybin, there exists a notable
gap of knowledge regarding its effects on cognitive processes such as
attention, memory, and executive functions in humans. Existing
research, although limited, suggests the potential for psilocybin to
influence cognition through its interaction with 5-HT receptors and
functionally downregulating default mode network (DMN) activ-
ity.'”2° However, a comprehensive understanding of the specific cog-
nitive mechanisms involved, the short- and long-term effects, and
potential therapeutic implications of psilocybin on cognitive function,
is still lacking. Understanding psilocybin’s impact on cognitive func-
tions is crucial for elucidating its therapeutic potential and associated
risks, essential for its safe and effective clinical use. Addressing this
knowledge gap will inform evidence-based decisions, optimizing psi-
locybin’s application in treating psychological and cognitive condi-
tions. This systematic review aims to comprehensively evaluate
psilocybin’s cognitive effects, guiding future research and clinical
practice in psychedelic medicine.

Methods

Search strategy

We conducted a comprehensive search on three databases
(MEDLINE, PsycINFO, Embase) through OVID from inception to
January 2024. We adhered to Preferred Reporting Items for System-
atic Review and Meta-Analysis Statement for this systematic review.”'
Relevant articles were identified using the following keywords: (psilo-
cybin or magic mushrooms or psilocybine or psilocibin or psiloc*)
AND (cognition or cognitive or cognitive function or CI or cognitive
impairment or cognitive disorder or memory or executive function or
global impairment or neuropsychological test or speed or attention
or processing or memory disorder or processing speed or executive
control or cognitive processes or cognitive decline or cognition test).
Further articles were identified by conducting searches on Google
Scholar and manually examining the reference lists of relevant papers.
No limitations were placed on publication date or language during
this screening process.

The search for past and ongoing clinical trials was performed on
ClinicalTrials.gov (https:/clinicaltrials.gov/). The search terms ‘psilo-
cybin’ and ‘cognition’ were utilized, without any limitations on the
study status. The search was conducted on May 10, 2023.

Eligibility criteria

To streamline the screening process and eliminate duplicate articles,
all search results were imported into the Covidence platform
(covidence.org) for systematic review management. Two independent
reviewers (S. M., T. J. T. G.) performed a comprehensive screening
of all articles in two distinct stages. For the first level screening, the
reviewers assessed the titles and abstracts of the articles. Subse-
quently, for the second-level screening, full texts were thoroughly
reviewed. Conflicts between two reviewers were resolved through dis-
cussion and consultation with V. B. Studies were included if they
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were: (i) original studies; (ii) evaluated the effect of psilocybin in
humans with focus on cognitive function in both clinical or non-
clinical populations using at least one neurocognitive assessment as a
primary or secondary outcome; (iii) included participants were not
diagnosed with comorbid structural or biologically based brain dis-
ease or traumatic brain injury, mild cognitive impairment, or demen-
tia; and (iv) in English. Any study designs (clinical trials,
observational studies, and case reports/series) that captured the data
on the effect of psilocybin on cognition were allowed. Systematic
reviews, narrative reviews, meta analyses, animal studies, studies
using the same dataset and letters to the editor were excluded.

Data extraction

Two reviewers independently (S. M., T. J. T. G.) reviewed the full
text of eligible articles and extracted the following data: year of publi-
cation, author, study design, country, patient demographics (mean
age, percentage female, sample size), outcome measure, intervention,
study design, results, adverse events, therapy principles and conclu-
sion. Furthermore, relevant information such as sample size, clinical
diagnosis, study design, treatment administration method and dosage,
as well as start, registration, and completion dates, were extracted
from the registered clinical trials.

Quality assessment

For randomized trials, the Cochrane Collaboration’s tool is used to
assess the risk of bias. This tool examines five domains: bias from the
randomization method, bias due to deviations from intended interven-
tions, bias arising from missing outcome data, bias in outcome assess-
ment, and bias in the selection of reported results.?>

Results

Search results

The systematic search resulted in 348 records. We removed duplicates
(n = 4) and screened the title and abstract of the remaining records
(n = 344). Three hundred and fourteen records were excluded based
on our inclusion criteria. Subsequently, we reviewed the full-text of
30 records. Out of 30 records, 10 records were excluded; six had no
neurocognitive assessment and four did not report results pertaining
to cognitive outcomes. Finally, 20 articles involving 2,959 participants
met the inclusion criteria and were included in this systematic
review.'>?** Study selection details are indicated in Figure 1 and
the quality assessment results are outlined in Fig. S1. We also
included eight registered clinical trials; detailed characteristics can be
found in Table S1 and Figs. S2 and S3.

Characteristics of included published studies

The majority of studies enrolled healthy participants (85%) (Fig. 2),
with most focusing on acute (short-term) (12 studies [60%]) cognitive
effects of psilocybin, rather than long-term effects (Fig. 3a,b). While
the majority of studies focused on healthy subjects (85%), three stud-
ies (15%) specifically assessed the impact of psilocybin on cognition
in individuals with MDD** and TRD.*>*® Several key distinctions
among studies revolved around the doses administered, the targeted
population (healthy individuals vs psychiatric disorders), and the
timing of cognitive assessments relative to psilocybin administration.
Most studies utilized doses ranging from 115 to 315 pg/kg, with only
two studies opting for higher doses of 30 mg/70 kg (Fig. 4).>**’
Among the six studies'**2*3% employing graded psilocybin doses,
four revealed a dose-dependent gradient. Additionally, two studies
investigated the cognitive effects of microdosing (0.5-0.7 g of dried
psilocybin mushrooms).**?*> In two of these studies, treatment
involved two dosing sessions of psilocybin alongside psychotherapy.
Variety of cognitive domains such as global cognitive function, atten-
tion, processing speed, working memory, emotional processing, social
cognition, empathy, cognitive flexibility, creative cognition, memory,
learning and executive function were evaluated in included studies.
Detailed characteristics of included studies are summarized in
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Tables 1, 2, Figs. S4 and S5. Figure 5 indicates the overall psilocybin
effect on different cognitive function domains.

Global cognitive function
Two studies investigated the effects of psilocybin on global cognitive
function in healthy participants. Rucker et al** studied the lasting
effects of psilocybin on global cognitive function in 89 healthy sub-
jects. Participants received either placebo or psilocybin (10 or
25 mg), along with psychotherapy sessions. Global cognitive function
was measured using Cambridge Neuropsychological Test Automated
Battery (CANTAB) global composite score at baseline (day —1),
8 and 29 days after treatment. The primary endpoint of this study was
day 8. Overall, the CANTAB battery, when comparing psilocybin-
naive and psilocybin-experienced participants, yielded similar results.
Barrett et al.®’ studied the acute cognitive effects of psilocybin
and the NMDA receptor antagonist dextromethorphan (DXM) among

8 - Published studies in healthy volunteers

- Published studies in clinical population

1968
746
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to cognitive
outcomes, 4

Fig. 1 The Preferred Reporting Items for
Systematic Review and Meta-Analysis
(PRISMA) flow diagram illustrates the sys-
tematic review process, indicating the
number of studies included (shown in
green) and excluded (shown in red) at
each stage.

22 healthy participants. The study measured global cognitive func-
tioning using the mini-mental status examination (MMSE).?’ Partici-
pants who received either 10, 20, or 30 mg/70 kg psilocybin,
400 mg/70 kg of DXM, or placebo completed the MMSE 2 h after
each drug administration. None of the participants who ingested psi-
locybin, and all but one DXM participant, exhibited any discernible
alterations in global cognitive function as assessed by the MMSE.?’
Overall, none of the two studies that investigated the effects of
psilocybin on global cognitive function in healthy participants
reported significant changes following the psilocybin administration.

Attention and processing speed

Seven studies evaluated psilocybin effects on processing speed and
either overall attentional performance or specific aspects of attention,
such as sustained attention and visuospatial attention through different
tests in different settings. Hasler e al. evaluated sustained attention,

Fig. 2 Publication year of the published
studies until January 2024. Registration
year of the included clinical trials, along
with their corresponding completion status
and reported reasons for trial withdrawal.

