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Abstract

Introduction: High-dose psilocybin has shown potential in treating various psychiatric disorders, but its per-
ceptual and cognitive effects, along with the risk of adverse events, highlight the need for alternative treat-
ment approaches. One such approach is the use of low-dose psilocybin, which does not significantly alter
cognition or perception. While low-dose psilocybin has garnered growing interest in the psychiatric commu-
nity, its therapeutic efficacy remains unclear and warrants further investigation. This systematic review aims
to evaluate the efficacy and safety of low-dose—whether in the form of microdosing or low-dose control
conditions in clinical trials—psilocybin for mental disorders.

Methods: We conducted a systematic review of all empirical evidence involving low-dose psilocybin in
human subjects for psychiatric treatment from inception to June 2024. We also searched for relevant
registered clinical trials on clinicaltrials.gov.

Results: We identified five registered clinical trials and six publications, including randomized controlled trials
(RCTs) (3, 50%), secondary outcome studies (2, 33%), and case report (1, 16%). Four studies (66%) included
concurrent psychotherapy. Doses ranged from 1-3 mg per 70 kg as a single dose or 0.1-0.2 g of dried
psilocybin-containing mushrooms every 3 days for up to 3 years. Two RCTs studied treatment-resistant
depression with 1, 10, and 25 mg psilocybin doses. In the 1 mg group, 18% of participants showed a signifi-
cant response, 8% achieved remission, and the Montgomery-Asberg Depression Rating Scale score improved
by —5.4 (95% confidence interval [Cl]: —8.1 to —2.7) at week 3, though only 10% maintained this by week 12.
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Another study found transient improvements in anxiety and cognitive function with 1 mg. One trial reported
no significant improvement with 1-3 mg doses, though 12% achieved anxiety remission and 16% depression
remission. An RCT comparing 25 mg to 1 mg plus escitalopram found higher response rates with 25 mg
than 1 mg group, although no significant difference in rumination or thought suppression between groups

was observed.

Conclusion: The empirical evidence for the efficacy of low-dose psilocybin in treating mental disorders
is limited. The current research is constrained by a lack of well-designed studies that compare low-dose
psilocybin to placebo. To better understand its potential, future research should include large, rigorous
RCTs specifically focused on assessing low-dose protocols.

Keywords: psilocybin, psychiatric disorder, systematic review, psychedelics

Introduction
Psilocybin is a naturally occurring psychedelic com-
pound produced by mushrooms of the Psilocybe genus.1
It is one of the earliest psychedelics, with its uses dating
back thousands of years to pre-Columbian Mesoameri-
can cultures in spiritual and religious contexts.” Recrea-
tional and therapeutic interest in psilocybin grew in the
1950s-1960s,> and a recent resurgence of research—
often termed the “psychedelic renaissance”—has led to
renewed scientific exploration of its effects on psychiat-
ric disorders, including depression, anxiety, and sub-
stance use disorders.* Psilocybin is a prodrug that is
biotransformed into psilocin in the gastrointestinal tract
and liver through dephosphorylation.5 Given its structural
similarity to serotonin, psilocin functions as a partial ago-
nist at 5-hydroxytryptamine (5-HT) receptors, particularly
5-HT,4 receptors.® Due to its lipophilicity, psilocin crosses
the blood-brain barrier and accesses the central nervous
system (CNS), leading to dose-dependent alterations in
cognition and mood.®™

Therapeutic research on psilocybin generally explores
two dosing strategies: “high dosing” and “low dosing”.lo
High dosing involves administering a large amount of psi-
locybin, typically exceeding 10 mg of pure psilocybin,
which induces pronounced effects often characterized by
functional or cognitive changes, profound alterations of
one’s conscious experience and sense of self [also referred
to as a “high” or a “trip”]."®!" This approach has been
central to psilocybin-assisted psychotherapy, where the
induced altered state of consciousness is thought to
enhance psychological flexibility and facilitate therapeutic
insights.'*'* However, high-dose psilocybin is associated
with adverse events (AEs), ranging from mild to severe.
Common AEs include transient anxiety (22-31%), head-
aches (10-20%), nausea (10-15%), and elevated blood
pressure (5-10%).">""” More concerning effects, such as
severe anxiety or, in rare cases, suicidal ideation, have also
been reported. These risks, along with the intensive thera-
peutic infrastructure required, can limit accessibility.18

In contrast, therapeutic low-dose psilocybin encom-
passes two primary applications: (1) low-dose control
conditions in clinical trials, and (2) microdosing, a repeated
administration regimen often used outside clinical trial set-
tings.'®"'? In clinical trials, low-dose psilocybin (typically
1-5 mg of pure psilocybin) is administered as a single or
limited number of doses, often serving as a control condi-
tion to evaluate the effects of higher doses.'®' These
doses do not typically induce significant alterations in per-
ception or cognition.'® In contrast, microdosing involves
the repeated administration of very low doses of psilocybin
(typically <1 mg of pure psilocybin) on a regular schedule
(e.g., every other day or a few times per week), often with-
out supervision.'®! This practice, popularized by anec-
dotal reports and researchers such as Fadiman and Stamets,
is hypothesized to confer cognitive or mood-enhancing
benefits while avoiding overt psychedelic effects.'* !

While substantial research has focused on the thera-
peutic potential of high-dose psilocybin, therapeutic
effects of low-dose psilocybin—whether in the form of
microdosing or low-dose control conditions in clinical
trials—remains understudied.'* Given the need for alter-
native psilocybin dosing strategies that balance therapeu-
tic benefit with safety, further investigation is warranted.
In this review, we aim to synthesize the current literature
on therapeutic effects of low-dose psilocybin—whether
in the form of microdosing or low-dose control condi-
tions in clinical trials-focusing on its efficacy, safety,
and clinical protocols. Clarifying the therapeutic poten-
tial of low-dose psilocybin could inform future clinical
trials and guide clinical decision-making.

