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Psilocybin-assisted therapy is making a resurgence in psychia-
try (Aday et al., 2020; Nutt et al., 2020). Following ingestion, 
psilocybin (one of the active constituents of ‘magic mush-
rooms’) is rapidly dephosphorylated to psilocin (4-hydroxy-
N,N-dimethytryptamine), which acts (non-selectively) as a 
serotonin type 2A (5-HT2A) receptor agonist (Nichols, 2016). 
Serotonin 2A receptor agonism is responsible for the signature 
acute psychological effects of psychedelics (Carter et al., 2005; 
Vollenweider et  al., 1998), with greater plasma psilocin and 
5-HT2A receptor occupancy being associated with a greater 
intensity of subjective effects (Madsen et  al., 2019). There is 
growing interest in aspects of the acute experience that are 
important for facilitating long-term positive outcomes follow-
ing administration within a therapeutic setting, with both the 
‘mystical-type’ experience (Bogenschutz et al., 2015; Griffiths 
et al., 2011, 2016; MacLean et al., 2011; Roseman et al., 2018; 
Ross et al., 2016) and acute emotional-breakthroughs (Roseman 
et al., 2019; Spriggs et al., 2020) being identified as robust and 
reliable predictors of therapeutic change. Stenbæk et al. (2020) 
recently demonstrated that the relationship between individual 
differences in 5-HT2A receptor binding and the mystical-type 
experience is not straightforward; lower pre-drug 5-HT2A recep-
tor binding was associated with greater mystical-type experi-
ence, longer peak duration and a steeper return to normal 
waking consciousness. There is currently an absence of data on 

how the relationship between 5-HT2A receptor expression and 
acute experience translates into long-term outcomes of psyche-
delic therapy.
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Abstract
Background: Psilocybin is a serotonin type 2A (5-HT2A) receptor agonist and naturally occurring psychedelic. 5-HT2A receptor density is known to be 
associated with body mass index (BMI), however, the impact of this on psilocybin therapy has not been explored. While body weight-adjusted dosing 
is widely used, this imposes a practical and financial strain on the scalability of psychedelic therapy. This gap between evidence and practice is caused 
by the absence of studies clarifying the relationship between BMI, the acute psychedelic experience and long-term psychological outcomes.
Method: Data were pooled across three studies using a fixed 25 mg dose of psilocybin delivered in a therapeutic context to assess whether BMI predicts 
characteristics of the acute experience and changes in well-being 2 weeks later. Supplementing frequentist analysis with Bayes Factors has enabled for 
conclusions to be drawn regarding the null hypothesis.
Results: Results support the null hypothesis that BMI does not predict overall intensity of the altered state, mystical experiences, perceptual changes 
or emotional breakthroughs during the acute experience. There was weak evidence for greater ‘dread of ego dissolution’ in participants with lower BMI, 
however, further analysis suggested BMI did not meaningfully add to the combination of the other covariates (age, sex and study). While mystical-type 
experiences and emotional breakthroughs were strong predictors of improvements in well-being, BMI was not.
Conclusions: These findings have important implications for our understanding of pharmacological and extra-pharmacological contributors to 
psychedelic-assisted therapy and for the standardization of a fixed therapeutic dose in psychedelic-assisted therapy.
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5-HT2A receptor density in the brain varies across individuals 
based on clinical and demographic factors (Adams et al., 2004), 
one of which is body mass index (BMI). BMI is defined as a 
person’s weight (in kilograms) divided by the square of their 
height (in m). It is commonly used as a health classifier for four 
weight categories (underweight (<18.5 kg/m2), normal (18.5–
24.9 kg/m2), overweight (25–29.9 kg/m2) and obese (BMI > 
29.9 kg/m2)) (World Health Organization, 1995, 2006) and is 
used diagnostically in feeding and eating disorders such as ano-
rexia nervosa (American Psychiatric Association, 2013). Prior 
studies have demonstrated a relationship between expression of 
5-HT2A receptors in the brain, and diet and body mass. A high-fat 
diet is associated with a greater density of 5-HT2A receptors 
(Huang et al., 2004), while a reduction in 5-HT2A receptor den-
sity has been demonstrated in patients who are currently ill and 
recovered from anorexia nervosa (Frank et  al., 2002; Kaye, 
2008). The -1438 G/A polymorphism of the 5-HT2A receptor 
gene has been linked to differences in body mass (Rosmond 
et  al., 2002) and the pathogenesis of eating disorders (Ricca 
et al., 2002; Rosmond et al., 2002). Furthermore, BMI has been 
shown to correlate positively with 5-HT2A receptor binding in 
superior temporal cortex, medial inferior temporal cortex, right 
dorsolateral prefrontal cortex (DLPFC) and right sensory motor 
cortex (Adams et al., 2004; Erritzoe et al., 2009).

