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Abstract

Background

Anorexia nervosa (AN) is a severe psychiatric disorder with high morbidity, mortality,
and relapse rates, most commonly emerging during adolescence. Despite special-
ized psychological and nutritional treatments, outcomes remain suboptimal, with high
rates of relapse and chronicity. Psilocybin has been investigated with preliminary effi-
cacy in other psychiatric conditions characterized by rigidity and treatment resistance,
but clinical evidence in AN—particularly in adolescents—is limited.

Objective

The psiAN study aims to evaluate the safety, tolerability, and feasibility of psilocybin
therapy combined with psychological support in adolescents and young adults with
relapsing AN, while exploring clinical, experiential, and neurobiological correlates of
change.

Methods

A phase lla, open-label, randomized controlled trial enrolling individuals aged 16-35
years with DSM-5 AN and a history of relapse. Participants are randomized to
receive either two administrations of psilocybin (25mg) with manualized psycholog-
ical support plus treatment as usual (TAU), or TAU alone. Primary outcomes focus
on safety and tolerability, assessed through adverse events, psychiatric monitoring,
and medical parameters measured from first dosing to primary endpoint. Secondary
outcomes include change in eating disorder symptom severity, relapse composite
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measures, mood, well-being, personality traits from baseline to primary endpoint
with follow-up to 12 months. Functional magnetic resonance imaging (fMRI) and
peripheral brain-derived neurotrophic factor are included as exploratory mechanistic
measures. fMRI will evaluate pre- to post-intervention changes in structural and func-
tional connectivity and task-related responses during a simplified Monetary Incen-
tive Delay task (MIDT) and a Calorie-Cue Task (CCT). ClinicalTrials.gov Identifier:
NCT07169747.

Ethics and dissemination

The study follows Good Clinical Practice (GCP), the Declaration of Helsinki, and
EU Clinical Trials Regulation requirements, with staged inclusion of adolescents
(16—17-year-olds) after a safety board review of adult data (18—35-year-olds). This
protocol was prepared with reference to the SPIRIT 2025 guidelines (Chan et al.,
2025) to enhance transparency and inform future trials.

Introduction
Anorexia nervosa

Anorexia Nervosa (AN) is a severe [1] psychiatric disorder characterized mainly by
persistent restriction of food intake, intense fear of weight gain, cognitive rigidity and
disturbances in body image [2]. The disorder typically emerges during adolescence or
young adulthood with a lifetime prevalence in females up to 4% and in 0.3% in males
[3], and is associated with profound psychological suffering, psychiatric and somatic
co-morbidity, and the highest mortality rate among psychiatric conditions [4—6].
Despite advances in psychotherapeutic approaches and specialized multidisciplinary
care, long-term outcomes remain suboptimal. Approximately one in five individuals
with AN develop a severe and enduring course [7], and relapse after remission is
common, occurring in roughly 30% within 1-2 years and in 40-50% over even longer
follow-up periods [8,9]. Risk of a severe and enduring course in AN is associated with
longer duration of untreated iliness, persistently low body mass index, psychiatric
comorbidity, and cognitive inflexibility, while earlier remission is consistently linked

to more favourable long-term outcomes, underscoring the prognostic importance of
timely and effective interventions [2,7,8].

Current evidence-based treatments for AN rely primarily on psychological and
nutritional interventions, including family-based therapy for adolescents and spe-
cialized psychotherapies for adults; however, no pharmacological treatments are
approved for core AN psychopathology [10]. These limitations have led to increasing
interest in novel interventions targeting transdiagnostic mechanisms implicated in
illness persistence, including cognitive inflexibility, maladaptive learning processes
related to food and self-image, and emotional avoidance [11].

This need may be particularly salient during adolescence, a developmental period
characterized by ongoing cortical maturation and heightened neuroplasticity [12—14].
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Neuroimaging studies consistently demonstrate that acute underweight in AN is associated with widespread reductions in
cortical thickness and grey matter volume, changes that appear largely related to malnutrition and often show substantial
normalization with weight restoration [15]. Importantly, emerging evidence suggests that age and duration of iliness influ-
ence the extent and trajectory of structural brain recovery, indicating that prolonged underweight during adolescence may
intersect with sensitive neurodevelopmental windows [16]. Given that AN most commonly emerges during adolescence
and that longer duration of untreated iliness is associated with poorer long-term outcomes, early and effective interven-
tion are critical not only for symptomatic recovery but also for preventing the consolidation of maladaptive neural and
behavioural patterns. Within this context, careful, staged investigation of innovative interventions for AN in adolescents
represents both a clinical and developmental imperative.

Psilocybin

Classic serotonergic psychedelics such as psilocybin act primarily via agonism at the serotonin 5-HT,A receptor [17] and
are known to in medium to high doses induce variations of profound, time-limited alterations in perception, cognition,
emotion, and self-experience [18]. Over the past decade, controlled clinical trials have demonstrated that psilocybin inter-
ventions may produce rapid and sustained improvements in conditions often characterized by high levels of psychological
rigidity and treatment resistance, such as depression [19-22], death related anxiety [23—27], and substance use disorders
[28,29]. Psilocybin additionally demonstrates a favourable safety profile with low occurrence of serious adverse events in
modern clinical trials [30,31].

Beyond symptom reduction, psilocybin experiences are frequently described by patients as personally meaningful and trans-
formative with sometimes enduring changes in perspective, emotional processing, personality, and self-relation [32—34]. Neu-
ropsychological mechanistic models suggest that increased cognitive and emotional flexibility [35] together with the disruption
of maladaptive predictive models [36,37] implicated in psychopathology [38], may enhance learning and behavioural updating
during a transient period of heightened plasticity [39—41]. These mechanisms of change can hypothetically benefit the recovery
in AN, where rigid cognitive styles, compulsive behavioural patterns, and avoidance are central maintaining factors [42].

Psilocybin and AN

Interest in psychedelic interventions for eating disorders has increased substantially in recent years [23,42—44]. Although
the available evidence base remains limited, qualitative and mixed-methods studies (combining self-report measures with
in-depth interviews) have reported on therapeutic associations from the naturalistic ceremonial use of ayahuasca, another
classical psychedelic, including self-reported reductions in eating-disorder symptomatology associated with increased
emotional insight, self-compassion, and enhanced motivation for recovery [45,46]. These preliminary findings align closely
with hypothesized mechanisms of change in psychedelic therapy in general, such as increases in cognitive flexibility,
enhanced emotional regulation, and mystical experiences with subjective meaning and therapeutic effects. Hypothetically,
these self-reported effects might serve as adjunctive or augmentative mechanisms to reduce eating-disorder psycho-
pathology, particularly as adjunctive component with existing biopsychosocial treatment framework [42,47]. Underlying
neurobiological mechanisms such as serotonergic modulation [48,49] and plasticity-related signalling pathways, may
contribute to both acute and sustained therapeutic effects [50]. Together, the current literature supports the hypothesis that
psilocybin therapy may target core mechanisms underlying the persistence of AN rather than merely alleviating secondary
symptoms such as comorbid depression or anxiety known to be reduced by psilocybin as well [22,51]. Also, preclinical
data lend further support to this rationale. In the activity-based anorexia model, a single dose of psilocybin improved body
weight maintenance and enhanced cognitive flexibility in female rats, with effects mediated primarily through 5-HT1A
receptor signalling rather than the canonical 5-HT2A pathway alone [52]. These findings suggest that psilocybin may
engage disorder-specific mechanisms in AN through multiple serotonergic pathways, and that improvements in flexible
behaviour can persist beyond the acute psychedelic experience.
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Based on the existing body of evidence, clinical studies have begun to emerge. A phase 1 open-label feasibility study of
psilocybin-assisted therapy in adult women with anorexia nervosa found a single 25mg dose to be safe and well tolerated,
with no clinically significant changes in ECG, vital signs, or suicidality, and only transient mild adverse events, including
two episodes of asymptomatic low blood glucose [53]. Participants reported subjectively meaningful experiences, and
reductions in eating-disorder symptoms were observed at short-term follow-up but not reflected in significant BMI needed
for remission. Additionally, most patients wanted a second psilocybin dosing session in the treatment program. Although
preliminary, these findings provide early evidence supporting further investigation of psilocybin in this population. A sub-
sequent report from the same trial described the therapeutic emergence of previously dissociated traumatic memories in
two of ten participants during psilocybin dosing, both of whom subsequently achieved clinically meaningful improvement
in eating disorder symptoms [54]. These observations point to a role for trauma processing in recovery and strengthen the
case for trauma-informed preparation and integration support in psilocybin-assisted therapy for AN. Currently, several clin-
ical trials are currently underway exploring the therapeutic potential of psilocybin for patients suffering from AN and other
eating disorders (ClinicalTrials.gov Identifier: NCT04052568, NCT06399263, NCT05481736, NCT04505189).

Functional magnetic resonance imaging and AN

Functional magnetic resonance imaging (fMRI) studies demonstrate that patients with active AN have significantly
reduced volumes of both grey and white matter, with more pronounced loss observed in adolescents [55]. These reduc-
tions appear to reflect the physiological effects of acute starvation rather than enduring structural pathology [15], and they
appear to be largely reversible with weight restoration, although the degree of recovery of cortical thickness is negatively
correlated with age [16]. Adolescents with restricting-type anorexia nervosa show especially reduced grey matter volumes
in the frontal lobes and insula [56].