Methods

Literature search

We conducted a systematic review, in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines,'? on three databases (APA Psy-
cInfo, Embase, and MEDLINE through OVID) from
inception until June 2024. This review was registered in
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PROSPERO (CRD42024562382). The following search
terms were used: (psilocybin OR psilocibin OR psilocybine
OR silocybin OR psiloc* OR shrooms OR magic mush-
rooms OR mushies) AND (mental disorder OR mental ill-
ness OR psychiatric disorder OR depression OR treatment
resistant depression OR major depressive disorder OR
depressive disorders OR anxiety OR social anxiety OR
social anxiety disorder OR generalized anxiety OR general-
ized anxiety disorder OR personality disorder OR schizo-
phrenia OR bipolar disorder OR bipolar OR post traumatic
stress disorder OR substance abuse disorder OR substance
abuse OR obsessive compulsive disorder OR acute stress
disorder OR adjustment disorder). We found further rele-
vant articles using Google Scholar and manual searches of
references of included articles. We also conducted a search
for registered clinical trials on ClinicalTrials.gov (https://
clinicaltrials.gov/). The search terms “psilocybin” and
“microdose” were used. The search was conducted in June
2024.

Selection criteria and study selection

The following inclusion criteria were used to assess rele-
vant studies: (1) original studies; (2) evaluated the efficacy
of low-dose (sub-perceptual)-whether in the form of
microdosing or low-dose control conditions— psilocybin;
(3) in patients with at least one diagnosed mental disorder
in both clinical and non-clinical settings as either a primary
or secondary outcome; and (4) published in English. Fur-
thermore, the following exclusion criteria were also applied:
(1) involved non-human subjects; (2) used psychedelics
other than psilocybin; (3) systematic reviews, narrative
reviews, letters to the editor, editorials, or commentaries;
and (4) non-peer reviewed. Furthermore, observational
studies that included participants with self-reported men-
tal health diagnoses but were limited to cross-sectional
designs were excluded due to their inability to assess cau-
sality or treatment effects over time.

The process of study selection was carried out by two
reviewers on Covidence (H.F., R.S.H.), who first inde-
pendently assessed the titles and abstracts during the first
level screening and then the full texts of each article dur-
ing the second level. Conflicts between the two reviewers
were resolved in meetings and discussions between the
reviewers until a consensus was reached.

Data extraction

Two independent reviewers (H.F., R.S.H.) reviewed
the full text of the included studies and extracted the
following variables: first author, year of publication,
study design, aim of study, participant characteristics,
study population, dose, psychotherapy principles (if
available), outcomes, outcome measures, protocol,
results, and conclusion.

Quality assessment

We used Covidence’s quality assessment tool to assess
the risk of bias (RoB) of included papers.'* Specifically,
we evaluated the following six domains: selection and
recruitment, sequence allocation, blinding, placebo con-
trols, data transparency, and other sources of bias.

Results

Search results

The literature search resulted in 2854 records. After remov-
ing the duplicates (n = 899), 1955 articles had their titles
and abstracts screened, resulting in 1841 being excluded
for irrelevance. The 114 remaining studies were then full-
text screened with 108 exclusions, for reasons shown in
Figure 1. Finally, a total number of six studies involving
134 participants (31% female) were included in our sys-
tematic review. The results of RoB assessment can be
found in Supplementary Table S1. Detailed characteristics
of included studies can be found in Figures 2 and 3 and
Tables 1 and 2. We also identified five registered clinical
trials that had not yet been published; detailed characteris-
tics can be found in Table 3.

Characteristics of included published studies

Out of the six included articles, three were randomized
controlled trials (RCTs), one was a case report and two
were secondary outcomes publications.15_18’29’30 Three
of the six articles had concurrent psychotherapy before,
at the time of psilocybin administration and after admin-
istration.'™'823% The administered doses included
1 mg or 1-3 mg per 70 kg, given as a one-time adminis-
tration, and 0.1-0.2 g of dry weight administered every
3 days or a single dose of 1 mg. Notably, one study used
a low-dose psilocybin regimen following a microdosing
protocol, while the remaining studies employed low
doses as control conditions in trials.

Case report on low-dose psilocybin

(microdosing protocol)

Lyons (2022) reported on a 43 year old male’s experience
of self-treating his adolescence-onset treatment-resistant
depression (TRD) with home-grown Psilocybe mush-
rooms.?’ He had previously undergone various forms of
pharmacological interventions (including selective sero-
tonin reuptake inhibitors-SSRIs, selective norepinephrine
reuptake inhibitors-SNRISs, antipsychotics, and mood stabil-
izers), transcranial magnetic stimulation, electroconvulsive
therapy (ECT) and psychotherapy (including cognitive-
behavioural therapy); however, no meaningful or sustained
effects were observed. The patient reported orally consum-
ing 0.1-0.2 g dry weight (the approximate equivalent of
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Fig. 1. PRISMA diagram.

Wrong study design (n = 40}
Wrong patient population (n = 14)

1-2 mg pure psilocybin)’' of home-grown mushrooms
every 3 days for a total of 3 years. He took one capsule con-
taining psilocybin powder on the morning of Day 1, fol-
lowed by 2 days without dosing (Day 2 and Day 3). He then
took another capsule on Day 4, followed by another
2-day break (Day 5 and Day 6). This pattern of dosing every
third day continued for 8 weeks. After completing the 8-
week cycle, the patient took a 4-week break from microdos-
ing before starting the next 8-week cycle. The patient ini-
tially began dosing at 0.1 g and, after 1-week, titrated to 0.2
g, which he maintained as his standard dose. He followed
this regimen consistently over 3 years, completing multiple
8-week cycles interspersed with 4-week breaks. Depression
symptoms were measured using the clinician-rated Hamilton
Depression Rating Scale (HDRS). At baseline, he presented
with very severe depression (HDRS = 27). He experienced
significant improvements in his depression symptoms after
6 months (HDRS = 11) and had complete remission at
2 years (HDRS = 7). He experienced significant improve-
ments in his depression symptoms (HDRS down to 11) after
6 months and had complete remission at 2 years. The patient
reported mild instances of nausea after the first two doses
that subsequently subsided.?