Body weight-adjusted dosing is a ‘gold standard’ in pharma-
cological research, and has been widely used in research on 
psilocybin (Bogenschutz et  al., 2015; Brown et  al., 2017; 
Carbonaro et  al., 2016; Carter et  al., 2005, 2007; Grob et  al., 
2011; Nicholas et  al., 2018; Ross et  al., 2016; Schmidt et  al., 
2012; Umbricht et al., 2002; Vollenweider et al., 2007). Given 
the PET findings above (Stenbæk et al., 2020), and an increased 
receptor density in those with a higher BMI, it is unclear what 
impact weight-adjusted dosing would have on the acute experi-
ence. More broadly, it has been suggested that body weight may 
be insufficient as an adjustment metric as it does not account for 
body composition, which is particularly important for those within 
the obese BMI range (Green and Duffull, 2004; Morrish et  al., 
2011). In a pooled analysis of studies using weight-adjusted doses 
of psilocybin, Studerus et al. (2011) found that BMI was not a sig-
nificant predictor of the intensity of the acute psilocybin experi-
ence across a dose range of 115–315 mg/kg. A more recent analysis 
across trials using doses of 20 mg/70 kg and 30 mg/70 kg also 
found no evidence for a relationship between body weight and 
acute experience (Garcia-Romeu et al., 2021). While these authors 
did mimic a ‘fixed dose’ group analysis (dose range 23–27 mg), all 
these studies employed body weight-adjusted dosing, largely limit-
ing any conclusions that can be made about BMI. Additionally, 
neither of these previous analyses looked at the long-term psycho-
logical outcomes of the psychedelic experience.

An attractive alternative to body weight-adjusted dosing is to 
use a fixed dose. Such a strategy has the important benefit of 
simplifying the logistics of large-scale clinical roll-out. Moreover, 
this approach has been supported by pharmacokinetic simula-
tions conducted by Brown et al. (2017) who demonstrated that 
25 mg would be a sufficient fixed dose to induce the therapeuti-
cally meaningful acute experiences of a dose of 0.3 mg/kg 
(Griffiths et al., 2011; Hirschfeld and Schmidt, 2020; Nicholas  
et al., 2018). No studies to date have directly assessed the rela-
tionship between BMI and the acute experience after a fixed high 
(i.e. therapeutically meaningful) dose of psilocybin, and whether 
this has any impact on the long-term psychological outcomes.

To address this, we conducted a pooled analysis across three 
recent studies from the Centre for Psychedelic Research, Imperial 
College London where a fixed high dose of 25 mg psilocybin was 
administered within a supportive environment. The aim of this 
analysis was to ascertain the relationship between BMI and acute 
psilocybin experiences, as well as BMI and long-term psycho-
logical outcomes. Given that no strong hypotheses could be made 
based on current literature, we employed a combination of fre-
quentist and Bayesian hypothesis testing for all analyses to ena-
ble conclusions to be drawn regarding both the presence and 
absence of effect (i.e. support for or against the null) (Mulder and 
Wagenmakers, 2016).

Materials and methods

Studies

Three studies were included in the current analysis. Two of the 
studies were clinical studies: an open-label study in treatment-
resistant unipolar depression (depression open-label (D-OL)) and a 
randomized control trial (RCT) in moderate-severe unipolar 
depression (depression RCT; D-RCT). The third study was in psy-
chedelic-naïve (i.e. had never taken a psychedelic drug) healthy 
volunteers (HVs). All trials received favourable opinion from the 
National Research Ethics Service and were sponsored by Imperial 
College London’s Joint Research and Compliance Office. The two 
clinical studies were adopted by the National Institute of Health 
Research (NIHR) Clinical Research Network and reviewed and 
approved by the Medicines and Healthcare products Regulatory 
Agency. All study sessions for all studies took place at the NIHR-
funded Imperial College Research Facility.

Participants

All participants provided written informed consent after being 
provided with a complete description of the relevant study and 
before taking part. For all studies, inclusion criteria included an 
age range of 18–85 years and physically healthy (determined via 
physical examination). Primary exclusion criteria included past 
or present diagnosis of a psychotic disorder, immediate family 
member with a psychotic disorder, MRI contraindications, posi-
tive pregnancy test at screening or during the study and excessive 
alcohol or drug use (for further study-specific criteria, refer to 
relevant publications). With the exception of one participant in 
D-OL, all participants in the two depression trials withdrew from 
serotonergic medication prior to starting the trial.