2022 2023
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Fig. 3 Psilocybin effect on different domains of cognitive function at assessed timepoints during: (a) Post-acute. (b) Acute phases.

the ability to maintain focus on a task, with the Frankfurt Attention
Inventory (FAIR). In the study, the test was administered approxi-
mately 140 min after drug intake. Eight healthy participants received
either placebo or different doses of psilocybin at least 2 weeks apart
(very low dose: 45/kg, low dose: 115 pg/kg, medium dose: 215 pg/
kg, high dose: 315 pg/kg).®® Results of this study indicated that
although the acute effects of psilocybin (i.e. within 2 h after drug
administration) did not affect task clarity and decision making, cogni-
tive processing and sustained attention were reduced.”® Consistently,
Vollenweider ef al.'?, in a randomized clinical trial (RCT) on psilocy-
bin (three doses: 115, 215, 315 pg/kg) in healthy individuals, revealed
a dose-dependent reduction in sustained attention as indicated by
reduction in FAIR attentional performance capacity, performance
quality, and attentional continuity performance.

Carter et al.** conducted an RCT that measured effects of either
215 pg/kg psilocybin, placebo, the S5-HT2A receptor antagonist
ketanserin (50 mg), or psilocybin plus ketanserin on attention in eight

45 pg/kg
115 pg/kg
215 pg/kg
250 pg/kg
315 pg/kg
0.17 mg/kg

§ 0.2 mg/kg

O 0.28 mg/kg

2 1 mg/5 kg

1mg

10 mg

10 mg/70 kg

20 mg/70 kg

25 mg

30 mg/70 kg
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n
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Fig. 4 Psilocybin dose across included studies including macro and microdoses.
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healthy volunteers. Attention was measured using a multiple-object
tracking task which was administered 120 min after the drug intake.
While there were no significant differences between the four drug
conditions during the pretest phase, a significant reduction of atten-
tional performance was reported following both psilocybin and psilo-
cybin with ketanserin pretreatment.

Cavanna et al.>* evaluated the effect of microdoses of psilocybin
on attention in 34 healthy participants. Subjects received two doses of
0.5 g of dried Psilocybe cubensis separated by 2 days, and on the sec-
ond day participants completed the tests. Consistent with the above-
mentioned studies, impaired attentional performance was observed as
measured by trail making test (TMT) and attentional blink task. How-
ever, there was a notable increase in the time needed to complete part
A of the TMT test.*> Duke et al.>® evaluated the effect of psilocybin
(0.2 mg/kg) or dextro-amphetamine (DA) (30 mg) on attention and
working memory of healthy participants using TMT, part A and part
B. Both DA and psilocybin significantly increased the time needed to
complete the test, implying reduced working memory with both. How-
ever, DA had a significantly greater effect on part A and part B than pla-
cebo, and psilocybin had a significantly greater effect on gan A and part
B than DA.*® Additionally, Gouzoulis-Mayfrank et al*°, randomized
32 healthy individuals to four drug groups (psilocybin 0.2 mg/kg,
3.,4-methylenedioxyethamphetamine [MDE], dmethamphetamine, pla-
cebo, n = 8 each) and assessed visuo-spatial attention 1 h before and
between 75 and 95 min after the ingestion of the drug, using the covert
orienting of attention task (COVAT). Whereas MDE did not affect reac-
tion time (RT), low response inhibition and prolonged RT were reported
in those receiving psilocybin.?

Lastly, Rucker et al.>* evaluated sustained attention using Rapid
Visual Information Processing. A trend towards an increased
sustained attention was observed for the 10 and 25 mg psilocybin
doses by day 29 compared with baseline, which was not detected
either against the placebo or between the two doses of psilocybin.*”

Overall, in the acute setting following psilocybin intake, both stud-
ies that administered the FAIR test showed decreased performance and
continuity values, but not efficiency scores.'>*® Two studies reported
decreased performance in visual attention, measured through the
COVAT and multiple object tracking tests.***® Attentional perfor-
mance measured by the trail-making test also decreased, and a
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Table 1. Characteristics of included studies

Cognition

Author Country Study design domain Participants Intervention

Healthy volunteers

Nikoli¢ ef al.>’ Czech Republic RCT Memory N =20 (n = 10 females, 5 mg psilocybin (1 mg/5 kg)

mean age = 36,
SD = 8.1)

Barrett et al.”’ USA RCT Mental N =22 (n =11 females, Five drug administration
flexibility, mean age 28.5 years) sessions with 10, 20, and
associative 30 mg/70 kg psilocybin;
learning, 400 mg/70 kg DXM; and
memory, placebo
executive
functioning

Nayak et al.*? USA Prospective, Cognitive Sample sizes for each of Dried psilocybin mushrooms

longitudinal flexibility the surveys: N = 8,006 (mean dose = 3.1 g)
(Survey 1), N = 2,833
(Survey 2; 2 weeks pre),
N = 1,802 (Survey 3;

1 day pre), N = 1,551
(Survey 4; 1-3 days
post), N = 1,182 (Survey
S; 2—4 weeks post),

N = 657 (Survey 6;

2-3 months post. Mean
age: 40 years

Hasler et al.*® Switzerland RCT Attention N = 8 (n = 4 females), Placebo and four different

mean age 29.5 years doses of psilocybin (very
low dose = 45 pg/kg body
weight; low dose = 115
pg/kg; medium
dose = 215 pg/kg; and
high dose = 315 pg/kg) on
five experimental days at
least 2 weeks apart

Vollenweider et al.' Switzerland RCT Attention N =16 (n =9 females, Placebo and three doses of

mean age 26.4 years) psilocybin: 115, 215, and
315 pg/kg separated by
4 weeks
Rucker et al.*° UK RCT Global cognitive Total N = 89 (n = 41 Single dose 25 mg
function females), mean age 36.1 psilocybin, 10 mg
(SD = 9.06)/Control: psilocybin or placebo
N=29(n=13
females), mean age 35.6
(SD = 7.69)/Psilocybin
25mg: N=30(n=13
females) mean age 36.6
(SD = 10.29) /Psilocybin
10 mg: N=30(n=13
females) mean age 36.1
(SD =9.25)

Cavanna et al.* Argentina RCT Cognitive N =34 (n =11 females, Psilocybin mushrooms
flexibility, mean age 31.26 (Psilocybe cubensis) 0.5 g
attention, + 4.41 years)
empathy,
creative
cognition

Gouzoulis-Mayfrank ez al.*® Germany RCT Visual attention N =32 (n = 11 female,

mean age 34 years)

748
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Table 1. (Continued)

Cognition
Author Country Study design domain Participants Intervention
Psilocybin capsules
0.2 mg/kg, MDE 2 mg/kg,
or DMT 0.4 mg/kg
Carter et al.>* Switzerland RCT Attention and N = 8 (n = 3 female, Psilocybin capsules 215
working mean age 27 years) pg/kg and katanserin
memory 50 mg. Four experimental
days separated by at least
14 days
Marschall et al.* Netherlands RCT Emotional N =152 (n=19 females),  Repeated microdosing (0.7 g
processing mean age 29.75 of dried psilocybin-
containing Galindoi
truffles) over 3 weeks
Duke ef al.*® USA RCT Attention and N = 8 male, mean age: NA  Psilocybin (0.2 mg/kg),
working dextro-amphetamine
memory (30 mg), placebo
Umbricht et al.*® Switzerland RCT Working N = 18 (n = 8 females, Psilocybin (0.28 mg/kg) and
memory mean age a placebo session on two
25.1 £ 4.3 years) separate days
Pokorny ef al.* Switzerland RCT Empathy N =32 (n = 15 female, Psilocybin 0.215 mg/kg.
mean age 26.7 years) Placebo and psilocybin
session, 10 days apart
Spitzer et al.* Germany RCT Semantic N = 8 (n = 0 female, Psilocybin 0.2 mg/kg.
associations mean age 39.4 years) Placebo and psilocybin
session, one week apart
Wittmann ef al.”! Switzerland RCT SWM N =12 (n = 6 female, Psilocybin (115 pg/kg for
mean age 26.8 years) medium dose and 250
pg/kg for high dose).
Placebo, medium dose and
high dose session at least
14 days apart
Kometer et al.*® Switzerland RCT Emotional N =17 (n = 6 female, Psilocybin 215 pg/kg and
processing mean age 26 years) katanserin 50 mg.
4 experimental days, separated
from each other by at least
2 weeks
Mason et al.*! Netherlands RCT Creative N =60 (n = 25 female, Psilocybin 0.17 mg/kg
cognition mean age 23 years)
Clinical populations
Goodwin et al®® USA RCT Global cognitive Psilocybin 25 mg N =79 A single dose of psilocybin
function (n = 44 females) mean 25 or 10, or 1 mg (control)
age 40.2 (SD = 12.19),
psilocybin 10 mg N =75
(n = 41 females) mean
age 40.6 (SD = 12.76),
Psilocybin 1 mg N = 79
(n = 36 females) mean
age 38.7 (SD = 11.71)
Stroud et al.*® UK RCT Emotional N =17 (n = 6 females) Two dosing sessions,
processing with TRD (mean separated by 1 week. In the
age = 44.04, first session, patients
[SD=11.51])/)N=16 received 10 mg of
(n = 5 females) control psilocybin and in the
(mean age = 32, second, they received
SD = 10.40) 25 mg
Doss et al.** USA RCT Cognitive N =24 (n = 16 female, Two sessions, first with
flexibility mean age of 39.8 years 20 mg/70 psilocybin kg