RCTs using low-dose psilocybin as a control condition
Both publications by Goodwin et al. (2022 and
2023)">'¢ reported on the same multinational clinical
trial (n = 233) sponsored by Compass Pathways. The
study compared the outcomes of a single administration
of three different doses (1, 10, and 25 mg) of a proprie-
tary psilocybin formulation (COMP360) among individ-
uals with TRD. Follow-up sessions, where patients were
re-evaluated, were conducted at weeks 1, 3, 6,9, and 12
after administration. The 2022 publication by Goodwin
et al. assessed 1 mg psilocybin’s efficacy in improving
depression symptoms using the Montgomery—Asberg
Depression Rating Scale (MADRS).'” At 3 weeks, 18%
of participants in the 1 mg group experienced a clinically
significant response (defined as a reduction of at least
50% in the MADRS score from baseline) with 8% of
participants experiencing complete remission. The least-
squares mean change in the MADRS score at week 3
was —5.4 (95% confidence interval [CI]: —8.1 to —2.7),
however, this improvement was only sustained in 10%
of patients at week 12. Similarly, Goodwin et al.’s 2023
publication of the same trial assessed a more diverse
group of outcomes, including anxiety, optimism and pes-
simism, disability, quality of life, and cognitive function.'®
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Fig. 2. Depression remission rates across included studies. Bar graph illustrating the complete remis-
sion rates of depression in the included studies and their corresponding sample sizes. Lyons 2022
reported on a single patient’s complete remission from his treatment-resistant depression after 2 years
of self-microdosing under the Fadiman protocol. Griffiths et al. 2016 had 25 patients and a remission
rate of 16% whereas Goodwin et al. 2022 saw 8% of patients experience remission in 79 patients.
Carhart-Harris et al. 2021 had 29 patients and a remission rate of 28%.

Goodwin ctal. (2022)  Carhart-Harris et al. (2021)

Each of these functional characteristics was measured
through validated scales. The least-squares mean (stand-
ard error) of the Quick Inventory of Depressive Symp-
tomatology 16-item Self-Report (QIDS-SR-16) total
score for the 1 mg group was —3.6 (0.67). Furthermore,
the 1 mg psilocybin group was associated with statistically
significant slight-to-moderate, but transient, improvements
in anxiety, attitudes in life, cognitive function, and quality
of life.

4 3\
1-3mg/70kg
@
o
=}
,_g 1-2mg
&
2
&
1mg
1 2 3 4
# of studies

Fig. 3. Psilocybin dose across included
studies.

Furthermore, Griffiths et al. (2016) examined psilocy-
bin’s efficacy in reducing depression and anxiety in
patients with life-threatening cancer (n = 56) using a
randomized crossover trial design where each participant
received both a low-dose (1 —3 mg/70 kg) and a macro-
dose (22-30 mg/70 kg) of psilocybin with a washout
period of 5 weeks in between.'® Clinical outcomes,
which included depression and anxiety symptoms, qual-
ity of life, and death acceptance, were measured. These
metrics were collected at various time points, including
immediately after trial enrollment, immediately after
each administration, 5 weeks after each administration,
and 6 months following the second administration. The
authors did not observe statistically significant improvements
in any of the measured outcomes in the 1-3 mg/70 kg dose
condition. However, they reported non-significant trends
toward improvement across all metrics. The 12% remis-
sion rate for depression on the GRID-HDRS-17 (GRID-
HAMD-17) was observed at the 6-month follow-up, repre-
senting a quantitative change in the primary measure for
major depressive disorder (MDD). Remission was specifi-
cally defined as a score of <7 on the GRID-HAMD-17 and
a reduction of 250% from baseline. In contrast, data on
anxiety, assessed with the Hamilton Anxiety Rating Scale
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(HAM-A), showed limited clinical relevance, as anxiety
outcomes were not consistently discussed in the preceding
sections. To maintain focus on the primary depression out-
come, details on anxiety remission rates were omitted.®
Carhart-Harris et al. (2021) conducted an RCT and
randomized patients (n = 59) with MDD to two separate
doses of 25 mg psilocybin 3 weeks apart plus 6 weeks of
daily placebo or two separate doses of 1 mg psilocybin
3 weeks apart plus 6 weeks of daily oral escitalopram.'’
The primary outcome of this study was changes in
QIDS-SR-16 from baseline to week 6. Initially, the mean
QIDS-SR-16 scores were 14.5 in the psilocybin group
and 16.4 in the escitalopram group. Over the course of
6 weeks, the mean changes in scores from baseline were
—8.0£ 1.0 points for the psilocybin group and —6.0+1.0
for the escitalopram group (difference, —2; 95% CI, —5.0
to 0.9; p = 0.17). A response on the QIDS-SR-16 scale
was observed in 70% of patients in the psilocybin group
compared to 48% in the escitalopram group, indicating
a between-group difference of 22 percentage points (95%
CI, -3 to 48). Remission rates were 57% and 28% (differ-
ence, 28.1% points; 95% CI, 2.3 to 53.8), respectively.'’
Barba et al. (2022) used Carhart-Harris et al. (2021) to
evaluate the comparative effect of escitalopram + 1 mg psi-
locybin, and 25 mg psilocybin, on rumination and thought
suppression in MDD.*® Rumination and thought suppres-
sion were measured using the Ruminative Response Scale
(RRS) and White Bear Suppression Inventory (WBSI),
respectively. The results of this study indicated no signifi-
cant changes in RRS and WBSI scores from baseline to
week 6 in the escitalopram + 1 mg psilocybin group.*®

Characteristics of included registered clinical trials

We found five registered clinical trials of which two were
located in the United States and three in Canada. One
USA trial involved 20 participants aged 21 to 60 using a
low-dose of synthetic psilocybin trihydrate (1.2, 2.0, 3.0,
and 4.2 mg) in Phase 1. Another USA trial involved 30
participants using dried psilocybin-containing mushroom
doses (0.15-0.33 g, and 1-1.5 g monthly) over 8 weeks in
Phase 1. A Canadian trial, which was withdrawn, planned
to use 1 mg encapsulated psilocybin with no participants
enrolled. The other Canadian trial, which is suspended,
involved 10 participants using 1.5 mg psilocybin in weekly
doses via blister packs in Phase 2. Finally, a Canadian trial
involving 50 patients with MDD aims to evaluate the effect
of 8 doses of 2 mg psilocybin on depressive symptoms.