The brain’s structural white matter connectivity can be examined with diffusion magnetic resonance imaging tech-
niques, such as diffusion tensor imaging [57,58]. Because structural connectivity underpins functional connectivity, which
reflects how different brain regions communicate [59], alterations in white matter networks may contribute to the atypi-
cal functional brain patterns observed in AN. Although evidence remains limited, one study found that patients with AN
showed increased white matter connectivity in frontal tracts and reduced connectivity in subcortical networks compared
with healthy controls [60].

These structural observations are consistent with functional neuroimaging findings in individuals with AN, where
studies have demonstrated excessive activation in regions of the frontal cortex, implicated in cognitive control. For
example, individuals recovered from AN showed altered frontal activation in response to reward-related stimuli
compared to healthy controls [61], suggesting that restrictive behaviour may be driven by pronounced top—down
regulation of reward cues. In the mentioned study, reward-related activity was induced using a modified version of
the Monetary Incentive Delay Task, a commonly used paradigm for examining reward anticipation processing [62].
Similarly, during tasks requiring behavioural response shifting, AN patients displayed impaired cognitive-behavioural
flexibility accompanied by predominant prefrontal activation [63]. Together, these findings support the hypothesis that
individuals with AN exhibit excessive recruitment of prefrontal networks, which may contribute to cognitive inflexibility
and rigid behaviour.

The imbalance between top—down and bottom—up cortical processes is also reflected in the delay discounting task.
Underweight AN patients tend to show greater tolerance for delayed rewards [64]. However, this excessive self-control in
the context of delayed rewards appears to be associated with altered activity in cingulostriatal circuitry, particularly in the
striatum and dorsal anterior cingulate cortex, rather than increased activity in the prefrontal cortex.

Likewise, fMRI paradigms using food-related visual stimuli often show a pattern of hyperactivation in regions involved
in cognitive control and, in some cases, emotional processing [65], together with hypoactivation in regions involved in
reward-related processing [66].
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Complementing task-based paradigms, resting-state fMRI (rs-fMRI) provides additional support for connectivity alter-
ations in AN. A systematic review of resting-state functional magnetic resonance imaging (rs-fMRI) studies in patients with
anorexia nervosa (both current and recovered AN) has provided preliminary evidence of altered functional connectivity in
networks involved in cognitive control, flexibility and the processing of body signals, such as visual and somatosensory
integration [67]. In particular, regions involved in body imaging processing have been associated with decreased func-
tional connectivity [68]. Furthermore, increased activation within fronto-striatal circuits has been linked to the maintenance
of restrictive eating behaviours in AN [69].

fMRI and psilocybin

The psychedelic experience and state remain somewhat elusive, reflecting the current state of our understanding of
consciousness [70]. Nevertheless, findings indicate that psychedelics and their effect on the serotonin signalling system
have been associated with change in standard brain network communication, thus change in functional connectivity [71].
Among other things, these changes are thought to influence how the brain interprets the world and facilitate new learning
by attributing greater significance to sensory inputs, thereby enhancing the probability of “belief updating” through reduced
prediction error [72-74].

Similarly, psilocybin in the acute state has been shown to reduce brain activity in key brain network regions during
resting-state, with the extent of this reduction predicting the intensity of subjective psychedelic effects [75]. The reduced
brain activity in default network regions is hypothesised to facilitate a state of cognition free from ordinary bias, patterns
and rules.

In patients with major depressive disorder, psilocybin has further been associated with a sustained reduction in
brain network modularity three weeks post-treatment, and changes in modularity were associated with improve-
ments in depressive symptoms [76]. Moreover, increased dynamic network flexibility was observed in the execu-
tive network (EN) and in regions with high in 5-HT2A-receptor density, that are functionally connected to the EN.
Notably, psilocybin disrupts connectivity in the default mode network by causing desynchronization across spatial
scales [77].

Beyond functional changes, psilocybin may also affect structural connectivity, as suggested by animal studies and
emerging human evidence [78,79]. Also, psilocybin has been shown to affect the fronto-striatal-thalamic circuits reducing
top-down regulation and enhancing bottom-up information, an effect attributed to decreased influence of structural condi-
tions, hypothesised to be mediated by serotonin and dopamine signalling [80, preprint].

Overall, emerging evidence highlights how psychedelics may benefit AN patients, such as enhanced serotonin signal-
ling and cognitive flexibility [49]. However, further research is needed to elucidate long-term effects, particularly in clinical
context. Functional magnetic resonance imaging (fMRI) has demonstrated utility in detecting neuronal abnormalities in
AN. This study’s use of fMRI before and after psilocybin treatment may provide insights into the neurobiological impacts of
psilocybin on AN.

Brain-derived neurotrophic factor and AN

Brain-derived neurotrophic factor (BDNF) is a neurotrophin involved in synaptic plasticity, neuronal survival, dendritic
growth, and activity-dependent learning processes. It is involved in long-term potentiation and experience-dependent neu-
ral remodelling, particularly within cortico-limbic and fronto-striatal circuits that support reward learning, emotional regula-
tion, and cognitive flexibility [81,82].

AN can be conceptualized as a disorder characterized by maladaptive learning and habit formation, in which initially
goal-directed weight-control behaviours become rigid, compulsive, and resistant to updating despite negative physio-
logical consequences [83,84]. Altered reward processing, impaired fear extinction, and heightened cognitive control are
associated with illness persistence.
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Peripheral BDNF concentrations have been reported to be reduced in individuals with acute AN, although findings
remain heterogeneous across studies and sampling methods. BDNF levels are also associated with nutritional status and
illness severity [85,86]. Longitudinal studies suggest partial normalization of BDNF levels with weight restoration. Although
the relationship between peripheral BDNF and central nervous system activity is complex and not fully established,
these observations are consistent with the hypothesis that prolonged undernutrition may influence neuroplasticity-related
signalling pathways relevant for AN recovery. Given that adolescence represents a period of heightened neurodevelop-
mental plasticity [14,87], alterations in BDNF signalling during this developmental window may influence iliness chronicity
and recovery trajectories. In the context of eating behaviour, evidence also indicates an anorexigenic role of BDNF/TrkB
signalling in hypothalamic circuits, linking BDNF to body weight regulation [85,86].

BDNF and psychedelics

Preclinical and translational research suggests that serotonergic psychedelics, including psilocybin, engage
neuroplasticity-related pathways [39,88]. Through agonism at the 5-HT2A receptor, psilocybin has been shown to promote
dendritic spine growth, synaptogenesis, and increased expression of plasticity-associated genes, including BDNF [50,89,90].
Although the precise relationship between peripheral BDNF changes and clinical outcomes in humans remains under inves-
tigation, converging data support the hypothesis that psilocybin may temporarily enhance neural plasticity, potentially facilitat-
ing belief updating, emotional learning, and cognitive flexibility during a transient period of increased plasticity [38].

Given the proposed role of maladaptive learning and rigid habit formation in AN, and the emerging evidence that psi-
locybin may modulate neuroplasticity-related pathways, longitudinal assessment of peripheral BDNF in psiAN provides
an exploratory biomarker of treatment-related plasticity. Measuring BDNF alongside clinical outcomes and psychological
process measures may help clarify whether changes in neuroplasticity markers are associated with symptom improve-
ment, relapse trajectories, or subjective psychedelic experiences. While peripheral BDNF cannot be interpreted as a direct
measure of central synaptic remodelling, its inclusion may contribute to mechanistic insight.

Adolescents and psychedelic research

AN most commonly emerges during adolescence, with peaks in incidence occurring in mid-to-late teenage years and
early adulthood [3]. Early illness trajectories are often marked by rapid consolidation of maladaptive patterns, and longer
duration of untreated iliness is associated with poorer outcomes [2,7,8]. Despite this, adolescents are frequently excluded
from trials of novel psychiatric interventions, including psychedelic research, due to ethical and regulatory concerns. Inclu-
sion of adolescents in clinical research generally requires sufficient evidence of safety and efficacy in the adult population
[91-95]. Recent ethical analyses argue that developmental vulnerability alone should not justify categorical exclusion,
particularly when existing treatments are insufficient and when safeguards for informed consent, monitoring, and risk min-
imization are in place. Moreover, exclusion of adolescents from research is not ethically neutral, particularly in disorders
such as AN that commonly emerge during adolescence and where delayed access to effective intervention may contribute
to chronicity.

While these preclinical findings highlight the importance of developmental caution, observational data in humans
indicate that psychedelic use among adolescents and young adults occurs outside clinical settings and when controlling
for confounders is not associated with increased rates of psychosis or suicidality at the population level [96,97]. These
findings support the importance of generating controlled safety data rather than leaving this population unstudied. Preclin-
ical evidence from a developmental neuroimaging study in mice exposed to psilocybin during adolescence demonstrated
persistent changes in brain volume and functional connectivity that extended into adulthood, alongside altered sensory
processing, with structural effects more pronounced in males than in females [98]. While cross-species extrapolation
requires caution, these findings reinforce the importance of systematic developmental monitoring and support the step-
wise safety design adopted in the present protocol.
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The present study therefore includes individuals aged 16—35 years with anorexia nervosa who have experienced at
least one relapse, a group at high risk for chronic illness with limited treatment options. By adopting a cautious, stepwise
design with enhanced monitoring and staged inclusion of minors, this trial aims to address both scientific and ethical
imperatives in advancing care for a severely affected population.

