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Introduction

Psilocybin is a classic psychedelics, which has been shown to have antidepressant effects by many studies in recent years. In this study, we aim to evaluate the efficacy, acceptability and tolerability of psilocybin in the treatment of primary (major depressive disorder) or secondary (experiencing distress related to life-threatening diagnoses and terminal illness) depression.





Methods

We searched PubMed, EMBASE, Web of Science, Cochrane Library and ClinicalTrials.gov for clinical trials of psilocybin for depression (updated to 4 October, 2023). Effect size Hedges’ g was used as an indicator of efficacy, and other outcomes included response rate, drop-out rate, and adverse events.





Results

A total of 10 studies were finally included in systematic review. 8 studies were included in the meta-analysis, involving a total of 524 adult patients, and produced a large effect size in favor of psilocybin (Hedge’s g =-0.89, 95% CI -1.25~-0.53, I² = 70.19%, P<0.01). The therapeutic effects of psilocybin increase with increasing doses. Adverse events caused by psilocybin are generally transient and reversible, but serious adverse events also may occur.





Discussion

Our study shows that psilocybin has both short-term and long-term antidepressant effects and holds promise as a potential complementary or alternative therapy for depression, probably. Further research may reveal more about its therapeutic potential.
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1 Introduction

Depression, a prevalent mood disorder affecting approximately 5% of adults globally (1), is characterized by diminished mood or loss of well-being, accompanied by cognitive and behavioral manifestations (2). In 2008, the World Health Organization ranked depression as the third-largest contributor to the global disease burden and projected its potential to become the leading cause by 2030 (3). Each year, an estimated 12 billion workdays are lost due to depression and anxiety, resulting in a global economic cost of approximately $1 trillion annually (4). This substantial impact on the family and society has far-reaching consequences.

Effective interventions for depression encompass psychotherapy, pharmacotherapy, electroconvulsive therapy, and comprehensive approaches (5, 6). In comparison to psychotherapy, pharmacological treatment offers a more expeditious and accessible means of alleviating depressive symptoms (7, 8). Currently, selective serotonin reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhibitors (SNRIs) are extensively employed as first-line antidepressants, typically requiring a minimum of two weeks to demonstrate efficacy, with a response rate of approximately 47% and a remission rate as low as 36.8% (9, 10). In contrast, electroconvulsive therapy (ECT) exhibits a more rapid onset of action and greater efficacy with definitive outcomes; however, it also presents challenges such as intricate implementation procedures, post-treatment cognitive impairment, and the presence of treatment-related stigma (11, 12). Currently, treatment-resistant depression (TRD) affects approximately 30 to 40% of patients diagnosed with depression (9, 10). Therefore, it is crucial to investigate novel treatment options that exhibit rapid onset, pronounced efficacy and tolerable side effects. In recent years, the antidepressant properties of psilocybin, a classic psychedelic drug, have rekindled the interest of researchers (13–16) and garnered approval from the U.S. Food and Drug Administration (FDA) as a “breakthrough therapy” for treating depression, including treatment-resistant depression (17).

The completion of numerous clinical trials has been observed in the investigation of the antidepressant properties exhibited by psilocybin (18–27). Many meta-analyses have consistently demonstrated that psilocybin exerts a positive impact on depression (28–33). However, acceptability was not reported in detail in these meta-analyses. In light of recent completion of new clinical trials, our meta-analysis aims to evaluate both the efficacy and acceptability of psilocybin for primary (major depressive disorder) or secondary (experiencing distress related to life-threatening diagnoses and terminal illness) depression.




2 Methods

The study protocol has been registered with PROSPERO (CRD 42023369397) and adheres to the Cochrane Handbook for Systematic Reviews of Interventions and PRISMA 2020 statement for systematic review reporting (34, 35).



2.1 Search strategy

We searched Embase, PubMed, Web of Science, Cochrane Library and ClinicalTrials.gov from inception up until October 06, 2023. Searches were performed without year of publication restriction, but the language was restricted to English. We used the following search strategy: [(depression [MeSH Terms]) OR (depressive disorder [MeSH Terms]) OR (depress*) OR (mood disorder*) OR (affective disorder) OR (unipolar depression)] AND [(psilocybin [MeSH Terms]) OR (psilocybin) OR (psilocybine) OR (psiloc*)] AND [(Randomized Controlled Trial[Publication Type]) OR (Randomized Controlled Trial) OR (Controlled Clinical Trials, Randomized) OR (Random Allocation) OR (Double-blind) OR (Single-blind) OR (Placebo)].




2.2 Selection procedure

To eliminate duplicate articles, all records were imported into the EndNote reference management software and identified duplicates were subsequently removed. The remaining articles were independently screened by two authors (SF and XY) based on relevance of title, abstract, article type, and full-text. Any discrepancies in the selection process were resolved through consensus between the two authors. In cases where a consensus could not be reached, a third researcher was consulted.

The PICOS (Participant, Prevention, Comparison, Outcomes and Study Design) rules mentioned in PRISMA are the basis for the inclusion and exclusion criteria below.