Discussion
In this systematic review, we collected, analyzed, and
synthesized all available studies that used low-dose

psilocybin in the treatment of psychiatric disorders. The
resulting studies primarily examined the efficacy of psi-
locybin in the context of improving anxiety and depres-
sion symptoms. With the exception of a case report that
used a low dose as microdosing, other studies focused on
large doses, with low-dose usually included as a compara-
tor. RCTs reported minimal clinical improvements with
one or two low-dose; however, the case report documented
significant and long-lasting benefits with regular microdose
administration. There were zero peer reviewed clinical stud-
ies evaluating regular, chronic psilocybin low-dose dosing
practices that occur in naturalistic settings. Hence, the effi-
cacy of low-dose regimens in those with psychiatric disor-
ders remains to be empirically tested.

The Fadiman protocol is a popular microdosing
regimen used by individuals who engage in self-
administration of microdose psilocybin. It involves
consuming the substance on day zero, followed by a
two-day period of introspection and reflection, before
administering a second dose on day three. This cycle is
repeated every third day for 4 to 8 weeks, after which a
2 to 4-week break is taken before restarting the next
microdosing cycle.>* Interestingly, several reviews have
identified a pattern where individuals following this pro-
longed protocol report significantly better and more con-
sistent improvements in mood and mental health.'*>? In
our review, while most studies focused on single adminis-
trations of low-dose psilocybin as a control group, one
case report examined the microdosing protocol approach
and found notable improvements in the individual’s
depressive symptoms. However, further research is
needed to explore the long-term effects and efficacy of
this protocol. Despite growing interest in microdosing for
its potential therapeutic effects, particularly for enhancing
cognition, and mood, current evidence remains inconclu-
sive. Studies such as those by Szigeti et al. (2021) and
Murphy et al. (2023) highlight mixed results.>*>> The
largest placebo-controlled trial on microdosing, con-
ducted by Szigeti et al., (2021) found no significant differ-
ences between the microdose and placebo groups,
suggesting that reported improvements may be due to the
placebo effect.®* Murphy et al. (2023)’s review of con-
trolled studies on microdosing with LSD showed acute
effects such as mood and cognition changes, but no last-
ing benefits from repeated low doses.*> While microdos-
ing appears to be safe with no serious adverse effects
reported, the lack of sustained improvements raises ques-
tions about its efficacy as a treatment for psychiatric dis-
orders. These findings underscore the need for more
rigorous, longitudinal studies to better understand the
long-term effects and therapeutic potential of microdosing.
Until then, its benefits remain speculative and unsubstanti-
ated by clinical evidence.
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In general, improvements in mood, confidence, self-
acceptance, and general mental health are observed
following sub-perceptual doses of serotonergic psyche-
delics.'*3*3738 Research evaluating the role of these psy-
chedelics beyond anxiety and depression has found
beneficial outcomes in the context of addiction and
pain, however, we did not find any studies examining
the role of low-dose psilocybin in these disorders.?”-3®
Some reviews have also identified discrepancies in
findings between studies, particularly in cognition and
mood. These discrepancies were particularly obvious
between different study designs, such as naturalistic
observational studies (which often involve self-
reported microdosing), retrospective cohort studies,
and more.'*>? Notably, controlled studies have gener-
ally not observed benefits in mood, which further high-
lights the inconsistencies between different types of
research methodologies. The lack of observed mood
benefits in controlled settings contrasts with the posi-
tive outcomes reported in some observational and
cohort studies, suggesting that factors such as placebo
effects, self-selection bias, or other confounding varia-
bles may play a significant role in the perceived bene-
fits reported by participants in less controlled settings.

In comparison with reviews on high-dose psilocybin
for psychiatric disorders, our review suggests compara-
tively inferior and more transient outcomes with low-
dose administrations. There is extensive literature docu-
menting high-dose psilocybin’s role in treating various
psychiatric disorders, particularly depression, substance
use disorders, and anxiety.%’38 Compared to low-dose,
the administration of high-dose psilocybin has been
linked with more enduring responses, characterized by
notably high rates of complete remission of depres-
sion.>%37 By contrast, low-dose administration has been
linked to more variable outcomes, with less evidence for
sustained therapeutic benefits. While some high-dose
studies have identified rare instances of serious AEs,
such as increased suicidal ideation,>”* our review of
low-dose also noted these concerns. For example, Grif-
fiths et al. (2016) reported a suicide in the 1 mg group
though this event was not directly attributed to the sub-
stance and occurred later. Other studies have also noted
that low-dose psilocybin is not without potential risks.*
Despite this, concerns remain regarding the safety of
repeated administration, especially given the limited data
available, particularly in clinical populations.41 This sug-
gests that it is too early to determine whether low-dose
psilocybin is entirely safe and suitable for all popula-
tions. In addition, it is important to consider possible
contraindications, such as interactions (e.g., Lithium).42
Furthermore, the potential risk of valvular heart disease
warrants attention.*! The uncertainty about whether such
contraindications might also affect low-dose underscores

the need for further research. Investigating these interac-
tions is crucial to understanding the comprehensive
safety profile of low-dose psilocybin, particularly in
patients with preexisting conditions or those on specific
medications.

