International Journal of Mental Health and Addiction
https://doi.org/10.1007/511469-025-01489-z

ORIGINAL ARTICLE

®

Check for
updates

Patterns of Internalizing Problems, Substance Use
and Cognitive Flexibility Before and After Naturalistic
Psilocybin Use: A Repeated Measures Latent Profile Analysis

Jérémie Richard'® . Jeremy Scott’ - Sandeep M. Nayak' - Nathan D. Sepeda’ -
Matthew X. Lowe? - Heather Jackson? - Albert Garcia-Romeu’

Accepted: 10 April 2025
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2025

Abstract

The classic psychedelic psilocybin is receiving renewed interest in naturalistic and clini-
cal research settings. Despite trends indicating increased rates of use outside of research
settings, longitudinal data on the association between psilocybin use, mental health, and
other substance use remains limited. A prospective longitudinal online survey study com-
prising six sequential assessments from adults planning to take psilocybin in naturalistic
settings was conducted. A total of 2,850 respondents completed the survey 2 weeks before
they planned to use psilocybin, 1,551 completed the 2—4-week follow-up, and 657 com-
pleted the 2-3-month follow-up after psilocybin use. A repeated measures latent profile
analysis of internalizing problems, substance use, and cognitive flexibility was conducted.
The repeated measures latent profile analysis identified a four-profile model as best fit-
ting the data provided across the three measurement periods: “Improved Mental Health
with Low Substance Use” (30.25%), “Stable Mental Health with Low Substance Use”
(53.12%), “Persistent Mental Health Symptoms with Persistent Substance Use” (8.84%),
and “Improved Mental Health with Persistent Substance Use” (7.79%). Sociodemographic
and personality characteristics prior to psychedelic use were associated with profile mem-
bership, with the profiles also differing significantly on measures of the acute subjective
effects of psilocybin. Although psilocybin use was associated with improvements in inter-
nalizing problems for the majority of participants, persisting mental health difficulties and
substance use problems were also noted. These findings highlight the heterogeneous asso-
ciations between psilocybin use, mental health, and patterns of other substance use in non-
clinical settings.

Keywords Internalizing problems - Latent profile analysis - Longitudinal survey -
Psilocybin - Psychedelic - Substance use

The classic psychedelic psilocybin acts as a prodrug of psilocin, which has a variety
of effects at 5-HT receptors including being a partial agonist of the 5-HT2A receptor
(Dodd et al., 2023). Psilocybin is found in many species of mushrooms and has been
synthesized for use in clinical research. When ingested in high doses, psilocybin can
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result in acute alterations in perception, cognition, and affect that have been associated
with sustained changes in cognition, creativity, emotional processing, and personality
(Aday et al., 2021). Historically, classic psychedelics such as psilocybin have been used
in traditional medicinal, ritual, and religious contexts (Celidwen et al., 2022; Schultes,
1969). Over the past two decades, there has been a growing body of clinical research
exploring psilocybin’s potential effectiveness for treating various health conditions
(Madden et al., 2024) including major depressive disorder (Carhart-Harris et al., 2021;
Goodwin et al., 2022, 2025; Haikazian et al., 2023; Raison et al., 2023) and cancer-
related existential distress or anxiety (Agrawal et al., 2024; Griffiths et al., 2016; Ross
et al., 2016). Psilocybin has also been applied in clinical research contexts as a potential
novel intervention for substance use disorders (SUDs) including alcohol and tobacco
use disorder (Bogenschutz et al., 2015, 2022; Johnson et al., 2014, 2017; Richard &
Garcia-Romeu, 2025).

Although commonly regarded a distinct categorical entities as part of the Diagnostic
Statistical Manual (DSM-5; American Psychiatric Association, 2013) and International
Classification of Diseases (ICD-11; World Health Organization, 2019), psychiatric
conditions including mood disorders, anxiety disorders, and SUDs are highly comor-
bid (Lai et al., 2015; Saha et al., 2021) and have been identified as sharing underlying
etiological factors (Caspi et al., 2020; Kotov et al., 2017). When represented within
the Hierarchical Taxonomy of Psychopathology (HiTOP), mood and anxiety disorders
are identified as lower dimensions of the internalizing spectrum, whereas SUDs are
identified as lower dimensions of the disinhibited externalizing spectrum (Cicero et al.,
2024). The modeling of these problems is such that although depression and anxiety
tend to be more closely related within the internalizing spectra, there remain signifi-
cant associations across internalizing and externalizing spectra and associated over-
laps in symptomatology (Blondino & Prom-Wormley, 2022). One potential underlying
transdiagnostic psychological mechanism relevant to the manifestation of both inter-
nalizing problems and SUDs is cognitive inflexibility (Lee & Orsillo, 2014; Melugin
et al., 2021; Piccoli et al., 2024; Yu et al., 2020). This would be in line with broader
findings on psychological resilience whereby the capacity for successful adaption and
mental wellbeing is positively associated with cognitive flexibility (Parsons et al.,
2016).

There is converging evidence across both animal and human research that psych-
edelics have the potential to increase cognitive flexibility, a mechanism by which psych-
edelics are hypothesized to have therapeutic effects alongside their acute subjective
effects (Campo et al., 2025; Doss et al., 2021; Romeo et al., 2025; Sayali & Barrett,
2023; Torrado Pacheco et al., 2023). Given the clinical associations between internaliz-
ing problems, substance use problems and cognitive flexibility, in addition to the poten-
tial effects on psychedelics on all of these domains of psychological functioning, there
is a need to better understand patterns of change across these dimensions of mental
health and behavior before and after psychedelic use.