Inclusion criteria:

	(a) Participant: Male or female patients aged 18 years or older, diagnosed with major depressive disorders and/or experiencing distress related to life-threatening diagnoses and terminal illness. Diagnoses were based on versions of the DSM or the SCID.

	(b) Intervention: Psilocybin.

	(c) Comparison: Placebo control or low-dose psilocybin control.

	(d) Outcome: The primary objective of this study was to evaluate the efficacy, acceptability, and tolerability of psilocybin in ameliorating depression and depressive symptoms. The efficacy of ameliorating depression and depressive symptoms is evaluated through the utilization of effective psychological assessment tools, encompassing: Montgomery–Asberg Depression Rating Scale (MADRS) (36), Hamilton Depression Scale (HAMD) (37), Beck Depression Scale (BDI) (38), Quick Inventory of Depressive Symptomatology (QIDS) (39), the clinician-administered GRID-HAM-D-17 (40),and these assessment tools serve as widely adopted indicators of the severity of depression. To assess the acceptability and tolerability of psilocybin, we conducted an analysis encompassing both the incidence of adverse events and the rate of discontinuation for any cause (41).

	(e) Study design: Only randomized controlled trials (RCTs) were included, non-randomized studies, open-label studies, animal studies, reviews, meta-analyses and systematic reviews were excluded.



Participants under the age of 18 were included, while non-randomized controlled trials and articles failing to meet the aforementioned inclusion criteria were excluded.




2.3 Data extraction

Two authors independently reviewed and extracted relevant data, including literature information (title, first author, publication date, country or region), demographic and clinical characteristics of participants (age, sex, ethnicity, diagnostic criteria), methodological details (sample size, study type, psilocybin dose, scales used, main assessment points, trial duration), and adverse events. For the meta-analysis, we extracted mean ± standard deviation of depression scale scores (MADRS, HAMD, BDI, QIDS) before and after treatment. If the necessary data were not fully described in the publication, we made efforts to extract the data from the provided figure using Engauge Digitizer software (42, 43) or contacted the corresponding authors of the study. Relevant studies that lacked accessible data through these methods were excluded from our analysis.




2.4 Risk of bias assessment

To evaluate the risk of bias in the included RCTs, two authors independently used the revised Cochrane risk-of-bias tool for randomized trials (44) and Review Manager software (RevMan 5.4.1) to assess seven domains: (1) random sequence generation (selection bias), (2) allocation concealment (selection bias), (3) blinding of participants and personnel (performance bias), (4) blinding of outcome assessment (detection bias), (5) incomplete outcome data (attrition bias), (6) selective reporting (reporting bias), and (7) other sources of bias. The risk of bias for each domain was assessed as low, unclear, or high. Disagreements were resolved through negotiation between the two authors and, if unresolved, a third researcher was consulted. Subsequently, a meta-analysis was conducted using appropriate statistical methods to combine the findings from individual studies.




2.5 Statistical analysis

Meta-analyses were conducted using Stata/MP 17.0. The mean and standard deviation (M ± SD) of continuous variables for the experimental and control groups were extracted or indirectly derived from the included studies. The standardized mean difference was employed as the effect size for continuous variables evaluated using diverse scales. In order to mitigate the influence of a limited sample size on the conclusions, Hedges’s g was selected as the effect size (45). The weighted mean difference (WMD) was employed as the effect size for data obtained through identical assessment methods, such as heart rate and blood pressure. Binary variables, including response rates, dropout rates, and adverse events, were analyzed using odds ratios (OR).

Heterogeneity refers to the differences between the included studies. I-squared (I²) (46) was used to evaluate the size of heterogeneity and was interpreted as the following thresholds: I² 0-40%: possibly not important; 30-60%: possibly indicating moderate heterogeneity; 50-90%: possibly indicating significant heterogeneity; 75-100%: considerable heterogeneity (34). Given the potential variability in intervention effects across studies, we applied a random-effects model for most of the meta-analyses conducted, while a fixed-effect model was used specifically for examining the effects of psilocybin on heart rate and blood pressure (47).

Subgroup analyses were conducted to investigate the sources of heterogeneity, including the disease type of the subjects, the range of drug dosage, and the duration of drug efficacy. Furthermore, a leave-one-out method was employed for sensitivity analysis to assess the robustness of the meta-analysis.

Funnel plots and Egger’s test (48) were used to evaluate publication bias.






3.Results



3.1 Search results

We retrieved 776 potentially relevant published articles from databases and 49 relevant clinical research trials from the website(clinicaltrials.gov). After undergoing independent screening by two investigators, a total of 10 studies were deemed eligible for inclusion in the systematic review, of which 8 studies were included in the meta-analysis. The reasons for exclusion have been elucidated in the PRISMA flow-chart (Figure 1).




Figure 1 | Prisma flow-chart of study selection process.