Psilocybin’s underlying mechanism of action, and its
relationship to dose response, is not fully understood.
Previous studies have reported that high-dose psilocybin
administration can lead to increases in trait mindfulness,
openness, and other metrics of mental wellbeing.43 These
findings suggest that the therapeutic properties of psilo-
cybin may be associated with subjective experiences and
the insights derived from these altered states of con-
sciousness, which in turn contribute to the beneficial out-
comes.***> However, given that high-doses do not elicit
the same cognitive alterations, but have been shown, at
least in animal models to reach a level of target engage-
ment at the 5-HT2A receptor, whether these subjective
changes can explain microdose psilocybin’s potential
improvements in psychiatric symptoms is still debated.*?
It is a possibility that psilocybin could simply work
through its 5-HT receptor agonistic effects, similar to the
downstream effects of increased 5-HT agonism of tradi-
tional SSRIs.***” However, the fact that psilocybin leads to
rapid improvements in symptoms suggests the involvement
of additional mechanisms. Animal and in vitro studies have
found psilocybin to act on other neurotransmitters.*®*’
Besides augmenting serotonin levels, 5-HT2A receptor
agonism on presynaptic neurons by psilocybin has also
been shown to lead to the release of glutamate.*® This
observation has been particularly well-characterized in the
prefrontal cortex and in areas near the dopamine reward
center.**>° Predictably, this rise in released glutamate is
also linked to elevated levels of dopamine in these regions
following psilocybin administration.**>° The nucleus
accumbens and the ventral tegmental area within the
dopamine reward center emerge as two key regions expe-
riencing the most pronounced increases in dopamine lev-
els. This suggests a plausible link between psilocybin’s
indirect influence on the dopaminergic system and
the observed enhancements in mood and associated
symptoms.so’51 Interestingly, 5S-HT2A receptors are also
located on some y-aminobutyric acid neurons.>> Experi-
mental evidence has found psilocybin to lead to inhibitory
neuronal activity in some parts of the brain.** Thus, psilo-
cybin modulates neuronal activity in the CNS through
neurotransmitter-dependent changes, leading to the
observed changes in psychiatric symptoms.

Psilocybin has also been found to promote neurogene-
sis and increase synaptic density through various con-
served pathways.® For example, the cortical elevation of
glutamate through 5-HT2A receptor signaling increases
mRNA transcripts of brain-derived neurotrophic factor
(BDNF), which signals through tropomyosin receptor
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kinase B (TrkB) to directly increase neuronal growth and
plasticity. Moreover, recent research has shown that psi-
locybin can also directly promote neuroplasticity through
direct binding to TrkB independent of BDNF. Given that
psychiatric disorders including depression are often charac-
terized by neuronal atrophy in the cortex, psilocybin may
achieve antidepressant effects through its ability to restore
neuronal growth and increase plasticity.

Future low-dose psilocybin studies must adopt rigor-
ous methodologies to enhance their validity and reliabil-
ity. This includes implementing transparent statistical
practices by involving independent experts and adhering
to open science principles, such as pre registration and
data sharing. Studies should incorporate well-structured
control groups, ensure adequate sample sizes to avoid
selection bias, and systematically report safety and AEs
with independent assessments.” Long-term follow-up is
essential to evaluate sustained effects, while efforts must be
made to address and report blinding efficacy, placebo
effects, and participants’ expectations. In addition, research
should focus on understanding mechanisms of action
through high-powered replication studies and exploring
various therapeutic techniques.” By addressing these com-
prehensive aspects, future studies will yield more reliable
and generalizable insights into the effects of low-dose
psilocybin.

To the best of our knowledge, this is the first system-
atic review that evaluated the efficacy of low-dose psilo-
cybin in the treatment of psychiatric disorders. However,
our review has several limitations. Given that low-dose
psilocybin is a relatively new and unexplored field, our
review is primarily limited by the small number of stud-
ies included. No RCTs evaluated the therapeutic effect
of low-dose psilocybin as a primary intervention in indi-
viduals with mental disorders. Most studies using low-
dose psilocybin as part of microdosing protocols have
been conducted in non-clinical settings, placing them
outside the scope of this review. The majority (four out
of six) of our included studies were primarily structured
to evaluate the impacts of high-dose psilocybin, employ-
ing low-dose psilocybin as an active control. Conse-
quently, these studies utilized protocols and dosing
regimens (e.g., one or two administrations) unsuited for
low-dose, thereby potentially influencing the outcomes
observed. Furthermore, the lack of a standardized low-
dose protocol also implies a difference in the specific
doses and schedules used. Besides, performing a meta-
analysis was not possible due to the heterogeneity of the
study outcomes.

In conclusion, the current evidence for the efficacy of
low-dose psilocybin, including both microdosing and
low-dose administration in clinical trials, in mental disor-
ders is far from conclusive. The strongest support for
these effects comes from a single self-administered

microdosing protocol case report, and the existing RCTs
using low-dose as control have generally failed to dem-
onstrate significant beneficial outcomes. This limitation
may be attributed to the use of single administrations
rather than more frequent, microdose-specific protocols.
Notably, there remains a lack of longitudinal research on
microdosing in clinical populations or individuals with
self-reported mental health disorders, further hindering
our understanding of its long-term efficacy and safety.
To address these limitations, high-quality double-blind
RCTs with repeated low-dose regimens—such as the
Fadiman microdosing protocol—are needed to clarify
efficacy. Future studies should directly compare high-
dose protocols with low-dose and investigate the placebo
effect, using larger, more diverse samples with longer
follow-up periods. In addition, research should explore low-
dose psilocybin’s potential in other psychiatric (e.g., sub-
stance use disorders, posttraumatic stress disorder, anorexia
nervosa) and neurological conditions (e.g., chronic pain,
migraine, neurodegenerative diseases).

Authors’ Contributions

V.B.: Conceptualized the article and contributed to the
overall design. S.M.: Contributed to the concept, overall
design, article selection, review, study quality appraisal,
article preparation, and submission. H.F. and R.S.-H.:
Contributed to article selection, study quality appraisal, and
article preparation. All the authors contributed to the review
and editing. All the authors have approved the final article,
and note that this is the authors’ original work.