Method
Study design

The psiAN study is a phase lla, open-label, randomized controlled clinical trial evaluating the safety, tolerability,
and preliminary therapeutic potential of psilocybin administered with structured and manualised psychological
support alongside treatment as usual (TAU) in adolescents and young adults with ongoing AN who have previously
achieved at least partial weight restoration (BMI > 17) followed by subsequent weight loss, consistent with relapse.
Participants are randomized in a 1:1 ratio to either two 25 mg doses of psilocybin treatment plus TAU, or TAU alone.
Where discontinuation of interacting medications is required, a supervised washout period is implemented prior
to psilocybin administration, based on the pharmacokinetic properties of the medication, clinical assessment, and
patient safety considerations.

At 6-month follow-up, the participants of the control arm are offered psilocybin treatment.

The trial includes repeated assessments from baseline through 12 months of follow-up, enabling evaluation of short-
term effects and longer-term relapse-related outcomes. Neurobiological measures, including fMRI and BDNF, are inte-
grated to explore potential mechanisms associated with treatment response.

Study setting

All clinical procedures, including screening, psychological support sessions, and psilocybin administrations, are conducted
at the Department of Psychiatry, Lund (Skane) University Hospital, Lund, Sweden.

Functional magnetic resonance imaging assessments are performed at the National 7T Facility in Lund. The study is
conducted in accordance with the Declaration of Helsinki, Good Clinical Practice (GCP), and the EU Clinical Trials Regu-
lation (CTR No. 536/2014), with oversight by relevant national regulatory authorities.

Participants

Eligible participants are adolescents and young adults aged 16-35 years with a DSM-5 diagnosis of AN who
have experienced at least one period of partial weight restoration (BMI > 17) followed by subsequent weight loss
consistent with relapse. Participants must have a body mass index (BMI) greater than 16.0 at inclusion and be in
stable contact with specialized psychiatric care in Region Skane, Sweden. Key exclusion criteria include current
or lifetime psychotic or bipolar disorder, substance use disorder, clinically significant medical or cardiovascular
conditions that contraindicate psilocybin administration or MRI procedures, pregnancy or breastfeeding, and
ongoing use of medications with known adverse interactions with serotonergic psychedelics that cannot be safely
discontinued.

Concomitant medication management is guided by clinical judgment and current evidence. Ongoing treatment with
selective serotonin reuptake inhibitors (SSRIs) and serotonin—noradrenaline reuptake inhibitors (SNRIs) may be con-
tinued when clinically appropriate and safe, consistent with emerging evidence suggesting that concomitant SSRI use
does not invariably preclude therapeutic response to psilocybin [99,100]. Medications with clinically relevant 5-HT2A
receptor antagonistic properties, including antipsychotics, are exclusion criteria unless they can be safely discontinued
prior to dosing.

A full list of exclusion criteria can be found in the study protocol.
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Recruitment and informed consent

Participants are recruited through clinicians within specialized eating disorder services in Region Skane, Sweden. All
potential participants receive comprehensive written and verbal information about the study, including potential risks, ben-
efits, and the voluntary nature of participation. Two weeks are provided for consideration from consent to randomization.

For participants aged 18 years and older, written informed consent is obtained directly. For participants aged 16—-17
years, written informed consent is obtained from both the participant and both their legal guardians. Consent procedures
for minors emphasize developmentally appropriate communication and assessment of understanding.

Study status

Participant recruitment is ongoing since 2026-03-01. Recruitment is expected to be completed by October 2027. Data col-
lection, including 12-month follow-up assessments for all participants, is anticipated to conclude by October 2028. Results
are expected to be available for analysis and dissemination from 2029 onwards.

Patient and public involvement

Prior to protocol finalisation, focus groups were conducted with individuals with lived experience of eating disorders to
inform the trial design. Participants highlighted the need for enhanced clarity and adequate advance notice in study proce-
dures, which led to revision of participant and next-of-kin information materials to improve comprehensibility and support
informed decision-making. Focus group data will not be published.

Randomization and allocation

Participants are randomized using a computer-generated block randomization sequence in a 1:1 ratio to either psilocybin
treatment plus TAU or TAU alone. Randomization is stratified by age group (16—17 years and 18-35 years) to ensure
balanced representation. Allocation is conducted by personnel independent of the research team. Due to the nature of the
intervention and the pronounced subjective effects of psilocybin, blinding is not employed in this study.

Interventions

Psilocybin therapy. Participants allocated to the treatment arm receive two oral administrations of psilocybin at
a fixed dose of 25mg, administered four weeks apart, in addition to TAU. Psilocybin is administered in a controlled
clinical environment within a manualized structure of psychological support delivered by two trained therapists, including
preparatory sessions prior to dosing, non-directive support during dosing, and integration sessions following each
administration. Psychological support follows established safety guidelines for psychedelic research and is tailored to the
specific vulnerabilities associated with anorexia nervosa.

Psychological support. Psychological support is an integral component of the active treatment and is provided to all
participants receiving psilocybin in addition to treatment as usual. The psychological support is delivered by two therapists
with experience in the treatment of eating disorders and who have completed five days of training in the method. The
approach is non-directive and supportive rather than interpretative, with the primary aim of fostering psychological safety,
openness to experience, and integration of experiences within the participant’'s ongoing clinical context.

Psychological support is manualized and organized into three phases. It includes two 1-hour preparatory sessions
before the first psilocybin administration, with an additional preparatory component incorporated into the third integration
session before the second dosing session; supportive therapist presence throughout both full-day dosing sessions; and
post-session integration consisting of three 1-hour sessions after the first dosing session and two 1-hour sessions after
the second. Preparatory sessions focus on building therapeutic alliance, clarifying intentions, discussing expectations,
and preparing participants to navigate challenging experiences. During dosing sessions, therapists provide continuous
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support, emphasizing reassurance, grounding, and acceptance of emerging experiences without attempting to guide
content or outcomes. Integration sessions following each dosing focus on helping participants reflect on and contextualize
their experiences, relate insights to everyday life and recovery goals, and support adaptive behavioural and emotional
changes. If additional integration support is deemed clinically necessary by the PI, protocol-defined booster sessions may
be offered and documented for transparency.

The psiAN psychological support model is tailored to the vulnerabilities associated with AN, including fear of loss of
control, and sensitivity to bodily and emotional experiences as well as considerations related to food intake on dosing
days. Therapists maintain close coordination with participants’ regular treatment providers to ensure continuity of care and
appropriate clinical follow-up. Psychological support is manualized to ensure consistency across participants while allow-
ing flexibility to meet individual needs and uphold safety throughout the study. The research team actively visits referring
units to inform and educate the regular care providers, including organizing onsite in Lund and online psilocybin therapy
education days twice a year during the duration of the study.

A limitation of the design is that participants in the TAU arm do not receive matched therapist contact, which may con-
tribute to nonspecific between-group differences.

Support person. Participants in the psiAN study are required to identify a support person who is available at all
sessions for support. This person may be a parent, guardian, family member, partner, or close friend and is informed
about the study procedures, expected variations in effects, and post-session recommendations. While not present
during dosing, the support person is asked to provide practical and general emotional support in the immediate post-
session period. In the first preparation visit the therapists give clear instructions about which sessions the support
person is included actively, and which sessions are only for the participant, and encourage sharing of own questions and
experiences in relation to the study.

The inclusion of a support person is grounded in established evidence from anorexia nervosa (AN) treatment research.
Family-based therapy (FBT), the first-line treatment for adolescents with AN, emphasizes caregiver involvement as central
to recovery and relapse prevention [2,101]. Even in adult populations, social support and close relational involvement are
associated with improved treatment adherence and outcomes [10]. Given the high relapse rates and medical vulnerability
associated with AN, structured involvement of a trusted support figure may enhance safety, reinforce behavioural change,
and buffer against deterioration during transitional phases of care.

In psychedelic-assisted therapy, the importance of interpersonal context, commonly conceptualized as “set and set-
ting,” is well established. Supportive interpersonal environments are associated with reduced risk of adverse psycho-
logical reactions and improved integration of acute psychedelic experiences [72,102]. Contemporary clinical trials have
emphasized the role of structured psychological support and stable post-session environments in optimizing safety and
therapeutic benefit [103]. The presence of a designated support person following dosing aligns with this framework by
extending containment and emotional scaffolding beyond the clinical setting.

The inclusion of a support person is particularly important for adolescents. Adolescence is characterized by
ongoing neurodevelopment, heightened emotional sensitivity, and increased reliance on caregiver support for regu-
lation and decision-making [104]. Ethical frameworks for research involving minors therefore emphasize enhanced
protective measures such as guardian engagement and environmental stability. In eating disorders, early caregiver
involvement is strongly associated with better long-term outcomes and reduced chronicity [2]. Within the context of
psychedelic-assisted therapy—where experiences may be emotionally intense or personally meaningful—structured
support from a trusted adult may mitigate risk, facilitate integration, and support adherence to recovery-oriented
behaviours.

The requirement of a support person in psiAN reflects evidence-based principles from eating disorder treatment, psy-
chedelic clinical research, and adolescent developmental psychiatry. It represents a protective and ethically responsive
design feature intended to enhance safety, promote integration, and support sustained recovery.
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Treatment as usual. Participants in both study arms continue to receive treatment as usual (TAU), consisting of
evidence-based, multidisciplinary psychiatric care for eating disorders delivered at psychiatric clinics in Region Skane,
Sweden. TAU may include psychotherapy, physiotherapy, nutritional rehabilitation, medical monitoring, and psychosocial
support. The TAU teams are actively involved in the study and constitute the primary recruitment pathway. Twice a year,
all TAU teams in Region Skane are invited to a full-day briefing hosted by the research team, providing study updates
and relevant scientific information. Between these meetings, the research team maintains ongoing communication with
TAU units to support recruitment and to promote consistent, best-practice clinical management of participants receiving
psilocybin therapy alongside TAU. This collaboration is intended to facilitate continuity of care, integration of treatment-
related experiences, and being aware of possible adverse events related to psilocybin and knowing how to report to the
research team.