A growing number of studies have explored the effects of classic psychedelic use outside
of clinical trials. This research is especially important as rates of psychedelic or hallucinogen
use among adults reached historic highs in 2022 and remained at these levels in 2023 (Pat-
rick et al., 2024). This research typically employs observational methodologies (i.e., cross-
sectional or retrospective designs) to elucidate the impact of psychedelics on mental health
and substance use (Garcia-Romeu et al., 2020; Nayak et al., 2023; Raison et al., 2022; Romeo
et al., 2023). Generally, these studies have indicated greater beneficial effects of psychedelics
when used in ceremonial, religious, or treatment settings, especially among participants with
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intentions to decrease their substance use (Argento et al., 2019; Garcia-Romeu et al., 2019,
2020; Johnson et al., 2017; Lake et al., 2023; Malcolm et al., 2018; Richard & Garcia-Romeu,
2025). Moreover, the acute subjective experiences resulting from the use of psychedelics (e.g.,
experiences of connectedness, ego dissolution, positive mood, psychological insight; Yaden
et al., 2024) have been associated with a more positive psychological and behavioral outcomes
in both clinical trials and observational studies (Atiq et al., 2024; Ko et al., 2022; Richard &
Garcia-Romeu, 2025). Correspondingly, there is an emerging literature on the potential harms
of psilocybin when used in non-clinical contexts, reporting on potential negative outcomes,
including the exacerbation of preexisting psychiatric diagnoses (Bremler et al., 2023; Raison
etal., 2022).

To date, there are few large-scale prospective longitudinal studies that comprehen-
sively assess a range of mental health constructs and their potential fluctuations in the
weeks before and after psychedelic use. In one study that recruited individuals planning
to use a psychedelic (n =302 at baseline), reductions in depressive symptoms were identi-
fied from baseline to 4 weeks (n=109) post-psychedelic experience (Nygart et al., 2022).
In a smaller observational study of first-time ayahuasca users (n=40), over 80% of partic-
ipants meeting diagnostic criteria for a psychiatric disorder showed clinical improvements
that persisted for six months (Jiménez-Garrido et al., 2020). However, not only positive
effects have been noted after psychedelic use. In a case analysis, Bremler and colleagues
(2023) interviewed 15 people who reported long-term negative psychological responses
to psychedelics. Results from these qualitative interviews pointed to how prior psycho-
logical vulnerabilities and unpleasant acute experiences (e.g., challenging experiences
including fear, grief, isolation, and physical distress) can be associated with a worsening
of mood and anxiety after psychedelic use.

More recently, Nayak and colleagues (2023) reported findings from a prospective
longitudinal survey including measures from 2 weeks before to 2 to 3 months after
psilocybin use. In this study, general trends in the results were presented with the over-
all sample indicating persistent reductions in anxiety, depression and alcohol use, and
improvements in cognitive flexibility (Nayak et al., 2023). Although the general find-
ings presented as part of this study were indicative of potential lasting improvement in
mental health symptoms following psilocybin use, analyses did not investigate poten-
tial differential patterns of responding between participants. This is an increasingly
important consideration as previous clinical trial data have noted differential patterns
of individual response to psilocybin with regard to changes in depression, anxiety, and
substance use (Bogenschutz et al., 2022; Goodwin et al., 2022, 2025; Gukasyan et al.,
2022; Johnson et al., 2017; Ross et al., 2016). This includes patterns of significant and
maintained psychological improvement, experiences of symptom recurrence despite
initial benefit, and even experiences of non-response to treatment (e.g., Goodwin et al.,
2025; Gukasyan et al., 2022).

Given the identified gaps in the literature, the present study aims to provide a per-
son-centered analysis via latent profile analysis (Howard & Hoffman, 2018) of patterns
of internalizing problems (i.e., depression and anxiety), substance use problems, and
cognitive flexibility before and after the naturalistic use of psilocybin. Given the pres-
ence of differing profiles of change in these characteristics, the present study also aims
to identify whether there are differences between profiles based on sociodemographic
characteristics, personality traits, and psilocybin experience-related characteristics
including mindset prior to psilocybin use, settings of use, and acute subjective effects.
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Materials and Methods
Participants and Procedures

This study was approved by an Institutional Review Board at the Johns Hopkins University
School of Medicine and was carried out in accordance with the Declaration of Helsinki. A
prospective, longitudinal online survey study enrolled English-speaking adults (> 18 years
old) planning to take psilocybin outside a clinical research setting. The study was com-
prised of six sequential web-based surveys, administered through the Qualtrics XM secure
online platform. Recruitment advertisements were shared online through social media and
via word of mouth. Initial study information was provided with a clear statement indicating
that the aim of the research study was to collect data from individuals who have already
formulated the intent to take psilocybin, and not to advocate or promote the use of psilocy-
bin. Responses for this longitudinal online survey study were collected from July 2020 to
July 2022.

A total of 8006 participants completed the initial survey where they provided informed
consent for participation and sociodemographic information (Time 1 [T1]). Participants
provided their email address in order to receive the subsequent surveys and reminders
via an automated system. Following this initial online survey, participants completed five
additional surveys timed relative to their planned psilocybin experience: 2 weeks before
(Time 2 [T2], n=2,850), 1 day before (Time 3 [T3], n=1,802), 1-3 days after (Time 4
[T4], n=1,551), 2-4 weeks after (Time 5 [T5], n=1,182), and 2-3 months after (Time 6
[T6], n=657). As fraudulent responses are an important consideration when conducting
online research (Shaw et al., 2025), a number of protections were in place to deter these
types of responses including the study design (i.e., longitudinal study with six survey peri-
ods including hidden participant IDs with subsequent survey links being unique to the ID
and sent to a valid email address), compensation structure (i.e., $50.00 USD compensa-
tion awarded via specific sponsor company coupon codes and awarded in a prorated man-
ner at T4 and T6), IP address tracking, and the Qualtrics XM “Prevent Ballot Box Stuft-
ing” measure. During data cleaning procedures, responses with duplicate email addresses
were removed (n=278 at T1, n=45 at T2, n=7 at T3, n=5 at T4, n=3 at TS5, n=7 at
T6). Additionally, prior to analysis, data cleaning procedures were implemented to remove
responses with patterns of inconsistent responding and responses with unreliable data with
regard to self-reported psilocybin grams (g) ingested (i.e.,<0.1 g or> 15 g, n=33).