Author Disclosure Statement

V.B. is supported by an Academic Scholar Award from the
University of Toronto Department of Psychiatry and has
received research support from the Canadian Institutes of
Health Research, Brain & Behavior Foundation, Ontario
Ministry of Health Innovation Funds, Royal College of
Physicians and Surgeons of Canada, Department of
National Defense (Government of Canada), New Frontiers
in Research Fund, Associated Medical Services Inc.
Healthcare, American Foundation for Suicide Prevention,
Roche Canada, Novartis, and Eisai. B.T.D. has received
research funding from the Canadian Institutes of Health
Research, Department of National Defense (Government of
Canada), National Institutes of Health, Mitacs, and
MYndspan Ltd., where he is also Chief Science Officer.
A.CR. is the Chief Innovation Officer at PurMinds
NeuroPharma. R.J. is the CMO of Mydecine Innovation
Group. DE is a paid advisor for Aya Biosciences, Lophora
Aps, Clerkenwell Health, and Mindstate Design Lab. R.J.Z.
received funding from the NYU Langone Psychedelic
Medicine Research Training program funded by MindMed
and the Canadian Institutes of Health Research. Y.Z. is



Downloaded by Eli Varney from www.liebertpub.com at 09/13/25. For personal use only.

LOW-DOSE PSILOCYBIN AND DEPRESSION AND MENTAL DISORDER 13

supported by a Startup fund from the University of Alberta
Department of Psychiatry, Government of Alberta, CIHR,
and New Frontiers in Research Fund.

Funding Information

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Supplementary Material
Supplementary Data
Supplementary Table S1

References

1.

Bradshaw AJ, Ramirez-Cruz V, Awan AR, et al. Phylogenomics of the psy-
choactive mushroom genus Psilocybe and evolution of the psilocybin
biosynthetic gene cluster. Proc Natl Acad Sci U S A 2024;121(3):
€2311245121; doi: 10.1073/pnas.2311245121

. Carod-Artal FJ. Hallucinogenic drugs in pre-Columbian Mesoamerican

cultures. Neurologia 2015;30(1):42-49; doi: 10.1016/j.nrl.2011.07.003

. Lowe H, Toyang N, Steele B, et al. The therapeutic potential of psilocy-

bin. Molecules 2021;26(10):2948; doi: 10.3390/molecules26102948

. Hadar A, David J, Shalit N, et al. The psychedelic renaissance in clinical

research: A bibliometric analysis of three decades of human studies
with psychedelics. J Psychoactive Drugs 2023;55(1):1-10; doi: 10.1080/
02791072.2021.2022254

. Dinis-Oliveira RJ. Metabolism of psilocybin and psilocin: Clinical and for-

ensic toxicological relevance. Drug Metab Rev 2017;49(1):84-91; doi: 10
.1080/03602532.2016.1278228

. Glatfelter GC, Pottie E, Partilla JS, et al. Structure-activity relationships

for psilocybin, baeocystin, aeruginascin, and related analogues to pro-
duce pharmacological effects in mice. ACS Pharmacol Transl Sci 2022;
5(11):1181-1196; doi: 10.1021/acsptsci.2c00177

. MacCallum CA, Lo LA, Pistawka CA, et al. Therapeutic use of psilocybin:

Practical considerations for dosing and administration. Front Psychiatry
2022;13:1040217; doi: 10.3389/fpsyt.2022.1040217

. Vargas MV, Dunlap LE, Dong C, et al. Psychedelics promote neuroplas-

ticity through the activation of intracellular 5-HT2A receptors. Science
2023;379(6633):700-706; doi: 10.1126/science.adf0435

. Mallaroni P, Mason NL, Reckweg JT, et al. Assessment of the acute

effects of 2C-B vs. psilocybin on subjective experience, mood, and cog-
nition. Clin Pharmacol Ther 2023;114(2):423-433; doi: 10.1002/cpt.2958

. Kaypak AC, Raz A. Macrodosing to microdosing with psychedelics: Clini-

cal, social, and cultural perspectives. Transcult Psychiatry 2022;59(5):
665-674; doi: 10.1177/13634615221119386

. Bonnieux JN, VanderZwaag B, Premji Z, et al. Psilocybin’s effects on cog-

nition and creativity: A scoping review. J Psychopharmacol 2023;37(7):
635-648; doi: 10.1177/02698811231179801

. Carhart-Harris RL, Goodwin GM. The therapeutic potential of psyche-

delic drugs: Past, present, and future. Neuropsychopharmacology 2017;
42(11):2105-2113; doi: 10.1038/npp.2017.84

. Reiff CM, Richman EE, Nemeroff CB, et al.; Work Group on Biomarkers

and Novel Treatments, a Division of the American Psychiatric Associa-
tion Council of Research. Psychedelics and psychedelic-assisted psycho-
therapy. Am J Psychiatry 2020;177(5):391-410; doi: 10.1176/appi.ajp
.2019.19010035

. Davis AK, Barrett FS, May DG, et al. Effects of psilocybin-assisted therapy

on major depressive disorder: A randomized clinical trial. JAMA Psychia-
try 2021;78(5):481-489; doi: 10.1001/jamapsychiatry.2020.3285

. Hendricks PS, Johnson MW, Griffiths RR. Psilocybin, psychological dis-

tress, and suicidality. J Psychopharmacol 2015;29(9):1041-1043; doi: 10
.1177/0269881115598338

. Yerubandi A, Thomas JE, Bhuiya NM, et al. Acute adverse effects of ther-

apeutic doses of psilocybin: A systematic review and meta-analysis.
JAMA Netw Open 2024;7(4):e245960; doi: 10.1001/jamanetworkopen
.2024.5960

. Zeifman RJ, Singhal N, Breslow L, et al. On the relationship between

classic psychedelics and suicidality: A systematic review. ACS Pharmacol
Transl Sci 2021;4(2):436-451; doi: 10.1021/acsptsci.2c00014

18

20.

21,

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34,

35.

36.

37.

38.

39.

40.