General analysis strategy

Primary outcome. The primary outcome of the psiAN trial is safety and tolerability of psilocybin therapy in
adolescents and young adults with relapsing AN measured at primary endpoint compared with TAU. Safety is
evaluated through systematic monitoring of adverse events (AEs) and serious adverse events (SAEs) from the time
of intervention initiation through 12-month follow-up. Cardiovascular safety is assessed using electrocardiography and
repeated measurements of blood pressure and pulse. Laboratory monitoring includes glucose, liver and kidney function
tests, and urine toxicology. Physical stability is evaluated through longitudinal measurement of body mass index (BMI).
Psychiatric safety is assessed using structured suicidality assessment and general psychiatric symptom ratings at
predefined time points. The primary safety evaluation occurs at primary endpoint at week 9, with continued surveillance
at month 3,4,5,6 9 and 12 months.

Secondary outcomes. Eating disorder symptom severity is assessed longitudinally, together with BMI, to characterize
changes in core psychopathology and weight stability. Time to relapse is evaluated across the 12-month follow-up period.
Relapse is operationalized as a composite endpoint defined by clinically meaningful weight loss, rehospitalization for
eating disorder—related complications, initiation of intensified treatment or higher level of care, or clinically significant self-
reported symptom deterioration confirmed by clinical assessment.

Mood and anxiety symptoms are assessed repeatedly to examine broader psychiatric change. Psychological well-being
and affective functioning are evaluated to capture potential improvements beyond symptom reduction. Personality traits
are measured to explore baseline moderators and potential trait-level changes associated with treatment. Acute subjec-
tive psychedelic experiences are assessed following dosing sessions and examined in relation to subsequent clinical
outcomes.

fMRI is conducted longitudinally as an exploratory outcome to characterize potential treatment-associated changes in
brain network function and to examine their relationships with clinical outcomes over time. In parallel, peripheral blood
samples are collected repeatedly to quantify BDNF as an exploratory marker of neuroplasticity and to explore associations
with symptom change, relapse trajectories, and subjective treatment response.

Study measures

Study measures are selected to comprehensively assess safety, clinical outcomes, psychological processes, subjective
experience, and neurobiological correlates of change from baseline, across the acute, post-acute, and long-term follow-up
phases of the trial. The timing of all assessments is summarized in the Schedule of Assessments (Fig 1).

Safety and tolerability measures. Safety and tolerability constitute the primary outcome domain and are monitored
throughout the study from first dosing to 12-month follow-up. Medical safety assessments include electrocardiography
(ECG), blood pressure (BP), pulse, blood tests including glucose, liver and kidney function and urine toxicology (U-tox).
Pregnancy testing is conducted at screening and prior to each dosing session.
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Fig 1. Schedule of assessments. There is a minimum of 2 weeks from consent to randomization, time from screening to the first psilocybin dose must not
exceed 8 weeks, regardless of washout status. Abbreviations: ECG, electrocardiogram; u-hCG, urine human chorionic gonadotropin; u-tox, urine toxicology
screening; fMRI, functional magnetic resonance imaging; BDNF, brain-derived neurotrophic factor; BMI, body mass index; AE/SAE, adverse event/serious
adverse event; ETS-5, Expectation of Treatment Scale [105]; RMQ, Readiness and Motivation Questionnaire [106]; GCMQ, General Change Mechanisms
Questionnaire [107]; PHQ-9, Patient Health Questionnaire-9 [108]; GAD-7, Generalized Anxiety Disorder-7 [109]; EDE-Q, Eating Disorder Examination
Questionnaire [110]; C-SSRS, Columbia-Suicide Severity Rating Scale [111]; BPRS +, Brief Psychiatric Rating Scale—Extended [112]; SWLS, Satisfaction
with Life Scale [113]; PANAS, Positive and Negative Affect Schedule [114]; HILS, Harmony in Life Scale [115]; TIPI, Ten ltem Personality Inventory [116]; HH,
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Honesty-Humility Scale [117]; 5D-ASC, Altered States of Consciousness Rating Scale [118]; MEQ-4, Mystical Experience Questionnaire [119]; MLE, Meaning-
ful Life Experience Rating [120]; EGON-instrument, clinical assessment tool for evaluating body perception [121].

https://doi.org/10.137 1/journal.pone.0352246.9001

Adverse events (AEs) and serious adverse events (SAEs) are recorded continuously from first dosing through the
12-month follow-up. Psychiatric safety is assessed using the Columbia—Suicide Severity Rating Scale (C-SSRS) [111]
and the Brief Psychiatric Rating Scale—Expanded (BPRS+) [112], enabling systematic monitoring of suicidality, psychotic
symptoms, affective instability, and general psychiatric deterioration across study phases.

Eating disorder symptomatology. Eating disorder symptom severity is assessed using the Eating Disorder
Examination Questionnaire (EDE-Q) [110]. The EDE-Q evaluates restraint, eating concern, shape concern, and weight
concern, providing both global and domain-specific indices of psychopathology. Body mass index (BMI) is measured
longitudinally to monitor weight stability and detect clinically meaningful weight change.

Relapse is operationalized as a composite outcome defined by clinically significant BMI decline, rehospitalization for
eating disorder—related complications, initiation of intensified treatment or higher level of care, or clinically significant
self-reported symptom deterioration confirmed by clinical assessment.

The EGON instrument is administered at baseline, primary endpoint, and six-month follow-up. EGON is a multidimen-
sional assessment tool designed to evaluate body perception in clinical settings. One of its primary components involves
participants estimating nine body dimensions, which are compared with objective body measurements. This comparison is
expressed as the Body Perception Index (BPI), reflecting the degree to which individuals overestimate or underestimates
their body size. This clinical developed tool builds on principles from the method described by Slade and Russell [121].

General psychopathology and well-being. Depressive symptoms are assessed using the Patient Health
Questionnaire-9 (PHQ-9; [108]), and anxiety symptoms are assessed using the Generalized Anxiety Disorder-7 (GAD-

7; [109]). These measures capture common comorbid symptom domains in anorexia nervosa and allow assessment

of broader psychiatric changes associated with the treatment. Psychological well-being and affective functioning are
assessed using the Positive and Negative Affect Schedule (PANAS; [114]), the Satisfaction with Life Scale (SWLS; [113]),
and the Harmony in Life Scale (HILS; [115]). Together, these instruments assess emotional valence, life satisfaction, and
existential coherence.

Psychological process measures. Treatment expectancy is measured at baseline using the 5-item version of
Expectation of Treatment Scale (ETS-5; [105]). Motivation and readiness for change are assessed using the Readiness
and Motivation Questionnaire (RMQ; [106]) at baseline and repeated post-dosing time points. The General Change
Mechanisms Questionnaire (GCMQ; [107]) is administered during integration phases to assess perceived cognitive,
emotional, and behavioural change processes associated with therapeutic progress.

Personality traits are assessed using the Ten Item Personality Inventory (TIPI; [116]) and the Honesty—Humility scale
(HH; [117]), allowing exploration of baseline moderators and potential trait-level changes over time.

Subjective psychedelic experience. Acute subjective effects of psilocybin are assessed using the Altered States of
Consciousness Rating Scale (5D-ASC; [118]), the Mystical Experience Questionnaire (MEQ-4; [119]), and the Meaningful
Life Experience rating with a single item (MLE; [120]). These instruments quantify experiential intensity, mystical-type
experiences, and perceived personal significance, enabling examination of associations between acute subjective
phenomena and subsequent clinical or biological outcomes.

Neuroimaging. MRI will be performed at three time points: at baseline, the day after the first dosing session and
at primary endpoint (week 9). The scans will be acquired on a 7 Tesla Philips Achieva MRI system (Philips Medical
Systems, Best, The Netherlands) with a 32-channel head coil. The MRI examination will include an anatomical image
using magnetization-prepared rapid acquisition gradient-echo (MP-RAGE) for T1-weighted imaging. The examination
will thereafter include diffusion tensor imaging (DTI) to estimate structural connectivity, followed by resting-state fMRI
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(rs-fMRI) measurement in line with previous psilocybin research to assess global connectivity measures. Two task-based
fMRI paradigms will then be conducted: a simplified version of the Monetary Incentive Delay task (MIDT) [62,122] and a
Calorie-Cue Task (CCT) similar to previous food-picture paradigms used in research on AN [65,123]. MIDT will evaluate
striatal activity during reward anticipation and CCT will assess differentiation of limbic and prefrontal activation during
high-, low and no calorie cues.

The simplified version of the MIDT implemented will focus on reward anticipation only (not anticipation of loss). Par-
ticipants will view cues indicating either a high (5 SEK) or low reward (0.1 SEK). A subsequent target will require a rapid
response, with the response window adjusted individually to achieve a reward rate of approximately 75-80%. fMRI
blood-oxygen-level-dependent (BOLD) signals will be acquired during the anticipation phase. Analyses focus on striatal
activity, with the low-reward condition serving as a baseline.