Measures
Sociodemographic Data (T1) and Personality Characteristics (T2)

Sociodemographic characteristics including age, gender, race/ethnicity, level of education,
and marital status were collected as part of the initial survey. The 44-item Big Five Inven-
tory (BFI; John et al., 1991) was utilized to measure personality characteristics 2 weeks
before the planned psilocybin experience. Responses for each item on the BFI range from
1 (“Strongly disagree”) to 5 (“Strongly agree”). Average scores within each of the five per-
sonality subscales are measured, with higher scores indicating a stronger expression of that
trait, with research identifying that trait neuroticism is negatively related to psychologi-
cal resilience or successful adaptation and all other traits being positively associated with
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resilience (Oshio et al., 2018). Cronbach alpha (a) for each subscale were in the acceptable
to good range (extraversion, @ =0.86; agreeableness, @ =0.75; neuroticism, a=0.87; con-
scientiousness, @ =0.81; openness to experience, a=0.74).

Internalizing Problems (T2, T5, and T6)

To measure internalizing problems, two scales measuring depression and anxiety, respec-
tively, were utilized. A modified 20-item Beck’s Depression Inventory II (BDI-II; Beck,
1996), excluding an item on suicidality (due to inability to respond to imminent risk)
was used to measure depressive symptoms. This scale was scored 0 to 60 with higher
scores indicating greater severity of depression. The BDI-II indicated excellent reliability
(@=0.93 at T2, TS5, and T6). The 10-item trait anxiety subscale of the Short State Trait
Anxiety Inventory (S-STAI; Spielberger et al., 1970) was used to measure general anxiety.
This scale was scored 10 to 40, with higher scores indicating greater severity of anxiety.
The S-STAI indicated excellent reliability (¢ =0.90 at T2, TS, and T6).

Alcohol and Drug Use (T2, T5, and T6)

Alcohol and drug use behaviors were assessed 2 weeks before the psilocybin experience,
2-4 weeks after, and 2-3 months after. The Alcohol Use Disorders Identification Test
(AUDIT; Saunders et al., 1993) and Drug Use Disorders Identification Test (DUDIT; Ber-
man et al., 2003) were utilized as measures of alcohol and drug consumption and related
problems, respectively, at T2 and T6. The AUDIT is a 10-item scale, with higher scores
indicating greater alcohol consumption and use problems (de Meneses-Gaya et al., 2009).
The AUDIT indicated good reliability (¢ =0.84 at T2; a=0.82 at T5 and T6). The DUDIT
is an 11-item scale, with higher scores indicating more frequent drug consumption and
severe drug use problems (Hildebrand, 2015). The DUDIT indicated acceptable to good
reliability (¢=0.83 at T2; a=0.81 at T5; and «=0.77 at T6). Both the AUDIT and DUDIT
include specific questions to assess frequency of substance consumption (i.e., AUDIT-C
[sum of the first 3 items] and DUDIT-C [sum of the first 4 items]) including frequency
of alcohol or drug use, number of alcohol or drug uses per typical day using, and the fre-
quency of heavy alcohol or drug use episodes. The additional item on the DUDIT-C is
related to the frequency of concurrent polysubstance use. Additionally, binary (yes or no)
data on regular (at least weekly) substance use was collected 2 weeks before the psilocybin
experience.

Cognitive Flexibility (T2, T5, T6)

The 12-item Cognitive Flexibility Scale (CFS; Martin et al., 1995) was utilized to assess
one’s self-reported ability to think and behave adaptively. The CFS is scored from 12 to 72
with higher scores indicating greater cognitive flexibility with average normative scores
being around 55. The CFS indicated good reliability (a¢=0.81 at T2; a=0.83 at T5; and
a=0.82 at T6).

Psilocybin Use Characteristics (T2, T4, T5) and Psychological Surrender (T3)

Participants were asked how many times they had previously taken psilocybin prior
to study participation (T2). On the day before their planned psilocybin session (T3),
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participants completed the 12-item State of Surrender (SoS) scale (Sease et al., 2024). This
measure assesses a person’s willingness to relinquish control, trust, and accept an experi-
ence and experience surrender as transformative or spiritual. Each item has a response on
a 5-point Likert scale ranging from 1 (“Strongly disagree”) to 5 (“Strongly agree”), with
higher total average scores indicating a greater capacity to surrender and accept changes in
acute subjective experiences. The SoS indicated good reliability (¢=0.86). One to 3 days
after the dosing session (T4), participants were asked to report the dosage (in grams) of
psilocybin-containing mushrooms ingested with images provided for reference. Moreover,
participants were asked about contextual characteristics of the setting when they ingested
psilocybin, including who they were with (e.g., alone, with a sober friend, with friends also
consuming) and where they spent the majority of their time (e.g., home or private resi-
dence, party, concert or festival, outdoors in nature, religious or spiritual setting). Finally,
participants were asked and how many additional times they had used psilocybin following
their planned psilocybin experience 2—4 weeks after their psilocybin experience (T5).