Psychiatry and Clinical Neurosciences 78: 744-764, 2024 749
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Table 1. (Continued)
Cognition
Author Country Study design domain Participants Intervention
of age) randomized, and the second with
N =22 (n = 14 female) 30 mg/70 mg psilocybin
completed

Therapy

principles Outcome measure Protocol Condition Results Conclusion

Healthy volunteers

NA GMLT Tests were Healthy participants The main effects of Psilocybin did not

RAVLT administered at treatment and order negatively affect
baseline, 8 h after were not found; memory
dosing and before participants did not consolidation in
going to sleep make significantly any of the tests
more errors in the used
treatment group
compared to the
placebo group. aNova
test showed a
significant interaction
between treatment
order (psilocybin first
vs placebo first) and
treatment
(placebo x psilocybin;
F[1,15] = 29.975,
P <0.001)

NA MMSE, letter N- Stroop test: after 4 h, Healthy participants Functioning — Main Dose-dependent
back, word word encoding effect of drug effects of
encoding/ after 180 min and condition for attempted psilocybin on
recognition task, recall 360 min, trials (F[4] = 23.52, cognition.
Stroop task, DSST and MMSE P <0.0001), accuracy Psilocybin exerted
DSST after 2 h (£T4] = 10.56, greater effects

P <0.0001), and than DXM on
substitution recall measures of
accuracy (F[12] working memory,
=2.07, P<0.05). and DXM exerted
Working memory — selective effects
Main effects of n-back on episodic
drug condition (F[4] memory, response
=3.47,P<0.05) on inhibition, and
discriminability, drug executive control
condition (F[4]
=6.75, P <0.001) on
response bias, drug
condition (F[4]
= 8.50, P < 0.0005)
on response time
NA CFS Surveys completed Healthy participants Cognitive flexibility Psilocybin
2 weeks before, mean total scores were significantly
1 day before, 57.1 (7.8) for Survey increased self-
1-3 days after, 2, 59.0 (7.0) for reported cognitive
24 weeks after, Survey 5, and 59.1 flexibility from
and 2-3 months (7.0) for Survey 6. The baseline to
after effect size (SMD [95% follow-ups
CI]) of CFS at
2-4 weeks was 0.23
[0.15, 0.31]

750 Psychiatry and Clinical Neurosciences 78: 744-764, 2024
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Table 1. (Continued)

Therapy
principles Outcome measure Protocol Results Conclusion
(P <0.001), and 0.22
[0.15, 0.30]
(P <0.001) at
2-3 months
NA FAIR FAIR was completed = Healthy participants Psilocybin exerted no The strongly
140 min after drug significant influence on impaired
administration the FAIR scores MV performance in
(F[4,28] = 0.58, the FAIR test
P =0.687) and QV (F under medium
[4,28] = 1.39, dose and high
P =0.261).In dose psilocybin is
contrast, administration difficult to
of psilocybin led to a appraise
significant decrease in
the FAIR scores PV
(FT4,28] = 12.28,
P <0.00001) and CV
(F[4,28] = 11.23,
P <0.00001)
NA FAIR The FAIR task was Healthy participants Psilocybin impaired Psilocybin-induced
conducted at 0, attentional impairments in
105, 180, and performance on the sustained
360 min after FAIR task in a dose- attention
treatment dependent manner. performance were
Psilocybin significantly positively
reduced the FAIR correlated with
attentional reduced PPI at the
performance capacity 30 ms ISIs and
score P and the FAIR not with the
score Q indexing the concomitant
amount of attentively increases in PPI
made decisions relative observed at long
to the total decisions as ISIs
well as the attentional
continuity performance
Psychotherapy = CANTAB, SWM- Test was completed Healthy participants Trends of improved Psilocybin did not
(preparation, Between Errors, at baseline (day sustained attention, have any
dosing and SWM-Strategy, —1) to day 8 and working memory, and detrimental short-
integration Rapid Visual 29 executive function with or long-term
sessions) Information psilocybin, but no effects on
Processing significant differences cognitive
A-prime, PET; between the doses or functioning or
RMET; Scale of with placebo. Episodic emotional
SSR; SVO; TEQ memory and global processing
safety outcomes
showed no significant
changes. Social
cognition and
emotional processing
scores remained
consistent across all
groups and time points
NA TMT, CFS, TECA Participants Healthy participants Decreased visibility of Low doses of

completed self-
reported scales
aimed 2 days

the second target with
300 ms lag in the
attentional blink task,

psilocybin
mushrooms can
result in
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Table 1. (Continued)
Therapy
principles Outcome measure Protocol Results Conclusion
before the first and increased RT in noticeable
dosing day of each the Stroop task, both subjective effects
condition. significant at P < 0.05 and altered EEG
Afterwards, they but only without rhythms, but
performed different correction for multiple without evidence
tasks and activities comparisons. to support
on Wednesdays Significant increase in enhanced well-
and Fridays, and the time required for being, creativity
completed a TMT-A and cognitive
battery of scales on function
Fridays
NA COVAT COVAT was Healthy participants Significant main effects Psilocybin and
administered 1 h of group (F = 12.83, MDE both caused
before drug P =0.0001), cue overall slowing of
ingestion and (F=33.77, RTs, although
75-95 min after P =0.0001), SOA psychomotor
drug ingestion (F=159.13, retardation was
P =0.0001) and time less pronounced
(pre-drug/on-drug: after MDE
F=30.47,
P =0.0001). The
psilocybin group had
significantly longer
RTs than the placebo
group in most types of
trials
NA MOT, SST The test was Healthy participants Attentional tracking was Psilocybin
administered after significantly affected significantly
120 min of drug by both drug (F13,21] reduced
intake = 3.38, P <0.05) and attentional
time (F[1,7] = 18.06, tracking ability,
P <0.01). Psilocybin but had no
(A =224,5s=0.75) significant effect
and the psilocybin plus on SWM,
ketanserin pretreatment suggesting a
(A =2.35,5s =0.60) functional
were both significantly dissociation
(P <0.05) reduced between the two
from placebo. No tasks
significant effect on the
number of boxes
remembered correctly
in sequence ‘span
length’ was found for
drug [F(3,21) = 0.57,
P = 0.64] or time
[F(1,7) = 1.56,
P=0.12]
NA Emotional go/no-go  Test was completed Healthy participants Emotions had a No effect of
task 90 min after self- significant effect on psilocybin
administering their RTs, but the specific microdosing on
seventh dose experimental interoceptive
conditions did not awareness, nor on
emotion
processing
752 Psychiatry and Clinical Neurosciences 78: 744-764, 2024
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Therapy
principles Outcome measure Protocol Condition Results Conclusion
NA TMT-A, B After a sufficient time ~ Healthy participants DA had a significantly Both DA and
interval test was greater effect on part A psilocybin
administered and part B than PL, produce a deficit
and Ps had a in performance as
significantly greater compared to
effect on part A and placebo
part B than DA
NA AX-CPT Subjects performed Healthy participants Psilocybin administration  Psilocybin
the AX-CPT was associated with a administration
during the significant decline of induced
collection of ERP the hit rate at both ISIs significant
(infusion x time performance
interaction: F[1,15] deficits in the
=23.92, P<0.001). AX-CPT, but
The failed to reduce
infusion x time x ISI MMN generation
interaction was not significantly
significant, indicating
no differential
impairment of
performance at the two
ISIs (F11,15] = 0.72,
P=04)
NA Multidimensional Test was performed Healthy participants Psilocybin increased Psilocybin
empathy test 160 min after explicit (F11,30] significantly
(MET) administration of =7.74, P<0.01) and increased
placebo or implicit (F[1,30] emotional, but not
psilocybin =4.77, P <0.05) cognitive empathy
emotional empathy compared to
compared to placebo. placebo, and the
No change in cognitive increase in
empathy and no implicit emotional
significant main effect empathy was
for drugs (£71,30] significantly
=1.45,P>0.2) associated with
psilocybin-
induced changed
meaning of
percepts
NA Lexical decision Test was performed Healthy participants No effect of psilocybin Psilocybin increased
paradigm before drug with the indirect indirect semantic
administration and priming effect. priming which
at minutes 50, 150 Significant increase of implies an
and 220 indirect semantic increased
priming under availability of
psilocybin (#{7] remote
=2.82; P =0.026) associations
NA SST Test was performed Healthy participants A significant difference At the peak of

at 0, 100 and
360 min after
capsule

administration each

session

for the contrast
between placebo and
HD psilocybin between
t1 and 10 (P <0.011)

effects, high dose
psilocybin (and
not medium dose
psilocybin)
impaired spatial
span task
performance as
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Table 1. (Continued)