CCT is an in-house developed food-picture paradigm alternating pictures presenting images of female individuals
consuming high-calorie food, low-calorie food and holding a neutral item (no calorie). Each condition is presented in
20-second blocks, defined as one sequence. After each sequence the participants rate the unpleasantness of the image
on a scale from 0 to 10 followed by a 15-second rest period. A total of six sequences is presented, with two sequences per
condition. This design will enable assessment of differences in BOLD responses between calorie-dependent conditions,
adjusted for subjective unpleasantness ratings.

BDNF. Peripheral BDNF will be measured longitudinally within psiAN, with a particular focus on detecting post-dosing
changes relative to baseline. Blood sampling will be scheduled to 3:00 pm the day after 25mg psilocybin administrations.
BDNF is stored in human platelets and can be released upon platelet activation, meaning that serum BDNF largely

reflects platelet-derived BDNF released during coagulation, resulting in high concentrations and substantial method-
dependent variability [124]. Serum concentrations are strongly influenced by clotting conditions, including clotting time,
whereas plasma measurements are influenced by pre-analytical handling and centrifugation strategy. For detecting
time-sensitive effects, EDTA plasma is preferred because it more closely reflects the circulating, non—platelet-mediated
pool and is therefore more suitable for tracking acute changes in BDNF following pharmacological interventions. Consis-
tent with best-practice recommendations for improving reproducibility, platelet-poor plasma (PPP) will be prepared using a
double-centrifugation approach.

Limited evidence from psychedelic biomarker studies shows that low doses of LSD acutely increase BDNF in plasma
within 4—6 hours in a placebo-controlled within-subject design, indicating that plasma can detect rapid post-dose changes
in circulating BDNF [125]. Although psiAN sampling occurs within a broader window (~24 h), use of plasma and strict
pre-analytical standardization is intended to maximize sensitivity for acute effects. In eating disorder populations, periph-
eral BDNF is commonly reported to be lower than in controls, and a systematic review/meta-analysis found no strong
basis to prefer serum over plasma solely because of group differences.

Blood will be processed to platelet-poor plasma using double centrifugation within 60 minutes of sampling. Processing
time, centrifugation parameters, and any deviations will be documented. Plasma aliquots will be frozen as soon as possi-
ble after processing and stored at —80°C until batch analysis. This standardized workflow is intended to minimize pre-
analytical variance and improve comparability across time points and participants.

BDNF will be quantified using the MSD U-PLEX Human BDNF assay, which is validated for both EDTA plasma and
serum and supports standardized dilution procedures. The assay will be performed in accordance with manufacturer
recommendations and internal laboratory quality procedures, including appropriate calibration curves, controls, and docu-
mentation of sample handling.

To explore whether genetic variation in BDNF signalling moderates biomarker trajectories or clinical outcomes, par-
ticipants will be genotyped for the BDNF Val66Met polymorphism (rs6265) [85]. This variant has been associated with
altered activity-dependent BDNF secretion and has been discussed as a potential moderator of neuroplasticity-related
phenotypes. Genotyping will be performed from whole blood collected at baseline using standard genotyping methods for
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analysis. Val66Met status will be used in exploratory analyses as a potential moderator of baseline BDNF levels, acute
post-dosing BDNF change, and associations with clinical outcomes.

Long-term follow-up assessments. Participants are followed for up to 12 months after baseline to assess durability
of effects and relapse-related outcomes. Follow-up assessments include repeated evaluation of eating disorder
symptoms, psychiatric safety, adverse events, medical parameters, and selected psychological measures. This extended
follow-up period allows examination of both sustained benefits and delayed adverse effects, which is particularly important
in early-phase trials involving adolescents and young adults.

Data management

All data are collected by GCP-trained study personnel and entered a secure electronic case report form system (REDCap)
compliant with data protection regulations. Data are pseudonymized by a code list with access restricted only to autho-
rized personnel delegated by the principal investigator. All data are stored and processed using secure institutional infra-
structure at Lund university, Sweden. Anonymized participant data will be made available upon reasonable written request
to the principal investigator, contingent on adherence to a conventional data-sharing agreement and compliance with all
applicable ethical and regulatory requirements.

Statistical analysis

Analyses are primarily descriptive and hypothesis-generating, reflecting the pilot nature of the study. Safety outcomes
are summarized using frequencies and proportions, with between-group comparisons performed using chi-square or
Fisher’s exact tests as appropriate. Longitudinal clinical outcomes are analysed using mixed-effects models to account
for repeated measures and individual variability. Time-to-event outcomes, including relapse, are analysed using survival
analysis methods.

Neuroimaging analyses focus on within-subject changes from baseline and between-group contrasts at predefined
time points. Associations between neuroimaging measures, clinical outcomes, and subjective experience variables are
explored using correlational and regression-based approaches. Appropriate correction for multiple comparisons is applied,
particularly for neuroimaging analyses. Missing data are handled using maximum likelihood estimation or multiple imputa-
tion, depending on the pattern and extent of missingness.

Sample size

No formal power calculation has been performed, as the study is designed as an early-phase trial focused on safety, feasi-
bility, and estimation of effect sizes. The planned sample size of 40 participants is based on feasibility considerations and
consistency with prior early-phase psychedelic studies in clinical populations to be able to detect adverse events. The six-
month follow-up invites TAU participants for a switch to active treatment protocol, therefore leaving the active treatment
arm without control until the 12-month follow-up and end of study.

Participant safety and monitoring

Participant safety is the primary focus of the psiAN trial and is ensured through structured medical and psychiatric screen-
ing, continuous monitoring during dosing, repeated short- and long-term follow-up assessments, and independent safety
oversight. Attention is given to metabolic stability given the medical vulnerability associated with anorexia nervosa. Nutri-
tional status is assessed at screening and baseline, and participants must meet predefined BMI of 16 and medical stability
criteria prior to dosing. Preparation sessions include structured discussion of food intake, hydration, and individualized
eating plans for the dosing day to minimize risk of hypoglycaemia. Blood glucose is measured at screening and monitored
in accordance with protocol-defined procedures.
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This approach is informed by prior psilocybin research in anorexia nervosa, in which an isolated case of transient hypo-
glycaemia was reported during dosing in a medically stable participant and resolved with oral intake and monitoring [53].
To mitigate similar risks, psiAN incorporates proactive nutritional planning, pre-dose fasting guidance tailored to medical
status, real-time clinical monitoring, and availability of oral glucose and medical support during dosing sessions. Adverse
events and serious adverse events are recorded continuously from first dosing through the 12-month follow-up and
reported in accordance with regulatory requirements. Suicidality is systematically assessed at screening, prior to dosing,
during integration, at the primary endpoint, and at all follow-ups. Participants demonstrating medical instability or acute
psychiatric risk are withdrawn from dosing and referred for appropriate clinical care.

An independent Safety Review Committee evaluates accumulating safety data at predefined intervals. Recruitment
begins with adults (218 years), and inclusion of adolescents aged 16—17 years proceeds only after formal safety review
and approval, with enhanced monitoring and guardian involvement.

Participants may withdraw at any time, and investigators may discontinue participation if safety concerns arise.

Ethical considerations

This study has received approval from the Swedish Ethical Review Authority (Dnr 2025-05495-01) and the Swedish Med-
ical Products Agency and is conducted in accordance with the Declaration of Helsinki, Good Clinical Practice (GCP), and
the EU Clinical Trials Regulation (EU No. 536/2014). Given the vulnerability of the study population and the inclusion of a
psychedelic intervention, extensive safeguards are implemented to minimize risk and ensure participant well-being.

In addition to the monitor, a Safety Review Committee is recruited to oversee trial conduct and review all potential
serious adverse events, protocol adherence, and emerging safety signals. Interim safety reviews are conducted after
predefined numbers of psilocybin administrations. Recruitment initially includes only participants aged 18 years and older.
Inclusion of adolescents aged 16—17 years is initiated only after the Safety Review Committee has completed a formal
evaluation of safety and tolerability data from the initial adult cohort and has approved progression to the adolescent
phase.

Protocol amendments are managed in accordance with EU Clinical Trials Regulation 536/2014. Substantial amend-
ments are submitted to and require approval by the competent authority via CTIS (Clinical Trials Information System)
prior to implementation. Non-substantial amendments are documented in a note-to-file and submitted alongside the next
substantial amendment or as part of annual reporting, as applicable. All approved amendments are communicated to the
trial monitor and the full research team without delay.

The stepwise inclusion of minors reflects a balance between ethical caution and the need to generate clinically rele-
vant evidence. The staged design ensures that exposure of adolescents to psilocybin occurs only after safety has been
demonstrated in adults within the same protocol framework. Additional safeguards for minors include guardian involve-
ment in the consent and treatment process and age- appropriate information.

Participants may withdraw from the study at any time without consequences for their standard treatment. Procedures
are in place for rapid clinical intervention in the event of medical or sustained psychological deterioration. The ethical
design of the psiAN study aims to balance the obligation to protect vulnerable individuals with the responsibility to gener-
ate evidence for populations with substantial unmet clinical need.

IMP management

The investigational medicinal product (IMP) is GMP-manufactured psilocybin produced by Filament Health (Vancouver,
Canada) and supplied as encapsulated 25mg oral doses with accompanying batch certification.

EU distribution and release are coordinated by CEFEA in Poland, and importation into Sweden is managed by Oriola
in accordance with applicable regulatory requirements. Upon arrival, the IMP is received, stored, and dispensed by the
Region Skane Hospital Pharmacy.
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Full traceability is maintained through documented receipt, storage, dispensing, reconciliation, and destruction proce-
dures in accordance with the EU Clinical Trials Regulation and Swedish national regulations.