Procedure

Dose.  For consistency, the current analysis focuses on the 25 mg 
dose in all studies. Where more than one 25 mg dose was deliv-
ered, the first of these is used. This dose is generally well toler-
ated and is thought to maximize therapeutic outcomes while 
having minimal side effects. Across all three studies, no serious 
adverse events occurred at this dose.

D-OL trial.  D-OL was an open-label feasibility trial of psilocy-
bin-assisted psychotherapy for treatment-resistant depression 
(ISRCTN registration number ISRCTN14426797). Twenty par-
ticipants (six females) received two oral doses of psilocybin 
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(10 mg followed by 25 mg) 1 week apart. Psilocybin was obtained 
from THC Pharm (Frankfurt, Germany) and formulated into the 
investigational medicinal product (5 mg psilocybin in size 0 cap-
sules) by Guy’s and St. Thomas’ Hospital’s Pharmacy Manufac-
turing Unit (London, UK). For details on full trial procedures, 
refer to Carhart-Harris et al., (2016).

D-RCT.  D-RCT compared psilocybin to the selective serotonin 
reuptake inhibitor escitalopram (NCT03429075). Fifty-nine par-
ticipants received two oral doses of psilocybin separated by 
3 weeks. Thirty participants (11 females) received two 25 mg 
doses of psilocybin and a 6-week course of placebo, while the 
remaining 29 (9 females) received two 1 mg doses of psilocybin 
coupled with a 6-week course of escitalopram. Only participants 
receiving the 25 mg dose of psilocybin are included in the current 
analysis as the coupling of the 1 mg dose with escitalopram 
would confound the analysis. Psilocybin (COMP360) was sup-
plied by Compass Pathways. Manufacture was performed by 
Onyx and encapsulation was performed by Catalent (formerly 
Juniper) pharmaceuticals. Bottling and labelling were performed 
by Fisher pharmaceuticals. For full trial details, refer to Carhart-
Harris et al., (2021).

HV trial.  The HV study assessed long-term psychological and 
brain changes following a 25 mg dose of psilocybin in psychedelic-
naïve individuals (Lyons, 2020). One month prior, all participants 
also received a low dose (1 mg) but were blind to the dosing sched-
ule. A total of 28 participants (13 females) completed this study. 
Psilocybin supply was identical to D-RCT.

Psychological support.  Given the role of extra-pharmacologi-
cal factors in shaping the acute experience (and our psychologi-
cal indices thereof) (Carhart-Harris et al., 2018), and important 
emphasis was placed upon the ‘set and setting’ of all dosing ses-
sions. Across all studies, each participant was paired with two 
experienced guides/sitters who provided psychological support. 
Dosing days took place in a therapeutic environment and were 
enveloped by psychological preparation (becoming acquainted 
with the participant, building trust and discussing what to expect 
from the experience) and integration (non-judgemental, compas-
sionate listening to the participants’ experience, aiding their abil-
ity to contextualize and assimilate it).

During dosing, participants were encouraged to recline in a 
semi-supine position and were provided with an eye mask and 
headphones. The music playlist was specially designed to map 
onto the psychedelic experience and participants were encour-
aged to go on an inward journey while they were supported by 
the presence of the two guides.

Measures

Demographics and BMI.  Demographic information was col-
lected at the screening visit for each study including age, sex, 
height and weight. BMI was calculated for all participants using 
the formula weight (kg)/height (m)2.

ASC questionnaire.  The altered states of consciousness (ASC) 
questionnaire is the most widely used measure of altered states of 

consciousness (particularly in the psychedelic state (Dittrich, 
1998; Studerus et al., 2010)) and was included in all three studies 
discussed here. The ASC can be parcellated into either 5 (5D-
ASC, from 94 questions) or 11 (11D-ASC, from 42 questions) 
factors (Dittrich, 1998; Studerus, Gamma, & Vollenweider, 
2010). Each item is measured on visual analogue scales from 0 
(‘not more than usual’) to 100 (‘much more than usual’). Aver-
ages are calculated for total and subscale scores.