CI: —0.8, 3.8) and 0.5
(95% CI: —1.8, 2.8)

Therapy
principles Outcome measure Protocol Results Conclusion
indexed by span
length
NA Emotional go/no-go  Experiments started Healthy participants Psilocybin increases RTs ~ Psilocybin biases
task approximately as a function of word emotional
130 min after valence. Specifically, processing
treatment psilocybin increased towards positive
RT much more for relative to
negative and neutral negative
than for positive information,
words, which indicates increased
a stronger response behavior towards
bias to positive versus positive relative to
negative words in negative cues in
psilocybin than in the emotional
placebo condition go/no go task
NA PCT Creativity tasks on Healthy participants Psilocybin influenced Psilocybin induces a
AUT three occasions: performance on the time- and
baseline, treatment PCT in a time- and construct-related
day and 7 days construct-dependent differentiation of
after the drug manner (F[3,47] effects on creative
administration. On =4.53, P =0.007). thinking
drug testing day, Compared to placebo,
PCT was psilocybin acutely
administered decreased CT
120 min post (d = 0.85), and
treatment and AUT measures of DT
130 min post including fluency
treatment (d =0.84), and
originality (d = 0.65)
Clinical populations
3 preparatory DSST DSST was The difference in the Treatment
sessions administered at least-squares mean differences in
+ acute baseline, day 2, change from baseline measures of
support + 2 week 3, and week to week 3 between the cognitive function
integration 12 25 mg group and 1 mg were smaller but
sessions group were 1.5 (95% showed

comparable trends
for a greater
effect of the

25 mg dose
Psychotherapy =~ Dynamic Emotional ~ Test was completed Group x time interaction  Psilocybin with

(preparation, Expression at baseline and on speed of emotion psychological
acute Recognition Task 1 month later after recognition support appears to
support, (RT on correct two doses of (P =10.035). At improve
integration) trials) psilocybin baseline, patients were processing of

slower at recognizing emotional faces in

facial emotions TRD, and this

compared with correlates with

controls (P < 0.001). reduced

After psilocybin, this anhedonia

difference was

remediated

(P = 0.208). Emotion

recognition was faster

at follow-up compared

with baseline in
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Table 1. (Continued)

Therapy

principles Outcome measure Protocol Condition Results Conclusion
patients (P = 0.004)
but not controls
(P =0.263)

Preparatory Pen conditional Test was performed MDD Perseverative errors on Psilocybin therapy
meetings exclusion test 4 weeks before the the PCET generally was shown to
(8 h),2 first psilocybin decreased from increase cognitive
psilocybin session and 1 and baseline to 1 week and neural
sessions 4 weeks after the post-psilocybin therapy flexibility in
1-3 weeks second psilocybin with this effect patients with
apart and session sustained 4 weeks MDD
follow up post-treatment. This
sessions improvement in
2-3h cognitive flexibility

was supported by a
main effect of time
point

depression.

AUT, alternative uses task; AX-CPT, AX continuous performance test; CFS, cognitive flexibility scale; COVAT, covert orienting of attention task;
DA, dextro-amphetamine; DMT, dimethyltryptamine; DSST, digit symbol substitution test; DXM, dextromethorphan; ERP, event-related potential;
FAIR, Frankfurt Attention Inventory; GMLT, Groton Maze Learning Task; ISI, interstimulus intervals; MDD, major depressive disorder; MDE,
3,4-methylenedioxyethamphetamine; MMN, mismatch negativity; MMSE, mini-mental state examination; MOT, multiple object tracking; NA, not
available; PCET, Penn conditional exclusion test; PCT, picture concept task; PET, pictorial empathy test; PPI, prepulse inhibition; RAVLT, Rey
Auditory Verbal Learning Test; RCT, randomized clinical trial; RMET, reading the mind in the eyes test; RT, reaction time; SD, standard
deviation; SSR, social responsibility; SST, spatial span test; SVO, social value orientation; SWM, spatial working memory; TECA, cognitive-
affective empathy test; TEQ, Toronto Empathy Questionnaire; TMT-A, trail making test A; TMT-B, trail making test B; TRD, treatment-resistant

significant increase in the time needed to complete the task following a
microdosing regimen was observed.’*** In the post-acute settin%, there
was a non-significant trend towards improved sustained attention.”

Working memory

Five studies evaluated the effects of psilocybin on working
memory on healthy participants. Nikoli¢ et al.*’ conducted a study
with 20 healthy volunteers to examine the impact of psilocybin on the
consolidation of working and verbal memory. Although they found
no evidence of cognitive decline in memory consolidation, they were
also unable to demonstrate any improvement in memory consolida-
tion from psilocybin using memory tests, including the Groton Maze
Learning Task and Rey Auditory Verbal Learning Test.’”

Two studies assessed working memory with the spatial span
test.>'* Carter er al.** investigated the impact of 215 pg/kg psilocy-
bin on spatial working memory (SWM) in eight healthy volunteers.
They discovered no significant influence on the correct recall of boxes
in sequence (‘span length’) for both drug and time. This absence of
effect persisted when comparing placebo and psilocybin conditions
before and 120 min after drug intake in a 2 x 2 ANovA. Furthermore,
the total number of errors in sequence order or location (‘total errors’)
remained unaffected by drug administration or time of testing, further
affirming the lack of psilocybin’s impact on SWM performance.>*
Wittmann et al>' examined the impact of high (250 pg/kg) and
medium (115 pg/kg) doses of psilocybin on the SWM of 12 healthy
individuals using the same test. The test was accomplished at 0, 100
and 360 min after drug/placebo intake. The analysis showed no over-
all treatment effect, a significant effect over measurement time, and a
significant interaction effect. Also, the analysis showed a significant
interaction effect between measurement time and treatment group. 4
priori contrasts revealed a significant difference only in the contrast

Psychiatry and Clinical Neurosciences 78: 744-764, 2024

between placebo and high-dose (HD) psilocybin between ¢1 and #0
(P <0.011). Therefore, at the peak of effects, only HD psilocybin
(not medium dose) impaired spatial span task performance, as indi-
cated by span length.>'

Umbricht et al*® investigated the impact of psilocybin
(0.28 mg/kg) on working memory using the AX continuous perfor-
mance test in healthy individuals 70 min after psilocybin administra-
tion. The study revealed a substantial reduction in response accuracy
and working memory during psilocybin administration which was
independent of inter stimulus intervals. This effect was not attributed
to a more liberal response bias induced by psilocybin. Finally, Rucker
et al.* reported an increase in working memory using SWM.

In summary, five studies evaluated the impact of psilocybin on
working memory, all of them worked with healthy subjects and only
one evaluated the effects in the post-acute setting. In the acute setting,
two studies demonstrated impaired performance with doses over
0.25 mg/kg,*'>® and two others showed no effect of psilocybin on
working memory.**?” In the post-acute setting, Rucker ef al.*® dem-
onstrated a trend towards better performance for 25 mg dose com-
pared to baseline, but no difference from placebo.