. McCrone P, Fisher H, Knight C, et al. Cost-effectiveness of psilocybin-
assisted therapy for severe depression: Exploratory findings from a deci-
sion analytic model. Psychol Med 2023;53(16):7619-7626; doi: 10.1017/
$0033291723001411

. Ryan RS, Copello A, Fox AP. Experiences of microdosing psychedelics in

an attempt to support wellbeing and mental health. BMC Psychiatry

2023;23(1):160; doi: 10.1186/512888-023-04628-9

Kuypers KP, Ng L, Erritzoe D, et al. Microdosing psychedelics: More

questions than answers? An overview and suggestions for future

research. J Psychopharmacol 2019;33(9):1039-1057; doi: 10.1177/

0269881119857204

Polito V, Liknaitzky P. The emerging science of microdosing: A system-

atic review of research on low dose psychedelics (1955-2021) and rec-

ommendations for the field. Neurosci Biobehav Rev 2022;139:104706;

doi: 10.1016/j.neubiorev.2022.104706

Cameron LP, Nazarian A, Olson DE. Psychedelic microdosing: Prevalence

and subjective effects. J Psychoactive Drugs 2020;52(2):113-122; doi: 10

.1080/02791072.2020.1718250

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement:

An updated guideline for reporting systematic reviews. BMJ 2021;372:

n71; doi: 10.1136/bmj.n71

Higgins JPT, Altman DG, Gotzsche PC, et al.; Cochrane Bias Methods

Group. The Cochrane Collaboration’s tool for assessing risk of bias in

randomised trials. BMJ 2011;343(oct18 2):d5928-d5928; doi: 10.1136/

bmj.d5928

Griffiths RR, Johnson MW, Carducci MA, et al. Psilocybin produces sub-

stantial and sustained decreases in depression and anxiety in patients

with life-threatening cancer: A randomized double-blind trial. J Psycho-

pharmacol 2016;30(12):1181-1197; doi: 10.1177/0269881116675513

Goodwin GM, Aaronson ST, Alvarez O, et al. Single-dose psilocybin for a

treatment-resistant episode of major depression. N Engl J Med 2022;

387(18):1637-1648; doi: 10.1056/NEJM0a2206443

Goodwin GM, Aaronson ST, Alvarez O, et al. Single-dose psilocybin for a

treatment-resistant episode of major depression: Impact on patient-

reported depression severity, anxiety, function, and quality of life.

J Affect Disord 2023;327:120-127; doi: 10.1016/j.jad.2023.01.108

Carhart-Harris R, Giribaldi B, Watts R, et al. Trial of psilocybin versus esci-

talopram for depression. N Engl J Med 2021;384(15):1402-1411; doi: 10

.1056/NEJM0a2032994

Lyons A. Self-administration of Psilocybin in the Setting of Treatment-

resistant Depression. Innov Clin Neurosci 2022;19(7-9):44-47.

Barba T, Buehler S, Kettner H, et al. Effects of psilocybin versus escitalo-

pram on rumination and thought suppression in depression. BJPsych

Open 2022;8(5):e163; doi: 10.1192/bjo.2022.565

Garcia-Romeu A, Barrett FS, Carbonaro TM, et al. Optimal dosing for psi-

locybin pharmacotherapy: Considering weight-adjusted and fixed dos-

ing approaches. J Psychopharmacol 2021;35(4):353-361; doi: 10.1177/

0269881121991822

Fadiman J. The Psychedelic Explorer’s Guide. 1st ed. New York: Inner

Traditions International, Limited; 2011.

Ona G, Bouso JC. Potential safety, benefits, and influence of the placebo

effect in microdosing psychedelic drugs: A systematic review. Neurosci

Biobehav Rev 2020;119:194-203; doi: 10.1016/j.neubiorev.2020.09.035

Szigeti B, Kartner L, Blemings A, et al. Self-blinding citizen science to

explore psychedelic microdosing. Elife 2021;10:62878; doi: 10.7554/

elife.62878

Murphy RJ, Muthukumaraswamy S, de Wit H. Microdosing psychedelics:

Current evidence from controlled studies. Biol Psychiatry Cogn Neurosci

Neuroimaging 2024;9(5):500-511; doi: 10.1016/j.bpsc.2024.01.002

Dawood Hristova JJ, Pérez-Jover V. Psychotherapy with psilocybin for

depression: Systematic review. Behav Sci (Basel) 2023;13(4):297; doi: 10

.3390/bs13040297

Haikazian S, Chen-Li DC, Johnson DE, et al. Psilocybin-assisted therapy

for depression: A systematic review and meta-analysis. Psychiatry Res

2023;329:115531; doi: 10.1016/j.psychres.2023.115531

van der Meer PB, Fuentes JJ, Kaptein AA, et al. Therapeutic effect of psi-

locybin in addiction: A systematic review. Front Psychiatry 2023;14:

1134454; doi: 10.3389/fpsyt.2023.1134454

Larsen SE, Stirman SW, Smith BN, et al. Symptom exacerbations in

trauma-focused treatments: Associations with treatment outcome and

non-completion. Behav Res Ther 2016;77:68-77; doi: 10.1016/j.brat.2015

.12.009

Romeo B, Karila L, Martelli C, et al. Efficacy of psychedelic treatments on

depressive symptoms: A meta-analysis. J Psychopharmacol 2020;34(10):