3.2 Main characteristics of included studies

In our study, we included a total of 10 studies (18–27), with Gukasyan’s study (23) being a 12-month follow-up of Davis et al.’s research (22). Therefore, we considered these two studies (22, 23) as two stages of the same research. It should be noted that Carhart-Harris et al.’s study (21) used escitalopram as a control group, which is quite different from the control groups used in other studies. Considering that including the active drug(escitalopram) as a control group in the meta-analysis may affect the results of the meta-analysis and underestimate the efficacy of psilocybin, we excluded it from the meta-analysis. Ultimately, we included 8 randomized controlled trials (18–20, 22, 24–27) in our meta-analysis, which involved a total of 524 adult patients.

These studies exhibited variations in experimental design, with three studies being double-blind randomized controlled trials (24, 25, 27) and two studies being randomized, double-blind, cross-over design trials (19, 20), one study was a randomized double-blind within-subject crossover design experiment (18), one was a randomized waitlist controlled experiment (22), and finally one study employed a double-blind placebo-controlled within-subject fixed-order experiment (26). Notably, although participants in each study were instructed to gradually reduce and discontinue antidepressants before the baseline visit to mitigate the potential impact of antidepressants on trial outcomes, Von Rotz et al.’s study reported that 38 individuals had stopped antidepressant medication at baseline, 12 were using one antidepressant, and 2 were using more than one antidepressant. Baseline antidepressant medication usage by participants was not reported in other studies.

Furthermore, the subjects in these studies were diverse, with three of them (18–20) involving patients experiencing distress related to life-threatening diagnoses and terminal illness, categorized as secondary depression. The remaining five studies focused on subjects with primary depression, of which four studies (22, 25–27) involved patients diagnosed with major depressive disorder (MDD), while one study (24) included individuals suffering from treatment-resistant depression (TRD). It’s worth noting that in the study by Goodwin et al., TRD was defined as the failure of two courses of antidepressants from differing classes. Participants not only had to meet the criteria for TRD but also had a current episode of depression that had not responded to two to four adequate trials in terms of both dose and duration (≥8 weeks) of treatment according to the Massachusetts General Hospital Antidepressant Treatment Response Questionnaire.

Among these studies, seven studies (18–20, 24–27) employed a single treatment approach, whereas one study (22) administered two treatments separated by a one-week interval. Table 1 summarizes the characteristics of the included studies.


Table 1 | Characteristics of the included studies.






3.3 Risk of bias assessment

The overview of the bias risk assessment results is presented in Figure 2. In evaluating the risk of bias, ten included studies were assessed. Three studies (22, 23, 26) were judged to have a high risk of bias, four studies (18–21) were judged to have an unclear risk of bias, and three studies were judged to have a low risk of bias. Regarding the generation of random sequence, eight (19–25, 27) were judged to have a low risk of bias due to the correct description of randomization methods, while one (18) did not report the sequence generation process. One study (26) used a fixed-sequence study design with placebo followed by psilocybin, which did not involve randomization and was therefore rated as high risk of bias. For allocation concealment, the risk of bias was low in five studies (20, 21, 24, 25, 27)and unknown in four (18, 19, 22, 23) and high in one (26). For blinding of participants and personnel, eight studies (18–20, 22, 24–27) had a low risk of bias, while two (22, 23) were considered high risk because they used a randomized waiting list control design, which allowed patients to know which treatment they were receiving. For blinding of outcome assessment, the risk of bias was low in nine studies (18–20, 22–27), while Carhart-Harris et al.’s study (21) did not specify whether blinding was performed. For incomplete outcome data and selective reporting, all studies were rated as having a low risk of bias. For other sources of bias, six studies (21–25, 27) were rated as having a low risk of bias, and fore studies (18–20, 26)were rated as unclear because they all used a crossover trial design.




Figure 2 | Risk of bias assessment of the included studies. Green indicates low risk of bias, yellow indicates unclear risk of bias, and red indicates high risk of bias.






3.4 Effect of psilocybin on primary or secondary depression

In this meta-analysis, a random-effects model was used to analyze the eight included studies (18–20, 22, 24–27), which demonstrated a significant therapeutic effect of psilocybin on depression (Hedge’s g = -0.89, 95% CI -1.25~-0.53, I² = 70.19%, P < 0.01), as detailed in the Figure 3. Heterogeneity analysis revealed significant heterogeneity between studies (I² = 70.19%). We attempted to conduct subgroup analyses to investigate the sources and factors that may have contributed to the observed heterogeneity between studies.




Figure 3 | Meta-analysis of psilocybin compared to placebo/low-dose psilocybin for treating primary or secondary depression.






3.5 Subgroup analysis

Subgroup meta-analyses were performed based on distinct participant disease types, drug action timeframes, and drug dosages. Table 2 provides comprehensive grouping details, and Figure 4 provides the overall subgroup analysis results. The subgroup analysis was conducted based on different subject types, revealing that psilocybin exhibits a significant impact on primary depression (Hedges’ g= -0.92, 95% CI: -1.4 ~ -0.44, I² = 77.89%, p < 0.01). Notably, its efficacy surpasses that observed in cases of secondary depression (Hedges’ g= -0.88, 95% CI: -1.45~ -0.32, I² = 48.52%, p =0.14) (Figure 5).