Acute Subjective Effects of Psilocybin (T4)

To measure the acute subjective effects of psilocybin, the Mystical Experiences Question-
naire (MEQ; Barrett et al., 2015), Challenging Experiences Questionnaire (CEQ; Barrett
et al., 2016), and Awe Experience Scale (AWE-S; Yaden et al., 2019) were completed
1-3 days after the psilocybin experience (T4). The MEQ (30 items) and CEQ (26 items)
inquire about the entirety of the psilocybin experience and the degree to which certain sen-
sations, feelings, and thoughts were experienced on a 6-point Likert scale ranging from 0
(“None at all”) to 5 (“Extreme”). The MEQ has four subscales including experiences of
oneness, positive mood, transcendence of time and space and ineffability (i.e., incapable
of being described in words). The MEQ indicated excellent reliability (¢ =0.98). The CEQ
has seven subscales covering experiences including grief, fear, physical distress, insan-
ity, isolation, paranoia and death. The CEQ indicated excellent reliability (¢=0.93). The
AWE-S has six subscales measuring the cognitive and emotional states associated with
awe on a 5-point Likert scale ranging from 1 (“Strongly disagree”) to 5 (“Strongly agree”)
including time alteration, vastness, connectedness, self-diminishment, physical sensations
and need for accommodation. The AWE-S indicated excellent reliability (¢ =0.95). For all
three scales, the response scores across all subscales are reported as a total average score,
with higher scores indicating a greater degree of mystical, challenging or awe experiences,
respectively.

Data Analysis

Data analysis was performed using Mplus Editor version 8.10 (Muthén & Muthén, 2023)
and IBM SPSS version 29. A repeated measures latent profile analysis (RMLPA) was con-
ducted using a stepwise mixture modeling technique with the maximum likelihood robust
(MLR) estimation method in order to produce robust standard errors in managing data that
are non-normally distributed. The following continuous indicators measured at T2, TS5,
and T6, were entered into the RMLPA: (1) BDI-II total sum score, (2) S-STAI trait anxi-
ety total sum score, (3) CFS total sum score, (4) AUDIT total sum score, and (5) DUDIT
total sum score, for a total of 15 indicators across the three measurement periods. Miss-
ing data on the included indicators were assumed to be missing at random and were han-
dled using Mplus’ full information likelihood estimation procedure. Maximum likelihood
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solution identification was confirmed using 1000 initial stage random starts and 250 final
stage optimizations. Beginning with a parsimonious one-class model, a series of models
with an increasing number of profiles was fit to identify the model that provided the best fit
to the data. The ideal number of profiles was identified through a combination of indices
including (1) information-theoretic methods including the Akaike Information Criterion
(AIC), Bayesian Information Criterion (BIC), and Sample-Size Adjusted Bayesian Infor-
mation Criterion (SSABIC), with lower values indicating superior model fit; (2) likelihood
ratio statistical tests including the adjusted Lo-Mendell-Rubin likelihood ratio (aLMR)
test, Vuong-Lo-Mendell-Rubin (VLMR) test, and bootstrap likelihood ratio test (BLRT),
providing p-values assessing whether adding a class provides a statistically significant
improvement to the model; and (3) entropy-based criterion values, with values closer to
1.0 indicating better classification of individual cases into profiles (optimal values>0.80).
Class separation based on clinical utility and external validation via outcomes of interest
was also considered (Nylund-Gibson & Choi, 2018; Sinha et al., 2021; Weller et al., 2020).

Second, IBM SPSS version 29 was used to calculate descriptive statistics and to inves-
tigate potential differences between profiles utilizing univariate parametric tests (i.e., one-
way analysis of variance [ANOVA] or Chi-square tests) based on the types of variables
included (i.e., categorical or continuous variables). Differences between profiles were
investigated based on participant characteristics before psilocybin use (i.e., T1 demo-
graphic characteristics, T2 personality characteristics, T2 substance use behaviors, T3 psy-
chological surrender [SoS]) and the acute subjective effect of psilocybin (i.e., T4 mystical
experience [MEQ], T4 challenging experience [CEQ], and T4 awe experience [AWE-S]).
Categorical variables with multiple responses (i.e., setting [who] and setting [where]) were
dummy coded to convert categorical variables into dichotomous variables for analysis. For
these between-profile comparisons, a Bonferroni adjusted alpha value of 0.002 was applied
(0.05/26).

Results
Descriptive Statistics

An overview of the total sample sociodemographic, personality, and substance use charac-
teristics at baseline and 2 weeks before the psychedelic experience is included in Table 1.
Overall, participants were predominantly White (81.4%), male (54%), with an average
age of 39.77 years (SD=13.07). Most participants had completed a bachelor’s degree or
advanced graduate degree (58.5%), with a high percentage being either married or in a
committed relationship (57.7%). At baseline, the most commonly reported weekly sub-
stance use behaviors were cannabis (53.4%), alcohol (36.7%), and tobacco (22.7%) use.
The average lifetime psilocybin use for the sample was an average of 17.11 prior psilocybin
uses (SD=21.81).

Repeated Measures Latent Profile Analysis

Model fit indices from the RMLPA models are presented in Table 2, with the four-pro-
file model providing the optimal fit for the data based on a combination model fit indi-
ces, noted improvements in fit indices based on the likelihood ratio tests, and an entropy
value remaining above 0.80. No significant improvement in model fit was noted from the
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Table 2 Model fit information for the repeated measures latent profile analysis

No.of AIC BIC SSA-BIC Entropy VLMR aLMR p-value BLRT p-value
profiles

1 145,109.60 145,288.25 145,192.93 - - - -

2 140,834.55 141,108.48 140,962.32  0.829 0.00 0.00 0.00

3 138,868.30 139,237.52  139,040.52 0.869 0.00 0.00 0.00

4 137,628.72 138,093.22 137,845.39 0.821 0.04 0.04 0.00

5 136,708.92  137,268.69 136,970.02 0.839 0.05 0.05 0.00

6 135,898.68 136,553.74 136,204.23 0.832 0.71 0.71 0.00

AIC Akaike information criteria, aLMR adjusted Lo—Mendell-Rubin likelihood ratio test, BIC Bayesian
information criteria, BLRT bootstrap likelihood ratio test, SSA-BIC Sample size adjusted Bayesian informa-
tion criteria, VLMR Vuong-Lo-Mendell-Rubin test. Bold values present the values for the best fitting model

4-profile to the 5-profile model. Moreover, the number of participants within each profile
(see Table 3) remained above the 5% threshold for sample size across all of the indices
included within the RMLPA at T2, TS, and T6. In the four-profile model, the average latent
profile probabilities for the most likely profile were 0.91, 0.86, 0.91, and 0.91, respectively,
indicating a high degree of classification accuracy.