Dissemination

The findings of the psiAN study will be disseminated through publication in peer-reviewed scientific journals and presenta-
tion at national and international conferences in psychiatry, eating disorder research, and psychedelic science. Results will
be reported regardless of outcome, in accordance with principles of transparency and responsible research conduct.

In addition to academic dissemination, study findings will be communicated to broader audiences through public
lectures, open presentations, and engagement with professional and community organizations. Where appropriate,
results may be shared through media channels to promote accurate and responsible public understanding of psychedelic
research in eating disorders. Communication will be conducted in a balanced and evidence-based manner, emphasizing
both potential benefits and limitations.

Study outcomes will also be shared with participating clinical services and summarized in accessible formats for
participants and individuals with lived experience. Trial registration details and key study information will remain publicly
available through relevant clinical trial registries in compliance with regulatory requirements (ClinicalTrials.gov Identifier:
NCTO07169747).

Data reporting will follow established guidelines for clinical trials to promote methodological transparency and facilitate
replication. Any secondary analyses will be clearly identified as exploratory.

Conclusion

The psiAN study addresses a gap in current treatment options for AN by investigating psilocybin-assisted therapy in

a controlled clinical setting with integrated neurobiological assessment. Several features distinguish this protocol: the
stepwise inclusion of adolescents aged 16—17 years after a formal adult safety review, the use of 7T fMRI and peripheral
BDNF as exploratory mechanistic measures, a manualized psychological support model tailored to AN-specific vulnerabili-
ties, and the structured involvement of existing treatment teams and the family system.

The study has limitations inherent to its early-phase design. The open-label format precludes blinding, and the sam-
ple size of 40 participants limits statistical power for secondary outcomes. The absence of an active placebo means that
expectancy effects cannot be fully controlled. These constraints are consistent with the primary focus on safety and tolera-
bility, which, given the vulnerability of the population and the novelty of the intervention, supports an open-label design as
an appropriate first step.

By publishing this protocol, we aim to enhance transparency and methodological rigour so that the design can be criti-
cally appraised and adapted in future trials. The results are expected to provide the first controlled safety data on psilocy-
bin in adolescents and young adults with AN and may clarify how psilocybin-assisted therapy interacts with the clinical and
neurodevelopmental features of early-onset eating disorders.

Supporting information

S1 File. psiAN study protocol.
(DOCX)

Acknowledgments

The authors wish to thank the individuals with lived experience of anorexia nervosa who participated in the pre-study
focus group and generously contributed their perspectives to the development of the psiAN protocol. Their insights were
essential in shaping the ethical framework, acceptability, and clinical relevance of the study.

PLOS One | https://doi.org/10.1371/journal.pone.0352246  June 30, 2026 16 /22



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0352246.s001

PLO\Sﬁ\\.- One

We also acknowledge and thank the research staff at Forum Séder, Labmedicin, Biobanken, Region Skane in Lund
and Filament Health and CEFEA for providing the psilocybin.

Finally, we thank all collaborating specialised units in eating disorder care with clinicians, therapists, and research staff
involved in participant recruitment, assessment, and delivery of psychological support, as well as the participants and their
families for their willingness to contribute to this research. We are inspired with all your efforts to understand, treat and live
with disordered eating.

Author contributions

Conceptualization: David Sjostrom, Emma Claesdotter Knutsson, Petri Kajonius, Per Carlbring, Johannes Bjorkstrand,
Pouya Movahed Rad.

Funding acquisition: David Sjostrom, Emma Claesdotter Knutsson, Petri Kajonius, Per Carlbring, Johannes Bjorkstrand,
Pouya Movahed Rad.

Investigation: David Sjostrom.

Methodology: David Sjostrom, Olea Schau Ryback, Emma Claesdotter Knutsson, Petri Kajonius, Per Carlbring,
Johannes Bjorkstrand, Pouya Movahed Rad.

Project administration: David Sjostrom, Olea Schau Ryback, Emma Claesdotter Knutsson, Oskar Jensen Sondén,
Johannes Bjorkstrand, Pouya Movahed Rad.

Resources: David Sjostrom, Olea Schau Ryback, Emma Claesdotter Knutsson, Petri Kajonius, Oskar Jensen Sondén,
Johannes Bjorkstrand, Pouya Movahed Rad.

Supervision: David Sjostrom, Emma Claesdotter Knutsson, Petri Kajonius, Per Carlbring, Johannes Bjorkstrand, Pouya
Movahed Rad.

Validation: David Sjostrom, Emma Claesdotter Knutsson.
Visualization: David Sjostrom.

Writing — original draft: David Sjostrom, Olea Schau Ryback, Oskar Jensen Sondén, Johannes Bjorkstrand, Pouya
Movahed Rad.

Writing — review & editing: David Sjostrom, Olea Schau Ryback, Emma Claesdotter Knutsson, Petri Kajonius, Oskar
Jensen Sondén, Per Carlbring, Johannes Bjorkstrand, Pouya Movahed Rad.

References

1. Chan A-W, Boutron I, Hopewell S, Moher D, Schulz KF, Collins GS, et al. SPIRIT 2025 statement: updated guideline for protocols of randomised
trials. BMJ. 2025;389:€081477. https://doi.org/10.1136/bmj-2024-081477 PMID: 40294953

2. Treasure J, Duarte TA, Schmidt U. Eating disorders. Lancet. 2020;395(10227):899—-911. https://doi.org/10.1016/S0140-6736(20)30059-3 PMID:
32171414

3. van Eeden AE, van Hoeken D, Hoek HW. Incidence, prevalence and mortality of anorexia nervosa and bulimia nervosa. Curr Opin Psychiatry.
2021;34(6):515-24. https://doi.org/10.1097/YC0O.0000000000000739 PMID: 34419970

4. Arcelus J, Mitchell AJ, Wales J, Nielsen S. Mortality rates in patients with anorexia nervosa and other eating disorders. A meta-analysis of 36 stud-
ies. Arch Gen Psychiatry. 2011;68(7):724-31. https://doi.org/10.1001/archgenpsychiatry.2011.74 PMID: 21727255

5. Ulfvebrand S, Birgegard A, Norring C, Hogdahl L, von Hausswolff-Juhlin Y. Psychiatric comorbidity in women and men with eating disorders results
from a large clinical database. Psychiatry Res. 2015;230(2):294-9. https://doi.org/10.1016/j.psychres.2015.09.008 PMID: 26416590

6. Westmoreland P, Krantz MJ, Mehler PS. Medical complications of anorexia nervosa and bulimia. Am J Med. 2016;129(1):30—7. https://doi.
org/10.1016/j.amjmed.2015.06.031 PMID: 26169883

7. Marcolini F, Ravaglia A, Tempia Valenta S, Bosco G, Marconi G, De Ronchi D, et al. Severe enduring anorexia nervosa (SE-AN) treatment options
and their effectiveness: a review of literature. J Eat Disord. 2024;12(1):48. https://doi.org/10.1186/s40337-024-01006-y PMID: 38654374

PLOS One | https://doi.org/10.1371/journal.pone.0352246  June 30, 2026 17122



https://doi.org/10.1136/bmj-2024-081477
http://www.ncbi.nlm.nih.gov/pubmed/40294953
https://doi.org/10.1016/S0140-6736(20)30059-3
http://www.ncbi.nlm.nih.gov/pubmed/32171414
https://doi.org/10.1097/YCO.0000000000000739
http://www.ncbi.nlm.nih.gov/pubmed/34419970
https://doi.org/10.1001/archgenpsychiatry.2011.74
http://www.ncbi.nlm.nih.gov/pubmed/21727255
https://doi.org/10.1016/j.psychres.2015.09.008
http://www.ncbi.nlm.nih.gov/pubmed/26416590
https://doi.org/10.1016/j.amjmed.2015.06.031
https://doi.org/10.1016/j.amjmed.2015.06.031
http://www.ncbi.nlm.nih.gov/pubmed/26169883
https://doi.org/10.1186/s40337-024-01006-y
http://www.ncbi.nlm.nih.gov/pubmed/38654374

PLO\S\% One

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Berends T, Boonstra N, van Elburg A. Relapse in anorexia nervosa: a systematic review and meta-analysis. Curr Opin Psychiatry. 2018;31(6):445—
55. https://doi.org/10.1097/YC0O.0000000000000453

Sala M, Keshishian A, Song S, Moskowitz R, Bulik CM, Roos CR, et al. Predictors of relapse in eating disorders: a meta-analysis. J Psychiatr Res.
2023;158:281-99. https://doi.org/10.1016/j.jpsychires.2023.01.002 PMID: 36623362

Zipfel S, Giel KE, Bulik CM, Hay P, Schmidt U. Anorexia nervosa: aetiology, assessment, and treatment. Lancet Psychiatry. 2015;2(12):1099-111.
https://doi.org/10.1016/S2215-0366(15)00356-9 PMID: 26514083

Attia E. Anorexia nervosa treatment trials: time for new approaches. Lancet Psychiatry. 2021;8(3):170—1. https://doi.org/10.1016/S2215-
0366(21)00038-9 PMID: 33600748

Casey BJ, Cohen AO, Galvan A. The beautiful adolescent brain: an evolutionary developmental perspective. Ann N Y Acad Sci. 2025;1546(1):58—
74. https://doi.org/10.1111/nyas.15314 PMID: 40096627

Cheng TW, Mills KL, Pfeifer JH. Revisiting adolescence as a sensitive period for sociocultural processing. Neurosci Biobehav Rev.
2024;164:105820. https://doi.org/10.1016/j.neubiorev.2024.105820 PMID: 39032845