Consistent with Roseman et al. (2018), we utilized the 42-item 
version of the ASC which only indexes three of the five dimen-
sions defined by the 5D-ASC: oceanic boundlessness (OBN), 
dread of ego dissolution (DED) and visionary restructuralization 
(VRS). The OBN subscale indexes the ‘mystical type’ experience 
– that has been deemed important in predicting long-term psy-
chological gains following a psychedelic experience (Erritzoe 
et  al., 2018; Griffiths et  al., 2008; Roseman et  al., 2018; Ross 
et al., 2016). Within the OBN factor are five of the 11D-ASC sub-
factors: ‘insightfulness’, ‘blissful state’, ‘experience of unity’, 
‘spiritual experience’ and ‘disembodiment’. DED assesses the 
negative aspects of the experience and encompasses the 11D sub-
scales of ‘anxiety’ and ‘impaired control or cognition’. VRS 
refers to perceptual distortions and encompasses the 11D sub-
scales of ‘complex imagery’, ‘elementary imagery’, ‘audio/vis-
ual synaesthesia’ and ‘changed meaning of percepts’. By focusing 
on these three factors, we explored the association between BMI 
and mystical, challenging and perceptual experiences (the pillars 
of a psychedelic experience), while avoiding the additional com-
putational load of the final two sub-factors of the 5D-ASC (‘audi-
tory alterations’ and ‘reduction of vigilance’) which are not 
central to the altered states induced via classic psychedelics 
(Studerus et al., 2010).

Emotional breakthrough inventory.  The emotional break-
through inventory (EBI) is a recently validated measure of emo-
tional release/breakthrough experienced during the acute 
psychedelic state (Roseman et al., 2019; Spriggs et al., 2020). The 
EBI consists of six statements: ‘I faced emotionally difficult feel-
ings that I usually push aside’, ‘I experienced a resolution of per-
sonal conflict/trauma’, ‘I felt able to explore challenging emotions 
and memories’, ‘I had an emotional breakthrough’, ‘I was able to 
get a sense of closure on an emotional problem’ and ‘I achieved an 
emotional release followed by a sense of relief’. Each statement is 
designed to reflect aspects of overcoming emotions through the 
psychedelic experience. The EBI was only included in the D-RCT 
and HV studies and was run at the end of the dosing day (i.e. 
alongside the ASC) in reference to the acute experience.

Warwick-Edinburgh Mental Well-being Scale.  The Warwick-
Edinburgh Mental Well-being Scale (WEMWBS) is a validated 
14-item scale designed to measure both the hedonic (i.e. subjec-
tive experience of happiness) and the eudaemonic (i.e. psycho-
logical functioning) aspects of positive mental health, or 
well-being (Tennant et al., 2007). Each item is a positive state-
ment that participants rate on a 5-point Likert-type scale from 
‘none of the time’ to ‘all of the time’ in reference to the previous 
2 weeks. Higher scores represent greater well-being, with a maxi-
mum score of 70. The WEMWBS was included within the 
10 days before and exactly 2 weeks after the dosing day in ques-
tion in the D-RCT and HV studies.



110	 Journal of Psychopharmacology 37(1)

Analysis

The analyses performed here were conceived of post hoc and 
were not part of an a priori statistical analysis plan for any of the 
studies and neither were they specifically approved a priori by an 
ethics committee. However, such post hoc analyses are common-
place in clinical research where new questions naturally arise that 
warrant addressing. As is standard, ethics approval does not adju-
dicate on such post hoc analyses, but simply ask that good prac-
tice be maintained in data management and protection and all 
other relevant aspects of clinical research. In accordance with 
Imperial College guidelines, all participants across studies con-
sented to their research data being stored and analysed by 
researchers at Imperial College London.

Frequentist analyses.  Preliminary analyses were conducted to 
assess for differences in age, sex and BMI between the studies, 
and for a relationship between demographics and BMI. Data 
were then pooled across studies for subsequent analysis. Linear 
regressions were used to assess BMI as a predictor of both the 
acute psychedelic experience (ASC and EBI) and psychological 
outcomes (WEMWBS). Age (mean-centred), sex and study were 
included as control variables in all analyses, with baseline WEM-
WBS also added as a control variable in the WEMWBS analysis 
(a = 0.05; two tailed).

Bayesian analyses.  To complement these frequentist analy-
ses, Bayes Factors (BFs) were also computed for linear regres-
sions and, where appropriate, follow-up t-tests. BFs represent 
the relative evidence for one model over another, conditioned 
on the observed data. Bayesian linear regressions were per-
formed, including the covariates age (mean-centred), sex and 
study. For prediction of the ASC and EBI, two alternative mod-
els were defined and compared to the null (M0): M1 did not 
include BMI (M1: Age, Sex, Study), while M2 did (M2: Age, 
Sex, Study, BMI). Two BFs are therefore presented for each 
analysis: the first assesses the relative evidence for all covari-
ates of the full model as compared to the null model (BF02). The 
second directly compares the two alternative models and there-
fore establishes the relative evidence for the single covariate 
BMI (BF12).