Emotional processing

Four studies evaluated the effect of psilocybin on emotional
processing; three of these on healthy subjects®****° and one on sub-
jects with TRD.?® Kometer et al.>® evaluated the acute effects of psi-
locybin, with or without ketanserin pretreatment, on emotional
processing through the emotional go/no-go task in 17 healthy partici-
pants 130 min after treatment. In this within subject design study, par-
ticipants underwent four different experimental days, separated at
least 2 weeks apart. Each session involved pretreatment with either
placebo or ketanserin (50 mg) followed by placebo or psilocybin
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Table 2. Cognitive function results based on psilocybin dose and time of assessment
Author Participants Psilocybin dose Time of test Assessment Results
Global cognitive function
Post-acute
Rucker e al>® 89 healthy Single dose of 25 or Baseline (day —1), 8 and CANTAB - Global  No statistically significant effect
participants 10 mg 29 days after psilocybin composite score
administration
Acute
Barrett et al.>’ 22 healthy Three sessions — 10, 120-360 min after drug MMSE No statistically significant effect
participants 20, and administration
30 mg/70 kg
Attention
Acute
Hasler ef al®® 8 healthy Four sessions — 140 min after drug FAIR Decrease in PV: P<0.01 CV:
participants 0.045, 0.115, administration performance P <0.01
0.215, value (PV) and
0.315 mg/kg continuity value
(CV) scores.
No effect on
efficiency and
quality value
scores
Vollenweider 16 healthy Three sessions — 0, 105, 180, and 360 min FAIR Dose-dependent P <0.00001
et al.’? participants 0.115, 0.215 and after drug administration decreased
0.315 mg/kg scores in
attentional
performance
and continuity.
Decreased
quality value
score only after
high dose. No
effect on
efficiency score
Carter et al>* 8 healthy 0.215 mg/kg +/— 120 min after drug MOT Reduction in P<0.05
participants ketanserine administration number of dots
pretreatment correctly
tracked
Duke et al.>® 8 healthy 0.2 mg/kg Not specified T™MT Decreased P <0.05
participants performance
and increased
time needed to
complete task
Gouzoulis- 32 healthy 0.2 mg/kg 0, 75 and 95 min after drug COVAT (visual Longer RTs P =0.006
Mayfrank participants administration attention)
et al*®
Microdosing
Cavanna ef al*> 34 healthy Psilocybe cubensis  Tests performed on dosing TMT Significant Not specified
participants mushrooms, 0.5 g  days increase in time
required to
complete task
Post-acute
Rucker er al>® 89 healthy Single dose of 25 or Baseline (day —1), 8 and Rapid Visual Trend towards Not statistically
participants 10 mg 29 days after psilocybin Information improved significant
administration Processing sustained
attention
Working memory
Acute
Nikoli¢ et al>” 20 healthy 1 mg/5 kg Baseline, 8 h after dosing RAVLT No statistically significant effect
participants and before going to sleep GMLT
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Author Participants Psilocybin dose Time of test Assessment Results
Carter et al.>* Eight healthy 0.215 mg/kg +/— 120 min after drug SWM No statistically significant effect
participants ketanserine administration SST
pretreatment
Wittmann 12 healthy Two sessions — 0, 100 and 360 min after SWM Impaired SST P <0.011
et al®! participants 0.115, drug administration SST performance
0.25 mg/kg with high dose.
No effect with
medium dose
Umbricht 18 healthy 0.28 mg/kg 70 min after drug AX CPT Decreased P <0.001
et al®® participants administration performance;
decreased hit
rate and
increased
response to
false alarms
Post-acute
Rucker ef al*® 89 healthy Single dose of 25 or Baseline (day —1), 8 and SWM Trends towards Not statistically
participants 10 mg 29 days after psilocybin better significant
administration performance for
25 mg dose
compared to
baseline, but no
difference from
placebo
Emotional processing
Acute
Kometer ef al.>° 17 healthy 0.215 mg/kg +/— 130 min after drug Emotional go/no-go  Increased RT for RT: P = 0.01,
participants ketanserine administration task negative and ER: P =0.05
pretreatment neutral valence
words and
increased error
rate depending
on word
valence
Microdosing
Marschall 52 healthy Repeated 90 min after self- Emotional go/no-go  No statistically significant effect
et al>® participants microdosing (0.7 g administering their task
of dried seventh dose
psilocybin-
containing truffles)
over 3 weeks
Post-acute
Stroud er al>® 17 participants 10 mg on 1st 0 and 1 month after second Dynamic Emotional  Faster emotion P =0.004
with TRD session and psilocybin sessions Expression recognition at
25 mg on second Recognition Task follow up in
session separated subjects with
by 1 week TRD
Rucker e al.*® 89 healthy Single dose of 25 or Baseline (day —1), 8 and RMET Not statistically significant
participants 10 mg 29 days after psilocybin
administration
Social cognition and empathy
Acute
Pokorny et al* 32 healthy 0.215 mg/kg 160 min after drug Multidimensional Increased explicit EE: P <0.01
participants administration empathy test and implicit IE: P <0.05

emotional
empathy. No
change in
cognitive
empathy
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Table 2. (Continued)

Microdosing
Cavanna ef al.®> 34 healthy
participants
Post-acute
Mason et al.*' 60 healthy

participants

Cognitive flexibility and creative cognition

P. cubensis
mushrooms, 0.5 g

0.17 mg/kg

administration

Tests performed on dosing
days

0, 120-130 min after
psilocybin
administration, and
7 days after

of SSR, SVO

CFS, Remotes
Associated Test,
AUT and Wallach—
Kogan test

Picture concept task

Author Participants Psilocybin dose Time of test Assessment Results
Microdosing
Cavanna ef al*> 34 healthy P. cubensis Tests performed on dosing  Cognitive-affective No statistically significant effect
participants mushrooms, 0.5 g  days empathy test
Post-acute
Rucker ef al*® 89 healthy Single dose of 25 or Baseline (day —1), 8 and Pictorial empathy test Not statistically significant
participants 10 mg 29 days after psilocybin (PET), TEQ, Scale

No statistically significant effect

Acute decrease in - P = 0.007
convergent and
divergent
thinking.
Sustained
decrease in
convergent
thinking at the
day 7 follow up

AUT Acute decrease in P = 0.007
fluency but
increased scores
of novelty at
the 7 days
follow up
Doss et al.** 22 participants 20 mg/70 kg on 1st 0 and 1 and 4 weeks after ~ Penn conditional Decrease in P <0.001
with MDD session and the second psilocybin exclusion test perseverative
30 mg/70 mg on session errors sustained
second session 1— over 4 weeks
3 weeks apart compared to
baseline
Nayak ef al.** 657 participants Dried psilocybin 1 to 3 days, 24 weeks, and CFS Increased self- P <0.001
mushrooms 2-3 months after reported
(mean psilocybin administration cognitive
dose = 3.1 g) flexibility
Memory and learning
Acute
Rucker e al>® 89 healthy Single dose of 25 or Baseline (day —1), 8 and Paired Associates Not statistically significant
participants 10 mg 29 days after psilocybin Learning
administration
Post-acute
Spitzer et al.*>  Eight healthy 0.200 mg/kg 0, 50, 150 and 220 min Lexical decision Increase in P =0.026
participants after psilocybin paradigm test indirect
administration (semantic semantic
associations) priming
Barrett et al.>” 22 healthy Three sessions — 10, 120-360 min after Word encoding/ Dose-dependent P < 0.0005
participants 20, and psilocybin administration ~ recognition task decrease in
30 mg/70 kg DSST word recall
accuracy and
increased
response time
Executive function
Acute
Barrett et al.>” 22 healthy Three sessions — 10, 120-360 min after DSST Dose-dependent P < 0.0001
participants 20, and psilocybin administration decrease in
30 mg/70 kg attempted
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Author Participants Psilocybin dose Time of test Assessment Results
responses and
decreased
substitution
recall accuracy

Post-acute

Goodwin 233 participants  Single dose of 1, 25 0, day 2 and week 3 and 12 DSST Dose-dependent  Not statistically
et al® with TRD or 10 mg after psilocybin trend towards significant

administration

increased scores
in week 3
compared to
baseline

test; TRD, treatment-resistant depression.

AUT, alternative uses task; AX-CPT, AX continuous performance test; CANTAB, Cambridge Neuropsychological Test Automated Battery;
CFS, cognitive flexibility scale; COVAT, covert orienting of attention task; DSST, digit symbol substitution test; FAIR, Frankfurt Attention
Inventory; GMLT, Groton Maze Learning Task; MDD, major depressive disorder; MMSE, mini-mental state examination; MOT, multiple object
tracking; RAVLT, Rey Auditory Verbal Learning Test; RMET, reading the mind in the eyes test; RT, reaction time; SSR, social responsibility;
SST, spatial span test; SVO, social value orientation; SWM, spatial working memory; TEQ, Toronto Empathy Questionnaire; TMT, trail making

(215 g/kg) after 1 h.*° The administration of psilocybin resulted
in an increase in RT, with longer RTs observed for negative and
neutral words compared to positive words, indicating a heightened
response bias towards positive words. Moreover, psilocybin led
to increased error rates based on word valence, specifically elevating
error rates for neutral words while not affecting those for positive or
negative words. These changes were observed irrespective of pre-
treatment with ketanserin. Using the same task, Marschall et al>? eval-
uated the effects of seven doses of approximately 1.5 mg psilocybin
over 3 weeks on emotional processing in 52 healthy subjects. Contrary
to the results by Kometer et al. the results showed that at 1.5 h after
self-administration of psilocybin, emotional processing had a significant
effect on RTs, but the specific experimental conditions (placebo vs psi-
locybin) did not.*?