Four-Profile Model of Mental Health and Substance Use Before and After Psilocybin
Use

The best fitting model to the data, namely, the four-profile model of mental health and
substance use across the three time-points (T2, TS, and T6) is depicted in Fig. 1. Parameter
estimates respective to each profile are included in Table 4.

The first profile labelled “Improved Mental Health with Low Substance Use” (IMLS),
accounted for 30.25% of the sample. The IMLS profile represents individuals with moder-
ate depression and anxiety at T2 that experienced marked improvements in internalizing
problems and a slight increase in cognitive flexibility following psilocybin use. Regarding
substance use, the IMLS profile had among the lowest rates of substance use in the sam-
ple with the exception of cannabis use at T2. A significant proportion of the IMLS profile
scores on the AUDIT and DUDIT were driven by alcohol (AUDIT-C: M=2.96 [SD=1.71]

Table 3 Percentage of the sample within each profile based on the different model solutions

Percentage of profile (%)

Profiles 1 2 3 4 5 6

1 2850 (100%)

2 2099 (73.65%) 751 (26.35%)

3 1966 (68.98%) 294 (10.32%) 590 (20.70%)

4 862 (30.25%) 1514 (53.12%) 252 (8.84%) 222 (7.78%)

5 208 (7.30%) 1502 (52.70%) 771 (27.05%) 179 (6.28%) 190 (6.67%)

6 379 (13.30%) 1293 (45.37%) 722 (25.33%) 211 (7.40%) 120 (4.21%) 125 (4.39%)

Bold values present the values for the best fitting model
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Fig.1 Mean scores across the five indicators for each of the four profiles across the three measurement
periods. Note. A Mean scores by profile for depressive symptoms based on the BDI-II. B Mean scores by
profile for trait anxiety based on the S-STAIT. C Mean scores by profile for cognitive flexibility based on
the CFS. D Mean scores by profile for alcohol consumption and problems based on the AUDIT. E Mean
scores by profile for drug consumption and problems based on the DUDIT

Table 4 Parameter estimates of mental health and substance use across time based on four-profile model

Profile 1 Profile 2 Profile 3 Profile 4

Profile prevalence n (%) 862 (30.25%) 1514 (53.12%) 252 (8.84%) 222 (71.79%)
BDI-II depression® 19.53 (0.99) 7.60 (0.31) 35.25 (1.36) 18.47 (1.63)
BDI-II depression® 6.47 (0.61) 2.71 (0.16) 24.12 (2.27) 6.44 (1.22)

BDI-II depression® 8.31 (1.05) 3.15(0.21) 25.66 (2.29) 9.38 (2.74)

S-STAI trait anxiety® 25.19 (0.48) 17.16 (0.30) 31.70 (0.48) 24.41 (0.76)
S-STAI trait anxiety® 21.86 (0.52) 15.50 (0.27) 30.23 (0.63) 21.03 (0.92)
S-STAI trait anxiety® 21.54 (0.66) 15.46 (0.26) 29.82 (0.87) 20.78 (1.28)
CFS cognitive flexibility® 53.67 (0.51) 61.20 (0.32) 48.38 (0.65) 54.30 (0.95)
CFS cognitive flexibility" 56.31 (0.63) 62.48 (0.31) 49.45 (0.82) 56.78 (0.84)
CFS cognitive flexibility® 55.96 (0.74) 62.25 (0.34) 50.11 (1.28) 57.28 (1.08)
AUDIT alcohol use/problems?* 3.44 (0.23) 3.83(0.18) 3.88 (0.44) 17.52 (1.47)
AUDIT alcohol use/problems® 2.79 (0.26) 3.36 (0.22) 4.40 (0.71) 15.43 (1.55)
AUDIT alcohol use/problems® 2.54 (0.32) 3.11 (0.24) 3.44 (0.85) 15.49 (1.82)
DUDIT drug use/problems?® 7.70 (0.42) 6.07 (0.18) 9.87 (0.89) 12.39 (0.75)
DUDIT drug use/problems® 6.38 (0.51) 5.19 (0.25) 9.77 (1.15) 8.89 (1.16)

DUDIT drug use/problems® 6.56 (0.66) 4.52(0.24) 7.82 (1.10) 8.90 (1.09)

Data reported as estimates (S.E.). AUDIT Alcohol Use Disorders Identification Test, BDI-1I Beck’s Depres-
sion Inventory II, CFS Cognitive Flexibility Scale, DUDIT Drug Use Disorders Identification Test, S-STAI
Short State Trait Anxiety Inventory

2 weeks before psilocybin
b2—4 weeks after psilocybin
€2-3 months after psilocybin
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at T2; M=2.82 [SD=1.51] at TS; M=2.61 [SD=1.60] at T6) and other drug (DUDIT-
C: M=5.84 [SD=3.02] at T2; M=5.42 [SD=2.76] at TS; M=5.65 [SD=2.90] at T6)
consumption.

The second profile labelled “Stable Mental Health with Low Substance Use” (SMLS),
accounted for 53.12% of the sample. The SMLS profile represents individuals with low
depression and anxiety and high cognitive flexibility at T2. Despite low scores prior to
psilocybin use, minor improvements in internalizing problems were reported. Similar to
the IMLS profile, the SMLS profile had among the lowest rates of substance use in the
sample at T2, including the lowest frequency of weekly cannabis use. The frequency of
weekly alcohol use for the IMLS profile was consistent with the average for the overall
sample. A significant proportion of the SMLS profile scores on the AUDIT and DUDIT
were driven by alcohol (AUDIT-C: M=3.39 [SD=1.94] at T2; M=3.07 [SD=1.74] at
T5; M=2.98 [SD=1.72] at T6) and other drug (DUDIT-C: M =5.35 [SD=2.79] at T2;
M=4.90 [SD=2.57] at TS; M=4.70 [SD=2.42] at T6) consumption. Both alcohol and
drug use decreased slightly following psilocybin use with DUDIT scores being the lowest
across all profiles.