To assess BMI as a predictor of well-being, three models were 
compared, all of which included age, sex, study and baseline 
WEMWBS as covariates: M1 additionally included BMI, M2 
additionally included EBI or ASC-OBN and M3 included both 
BMI and either EBI or ASC-OBN. BFs were computed to assess 
the relative evidence of M3 versus models that did not include 
either BMI (BF32) or EBI/ASC-OBN (BF31).

We provide the following guidelines for the interpretation of 
BF values. The further a BF value is from 1, the stronger the 
evidence for either the model of interest (BF > 1) or the compet-
ing model (BF < 1). Typically, a BF value that is >3 is regarded 
as strong evidence when comparing an alternative to null; how-
ever, lower thresholds are accepted when comparing alternative 
models (Mulder et  al., 2009). As decimal-place BFs are more 
challenging to interpret, we present BFs as >1 where possible, 
for example, when model evidence most consistently supports 
the null, we present BF01 > 1, rather than BF10 > 1. This does not 
change the statistical value, and this is purely for ease of interpre-
tation (Rouder and Morey, 2012). All analyses were performed 

using default JSZ priors (Rouder et  al., 2009) in R Studio  
(https://rstudio.com/) using the BayesFactor package (Morey 
et al., 2015). Plots were generated using ggplot2 (Wickham, 2009).

Results

Demographics and BMI

Demographic data for the three studies are presented in Table 1. 
There were no significant differences between studies in age 
(F(2,74) = 0.95, p = 0.393) and sex (χ2

(2,N=77) = 1.15, p = 0.560), and 
there was no significant differences in BMI between the studies 
(F(2,74) = 2.386, p = 0.099; Figure 1). Across the three studies, 
there was no significant relationship between age and BMI 
(r75 = 0.19, p = 0.104); however, females had significantly lower 
BMIs than males (female M (SD) = 24.1 kg/m2 (4.8 kg/m2); male 
M (SD) = 26.5 kg/m2 (4.36 kg/m2); t(57.58) = 2.241, p = 0.03). Age, 
sex and study were used as covariates in all analyses.

Figure 1.  BMI in the three studies separately. Violin plots represent 
the distribution of scores. Black dots and bars represent the mean and 
standard deviation, respectively, while open circles represent individual 
participants. BMI: body mass index; D-OL: depression open-label; 
D-RCT: depression randomized control trial; HV: healthy volunteer.

Table 1.  Demographic information for the three studies.

Study N Age (years) BMI (kg/m2)

  Total Females M (SD) Range M (SD) Range

HV 28 13 40.6 (8.7) 28–59 24.0 (5.0) 16.4–41.3
D-RCT 30 11 43.3 (11.7) 21–64 26.4 (4.6) 17.7–37.1
D-OL 19   6 44.7 (10.9) 27–64 26.4 (4.3) 18.3–36.4
Total 77 30 42.7 (10.5) 21–64 25.6 (4.7) 16.4–41.3

BMI: body mass index; D-OL: depression open-label; D-RCT: depression  
randomized control trial; HV: healthy volunteer.

https://rstudio.com/
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All three studies were included in analyses on ASC (total 
N = 77); however, EBI and WEMWBS were only included in 
D-RCT and HV with some drop-out seen in the collection of 
WEMWBS at follow-up (EBI analysis N = 56; WEMWBS analy-
sis N = 51).

BMI as a predictor of acute experience

Altered states of consciousness.  The results of the linear 
regressions used to assess whether BMI predicts the intensity of 

the acute experience (indexed with the ASC), while controlling 
for age, sex and study, are presented in Table 2 and Figure 2. The 
results of frequentist analyses were non-significant for the total 
ASC and the three subscales (OBN, DED and VRS), with the 
DED subscale showing a marginal effect (p = 0.076). The BFs 
comparing the full alternative M2 to the null M0 all provided 
strong evidence towards the null, with the exception of DED 
where the evidence was low/anecdotal towards the alternative. 
When comparing the two alternative models, the model without 
BMI as a predictor (M1) was favoured in all cases except for DED, 
where the evidence was inconclusive.