Table 2 | Details of subgroup meta-analysis based on participant disease type, drug dose, and duration of drug action.






Figure 4 | Overall subgroup analysis results based on participant type, dose and duration.






Figure 5 | Meta-analysis of psilocybin compared to placebo/low-dose psilocybin for treating primary or secondary depression: subgroup analysis based on participant type.



Furthermore, the subgroup analysis based on duration revealed significant differences between both subgroups; however, the long-term subgroup (>1 month) (Hedges’ g =-0.97, 95% CI: -1.44 ~ -0.51, I²=43.27%, p=0.18) exhibited superior efficacy compared to the short-term subgroup (≤1 month) (Hedges’ g=-0.87, 95% CI: -1.36 ~ -0.39, I²=73.69%, p<0.01) (Figure 6).




Figure 6 | Meta-analysis of psilocybin compared to placebo/low-dose psilocybin for treating primary or secondary depression: subgroup analysis based on duration time.



Subgroup analysis based on different drug dosages revealed that the group receiving medium dosage exhibited a combined effect size of Hedges’ g=-0.75 (95% CI: -1.03 to -0.46, I²=50.12%, P=0.06). In the high dosage group analysis, only Davis et al.’s study (22) was included, demonstrating a Hedges’ g of -2.48 (95%CI: -3.53~-1.43) (Figure 7). Unfortunately, none of the studies involving a low dosage group met the inclusion criteria for this subgroup analysis.




Figure 7 | Meta-analysis of psilocybin compared to placebo/low-dose psilocybin for treating primary or secondary depression: subgroup analysis based on dosage.






3.6 Sensitivity analysis

The results of the sensitivity analysis are presented in Supplementary Figure S1. A leave-one-out approach was employed to assess the influence of individual studies on the robustness of the meta-analysis findings. The results of our meta-analysis were found to be highly robust.




3.7 Response rates

We extracted response rate data from six studies (19, 20, 24–27), and meta-analysis results showed that the response rate of the psilocybin group was better than that of the control group (OR=10.24, 95% CI: 2.51-13.91, I²=66.48%, p<0.01) (see Supplementary Figure S2.1). Subgroup analysis of response rates revealed a higher likelihood of response in secondary depression compared to primary depression, with an increasing duration since psilocybin administration correlating positively with the response rate (Supplementary Figure S2.2).




3.8 Drop-out rates

Eight studies (18–20, 22, 24–27) provided data on dropout rates. One study (18) was excluded from the forest plot because there were no patient withdrawals in either the psilocybin or placebo groups. Among the 7 included studies (19, 20, 22, 24–27), the OR for dropout rate was 0.84 (95% CI: 0.48- 1.49, I²=0%, p=0.55), indicating that there was no significant difference in dropout rates between the psilocybin and placebo groups (Supplementary Figure S3).




3.9 Adverse events

The data pertaining to adverse events were acquired from a total of nine studies. All eight studies reported reversible adverse effects on the cardiovascular system, and one study (25) did not observe statistically significant differences in vital signs. We collected data on heart rate, systolic blood pressure, and diastolic blood pressure from four studies and performed a chronological meta-analysis of these variables. We observed a statistically significant increase in heart rate in the psilocybin group compared to the control group at 90 minutes after administration, but after 240 minutes, the difference between the two groups disappeared. Changes in systolic and diastolic blood pressure were similar after taking psilocybin. The systolic blood pressure and diastolic blood pressure of the psilocybin group showed significant statistical differences compared with the control group at 60 minutes, until the difference between the two groups disappeared at 360 minutes (Figures S4-6).

Six studies reported no serious adverse events, while three studies reported serious adverse events. According to the study (24) conducted by Goodwin et al., 8 out of 154 participants (5.2%) experienced serious adverse events within a timeframe ranging from 2 days to 3 weeks after consuming moderate doses (10-30mg) of psilocybin, including suicidal ideation (2.6%), intentional self-harm (1.9%), and hospitalization (0.6%). No severe adverse events were reported in the low-dose control group throughout this observation period. From 3 to 12 weeks after taking psilocybin, 7 out of 154 subjects (4.5%) in the psilocybin group (10-30mg) had serious adverse events, while only 1 out of 79 subjects (1.3%) in the low-dose psilocybin group (1mg) had such events. In a study (26) conducted by Sloshower et al., it was reported that out of 15 participants, one patient sought hospitalization after a duration of 2 weeks following psilocybin administration due to the lack of improvement in their depressive symptoms. The study (25) conducted by Raison et al. revealed that out of the 50 patients treated with psilocybin, four serious adverse events were reported, including severe migraine (n=1), severe headache (n=1), severe illusion (n=1), and a case involving comorbid severe panic attack and paranoia. Conversely, no serious adverse events were observed in the placebo group. Moreover, in a clinical trial comparing psilocybin with escitalopram for the management of major depressive disorder (MDD) in a cohort of 59 patients (21), it was observed that psilocybin-related adverse effects were generally mild; however, psilocybin exhibited a higher propensity for inducing headaches compared to escitalopram, with incidence rates of 66.7% and 51.7%, respectively.