The third profile labelled “Persistent Mental Health Symptoms with Persistent Sub-
stance Use” (PMPS), accounted for 8.84% of the sample. The PMPS profile represents
individuals with severe internalizing problems, including severe depression, high anxiety,
and low cognitive flexibility at T2. Although some improvement in internalizing problems
was reported following psilocybin use, depression, and anxiety symptom scores remained
elevated in the moderate range. The PMPS profile reported low rates of weekly alcohol
and tobacco use, although there was a markedly greater prevalence of weekly benzodi-
azepine use. Although the PMPS profile scores on the AUDIT and DUDIT were also
due to elevated alcohol (AUDIT-C: M=3.04 [SD=1.96] at T2; M=2.81 [SD=1.87] at
T5; M=2.61 [SD=1.99] at T6) and other drug (DUDIT-C: M=6.95 [SD=3.51] at T2;
M=6.23 [SD=3.40] at T5; M=5.53 [SD=2.94] at T6) consumption, their overall scores
on the DUDIT were indicative of consistent problematic patterns of problematic drug use
before and after psilocybin use.

The fourth profile labelled “Improved Mental Health with Persistent Substance Use”
(IMPS), accounted for 7.79% of the sample. The IMPS profile is similar to the IMLS pro-
file as it represents individuals with moderate depression and anxiety at T2 that experi-
enced marked improvements in internalizing problems and a slight increase in cognitive
flexibility following psilocybin use. The IMPS profile is differentiated from the IMLS pro-
file as it had the highest rates of substance use in the sample, including the highest fre-
quency of weekly alcohol and tobacco use. The IMPS profile endorsed the greatest rates
of alcohol consumption across all timepoints (AUDIT-C: M=7.12 [SD=3.34] at T2;
M=6.56 [SD=2.21] at T5; M=6.15 [SD=2.25] at T6) and total AUDIT scores remained
highly elevated despite some reduction following psilocybin use. General patterns of drug
consumption were similar to the PMPS profile (DUDIT-C: M=6.82 [SD=3.33] at T2;
M=5.65[SD=3.00] at TS; M=5.71 [SD =3.03] at T6) although total DUDIT scores were
indicative of a more marked reduction of drug-related problems following psilocybin use
albeit remaining in the problematic range.

Differences Between the Latent Profiles

Comparing the four profiles based on sociodemographic characteristics, Profile 2 (SMLS)
was significantly older than the other three profiles (p <0.001) and had a significantly
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greater degree of educational attainment compared to Profile 3 (PMPS) (p <0.001). Profile
3 (PMPS) had the greatest proportion of participants identifying as female compared to all
other profiles (p <0.001), whereas Profile 4 (IMPS) had the greatest proportion of partici-
pants identifying as male (p <0.001). With regard to personality, Profile 2 (SMLS) had the
most adaptive personality structure (i.e., a capacity to respond flexibly and effectively to
different life situations, cope with stress, and maintain healthy relationships), based on hav-
ing higher scores in trait extraversion, agreeableness, consciousness, and openness to expe-
rience, while having the lowest scores in trait neuroticism (p <0.001). On the other hand,
Profile 3 (PMPS) had the most maladaptive profile with elevated scores on trait neuroti-
cism and low scores on the remaining four traits (p <. 001) with the exception that no dif-
ferences were present between Profile 3 (PMPS) and 4 (IMPS) for trait conscientiousness
(»=0.002) and openness (p=0.009). Lastly, differences indicated that Profile 1 (IMLS)
reported fewer lifetime psilocybin experiences compared to Profile 2 (SMLS) (p=0.001),
while the difference between the other profiles were not statistically significant.
Between-profile comparisons in psilocybin session-related characteristics are presented
in Table 5. The day before the psilocybin session (T3), Profile 2 (SMLS) had the highest
average levels of psychological surrender based on the SoS compared to all other profiles
(»<0.001). As for the acute subjective experiences reported 1-3 days after psilocybin (T4),
Profile 3 (PMPS) had the lowest total scores for mystical experience based on the MEQ
(»<0.001) and lowest total scores for awe experience based on the AWE-S (p <0.001)

Table 5 Psilocybin dosing-related characteristics and between-profile comparisons

Total sample  Profile 1 Profile 2 Profile 3 Profile 4 p-value

SoS* 2.98 (0.45) 2.87(0.43) 3.09(0.44) 2.75(0.45) 2.85(0.44) <.001
Dosage® 6.13 (5.28) 6.21(5.23) 6.10(5.30) 6.16(5.33) 6.05(5.25) .92
MEQP 2.51(1.24) 2.49(1.22) 2.63(1.23) 1.92(1.32) 246(1.19)0 <.001
CEQ® 0.72 (0.69) 0.84 (0.72)  0.61(0.63) 0.94(0.85) 0.79(0.69) <.001
AWE-S° 3.59 (1.06) 3.64 (1.05) 3.62(1.03) 3.18(1.19) 3.62(1.05) <.001
Setting® (who) n (%) .08

Alone 661 (42.9%) 207 (44.9%) 342 (41.5%) 57 (442%) 55 (43.7%)

Sober friend 255 (16.5%) 84 (18.2%) 120 (14.5%) 32 (24.8%) 19 (15.1%)

Friends also consum- 399 (25.9%) 106 (23.0%) 232 (28.1%) 26 (20.2%) 35 (27.8%)
ing

Other 226 (14.7%) 64 (13.9%) 131 (15.9%) 14(10.8%) 17 (13.4%)
Setting® (where) 1 (%) 27