Figure 2.  Scatter plots of the relationship between BMI and the ASC subscales of (a) OBN, (b) DED, and (c) VRS as well as (d) total ASC score. DED: 
dread of ego dissolution; OBN: oceanic boundlessness; VRS: visual restructuralization; BMI: body mass index; ASC: altered states of consciousness.
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To further explore the low/anecdotal evidence for M2 predict-
ing DED, three additional models were defined to determine the 
contribution of the three other predictors to the full model. 
Specifically, these three models removed each of the predictors 
one-by-one for comparison with the full model (M3 = Sex, Study, 
BMI; M4 = Age, Study, BMI; M5 = Age, Sex, BMI). Evidence was 
inconclusive for the predictor age (BF23 = 1.08), was strong 
against sex as a predictor (BF24 = 3.83) and was strong for study 
as a predictor (BF52 = 3.902). Additional Bayesian t-tests (default 
JSZ priors) were performed to determine evidence for 

differences between the studies. Here, there was strong support 
for a difference in DED between D-RCT and HV (BF = 22.07), 
moderate evidence against a difference between HV and D-OL 
(BF = 0.36) and inconclusive evidence for a difference between 
the two depression trials (BF = 1.76) (Figure 3). These differ-
ences are driven by overall lower DED in D-RCT. To summarize, 
these analyses indicate that study is the strongest predictor driv-
ing the evidence for M2 over the null in predicting DED.

Emotional breakthrough inventory.  The results of the linear 
regressions used to assess whether BMI predicts emotional 
breakthrough (EBI) are presented in Table 2 and Figure 4(a). The 
frequentist linear regression assessing BMI as a predictor of EBI 
and controlling for age, sex and study was not significant 
(p = 0.904). Additionally, the Bayesian regression provided very 
strong evidence towards the null model (BF02 = 30.91), and mod-
erate evidence against the inclusion of BMI (BF12 = 2.60).

BMI as a predictor of psychological outcome

BMI was found to be a non-significant predictor of WEMWBS in 
a linear regression controlling for age, sex, study and baseline 
WEMWBS (b = 0.27 95%CI [−0.28, 0.82], p = 0.325; Figure 
4(b)). Furthermore, when comparing models without (M1) and 
with (M2) BMI as a predictor, the BF analysis revealed moderate 
evidence against BMI as a predictor (BF12 = 2.051).

A final set of regressions were computed on WEMWBS 
scores that also included EBI or ASC-OBN as predictors. A fre-
quentist regression including BMI and ASC-OBN as predictors 
demonstrated that the ASC-OBN significantly predicted improve-
ments in WEMWBS (b = 0.10 95%CI [0.03, 0.18], p = 0.009), 
while BMI did not (b = 0.29 95%CI [−0.22, 0.81], p = 0.258). 
Similarly, a regression including BMI and EBI as predictors 
demonstrated that EBI predicted improved WEMWBS (b = 0.10 
95%CI [0.03, 0.18], p = 0.005), while BMI did not (b = −0.31 
95%CI [−0.2, 0.82], p = 0.221). For each regression, BFs were 
computed to assess the relative evidence of each predictor of 
interest against a full model including all covariates (M3). This 
demonstrated strong evidence for ASC-OBN as a predictor of 
WEMWBS (BF31 = 6.50) and weak evidence against BMI 
(BF23 = 1.85). Similarly, strong evidence was demonstrated for 
EBI (BF31 = 8.95) while weak evidence was provided against 
BMI (BF23 = 1.86).

Discussion
The aim of the current study was to investigate whether BMI pre-
dicts acute and long-term effects of a fixed dose of psilocybin 
administered in a supportive setting. Data were pooled across three 
trials conducted at the Centre for Psychedelic Research, Imperial 
College London, totalling 77 individuals receiving a 25 mg dose of 
psilocybin. When controlling for age, sex, and study, evidence sup-
ported the null hypothesis that BMI does not predict overall inten-
sity of the altered state (total ASC), mystical-type experiences 
(ASC-OBN), perceptual changes (ASC-VRS) or emotional break-
throughs (EBI) during the acute experience. There was weak, non-
significant evidence for greater dread of ego dissolution 
(ASC-DED) in participants with lower BMI, however, further 
analysis provided no evidence for BMI meaningfully contributing 

Table 2.  Results of linear regressions assessing BMI as a predictor of 
ASC and EBI controlling for age, sex and study.