Eight studies reported symptoms related to the nervous system (e.g., headache, dizziness), mental disorders (e.g., anxiety, depression, sleep disorders), digestive system (e.g., nausea, vomiting), and general symptoms (e.g., fatigue, abnormal physical sensations). Among these studies, six studies provided the necessary data for meta-analysis. The psilocybin group was more likely than the placebo group to develop symptoms related to the digestive system (OR = 13.44, 95%CI: 5.35-33.75, I²=0%, P<0.01), nervous system (OR = 5.67, 95%CI: 1.74 -18.48, I²=72.86%, P<0.01), mental disorder (OR = 4.32, 95%CI: 1.79-10.45, I²=61.01%, P<0.01), and general physical symptoms (OR =2.07, 95%CI: 1.02-4.18, I²=0%, P=0.04) (Figure S7).




3.10 Publication bias

The presence of publication bias was assessed using a funnel plot and Egger’s regression test. The asymmetrical distribution of data points in the funnel plot suggests the existence of publication bias (Figure S8), which was further confirmed by Egger’s regression test(p=0.0165).





4 Discussion



4.1 Key findings

This meta-analysis, encompassing eight studies involving 524 patients with primary or secondary depression, provides a comprehensive assessment of the efficacy, acceptability, and tolerability of psilocybin in the treatment of depression. Our findings reveal that psilocybin exhibits rapid and enduring antidepressant effects. In comparison to the control group, psilocybin treatment demonstrates significantly stronger antidepressant effects in the primary endpoint, consistent with previous meta-analysis results (29, 30). Ko et al. conducted a meta-analysis of depressive scores between the psilocybin and control groups at different time points, revealing variations in psilocybin efficacy depending on the assessment period. On day 1, the estimated effect sizes (standardized mean difference, SMD) were -1.36 (95% CI: -2.50 to -0.22, p = 0.02), and the maximum effect was observed at 3-5 weeks, with SMD = 3.12 (95% CI: -6.19 to -0.04, p = 0.05). In our study, the pooled effect sizes for studies with assessment periods exceeding 1 month was -0.97, showing significant differences from Ko et al.’s study, likely due to variations in the included studies.

Subgroup analysis results indicate that the efficacy of psilocybin is superior for patients with primary depression compared to those with secondary depression. Higher doses and longer duration of psilocybin treatment are associated with better therapeutic outcomes. In our study, a high dose is defined as exceeding 30mg, suggesting that the optimal dosage for the antidepressant effect of psilocybin may surpass 30 mg. Recent meta-analyses suggest that the optimal dose for alleviating depressive symptoms with psilocybin is approximately 36.08mg/70kg (49), consistent with our study findings. Unfortunately, our study did not include low-dose psilocybin, preventing an assessment of its therapeutic efficacy. However, skepticism has been raised regarding the notion that the microdose effects of psilocybin are solely attributable to placebo-driven expectancy effects, indicating that this perspective may be premature and potentially erroneous (50). Further research is necessary to investigate the efficacy of low-dose psilocybin in treating depression.

Our study revealed that the psilocybin group exhibited a higher incidence of adverse events in the digestive system, nervous system, mental disorders and general physical symptoms compared to the control group. However, there was no significant difference in dropout rates between the two groups, suggesting that psilocybin is a well-tolerated and acceptable intervention.




4.2 Review of psilocybin

Psilocybin, a naturally occurring psychedelic found in the Psilocybe genus of mushrooms (51), has been employed for centuries by certain indigenous communities as a means to facilitate spiritual experiences within the framework of sacred rituals (52). In modern society, the use of classic psychedelics is not uncommon among adolescents and young adults, primarily for recreational purposes (53); for example, data from 2001-2004 showed that 21,967 of 130,152 randomly selected people in the United States used psychedelics (54).

As a classic psychedelic, the central function of psilocybin is to act as a 5-HT2A receptor agonist (55), which may be the main mechanism by which it can improve depression (56). The therapeutic effects of psilocybin in treating depression can be observed within a day, surpassing the rapidity of nearly all current first-line antidepressants (18, 20, 21, 24, 51, 57), while its efficacy is comparable and not inferior (7, 58, 59). Psilocybin not only induces alterations in sensory perception (52), alleviates psychological distress (60), and augments positive emotions (55), but it is also characterized by low toxicity (61), lacks the potential for dependence or addiction (55), and generally only causes transient and reversible adverse reactions (7, 58, 59).

In conclusion, psilocybin holds promise as a rapid alleviator of negative perceptions and enhancer of mood in individuals suffering from depression.




4.3 Drugs comparison

Escitalopram, a novel antidepressant, has gained widespread use owing to its remarkable efficacy and tolerability in the treatment of depression (62, 63). A clinical trial finds no significant difference between psilocybin and escitalopram in relieving depressive symptoms after 6 weeks of treatment and holds the advantage of addressing long-term treatment needs (21). Esketamine, an FDA-approved rapid-acting antidepressant for individuals with TRD (64), has been extensively researched, affirming its effectiveness and safety (65–78). Previous studies have demonstrated that psilocybin not only exhibits comparable efficacy to esketamine but also potentially offers a superior safety profile (70). The results of our meta-analysis similarly demonstrate that psilocybin exhibits rapid antidepressant effects and possesses high acceptability and tolerability, potentially emerging as a novel therapeutic option for depression.