1079-1085; doi: 10.1177/0269881120919957


http://dx.doi.org/10.1073/pnas.2311245121
http://dx.doi.org/10.1016/j.nrl.2011.07.003
http://dx.doi.org/10.3390/molecules26102948
http://dx.doi.org/10.1080/02791072.2021.2022254
http://dx.doi.org/10.1080/02791072.2021.2022254
http://dx.doi.org/10.1080/03602532.2016.1278228
http://dx.doi.org/10.1080/03602532.2016.1278228
http://dx.doi.org/10.1021/acsptsci.2c00177
http://dx.doi.org/10.3389/fpsyt.2022.1040217
http://dx.doi.org/10.1126/science.adf0435
http://dx.doi.org/10.1002/cpt.2958
http://dx.doi.org/10.1177/13634615221119386
http://dx.doi.org/10.1177/02698811231179801
http://dx.doi.org/10.1038/npp.2017.84
http://dx.doi.org/10.1176/appi.ajp.2019.19010035
http://dx.doi.org/10.1176/appi.ajp.2019.19010035
http://dx.doi.org/10.1001/jamapsychiatry.2020.3285
http://dx.doi.org/10.1177/0269881115598338
http://dx.doi.org/10.1177/0269881115598338
http://dx.doi.org/10.1001/jamanetworkopen.2024.5960
http://dx.doi.org/10.1001/jamanetworkopen.2024.5960
http://dx.doi.org/10.1021/acsptsci.2c00014
http://dx.doi.org/10.1017/S0033291723001411
http://dx.doi.org/10.1017/S0033291723001411
http://dx.doi.org/10.1186/s12888-023-04628-9
http://dx.doi.org/10.1177/0269881119857204
http://dx.doi.org/10.1177/0269881119857204
http://dx.doi.org/10.1016/j.neubiorev.2022.104706
http://dx.doi.org/10.1080/02791072.2020.1718250
http://dx.doi.org/10.1080/02791072.2020.1718250
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1177/0269881116675513
http://dx.doi.org/10.1056/NEJMoa2206443
http://dx.doi.org/10.1016/j.jad.2023.01.108
http://dx.doi.org/10.1056/NEJMoa2032994
http://dx.doi.org/10.1056/NEJMoa2032994
http://dx.doi.org/10.1192/bjo.2022.565
http://dx.doi.org/10.1177/0269881121991822
http://dx.doi.org/10.1177/0269881121991822
http://dx.doi.org/10.1016/j.neubiorev.2020.09.035
http://dx.doi.org/10.7554/eLife.62878
http://dx.doi.org/10.7554/eLife.62878
http://dx.doi.org/10.1016/j.bpsc.2024.01.002
http://dx.doi.org/10.3390/bs13040297
http://dx.doi.org/10.3390/bs13040297
http://dx.doi.org/10.1016/j.psychres.2023.115531
http://dx.doi.org/10.3389/fpsyt.2023.1134454
http://dx.doi.org/10.1016/j.brat.2015.12.009
http://dx.doi.org/10.1016/j.brat.2015.12.009
http://dx.doi.org/10.1177/0269881120919957

Downloaded by Eli Varney from www.liebertpub.com at 09/13/25. For personal use only.

14

41.

42.

43.

44,

45.

46.

MESHKAT ET AL.

Rouaud A, Calder AE, Hasler G. Microdosing psychedelics and the risk
of cardiac fibrosis and valvulopathy: Comparison to known cardiotox-
ins. J Psychopharmacol 2024;38(3):217-224; doi: 10.1177/026988
11231225609

Soto-Angona O, Fortea A, Fortea L, et al. Do classic psychedelics
increase the risk of seizures? A scoping review. Eur Neuropsychophar-
macol 2024;85:35-42; doi: 10.1016/j.euroneuro.2024.05.002

Nayak SM, Jackson H, Sepeda ND, et al. Naturalistic psilocybin use is
associated with persisting improvements in mental health and well-
being: Results from a prospective, longitudinal survey. Front Psychiatry
2023;14:1199642; doi: 10.3389/fpsyt.2023.1199642

Sendergaard A, Madsen MK, Ozenne B, et al. Lasting increases in trait
mindfulness after psilocybin correlate positively with the mystical-type
experience in healthy individuals. Front Psychol 2022;13:948729; doi: 10
.3389/fpsyq.2022.948729

Madsen MK, Fisher PM, Stenbaek DS, et al. A single psilocybin dose is
associated with long-term increased mindfulness, preceded by a pro-
portional change in neocortical 5-HT2A receptor binding. Eur Neuropsy-
chopharmacol 2020;33:71-80; doi: 10.1016/j.euroneuro.2020.02.001
Raval NR, Johansen A, Donovan LL, et al. A single dose of psilocybin
increases synaptic density and decreases 5-HT2A receptor density in the
pig brain. Int J Mol Sci 2021;22(2):835; doi: 10.3390/ijms22020835

47.

48.

49.

50.

51.

52.

Gray NA, Milak MS, DeLorenzo C, et al. Antidepressant treatment reduces
serotonin-1A autoreceptor binding in major depressive disorder. Biol Psychi-
atry 2013;74(1):26-31; doi: 10.1016/j.biopsych.2012.11.012

Heresco-Levy U, Lerer B. Synergistic psychedelic-NMDAR modulator
treatment for neuropsychiatric disorders. Mol Psychiatry 2024;29(1):
146-152; doi: 10.1038/541380-023-02312-8

Woijtas A, Bysiek A, Wawrzczak-Bargiela A, et al. Effect of psilocybin and
ketamine on brain neurotransmitters, glutamate receptors, DNA and rat
behavior. Int J Mol Sci 2022;23(12):6713; doi: 10.3390/ijms23126713

Quiroz C, Orri M, Rea W, et al. Local control of extracellular dopamine levels in
the medial nucleus accumbens by a glutamatergic projection from the infralim-
bic cortex. J Neurosci 2016;36(3):851-859; doi: 10.1523/JNEUROSCI.2850-15.2016

Sakashita Y, Abe K, Katagiri N, et al. Effect of psilocin on extracellular dopamine
and serotonin levels in the mesoaccumbens and mesocortical pathway in
awake rats. Biol Pharm Bull 2015;38(1):134-138; doi: 10.1248/bpb.b14-00315

Vollenweider FX, Vontobel P, Hell D, et al. 5-HT modulation of dopamine
release in basal ganglia in psilocybin-induced psychosis in man—a PET
study with [11C] raclopride. Neuropsychopharmacology 1999;20(5):
424-433; doi: 10.1016/50893-133X(98)00108-0


http://dx.doi.org/10.1177/02698811231225609
http://dx.doi.org/10.1177/02698811231225609
http://dx.doi.org/10.1016/j.euroneuro.2024.05.002
http://dx.doi.org/10.3389/fpsyt.2023.1199642
http://dx.doi.org/10.3389/fpsyg.2022.948729
http://dx.doi.org/10.3389/fpsyg.2022.948729
http://dx.doi.org/10.1016/j.euroneuro.2020.02.001
http://dx.doi.org/10.3390/ijms22020835
http://dx.doi.org/10.1016/j.biopsych.2012.11.012
http://dx.doi.org/10.1038/s41380-023-02312-8
http://dx.doi.org/10.3390/ijms23126713
http://dx.doi.org/10.1523/JNEUROSCI.2850-15.2016
http://dx.doi.org/10.1248/bpb.b14-00315
http://dx.doi.org/10.1016/S0893-133X(98)00108-0