Acute scale Frequentist Bayesian*

  B 95% CI p BF02 BF12

ASC-OBN 0.30 −1.20, 1.81 0.689 39.63 2.82
ASC-DED −1.07 −2.25, 0.12 0.076 0.38 0.69
ASC-VRS 0.40 −0.90, 1.70 0.538 3.63 2.35
ASC total −0.09 −1.20, 1.01 0.87 5.83 2.66
EBI −0.11 −1.79, 2.02 0.904 30.91 2.60

ASC, N = 77; EBI, N = 56.
ASC: altered states of consciousness; BF: Bayes Factor; BMI: body mass index; 
DED: dread of ego dissolution; OBN: oceanic boundlessness; VRS: visionary 
restructuralization; EBI: emotional breakthrough inventory.
M0: null model.
M1: Age + Sex + Study.
M2: Age + Sex + Study + BMI.
*While BFs are commonly presented as evidence for the alternative relative to the 
null, here we presented evidence for the null relative to the alternative (BF01 and 
BF12) because BF > 1 are easier to interpret than BF < 1 (Rouder and Morey, 2012).

Figure 3.  DED across the three studies separately. Violin plots 
represent the distribution of scores. Black dots and bars represent the 
mean and standard deviation, respectively, while open circles represent 
individual participants. DED: dread of ego dissolution.
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to the combination of the other covariates (age, sex and study) in 
predicting ASC-DED. Finally, while both greater mystical-type 
experiences and emotional breakthroughs were strong predictors 
of greater improvements in well-being, BMI was not. Overall, 
this is – to the best of our knowledge – the first demonstration 
that BMI does not predict long-term, as well as acute effects of a 
fixed dose of psilocybin (but see Studerus et  al., (2011) and 
Garcia-Romeu et  al. (2021) for an exploration using weight-
adjusted doses). By employing Bayesian hypothesis testing, we 
were able to conclude that this largely reflects evidence of 
absence, rather than an absence of evidence.

The present study also expands upon the results of previous 
studies (Garcia-Romeu et  al., 2021; Studerus et  al., 2011) by 
providing the first pooled analysis across studies employing a 
fixed dose of psilocybin. While body weight-adjusted dosing is 
currently regarded as a ‘gold-standard’ in research, there has 
been increasing recognition that body weight may not provide a 
sufficient measure of body composition when adjusting dosing 
(Green and Duffull, 2004; Morrish et al., 2011). Additionally, it 
adds practical and financial complexity to standardization, vali-
dation and large-scale distribution (Brown et al., 2017), which 
in turn significantly impacts the feasibility of large-scale roll-
out of psychedelic-assisted therapy. Having a fixed dose could 
significantly simplify the design and logistics of numerous 
future clinical studies, particularly in clinical trials where BMI 
is a feature of the target population, such as psilocybin-assisted 
psychotherapy in anorexia nervosa. Such trials are currently 
underway with more planned for the future (NCT04505189; 
NCT04052568; NCT04661514) (Foldi et  al., 2020; Spriggs 
et al., 2021).

To assess the quality of the acute experience, this study used 
the ASC (the most widely used subjective index of altered states), 

with a focus on three of its subscales that are central to the psy-
chedelic experience (Studerus et  al., 2010), namely: mystical 
experiences (ASC-OBN), negative experiences (ASC-DED) and 
perceptual changes (ASC-VRN). The OBN subscale has been a 
particular focus of psychedelic research as greater mystical-type 
experiences have been associated with greater long-term mental 
health outcomes from psychedelic therapy (Erritzoe et al., 2018; 
Griffiths et al., 2008; Roseman et al., 2018; Ross et al., 2016). 
Recent evidence also points towards a distinct component of the 
acute experience, namely emotional breakthrough, as an addi-
tional key mediator of long-term outcome (Roseman et al., 2019; 
Spriggs et al., 2020). Across our pooled dataset, scores of mysti-
cal-type experience and emotional breakthrough within the trial 
setting predicted long-term increases in well-being. Importantly 
however, BMI did not predict scores of mystical-type experience, 
emotion breakthrough or long-term changes in well-being when 
using a fixed dose within a therapeutic environment.

While the evidence supported the full model over the null in 
predicting DED, the contribution of BMI to the combination of 
the other covariates (age, sex and study) was equivocal. To fur-
ther explore this trend, the independent contribution of each 
covariate was assessed, and study was the only covariate with 
strong evidence towards inclusion in the model. There was 
strong evidence for lower DED in D-RCT than HV and moder-
ate evidence for no difference between D-OL and HV. One pos-
sibility for this effect of study is the setting, where the setting for 
HV was more scientifically focused (e.g., with electroencepha-
lography recording in-session) than therapeutic in nature. 
Previous work has found brain imaging to be a predictor of more 
challenging experiences under psychedelics (Studerus et  al., 
2011). Another possibility is differential therapeutic alliance 
across studies. Challenging experiences have previously been 