4.4 Limitations

Our study presents a comprehensive meta-analysis of the therapeutic efficacy of psilocybin; however, it is important to acknowledge and consider the inherent limitations when interpreting the findings.

Firstly, it should be noted that our study was limited by a relatively small sample size, encompassing only eight major randomized controlled trials. Moreover, a significant level of heterogeneity was observed among the included studies, which can be attributed to variations in populations, sample characteristics, treatment regimens, experimental design, administered doses, or employed outcome measures. We attempted to analyze the number of depressive episodes experienced by participants in the included studies and the means of antidepressant treatment employed during the current episode to assess their impact on the study outcomes and heterogeneity. Unfortunately, we obtained limited information, preventing a comprehensive analysis. Limited sample sizes and substantial between-study heterogeneity may introduce potential bias, diminish the precision of our treatment effect estimates, and restrict the generalizability of our findings (79). Although we conducted subgroup and sensitivity analyses to address these differences, the potential influence of these factors on the overall treatment effect cannot be entirely excluded. Therefore, it is imperative to exercise caution when interpreting the findings of this analysis. Additionally, it is crucial to acknowledge the potential presence of publication bias. Despite our diligent efforts to search for and incorporate unpublished data, the majority of available trial data remains limited or incomplete. We employed analytical techniques such as funnel plots and Egger regression to evaluate the impact of publication bias; regrettably, all results consistently indicated the presence of publication bias. Furthermore, it is important to acknowledge that there was variability in the quality of included studies, with only three studies deemed at low risk of bias. Based on bias risk, we conducted subgroup analyses, revealing that in the low bias risk subgroup, Hedges’ g was -0.64 (95% CI: -1.01 ~ -0.27, I² = 61.78%, p = 0.07) (Figure S9). Conversely, in the high bias risk subgroup, Hedges’ g was -1.60 (95% CI: -3.21 ~ 0.01, I² = 85.45%, p = 0.01) (Figure S9), indicating that in the high bias risk subgroup, the antidepressant effect of psilocybin was not statistically different from the control group. After excluding two high bias risk studies, we conducted a meta-analysis on studies assessed as low or unclear risk, yielding a combined effect size of Hedges’ g = -0.74 (95% CI: -1.06 ~ -0.42, I² = 57.25%, p < 0.01) (Figure S10). Although differences in study quality do influence the results of meta-analysis, the antidepressant effect of psilocybin compared to the control group persisted after excluding high-risk bias studies, albeit with a decrease from the previous Hedges’ g of -0.89. Lastly, we observed that despite the implementation of blinding in the experimental design, participants and researchers often could deduce the allocation based on post-administration reactions. In an effort to enhance blinding and minimize expectancy effects, Sloshower et al. informed participants that they would randomly receive two out of three possible dose conditions: (1) placebo, (2) low-dose psilocybin (0.1mg/kg), and (3) moderate-dose psilocybin (0.3mg/kg). Only placebo and moderate-dose psilocybin were administered during the trial. However, the effectiveness of blinding was less than optimal, as approximately 80% of individuals correctly guessed they had received the moderate dose of psilocybin. In the future, meticulously designed clinical trials are still needed, with particular emphasis on enhancing functional unblinding strategies to mitigate their impact on trial outcomes. Further research is essential to delve into the efficacy of psilocybin.





5 Conclusion

In summary, our meta-analysis demonstrates the potential of psilocybin for providing short- and long-term relief from depression, with higher doses of psilocybin exhibiting stronger antidepressant effects. It is important to note that while few studies have reported serious adverse events following psilocybin use, these events cannot be disregarded. Further high-quality randomized controlled trials are necessary to investigate the efficacy of psilocybin in treating depression, particularly in patients with treatment-resistant depression. Additionally, future clinical studies should elucidate the relationship between dosage of psilocybin and both its antidepressant efficacy and adverse effects in order to determine the optimal therapeutic dose for depression treatment.
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Goodwin 2022 154 2239 13.77 79 27.28 13.63 | Ml -0.36[-0.63, -0.08] 17.69
Von Rotz 2023 26 111 9.52 26 20.61 10.29 -0.94[-1.51, -0.38] 13.28
Sloshower 2023 19 102 741 19 16.7 i -0.83[-1.48, -0.18] 12.02
Raison 2023 51 164 14.66 55 28.2 - -0.79[-1.18, -0.39] 15.96
Heterogeneity: T = 0.07, 1" = 50.12%, H" = 2.00 lb -0.75 [ -1.03, -0.46]
Test of 8: = 6;: Q(6) = 12.03, p = 0.06 |

|
High-dose psilocybin |
Davis 2021 13 85 57 11 235 —i— : -2.48[-3.53, -1.43] 7.43
Heterogeneity: T~ = 0.00, I = .%, H” = . = -2.48 [ -3.53, -1.43]
Test of 6: = 6;: Q(0) = 0.00, p =. :

|
Overall <o -0.89 [ -1.25, -0.53]
Heterogeneity: T = 0.17, 1" = 70.19%, H” = 3.35 :
Test of 6: = 6;: Q(7) = 23.48, p = 0.00 |
Test of group differences: Q»(1) = 9.87, p = 0.00 :