Fuhrmann D, Knoll LJ, Blakemore S-J. Adolescence as a sensitive period of brain development. Trends Cogn Sci. 2015;19(10):558-66. https://doi.
org/10.1016/j.tics.2015.07.008 PMID: 26419496

Bahnsen K, Bernardoni F, King JA, Geisler D, Weidner K, Roessner V, et al. Dynamic structural brain changes in anorexia nervosa: a replica-
tion study, mega-analysis, and virtual histology approach. J Am Acad Child Adolesc Psychiatry. 2022;61(9):1168—81. https://doi.org/10.1016/].
jaac.2022.03.026 PMID: 35390458

Kaufmann L-K, Hanggi J, Jancke L, Baur V, Piccirelli M, Kollias S, et al. Age influences structural brain restoration during weight gain therapy in
anorexia nervosa. Trans| Psychiatry. 2020;10(1):126. https://doi.org/10.1038/s41398-020-0809-7 PMID: 32366823

Madsen MK, Fisher PM, Burmester D, Dyssegaard A, Stenbaek DS, Kristiansen S, et al. Psychedelic effects of psilocybin correlate with serotonin
2A receptor occupancy and plasma psilocin levels. Neuropsychopharmacology. 2019;44(7):1328-34. https://doi.org/10.1038/s41386-019-0324-9
PMID: 30685771

van Elk M, Yaden DB. Pharmacological, neural, and psychological mechanisms underlying psychedelics: a critical review. Neurosci Biobehav Rev.
2022;140:104793. https://doi.org/10.1016/j.neubiorev.2022.104793 PMID: 35878791

Aaronson ST, van der Vaart A, Miller T, LaPratt J, Swartz K, Shoultz A, et al. Single-dose synthetic psilocybin with psychotherapy for treatment-
resistant bipolar type Il major depressive episodes: a nonrandomized open-label trial. JAMA Psychiatry. 2024;81(6):555-62. https://doi.
org/10.1001/jamapsychiatry.2023.4685 PMID: 38055270

Breeksema JJ, Niemeijer A, Krediet E, Karsten T, Kamphuis J, Vermetten E, et al. Patient perspectives and experiences with psilocybin treatment
for treatment-resistant depression: a qualitative study. Sci Rep. 2024;14(1):2929. https://doi.org/10.1038/s41598-024-53188-9 PMID: 38316896

Erritzoe D, Barba T, Greenway KT, Murphy R, Martell J, Giribaldi B, et al. Effect of psilocybin versus escitalopram on depression symptom severity
in patients with moderate-to-severe major depressive disorder: observational 6-month follow-up of a phase 2, double-blind, randomised, controlled
trial. EClinicalMedicine. 2024;76:102799. https://doi.org/10.1016/j.eclinm.2024.102799 PMID: 39764567

Goodwin GM, Aaronson ST, Alvarez O, Atli M, Bennett JC, Croal M, et al. Single-dose psilocybin for a treatment-resistant episode of major depres-
sion: impact on patient-reported depression severity, anxiety, function, and quality of life. J Affect Disord. 2023;327:120—7. https://doi.org/10.1016/j.
jad.2023.01.108 PMID: 36740140

Bevione F, Lacidogna MC, Lavalle R, Abbate Daga G, Preti A. Psilocybin in the treatment of eating disorders: a systematic review of the literature
and registered clinical trials. Eat Weight Disord. 2025;30(1):58. https://doi.org/10.1007/s40519-025-01771-y PMID: 40730892

Griffiths RR, Johnson MW, Carducci MA, Umbricht A, Richards WA, Richards BD, et al. Psilocybin produces substantial and sustained decreases
in depression and anxiety in patients with life-threatening cancer: a randomized double-blind trial. J Psychopharmacol. 2016;30(12):1181-97.
https://doi.org/10.1177/0269881116675513 PMID: 27909165

Lewis BR, Garland EL, Byrne K, Durns T, Hendrick J, Beck A, et al. HOPE: a pilot study of psilocybin enhanced group psychotherapy in patients
with cancer. J Pain Symptom Manage. 2023;66(3):258—69. https://doi.org/10.1016/j.jpainsymman.2023.06.006 PMID: 37302533

Swift TC, Belser AB, Agin-Liebes G, Devenot N, Terrana S, Friedman HL, et al. Cancer at the dinner table: experiences of psilocybin-assisted
psychotherapy for the treatment of cancer-related distress. J Humanist Psychol. 2017;57(5):488-519. https://doi.org/10.1177/0022167817715966

Yu C-L, Yang F-C, Yang S-N, Tseng P-T, Stubbs B, Yeh T-C, et al. Psilocybin for end-of-life anxiety symptoms: a systematic review and meta-
analysis. Psychiatry Investig. 2021;18(10):958-67. https://doi.org/10.30773/pi.2021.0209 PMID: 34619818

Bogenschutz MP, Ross S, Bhatt S, Baron T, Forcehimes AA, Laska E, et al. Percentage of heavy drinking days following psilocybin-assisted psy-
chotherapy vs placebo in the treatment of adult patients with alcohol use disorder: a randomized clinical trial. JAMA Psychiatry. 2022;79(10):953—
62. https://doi.org/10.1001/jamapsychiatry.2022.2096 PMID: 36001306

van der Meer PB, Fuentes JJ, Kaptein AA, Schoones JW, de Waal MM, Goudriaan AE, et al. Therapeutic effect of psilocybin in addiction: a system-
atic review. Front Psychiatry. 2023;14:1134454. https://doi.org/10.3389/fpsyt.2023.1134454 PMID: 36846225

Hinkle JT, Graziosi M, Nayak SM, Yaden DB. Adverse events in studies of classic psychedelics: a systematic review and meta-analysis. JAMA
Psychiatry. 2024;81(12):1225-35. https://doi.org/10.1001/jamapsychiatry.2024.2546 PMID: 39230883

Romeo B, Kervadec E, Fauvel B, Strika-Bruneau L, Amirouche A, Verroust V, et al. Safety and risk assessment of psychedelic psychotherapy: a
meta-analysis and systematic review. Psychiatry Res. 2024;335:115880. https://doi.org/10.1016/j.psychres.2024.115880 PMID: 38579460

PLOS One | https://doi.org/10.1371/journal.pone.0352246  June 30, 2026 181722



https://doi.org/10.1097/YCO.0000000000000453
https://doi.org/10.1016/j.jpsychires.2023.01.002
http://www.ncbi.nlm.nih.gov/pubmed/36623362
https://doi.org/10.1016/S2215-0366(15)00356-9
http://www.ncbi.nlm.nih.gov/pubmed/26514083
https://doi.org/10.1016/S2215-0366(21)00038-9
https://doi.org/10.1016/S2215-0366(21)00038-9
http://www.ncbi.nlm.nih.gov/pubmed/33600748
https://doi.org/10.1111/nyas.15314
http://www.ncbi.nlm.nih.gov/pubmed/40096627
https://doi.org/10.1016/j.neubiorev.2024.105820
http://www.ncbi.nlm.nih.gov/pubmed/39032845
https://doi.org/10.1016/j.tics.2015.07.008
https://doi.org/10.1016/j.tics.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/26419496
https://doi.org/10.1016/j.jaac.2022.03.026
https://doi.org/10.1016/j.jaac.2022.03.026
http://www.ncbi.nlm.nih.gov/pubmed/35390458
https://doi.org/10.1038/s41398-020-0809-7
http://www.ncbi.nlm.nih.gov/pubmed/32366823
https://doi.org/10.1038/s41386-019-0324-9
http://www.ncbi.nlm.nih.gov/pubmed/30685771
https://doi.org/10.1016/j.neubiorev.2022.104793
http://www.ncbi.nlm.nih.gov/pubmed/35878791
https://doi.org/10.1001/jamapsychiatry.2023.4685
https://doi.org/10.1001/jamapsychiatry.2023.4685
http://www.ncbi.nlm.nih.gov/pubmed/38055270
https://doi.org/10.1038/s41598-024-53188-9
http://www.ncbi.nlm.nih.gov/pubmed/38316896
https://doi.org/10.1016/j.eclinm.2024.102799
http://www.ncbi.nlm.nih.gov/pubmed/39764567
https://doi.org/10.1016/j.jad.2023.01.108
https://doi.org/10.1016/j.jad.2023.01.108
http://www.ncbi.nlm.nih.gov/pubmed/36740140
https://doi.org/10.1007/s40519-025-01771-y
http://www.ncbi.nlm.nih.gov/pubmed/40730892
https://doi.org/10.1177/0269881116675513
http://www.ncbi.nlm.nih.gov/pubmed/27909165
https://doi.org/10.1016/j.jpainsymman.2023.06.006
http://www.ncbi.nlm.nih.gov/pubmed/37302533
https://doi.org/10.1177/0022167817715966
https://doi.org/10.30773/pi.2021.0209
http://www.ncbi.nlm.nih.gov/pubmed/34619818
https://doi.org/10.1001/jamapsychiatry.2022.2096
http://www.ncbi.nlm.nih.gov/pubmed/36001306
https://doi.org/10.3389/fpsyt.2023.1134454
http://www.ncbi.nlm.nih.gov/pubmed/36846225
https://doi.org/10.1001/jamapsychiatry.2024.2546
http://www.ncbi.nlm.nih.gov/pubmed/39230883
https://doi.org/10.1016/j.psychres.2024.115880
http://www.ncbi.nlm.nih.gov/pubmed/38579460