Interestingly, Stroud er al.?® explored the lasting effect of
psilocybin on emotional processing in 17 participants with TRD,
and reported that psilocybin, along with psychotherapeutic
support, appears to improve emotional processing in this indica-
tion. Patients participated in two dosing sessions, the first with
10 mg of psilocybin and 25 mg in the second, and received psy-
chotherapy sessions including a preparation session, inner
directed therapy during 6psilocybin treatment and an integration
session after treatment.”® One month after administration of psi-
locybin, participants completed the Dynamic Emotional Expression
Recognition Task. Results showed that at pretreatment baseline,
patients were slower at recognizing facial emotions compared with
controls. After psilocybin, this difference was remediated. Emotion
recognition was faster at follow-up compared with baseline in patients
but not controls. Lastly, Rucker et al reported no difference
between either psilocybin group and placebo in the reading the mind
in the eyes test scores relative to baseline.

The four studies assessing emotional processing had different
experimental designs and studied various populations, yielding mixed
results. Of the two studies employing the emotional go/no-go task,
the one using a microdosing regimen found no difference between the
placebo and control groups.®® In contrast, Kometer ef al.>® reported a
significant difference with a 0.215 mg/kg dose, noting increased RTs
and error rates depending on word valence. In the post-acute setting
with healthy participants, no significant effect of psilocybin was
observed.*® However, in the study involving participants with TRD,
the authors found faster emotion recognition 1 month after psilocybin
administration.>®

Psychiatry and Clinical Neurosciences 78: 744-764, 2024

Social cognition and empathy

Regarding the effects of psilocybin on empathy levels, Pokorny
et al.*® compared the acute effects of psilocybin (0.215 mg/kg) with
placebo in 32 healthy subjects using the multidimensional empathy
test administered 160 min post treatment. Compared to placebo, psi-
locybin increased both explicit and implicit emotional empathy. How-
ever, no change in cognitive empathy and no significant main effect
for psilocybin were indicated. Consistently, in the study by Cavanna
et al.*, no significant changes were reported in cognitive empathy
levels as measured by the cognitive-affective empathy test. Lastly,
Rucker et al.*° reported similar empathy and social cognition scores
across psilocybin and placebo groups and time points of the study
assessed by the pictorial empathy test, scale of social responsibility,
social value orientation and Toronto Empathy Questionnaire.

These three studies evaluated social cognition and empathy in
both acute and post-acute settings, as well as following a microdosing
regimen. A significant difference between the placebo and psilocybin
groups was observed only in the acute setting, with the
psilocybin group showing increased explicit and implicit emotional
empathy.*® The other two studies found no difference between the
placebo and psilocybin groups in social cognition and emgathy tests
in the post-acute setting or after a microdosing regimen.*%

Cognitive flexibility and creative cognition

Inconsistent results were reported on the effects of psilocybin on
cognitive flexibility and creative cognition, considering different
psychiatric indications and various drug regimens used in these
studies. Cavanna et al.>? reported no significant effects of psilocy-
bin microdosing (0.5 g of dried mushrooms) on cognitive flexibil-
ity and creative cognition in healthy subjects, assessed by the
cognitive flexibility scale (CFS), the Remotes Associates Test
(RAT; convergent thinking), the alternative uses task (AUT; diver-
gent thinking), and the Wallach—-Kogan Test (WK; divergent
thinking).>> However, in another study Mason et al.*' reported a
time-related differentiation of effects on creative thinking by psilo-
cybin. This study evaluated the acute and lasting effects of psilo-
cybin (0.17 mg/kg psilocybin) on creativity in 60 healthy subjects
utilizing the picture concept task and the AUT at three timepoints:
baseline, treatment day and 7 days after the treatment. Psilocybin
acutely decreased both convergent and divergent thinking com-
pared to placebo, with convergent thinking still reduced at the
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No significant effect (CANTAB,? MMSE,* P> 0.05)

Dose-dependent reduction (FAIR, P< 0.01)'; Reduced sustained attention (FAIR PV &
CV, P< 0.01)%; Delayed reaction times (COVAT, P< 0.01)*; Inaeased time needed to
complete task (TMT, P< 0.05)%%; Significant reduction of attentional performance
(MOT, P< 0.05)%; Increased sustained attention (RVP)®

No overall effect (RA! GMLT, P> 0.05%; SST, F(3,21) =
with high dose (F[2,22] = 4.05, P 03)?%; Significant declin
F[1,15]=23.92, P< 0.001)%; Increase In working me

64)%; Impaired SST
e hit rate (AX-CPT,
y (SWM)®

Increased error rates and reaction time (Emotional go/no-go task, P =0.01 & P =
0.08)%; No effect on reaction times (Emotional go/no-go task, P> 0.05)%'; Improved
processing of emotional faces (ERT, P< 0.01, d = 0.876)?°; No significant changes (PET,
TEQ, RMET, P> 0.05)%

Increased explicit and Implicit emotional empathy (MET, P< 0.05)%; No significant effect
on cognitive empathy (MET, F[1,30] = 1.45, P> 0.05)%; No significant effect TECA, P>
0.05, SSR, SVO, P> 0.05)%®

No significant effect (CFS, AUT, RAT, WK. P> 0.05)%; Sustained positive changes (PCET)

Sustained decrease in convergent thinking (PCT, P< 0.05);*° Decrease in fluency but
increased scores of novelty (AUT, P< 0.05)%; Increase in cognitive flexibility (CFS, P<
0.01, effect size (SMD [95% Cl)) 0.23 [0.15, 0.31))%°

No significant change (PAL-TEA, P> 0.05)%; Significant increase of indirect semantic
priming (LDT, P< 0.05)*'; Decrease in the free recall of words (word encoding/
recognition task)?; Impairments in associative learning (substitution recall segment of
the DSST)*

Impairment in DSST?%; Dose-dependent improvement trend (DSST, P< 0.05)%

Global cognitive function (n = 2)

Attention and processing speed (n = 7)

Working memory (n = 5)

Emotional processing (n = 4)

Social cognition & empathy (n = 3)

Cognitive fle: & creative cognition

(n=4)

Memory & learning (n = 3)

Executive function (n = 2)

Fig. 5 Summary of psilocybin effect on different domains of cognitive function. AUT, alternative uses task; AX-CPT, AX continuous performance test; CFS, cognitive
flexibility scale; COVAT, covert orienting of visual attention task; DSST, digit symbol substitution test; ERT, emotion recognition task; FAIR, Frankfurt Attention Inven-
tory; GMLT, Groton Maze Learning Task; PCET, Penn conditional exclusion test; RAVLT, Rey Auditory Verbal Learning Test; TECA, cognitive-affective empathy test.

7-day follow-up. Additionally, psilocybin acutely decreased flu-
ency and significantly increased novelty at the 7-day follow-up.
Although aspects of divergent thinking were impaired during the
acute psychedelic state, they were increased after 7 days, represen-
ted by the generation of a higher quantity of novel ideas for uses
of an everyday object on the AUT compared to placebo.*'

Doss et al.** evaluated the lasting effects of psilocybin on cogni-
tive flexibility in 22 participants with MDD. Participants received
20 mg/70 kg and 30 mg/70 kg of psilocybin across two sessions,
1-3 weeks apart. The cognitive flexibility was evaluated using the
Penn conditional exclusion test 4 weeks before the first psilocybin
administration, then 1 and 4 weeks after the second session. Sustained
positive changes were shown in cognitive flexibility in patients with
MDD, independent of changes in depressive symptoms as assessed
by GRID-Hamilton Depression Rating Scale.**

Nayak et al.*? investigated the effects of psilocybin on cognitive
flexibility in healthy participants. The study comprised six sequential
web-based surveys, including the CFS. Results revealed a significant
increase in self-reported cognitive flexibility at 2-4 weeks and 2—
3 months post-psilocybin. The increase in cognitive flexibility was
positively correlated with higher scores on the Mystical Experience
Questionnaire at both time points, suggesting that individuals with
more profound mystical experiences exhibited a greater rate of
improvement in cognitive flexibility over time.**

Overall, these studies demonstrated that psilocybin affects cogni-
tive flexibility and creative cognition onlzy in the post-acute setting,
not following a microdosing regimen.?****'*? In the post-acute set-
ting, a decrease in convergent thinking and increased novelty scores
was observed 7 days after psilocybin administration.*' Additionally,
there was an increase in both objective and self-reported cognitive
flexibility in healthy participants as well as in subjects with
depression.”**?