-4 -2 0

Random-effects DerSimonian—Laird model
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Subgroup Group details Number of = Number of = Number of Effect size P value 12(%)

included psilocybin control (95%Cl)
studies group group
Disease type Primary 5 263 190 -0.92(-1.4, -0.44) <001 77.89
Secondary 3 52 51 -0.88(-1.45, -0.32) 0.14 » 48.52
Dose Low- 0 — — — — —

dose psilocybin*

Medium- 7 302 230 -0.75(-1.03, -0.46) 0.06 50.12
dose psilocybin

High-dose 1 13 11 -248(-3.53, -1.43) = —
psilocybin

Duration <1Month 6 238 161 -0.87(-1.36, 0.39) <0.01 73.69
>1Month 2 77 80 -0.97(-1.44, -0.51) 0.18 4327

*Low-dose psilocybin: <5mg; Medium-dose psilocybin: 10-30mg; High-dose psilocybin: >30mg.
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Treatment Control
Study N Mean SD N Mean SD
Grob 2011 12 10 9.35 12 13.02 10.81
Griffiths 2016 26 6.64 53 25 148 7.25
Ross 2016 14 658 7.03 14 13.54 6.81
Davis 2021 13 8.5 57 11 235 6
Goodwin 2022 154 22.39 13.77 79 27.28 13.63
Von Rotz 2023 26 111 952 26 20.61 10.29
Sloshower 2023 19 102 741 19 16.7 7.85
Raison 2023 51 164 1466 55 282 151

Overall

Heterogeneity: T° = 0.17, I° = 70.19%, H* = 3.35
Test of 8, = 6;: Q(7) = 23.48, p = 0.00

Testof 6 =0:z=-4.84, p=0.00

Random-effects DerSimonian—Laird model

Hedges's g
with 95% CI

-0.29 [ -1.07,
-1.27 [ -1.86,
-0.98 [ -1.74,
2.48[-3.53,
-0.36 [ -0.63,
-0.94 [ -1.51,
-0.83 [ -1.48,
-0.79[-1.18,

-0.89 [ -1.25,

0.49]
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-0.08]
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-0.39]

-0.53]

Weight
(%)
10.30
12.84
10.48
7.43
17.69
13.28
12.02
15.96
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49 records identified through other method

776 records identified through database searching
Studies retrieved from electronic databases: 49 studies retrieved from clinicaltrials.gov
218 Embase

100 PubMed
353 Web of Science

=
o
©
0
=
§ 105 Cochrane Library

Reports excluded:

n =29 Wrong study design or population
n =12 not completed

n =1 status unknown and no results
available

776 records identified from databases

Reports excluded:
n =256 duplicates
n =303 other reasons*

7 full-text studies completed
and potentially eligible

217 records screened

212 full-text articles assessed for eligibility

Reports excluded:
n =6 no results available

Reports excluded:
n =1 published

n =5 animal experiments

0 unpublished studies selected

Reports excluded:
n =201 title or abstract
n =1 inclusion criteria

10 studies included in qualitative synthesis
8 primary studies included in meta-analysis**

*other reasons: meta-analysis, review, case report, trial protocol, conference abstract, editorial material and other types of work.
** One study was a follow-up study based on the other study. One study's control group differs from those in other studies. Thus, 8 studies included in meta-analysis.
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Treatment Control
Study/Subgroup N Mean SD N Mean SD
s1month
Grob 2011 12 10 9.35 12 13.02 10.81
Ross 2016 14 658 7.03 14 13.54 6.81
Davis 2021 13 85 57 11 235 6
Goodwin 2022 154 22.39 13.77 79 27.28 13.63
Von Rotz 2023 26 111 952 26 20.61 10.29
Sloshower 2023 19 10.2 741 19 16.7 7.85
Heterogeneity: T° = 0.25, I = 73.69%, H’ = 3.80
Test of 6;: = 6;: Q(5) = 19.00, p = 0.00
>1month
Griffiths 2016 26 664 53 25 148 7.25
Raison 2023 51 164 1466 55 282 15.1
Heterogeneity: T° = 0.05, I” = 43.27%, H = 1.76
Testof 8 =6;: Q(1)=1.76,p=0.18
Overall
Heterogeneity: T° = 0.17, I = 70.19%, H" = 3.35
Test of 6: = 6;: Q(7) = 23.48, p = 0.00
Test of group differences: Q»(1) = 0.09, p = 0.77

Random-effects DerSimonian—Laird model
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*
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Hedges's g
with 95% CI