Home/private resi- 1072 (69.6%) 331 (71.8%) 551 (66.8%) 103 (79.8%) 87 (69.0%)
dence

Party 11 (0.7%) 2 (0.4%) 6 (0.7%) 1 (0.8%) 2 (1.6%)
Concert or festival 18 (1.2%) 2(0.4%) 13 (1.6%) 1(0.8%) 2 (1.6%)
Outdoors in nature 244 (15.8%) 69 (15.0%) 142 (17.2%) 12 (9.3%) 21 (16.7%)

Religious/spiritual 39 (2.5%) 12 (2.6%) 24 (2.9%) 1 (0.8%) 2 (1.6%)
setting

Other 157 (10.2%) 45 (9.8%) 89 (10.8%) 11 (8.5%) 12 (9.5%)

AWE-S Awe Experience Scale, CEQ Challenging Experiences Questionnaire, MEQ Mystical Experience
Questionnaire, SoS State of Surrender Scale

1 day before psilocybin
®1-3 days after psilocybin
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compared to all other profiles. Regarding challenging experiences, Profile 2 (SMLS) had
lower CEQ scores compared to Profile 1 (IMLS) and Profile 3 (PMPS) (p <0.001). No
other significant differences were noted across the profiles for these measures. No sig-
nificant differences between profiles were observed for setting characteristics including
who they were with and where the psilocybin session took place. Finally, no differences
between the profiles were noted in the total number of additional times they reported tak-
ing psilocybin in the 2 to 4 weeks following their psilocybin session (M =2.57, SD=2.79,
p=0.11).

Discussion

The present study identified four profiles representing differing baseline levels and degrees
of change in internalizing problems, substance use problems, and cognitive flexibility
before (T2) and after (TS and T6) naturalistic psilocybin use. A majority of the sample
(~53%) was captured in the SMLS profile experiencing low levels of internalizing prob-
lems and substance use across all study periods. The next largest profile (~30%) was the
IMLS profile, indicating sustained improvements in depression, anxiety, and cognitive
flexibility while substance use remained relatively low across all study periods. The two
remaining profiles, PMPS (~9%) and IMPS (~8%) reported persistent substance use prob-
lems following psilocybin use, with the prior having greater drug-related problems and the
latter greater alcohol and drug-related problems.

A noteworthy difference between the profiles as it relates to baseline sociodemographic
and personality characteristics is that the PMPS profile included individuals who were on
average younger, female, had the lowest overall educational attainment, and had the most
maladaptive personality profile demonstrated by elevated levels of trait neuroticism and
low scores on trait extraversion, agreeableness, conscientiousness, and openness to experi-
ence when compared to the SMLS and IMLS profiles. Moreover, the PMPS profile indi-
cated the greatest prevalence of weekly benzodiazepine use, which is consistent with data
indicative of greater benzodiazepine misuse in younger adults, women, and those with
greater psychiatric vulnerabilities including anxiety and depression (Votaw et al., 2020).

Although the PMPS profile did indicate improvement in depressive symptoms follow-
ing psilocybin use, levels of depression remained in the moderate range, while anxiety
symptoms and cognitive flexibility were not indicative of improvement. Within this profile,
continued problems with drug use, predominantly cannabis, alcohol, and benzodiazepine
use, may reflect a propensity for self-medication, or maladaptive coping with internalizing
symptomatology (Robinson et al., 2011; Turner et al., 2018). It is possible that within this
profile, psilocybin use had a similar aim (i.e., self-medication). Lastly, it is important to
note that the PMPS profile had the lowest total scores for mystical experience and awe,
the lowest level of psychological surrender prior to psilocybin use compared to the SMLS
profile, and higher challenging experience compared to SMLS profile. These data may
point to the psychological characteristics of the PMPS profile and how elevated internal-
izing symptomatology, low cognitive flexibility, and low willingness to relinquish control
prior to a psychedelic experience may be associated with greater acute challenging experi-
ences and a more limited degree of psychological improvement following psilocybin use in
non-clinical settings. Although this profile did not appear to experience an exacerbation of
preexisting internalizing symptoms in the months following psilocybin use (Bremler et al.,

@ Springer



International Journal of Mental Health and Addiction

2023), caution appears to be warranted for this subgroup who had a greater degree of psy-
chological vulnerability prior to naturalistic psilocybin use.

Regarding the IMPS profile, although similar to the IMLS profile with regard to baseline
and overall changes in depression, anxiety, and cognitive flexibility, the IMPS profile was
comprised of individuals with high rates of alcohol and drug consumption and alcohol and
drug-related problems across all study periods. Although drug use decreased to the level of
the PMPS profile at T5 and T6, alcohol use problems remained high throughout. At base-
line, the IMPS profile had the highest proportion of individuals reporting weekly alcohol
use (~80%), with tobacco and cannabis use also being elevated. Data from the IMPS pro-
file suggests that although psilocybin use is associated with improvements in internalizing
problems in the months following use in naturalistic settings, problems related to alcohol
and drug use can remain largely unchanged. Consequently, for those within the IMLS pro-
file that did improve to a similar degree with regards to depression, anxiety, and cognitive
flexibility, no change in their pattern of relatively low alcohol and drug use changed across
time. It is possible that vulnerability to SUDs as part of IMPS profile be associated with the
overall younger age of the profile in addition to the greater proportion on males (Volkow &
Blanco, 2023). For the IMPS profile, it does not appear as though psilocybin was associ-
ated with clinically significant improvements in substance use problems and underlines the
importance of person-centered analyses that can reveal variations within samples that may
otherwise indicate a general improvement in substance use (Nayak et al., 2023).