Memory and learning
The main three investigated aspects of memory and learning in psilo-
cybin studies were associative learning, semantic associations, and
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episodic memory. Rucker et al.*® measured the effect of psilocybin
on episodic memory using Paired Associates Learning-Total Errors
Adjusted (PAL-TEA). The results of this study indicated no changes
in PAL-TEA following psilocybin administration.*®

Spitzer et al.** conducted an RCT in eight healthy subjects to
evaluate the acute effects of psilocybin on semantic associations. Par-
ticipants underwent two sessions a week apart, including one with
0.2 mg/kg psilocybin capsules and one placebo session.** Participants
performed the lexical decision paradigm test before and at minutes
50, 150 and 220 after treatment. The results showed no effect of psi-
locybin with the indirect priming effect, but a significant increase of
indirect semantic priming under psilocybin was indicated, which
implies an increased availability of remote associations.**

In a study by Barrett et al.”’ associative learning and short-term
memory in 22 healthy participants was assessed using a word
encoding/recognition task and the substitution recall segment of the
DSST. Psilocybin was administered in three doses 10, 20, and
30 mg/70 kg. Significant positive effects of the drug condition were
noted on word recall accuracy and word recognition.®” Planned com-
parisons revealed a notable difference between the DXM and
10 mg/70 kg psilocybin conditions for the familiarity index and the
recollection index in the word recall task. Both psilocybin and DXM
led to a decrease in the free recall of words, but DXM exhibited a
more pronounced impact on free recall compared to psilocybin. Addi-
tionally, DXM selectively reduced recognition sensitivity and dimin-
ished the involvement of both familiarity and recognition processes
compared to the 10 mg/70 kg dose of psilocybin. Regarding substitu-
tion recall in the DSST, both psilocybin and DXM induced impair-
ments in associative learning. In summary, both drugs influenced
incidental associative learning, and while DXM affected episodic
memory selectively, psilocybin did not produce the same effect.’

In summary, in the post-acute setting, the study by Rucker
et al>® showed no effect of psilocybin on episodic memory. On the
other hand, in the acute setting, both studies showed an effect of
psilocybin; Spitzer et al.** showed an increase in indirect semantic
priming and Barrett er al.>’ showed a dose-dependent decrease in
word-recall accuracy.
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Executive function

Executive function was evaluated by two studies, both using the digit
symbol substitution test (DSST). Barrett ef al®’ studied the acute
cognitive effects of psilocybin in healthy volunteers. Executive func-
tion as measured by the DSST, showed a main effect of drug condi-
tion, as well as an interaction between drug condition and time point
on the number of attempted trials.>” Similarly, a main effect for drug
condition on accuracy and interaction between drug condition and
time point. Regarding the accuracy of attempted responses, psilocybin
did induce a dose-dependent decrease in attempted responses, indicat-
ing a successful speed-accuracy trade-off during the effects of psilo-
cybin. In summary, both study drugs (psilocybin and DXM) caused
impairment in DSST while acutely under the influence of drug.’
However, in a study by Goodwin ef al.® in patients with TRD, it was
indicated that higher doses of psilocybin (25 and 10 mg) are associ-
ated with greater improvements in DSST scores compared to a lower
dose (1 mg). This trial with 233 TRD participants administered DSST
3 weeks after treatment with a single dose of psilocybin (25, 10 or
1 mg). The difference in least-squares mean change (standard error)
in the DSST from baseline to week 3 for 25, 10 and 1 mg was 6.4
(0.84), 5.4 (0.87) and 4.8 (0.84), respectively. The difference between
the 25 mg psilocybin group and the 1 mg control group was 1.5 (95%
CI: —0.8, 3.8), and for the 10 mg group was 0.5 (95% CI: —1.8, 2.8).
This study suggests a potential dose-dependent improvement trend in
cognitive performance 3 weeks post-dosing.>’

In conclusion, in the acute setting, a dose-dependent decrease in
executive function performance was observed in the psilocybin group.
Conversely, in the post-acute setting, subjects with TRD exhibited a
dose-dependent, non-significant trend towards increased scores at
week 3 compared to baseline in the psilocybin group.?

Discussion
In this review, we systematically identified, reviewed, and evaluated
20 published studies, which investigated the effect of psilocybin on
cognitive function. Our systematic review on psilocybin’s effect
on cognitive function revealed nuanced findings. While global cogni-
tive function in healthy individuals showed negligible effects, certain
domains such as executive function exhibited potential improvements.
Attention was consistently impaired by psilocybin in the acute phase,
except in one study where sustained attention showed a non-significant
trend towards improvement 29 days after psilocybin administration.
Working memory was not consistently impaired by psilocybin but
showed deficits under specific conditions or doses. Psilocybin showed
promise in modifying emotional processing, enhancing positive emo-
tional bias and recognition of emotional expressions, especially in TRD
patients, emphasizing the importance of therapeutic support. Further-
more, it can enhance emotional empathy without significantly altering
cognitive empathy. Cognitive flexibility and creative cognition were ini-
tially impaired but transformed into improvements, particularly in set-
tings involving significant psychological or mystical experiences.
Psilocybin’s acute effects on cognition appear to follow a dose-
dependent gradient, with different doses showing distinct cognitive
responses. Higher doses have been associated with both enhance-
ments and impairments in cognitive performance, underscoring
the importance of dosage optimization for desired out-
comes.'>2%27:283031 The precise mechanisms underlying these dose
dependent effects warrant further investigation. Understanding the
temporal dynamics of psilocybin’s cognitive effects is crucial for
interpreting study findings accurately. Acute assessments conducted
up to 24 h after psilocybin ingestion provide insights into immediate
cognitive changes, whereas longer-term assessments reveal the persis-
tence and trajectory of these effects over time. The diverse range of
study populations, including both healthy individuals and those with
mood disorders such as MDD and TRD, offers valuable insights into
the differential effects of psilocybin across distinct clinical contexts.
While healthy participants may exhibit alterations in attention,
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working memory, and emotional processing, individuals with depres-
sion may experience cognitive improvements alongside mood
enhancements following psilocybin-assisted therapy.>>*® Exploring
the underlying neurobiological mechanisms mediating psilocybin’s
effects on cognition remains a frontier in psychedelic research.
Neuroimaging studies have implicated alterations in brain connec-
tivity, neurotransmitter systems, and neural plasticitgf as potential
drivers of psilocybin-induced cognitive changes.**”° Integrating
psilocybin-assisted therapy into existing treatment paradigms for
depression, anxiety, and substance use disorders may offer a novel
approach to addressing cognitive deficits and promoting overall
psychological well-being. Longitudinal studies examining the
enduring cognitive effects of repeated psilocybin dosing and
exploring potential biomarkers of treatment response are
warranted.

Two studies have suggested that individuals may experience
enhanced cognitive flexibility and creativity in the days and weeks
following a psilocybin experience.>*** This post-acute period, often
referred to as the ‘afterglow’, is characterized by a heightened sense
of novelty, openness to new ideas, and divergent thinking. Research
has shown that psilocybin can facilitate the dissolution of rigid
thought patterns and promote unconventional problem-solving strate-
gies, which may persist beyond the acute effects of the drug.”” These
findings have significant implications for harnessing psilocybin’s
potential as a catalyst for creativity enhancement and cognitive
enrichment in both clinical and non-clinical settings. The post-acute
phase following a psilocybin exyerience is also marked by shifts in
mood and emotional resilience.***® Many individuals report feelings
of increased emotional openness, empathy, and connectedness with
others, which may endure for days or even weeks after the acute
effects have subsided. These changes in affective processing are
thought to arise from alterations in 5-HT receptor signaling and neu-
roplasticity induced by psilocybin, leading to a recalibration of emo-
tional reactivity and regulation.***° Moreover, the profound insights
and spiritual experiences often reported during psilocybin sessions
can foster a sense of existential meaning and psychological well-being
that persists beyond the immediate drug effects.** The post-acute
period serves as a critical window for the integration and consolida-
tion of insights gained during the psychedelic experience.*> Through
reflective practices such as journaling, meditation, and psychotherapy,
individuals can deepen their understanding of the transformative
experiences catalyzed by psilocybin and integrate them into their
sense of self and worldview.*® This process of meaning-making facili-
tates psychological integration, facilitates the resolution of existential
concerns, and fosters a sense of coherence and authenticity in one’s
life narrative.*® Moreover, integration practices play a vital role in
mitigating potential adverse effects and maximizing the therapeutic
benefits of psilocybin therapy.*” Research into the mechanisms under-
lying these post-acute effects can inform the development of novel
therapeutic approaches targeting mood disorders, addiction, and exis-
tential distress.