-0.29 [ -1.07,
-0.98 [ -1.74,
-2.48 [ -3.53,
-0.36 [ -0.63,
-0.94 [ -1.51,
-0.83 [ -1.48,
-0.87 [ -1.36,

1.27 [ -1.86,
-0.79 [ -1.18,
-0.97 [ -1.44,

-0.89[ -1.25,

0.49]
-0.21]
-1.43]
-0.08]
-0.38]
-0.18]
-0.39]

-0.68]
-0.39]
-0.51]

-0.53]

Weight
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10.30
10.48
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17.69
13.28
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Study/Subgroup N
subgroup_type

Primary S
Secondary 3

Test of group differences: Q,(1) =0.01, p=0.93

subgroup_duration
<1month 6

>1month 2
Test of group differences: Q,(1) =0.09, p=0.77

subgroup_dose

Medium-dose psilocybin 7

High-dose psilocybin 1

Test of group differences: Q,(1) = 9.87, p = 0.00

Overall
Heterogeneity: T° = 0.17, I = 70.19%, H = 3.35
Test of 6, = 6;: Q(7) = 23.48, p = 0.00

Random-effects DerSimonian—Laird model

4

-3

-2

Hedges's g
with 95% CI

-0.92 [ -1.40, -0.44]
-0.88 [ -1.45, -0.32]

-0.87 [ -1.36, -0.39]
-0.97 [ -1.44, -0.51]

-0.75 [ -1.03, -0.46]
2.48[-3.53, -1.43]

-0.89 [ -1.25, -0.53]

p-value

0.000
0.002

0.000
0.000

0.000
0.000

0.000
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Gender  Race

% % Intervention/

Sample  Age(range)/(mean

i A 2
S8 +SD) female) white) ooy
RCT Cancer+ Anx
Giop e within-subject DSM-IV diagnosed 2 36t058 . NA Psilocybin(0.2me/kg)/ BDI 2
as) o (92%) Niacin(250mg)
crossover trial Duration of illness: not reported
Psilocybin(220r30mg/
) Cancer + Dep (69%)/Anx (63%)
Saguaicd, ReT DSM-IV diagnosed 51 563 +9.99 2 4 o0 HAM-D 5
(19) crossover trial : (49%) (o1%) Psilocybin
Duration of illness: not reported
(1or3mg/70kg)
Cancer + Dep (28%)/
Ross ctal. RCT Anx (629%)/GAD (10%) 18 26 Psilocybin(0.3mg/ke)/
(20) crossover trial DSM-1V, SCID- IV diagnosed » 6351298 (62%) (90%) Niacin(250mg) ot ’
Duration of illness: not reported
moderate-severe MDD,
. confirmation by patient’s general physician Psilocybin(25mg)/
C"z':"g:)ms RCT (HAM-D-17 217) 59 412109 é ji"%' i ;g;' Escitalopram ?‘:DISS 6
@ Duration of illness: range (100r20mg)
246 (year)
moderate or severe MDD ;
Davis et al. RCT DSM:5, SCID-5 diagnosed 16 2 MMQQ(S;’ o
@ Waiting list (DR, # PRIz G Pslocybin mAMDY || i
215 + 12.2(year) oiRtmg ey
TRD (failure of two courses of antidepressants from
differing classes)
Goodwin et al. 3;::‘;:‘::::& 121 215 Psilocybin(25mg)/
(24) ReT episodes: 69 7.6 = WLz (52%) (92%) P;L‘:‘"b;':l:?:f;’ MADRS N
Recurrent MDD o '®)
episode: 222(95%)
Duration of illness: not reported
MDD Pilocybin (0215 mg/
Von Rotz et al. ) MINI diagnosed 3 9 kg)/ MADRS
27) rer (MADRS score: 10-40) 2 08103 63%) | O4% | Puremamitol 0215 | BDI 2
Duration of illness: not reported mykg)
Placebo-controlled, MDD Pallocybln (013ig/
Sloshower et al. " . 13 16 kg)/ GRID-
P within-subject, DSM:5, SCID-5 diagnosed 19 282138 - % ) i s 2
fixed-order Duration of illness: 20 = 12(year) microcrystalline .
cellulose
MDD
DSM:-5, SCID-5 diagnosed
(MADRS score228) :
Raison et al. ’ 52 9 Psilocybin(25mg)/
i RCT Duration of current 104 AL12113 o | @oaw a0ty MADRS 6

depressive episode:
range 0.48-2.78(year)
Duration of illness: not reported

RCT, Randomized controlled trial; Dep, depressed mood; Anx, anxiety disorder; GAD, generalized anxiety disorder; MDD, major depressive disorder; TRD, treatment-resistant depression; BDI, Beck depression inventory; HAM-D, Hamilton depression rating scale;
QIDS-SR-16, 16-item Quick Inventory of Depressive Symptomatology-Self-Report; MADRS, Montgomery-Asberg depression rating scale;
“In this trial, both psilocybin sessions (session 1: 20 mg/70 kg session 2: 30 mg/70 kg) were applied to immediate treatment and delayed treatment.