Lastly, approximately half of the sample was captured by the SMLS profile. This psy-
chologically stable profile was older, had the most adaptive personality profile as evidenced
by low levels of trait neuroticism and high levels of trait extraversion, agreeableness, con-
scientiousness, and openness to experience, and had the greatest number of prior psilocy-
bin experiences next to the IMPS profile. Although minor improvements were noted for
depressive symptoms, trait anxiety remained low and cognitive flexibility remained high.

Data on the MEQ and AWE-S did not indicate significant group differences between
the SMLS, IMLS, and IMPS profiles. Previous clinical trial research has indicated that
mystical experiences under psychedelics and improvements in cognitive flexibility are cor-
related with positive therapeutic outcomes including improvements in mood and decreases
in substance use (Atiq et al., 2024; Bogenschutz et al., 2015; Campo et al., 2025; Doss
et al., 2021; Ko et al., 2022; Romeo et al., 2025). Interestingly, the IMLS and IMPS pro-
files experienced a similar degree of improvement in depression and anxiety over time with
slight corresponding increases in cognitive flexibility. Given that the SMLS profile had low
levels of depression and anxiety and high levels of cognitive flexibility at baseline, it is rea-
sonable that noted improvements would be of lesser clinical significance. These findings,
although preliminary, may be indicative of the underlying neurophysiological and cogni-
tive effects of psychedelics. Specifically, high doses of psychedelics are hypothesized to
result in improvements in mood (via modulations in affect) and cognitive control (via mod-
ulations in cognitive flexibility) following the acute subjective effects (Sayali & Barrett,
2023). These hypothesized changes in mood and cognition may be relevant to the concur-
rent changes in depressive symptoms and cognitive flexibility noted across these profiles.

As for the minimal effects with regard to improvements in alcohol or other drug use,
the results from the present study suggest that perhaps it is not the effect of mystical
experience per se that results in substance use-related behavioral change, but perhaps a
combination of mystical experience with other person-centered or treatment-related fac-
tors. Additional research is necessary to investigate these factors and how they relate to
changes in substance use following psychedelic use. One potential pathway to investigate
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is the domain of intentions as it relates to the desire to stop or reduce substance use, in
addition to the settings where psilocybin is taken. Although no significant differences in
setting were identified in the present study, there were a low number of participants report-
ing using psychedelics in treatment or religious/spiritual settings. Future research should
investigate whether intentions to better understand (i.e., contemplation) versus intentions
to enact change (i.e., preparation and action) in substance use prior to a psychedelic ses-
sion may be relevant constructs to consider (as elucidated within the transtheoretical stages
of change; DiClemente et al., 2004; Prochaska & Velicer, 1997).

As for setting characteristics, prior empirical findings have identified that the use of psych-
edelics in spiritual or religious settings is more frequently associated with sustained decreases
in SUDs as these contexts can provide a container for psychological and/or spiritual growth
(Richard & Garcia-Romeu, 2025). Moreover, it is also possible that settings influence what
an individual focuses on during the psychedelic experience (e.g., internally versus externally
directed experience) which may be associated differing degrees of benefit when it comes to
behavioral outcomes (Golden et al., 2022; Kishon et al., 2024; Roseman et al., 2024).

Limitations

The findings of this study should be interpreted in light of several limitations. First, this
longitudinal survey study did not include a comparison group of individuals that did not
consume psilocybin over the course of the study period. As such, it is not possible to estab-
lish the specific effects of psilocybin use on the measured mental health and substance use
behaviors. Second, two of the profiles were limited in sample size which limits the general-
izability of the conclusions derived from the data. Third, response bias due to convenience
sampling and participant self-selection may skew results towards the perspective of those
with more positive perceptions of psychedelics. Fourth, response attrition over the course
of the study raises issues of bias and generalizability. Fifth, all surveys utilized self-report
questionnaire data which are prone to recall, response, and social-desirability bias. Moreo-
ver, self-report questionnaires have been associated with an underestimation of substance
use (Johnson, 2014; Steinhoff et al., 2023) limiting our ability reliably measure alcohol and
drug consumption patterns over the study period. Future studies are encouraged to utilize
a combination of more sensitive self-report measures (Santos et al., 2020) and biological
testing (e.g., hair samples) in order to more reliably establish prevalence rates and poten-
tial changes in substance use. Lastly, the sample was disproportionally White (81.4%) and
well-educated (58.5% report at least a bachelor’s degree). These factors limit the gener-
alizability of these findings across ethnicity and socioeconomic status, which is an ongo-
ing issue in psychedelic research (Hughes & Garcia-Romeu, 2024; Michaels et al., 2018).
Future research should build on the present findings and would benefit from recruiting
more diverse and larger representative samples of individuals with substance use problems.

Conclusion

In conclusion, this study identified four distinct profiles based on internalizing problems, sub-
stance use problems, and cognitive flexibility measured before and after naturalistic psilo-
cybin use. While a majority of the sample as represented by the SMLS and IMLS profiles
demonstrated psychological stability or sustained improvements in depression, anxiety,
and cognitive flexibility, the PMPS and IMPS profiles exhibited persistent substance use

@ Springer



International Journal of Mental Health and Addiction

problems, with the PMPS profile showing greater psychological vulnerability and lower psy-
chological benefits from psilocybin. These findings highlight the importance of individual
differences in psychedelic experiences and outcomes, particularly in relation to baseline per-
sonality, mental health, and substance use patterns. The study suggests that while naturalis-
tic psilocybin use is associated with psychological well-being in certain individuals, the gen-
eral effects of psilocybin on broader substance use remains indeterminate. Moreover, results
from this study may be indicative of the importance of sufficient preparation and the clarifi-
cation of intentions (McAlpine et al., 2024) prior to psilocybin use to increase the potential
benefits, alongside the role of integration (Bathje et al., 2022) following the experience to
limit the possibility of long-term adverse effects. Future research should explore the role of
intention, setting, and treatment-related factors in psychedelic-induced behavioral changes,
emphasizing the need for diverse and larger samples to enhance generalizability and clinical
application.
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