Comparing the acute and post-acute effects of psilocybin unveils
a nuanced journey of cognitive and emotional transformation. In the
acute phase, individuals undergo profound alterations in perception
and consciousness, experiencing vivid hallucinations, ego dissolution,
and heightened emotional intensity.” This period, lasting 4—6 h, often
leads to enhanced introspection, insight, and altered sense of self.? In
contrast, the post-acute phase extends beyond the immediate experi-
ence, manifesting in improved cognitive flexibility, emotional resil-
ience, and enduring changes in personality traits.>* While acute
effects are intense and transient, postacute effects are subtler but more
enduring, influencing mood, cognition, and behavior over days,
weeks, or even months.*® Understanding the dynamic interplay
between these phases is crucial for optimizing therapeutic outcomes,
as integration practices during the post-acute period can help individ-
uals consolidate insights, and maximize the long-term benefits of
psilocybin-assisted therapy.
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The variability in results within the domain of cognitive func-
tion, even when studies focus on similar cognitive tasks such as atten-
tion, memory, or executive function, can be attributed to several
factors. Firstly, differences in study design, including variations in
sample size, participant demographics, dosing regimens of psilocybin,
and the specific measures used to assess cognitive performance, contrib-
ute significantly. Studies may also vary in the timing of assessments post-
psilocybin administration, influencing the observed effects on cognitive
domains. Moreover, the inclusion criteria and health status of participants
(e.g. healthy volunteers vs individuals with psychiatric disorders) can
introduce variability in baseline cognitive abilities and responsiveness to
psilocybin. Additionally, the contextual factors during testing, such as the
environment and psychological state of participants, could influence cog-
nitive outcomes. These multifaceted factors highlight the complexity of
studying psilocybin’s effects on cognition and underscore the importance
of comprehensive study design and analysis to better understand and
interpret these varying results.

The exact mechanisms underlying how psilocybin may impact
cognition are still subjects of ongoing investigation. One prominent
theory proposes that psilocybin interacts with 5-HT receptors in the
brain, particularly the 5-HT2A receptor.*® This interaction leads to
changes in neurotransmitter activity, with 5-HT2A receptor activation
modulating the release of key neurotransmitters such as dopamine
and glutamate, which are integral to cognitive processes.”’™>' Other,
recent preclinical studies have demonstrated that psilocin acts as an
allosteric modulator of Tropomyosin receptor kinase B, the receptor
for brain derived neurotrophic factor, a critical signaling molecule for
the induction of synaptic protein synthesis.> As synaptic plasticity is
known to be essential for cognition, and has been shown to be altered
in mood disorders, this neurobiological mechanism provides insights
into how psychedelics may exert their therapeutic efficacy. Further-
more, other studies have shown that treatment of cultured neurons
with psychedelics is capable of increasing neuritogenesis and can
induce spinogenesis when administered systemically.’> Moreover,
two-photon imaging in live mice has shown increases in dendritic
spines in the prefrontal cortex for up to 30 days following psilocybin
administration.>*

While psilocybin preferentially activates the 5-HT2A receptor, it
also exerts an activating effect on the 5-HT1A receptor. Studies that
used ketanserin pretreatment, a preferential 5-HT2A antagonist, did
not show significant differences in emotional processing or attentional
processing, suggesting the involvement of the 5-HT1A receptor in
modulating the cognitive changes observed.***° Recent preclinical
findings highlight the dual role of 5-HT receptors in the actions of
psychedelics.> These studies emphasize that while 5-HT2A receptors
predominantly mediate the perceptual and psychedelic effects,>®
5-HT1A receptors may play a significant role in modulating cognitive
and emotional processing,’’ potentially contributing to the therapeutic
effects observed in clinical studies. Further research is warranted to
elucidate the specific mechanisms and interactions between these
receptor subtypes, which could inform the development of more
targeted therapeutic approaches using psilocybin and related com-
pounds. Furthermore, psilocybin-induced alterations in neural connec-
tivity and network dynamics, as observed using functional magnetic
resonance imaging studies, may contribute to cognitive effects by
temporarily disrupting the DMN.>®® This network is linked to self-
referential thoughts, and its transient suppression might foster a more
flexible cognitive state.’®° Additionally, ongoing exploration of psi-
locybin’s impact on neuroplasticity, dendritic remodeling, and synap-
tic pruning suggests a potential mechanism for cognitive benefits,
promoting the growth of new neural connections and eliminating less
efficient ones.*”®' The psychedelic experience induced by psilocybin,
marked by altered perceptions and increased introspection, is also
considered a factor that might contribute to cognitive flexibility,
empathy and creativity.****%> However, it is crucial to emphasize that
these mechanistic hypotheses remain plausible and require further
research for a comprehensive understanding of the intricate pathways
through which psilocybin influences cognition. The evolving field of
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research, characterized by ongoing studies, aims to elucidate the com-
plexities of psilocybin’s effects on the brain and cognitive functions.

Stroud et al*® reported that a larger decrease in RT in the
Dynamic Emotional Expression Recognition Task correlated with a
greater reduction in anhedonia among depressed individuals receiving
psilocybin. This correlation implies that as individuals become more
proficient at recognizing and processing emotional expressions, they
also experience a greater relief from anhedonia. Anhedonia, a hall-
mark symptom of depression characterized by a diminished ability to
experience pleasure, often accompanies deficits in emotional
proce:ssing.64 Therefore, the observed association between improve-
ments in emotional processing and reductions in anhedonia indicates
that psilocybin may target underlying mechanisms involved in both
emotional processing and anhedonic symptoms. One interpretation of
this correlation is that psilocybin treatment enhances emotional
processing capabilities, leading to a normalization of affective
responses and ultimately reducing anhedonia. By facilitating more
adaptive emotional responses to stimuli, psilocybin may alleviate
anhedonic symptoms and restore the ability to experience pleasure.
However, it is important to recognize that correlation does not imply
causation. While the observed relationship between improved emo-
tional processing and reduced anhedonia is intriguing, it does not
establish a direct causal link between the two. Other factors, such as
changes in mood, cognition, or neural circuitry, could mediate the
observed correlation. Furthermore, the interpretation of this correla-
tion should consider potential confounding variables and alternative
explanations. Further research is needed to elucidate the causal rela-
tionships and underlying mechanisms involved, as well as to explore
the clinical implications of these findings for the treatment of depres-
sion and related mood disorders.

While our review provides a comprehensive synthesis of studies
on the changes in cognitive function following psilocybin, it is crucial
to acknowledge several limitations. The marked heterogeneity across
selected studies, encompassing variations in participant characteris-
tics, study designs, and cognitive assessment methodologies, presents
a substantial challenge for direct comparisons and generalizability.
Furthermore, limited sample sizes in certain studies may compromise
statistical power and the reliability of findings. The diverse range of
psilocybin doses, administration protocols, and concurrent psycho-
therapy further complicates result interpretation. Additionally, the pre-
dominant focus on acute effects in existing research leaves a gap,
with relatively few longitudinal studies examining sustained cognitive
function changes. The use of varied assessment tools across studies
presents a challenge in establishing a standardized framework for
comprehensive understanding of psilocybin’s impact. Moreover, the
review is constrained by the relatively small number of available stud-
ies. This, in conjunction with the diverse methodologies employed,
underscores the need for caution in drawing definitive conclusions.
The observed heterogeneity in participant demographics, study
designs, and cognitive assessment tools precludes the feasibility of
conducting a meta-analysis to quantitatively synthesize findings,
emphasizing the current limitations and the imperative for further
research in this growing field.

In conclusion, our comprehensive review synthesizes existing
studies on the cognitive effects of psilocybin, providing insights
into its multifaceted impact across various domains. The gathered
evidence indicates potential alterations in cognition. Psilocybin’s
interaction with 5-HT receptors, neural connectivity changes, and
the psychedelic experience are hypothesized mechanisms influenc-
ing cognition. However, limitations present challenges. The
absence of a standardized framework underscores the nascent stage
of research in this field. Future studies should focus on further
investigating specific cognitive domains, such as sustained atten-
tion, working memory, and executive functions, to address the
inconsistencies observed. Methodological improvements are essen-
tial: larger sample sizes will enhance the reliability of findings,
standardized cognitive assessments will ensure consistency, and
longitudinal study designs will help track both acute and post-
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acute effects. Additionally, exploring the effects of varying dos-
ages, different contexts, and diverse population types, particularly
in clinical settings, will provide a more comprehensive understand-
ing of psilocybin’s cognitive impacts.
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