Figure 4.  Scatter plots of the relationship between BMI and (a) EBI and (b) WEMWBS 2-weeks post-high dose. BMI: body mass index; EBI: 
emotional breakthrough inventory
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associated with a weaker therapeutic relationship (Haijen et al., 
2018; Kettner et al., 2021; Stauffer et al., 2020) and a separate 
analysis performed on data from the D-RCT supports therapeu-
tic alliance as a predictor of acute experience and long-term out-
comes (Murphy et al., 2022). Interestingly, although females had 
significantly lower BMI on average than males, there was strong 
evidence against sex as a predictor of DED. One recent study 
found a trend towards females having greater challenging expe-
riences than males with approximately 25 mg psilocybin 
(Garcia-Romeu et al., 2021). From a constructionist perspective, 
this may reflect a greater likelihood for women versus men to 
report challenging experiences – for example, due to cultural 
gender norms (McLean and Anderson, 2009).

In positron emission tomography (PET) studies, BMI has 
been found to positively correlate with 5-HT2A receptor binding 
in the superior temporal cortex, medial inferior temporal, right 
DLPFC and right sensory motor cortex (Adams et  al., 2004; 
Erritzoe et al., 2009). One PET study using a displacement para-
digm with psilocybin as the ‘cold’ displacing ligand – recently 
found a positive relationship between the subjective intensity and 
the corresponding percentage occupancy of 5-HT2A receptors 
achieved by a range of psilocybin dosages – that is, greater inten-
sity was associated with greater 5-HT2A receptor occupancy 
(Madsen et al., 2019). Pooling across this and one additional PET 
study (N = 16), Stenbæk et al. (2020) further demonstrated how 
lower pre-drug 5-HT2A receptor binding was associated with 
greater mystical-type experience, longer peak duration and a 
more rapid offset of subjective drug effects post-peak. As well as 
these pharmacological factors, one should also consider how 
non-pharmacological, contextual factors could impinge on the 
experience felt and reported (Carhart-Harris et al., 2018; Haijen 
et  al., 2018; Hartogsohn, 2016, 2017; Kettner et  al., 2021; 
Mediano et al., 2020; Studerus et al., 2011). While the current 
results provide strong evidence against BMI as a predictor of 
acute psychedelic experience or long-term outcome, it may be 
important for future PET studies to elaborate on this further.

It is worth highlighting here the insights offered by Bayesian 
statistics that would not be provided by frequentist approaches 
alone (Mulder and Wagenmakers, 2016; Wagenmakers et  al., 
2018). A BF is a quantification of the relative evidence that the 
data provide for two competing hypotheses, thus, it allows for 
conclusions to be made about the relative evidence for or against 
the null hypothesis. As such, we are able to draw conclusions on 
the evidence of absence, rather than mere absence of evidence – 
as would be the case using purely frequentists approaches. 
Additionally, the BF is a meaningful index of relative evidence, 
where, for example, BF01 = 4, means that the data are four times 
more likely under the null hypothesis. Frequentist statistics, in 
contrast, provide a dichotomous outcome of ‘significance’ based 
on a (somewhat arbitrary) p value of 0.05. Finally, as opposed to 
frequentist statistics, a BF does not depend on the sampling plan, 
or on a hypothetical data set that has not been observed. This is 
relevant for the post hoc pooling that was employed here.

There are a few notable limitations of the current study. 
Firstly, 15 participants in the current analysis fell within the 
obese weight range (BMI > 29.9 kg/m2) but only three partici-
pants were classified as underweight (BMI < 18.5 kg/m2), pre-
cluding any comparison of the extreme tails of the cohort. 
Secondly, the absence of pharmacokinetic measures in this study 
precluded the measurement of drug concentration changes or the 

relationship between pharmacokinetic processes and the observed 
effects. Third, we only analysed data from 25 mg dosing sessions 
and so it is unclear how these findings would translate to other 
doses of psilocybin, or indeed other psychedelic drugs or mix-
tures (such as ayahuasca). Finally, while all data correspond to a 
participant’s first 25 mg dose, the three studies had slightly differ-
ent designs, meaning that there is some variation in prior experi-
ence between participants. We did, however, control for ‘study’ 
as a covariate.

To conclude, this paper provides the clearest demonstration 
to-date that the acute psychedelic experience and long-term 
psychological outcome from a fixed 25 mg dose of psilocybin is 
not predicted by BMI. This discovery has important implica-
tions, not only for our understanding of pharmacological and 
extra-pharmacological contributors to the psychedelic experi-
ence, but also to the large-scale roll-out of psychedelic-assisted 
therapy. Future studies are required to explore this matter fur-
ther in more wide-ranging populations, and with different doses 
and psychedelics.
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