PLO\S\% One

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Erritzoe D, Roseman L, Nour MM, MacLean K, Kaelen M, Nutt DJ, et al. Effects of psilocybin therapy on personality structure. Acta Psychiatr
Scand. 2018;138(5):368-78. https://doi.org/10.1111/acps.12904 PMID: 29923178

Griffiths R, Richards W, Johnson M, McCann U, Jesse R. Mystical-type experiences occasioned by psilocybin mediate the attribution of personal
meaning and spiritual significance 14 months later. J Psychopharmacol. 2008;22(6):621-32. https://doi.org/10.1177/0269881108094300 PMID:
18593735

Pagni BA, Zeifman RJ, Mennenga SE, Carrithers BM, Goldway N, Bhatt S, et al. Multidimensional personality changes following psilocybin-
assisted therapy in patients with alcohol use disorder: results from a double-blind, placebo-controlled clinical trial. Am J Psychiatry.
2025;182(1):114-25. https://doi.org/10.1176/appi.ajp.20230887 PMID: 39741446

Wolff M, Evens R, Mertens LJ, Koslowski M, Betzler F, Griinder G, et al. Learning to let go: a cognitive-behavioral model of how psychedelic ther-
apy promotes acceptance. Front Psychiatry. 2020;11:5. https://doi.org/10.3389/fpsyt.2020.00005 PMID: 32153433

Carhart-Harris RL, Friston KJ. REBUS and the anarchic brain: toward a unified model of the brain action of psychedelics. Pharmacol Rev.
2019;71(3):316—44. https://doi.org/10.1124/pr.118.017160 PMID: 31221820

Zeifman RJ, Spriggs MJ, Kettner H, Lyons T, Rosas FE, Mediano PAM, et al. From relaxed beliefs under psychedelics (REBUS) to revised beliefs
after psychedelics (REBAS). Sci Rep. 2025;15(1):3651. https://doi.org/10.1038/s41598-023-28111-3 PMID: 39881126

Carhart-Harris RL, Chandaria S, Erritzoe DE, Gazzaley A, Girn M, Kettner H, et al. Canalization and plasticity in psychopathology. Neuropharma-
cology. 2023;226:109398. https://doi.org/10.1016/j.neuropharm.2022.109398 PMID: 36584883

Calder AE, Hasler G. Towards an understanding of psychedelic-induced neuroplasticity. Neuropsychopharmacology. 2023;48(1):104—-12. https://
doi.org/10.1038/s41386-022-01389-z PMID: 36123427

Nardou R, Sawyer E, Song YJ, Wilkinson M, Padovan-Hernandez Y, de Deus JL, et al. Psychedelics reopen the social reward learning critical
period. Nature. 2023;618(7966):790-8. https://doi.org/10.1038/s41586-023-06204-3 PMID: 37316665

Olson DE. Biochemical mechanisms underlying psychedelic-induced neuroplasticity. Biochemistry. 2022;61(3):127-36. https://doi.org/10.1021/acs.
biochem.1c00812 PMID: 35060714

Calder A, Mock S, Friedli N, Pasi P, Hasler G. Psychedelics in the treatment of eating disorders: rationale and potential mechanisms. Eur Neuro-
psychopharmacol. 2023;75:1-14. https://doi.org/10.1016/j.euroneuro.2023.05.008 PMID: 37352816

Attia E, Steinglass JE. Psilocybin for anorexia nervosa: If it helps, let’s learn how. Med. 2023;4(9):581-2. https://doi.org/10.1016/].
med;j.2023.08.003 PMID: 37689054

Downey AE, Chaphekar AV, Woolley J, Raymond-Flesch M. Psilocybin therapy and anorexia nervosa: a narrative review of safety considerations
for researchers and clinicians. J Eat Disord. 2024;12(1):49. https://doi.org/10.1186/s40337-024-01005-z PMID: 38659049

Lafrance A, Loizaga-Velder A, Fletcher J, Renelli M, Files N, Tupper KW. Nourishing the spirit: exploratory research on ayahuasca experiences
along the continuum of recovery from eating disorders. J Psychoact Drugs. 2017;49(5):427-35. https://doi.org/10.1080/02791072.2017.1361559
PMID: 28895501

Renelli M, Fletcher J, Tupper KW, Files N, Loizaga-Velder A, Lafrance A. An exploratory study of experiences with conventional eating disorder
treatment and ceremonial ayahuasca for the healing of eating disorders. Eat Weight Disord. 2020;25(2):437—44. https://doi.org/10.1007/s40519-
018-0619-6 PMID: 30474794

Lafrance A, Spriggs MJ, Gukasyan N, Peck SK. Beyond the numbers: reimagining healing with psychedelics for eating disorders. J Eat Disord.
2024;12(1):148. https://doi.org/10.1186/s40337-024-01111-y PMID: 39350242

Bilenker D, Avena NM. Psychedelics and the serotonin hypothesis of eating disorders. Brain Sci. 2025;15(8):893. https://doi.org/10.3390/brain-
sci15080893 PMID: 40867224

McCoy K, Reed F, Conn K, Foldi CJ. Separate or inseparable? Serotonin and dopamine system interactions may underlie the therapeutic potential
of psilocybin for anorexia nervosa. Physiol Behav. 2025;298:114957. https://doi.org/10.1016/j.physbeh.2025.114957 PMID: 40403997

Moliner R, Girych M, Brunello CA, Kovaleva V, Biojone C, Enkavi G, et al. Psychedelics promote plasticity by directly binding to BDNF receptor
TrkB. Nat Neurosci. 2023;26(6):1032—41. https://doi.org/10.1038/s41593-023-01316-5 PMID: 37280397

Haikazian S, Chen-Li DCJ, Johnson DE, Fancy F, Levinta A, Husain MlI, et al. Psilocybin-assisted therapy for depression: a systematic review and
meta-analysis. Psychiatry Res. 2023;329:115531. https://doi.org/10.1016/j.psychres.2023.115531 PMID: 37844352

Conn K, Milton LK, Huang K, Munguba H, Ruuska J, Lemus MB, et al. Psilocybin restrains activity-based anorexia in female rats by enhancing
cognitive flexibility: contributions from 5-HT1A and 5-HT2A receptor mechanisms. Mol Psychiatry. 2024;29(10):3291-304. https://doi.org/10.1038/
s41380-024-02575-9 PMID: 38678087

Peck SK, Shao S, Gruen T, Yang K, Babakanian A, Trim J, et al. Psilocybin therapy for females with anorexia nervosa: a phase 1, open-label feasi-
bility study. Focus (Am Psychiatr Publ). 2024;22(3):381-7. https://doi.org/10.1176/appi.focus.24022013

Peck SK, Brewerton TD, Fisher H, Trim J, Shao S, Modlin NL, et al. Therapeutic emergence of dissociated traumatic memories during psilocybin
treatment for anorexia nervosa. J Eat Disord. 2025;13(1):89. https://doi.org/10.1186/s40337-025-01274-2 PMID: 40420197

Seitz J, Herpertz-Dahlmann B, Konrad K. Brain morphological changes in adolescent and adult patients with anorexia nervosa. J Neural Transm
(Vienna). 2016;123(8):949-59. https://doi.org/10.1007/s00702-016-1567-9 PMID: 27188331

PLOS One | https://doi.org/10.1371/journal.pone.0352246  June 30, 2026 19/22



https://doi.org/10.1111/acps.12904
http://www.ncbi.nlm.nih.gov/pubmed/29923178
https://doi.org/10.1177/0269881108094300
http://www.ncbi.nlm.nih.gov/pubmed/18593735
https://doi.org/10.1176/appi.ajp.20230887
http://www.ncbi.nlm.nih.gov/pubmed/39741446
https://doi.org/10.3389/fpsyt.2020.00005
http://www.ncbi.nlm.nih.gov/pubmed/32153433
https://doi.org/10.1124/pr.118.017160
http://www.ncbi.nlm.nih.gov/pubmed/31221820
https://doi.org/10.1038/s41598-023-28111-3
http://www.ncbi.nlm.nih.gov/pubmed/39881126
https://doi.org/10.1016/j.neuropharm.2022.109398
http://www.ncbi.nlm.nih.gov/pubmed/36584883
https://doi.org/10.1038/s41386-022-01389-z
https://doi.org/10.1038/s41386-022-01389-z
http://www.ncbi.nlm.nih.gov/pubmed/36123427
https://doi.org/10.1038/s41586-023-06204-3
http://www.ncbi.nlm.nih.gov/pubmed/37316665
https://doi.org/10.1021/acs.biochem.1c00812
https://doi.org/10.1021/acs.biochem.1c00812
http://www.ncbi.nlm.nih.gov/pubmed/35060714
https://doi.org/10.1016/j.euroneuro.2023.05.008
http://www.ncbi.nlm.nih.gov/pubmed/37352816
https://doi.org/10.1016/j.medj.2023.08.003
https://doi.org/10.1016/j.medj.2023.08.003
http://www.ncbi.nlm.nih.gov/pubmed/37689054
https://doi.org/10.1186/s40337-024-01005-z
http://www.ncbi.nlm.nih.gov/pubmed/38659049
https://doi.org/10.1080/02791072.2017.1361559
http://www.ncbi.nlm.nih.gov/pubmed/28895501
https://doi.org/10.1007/s40519-018-0619-6
https://doi.org/10.1007/s40519-018-0619-6
http://www.ncbi.nlm.nih.gov/pubmed/30474794
https://doi.org/10.1186/s40337-024-01111-y
http://www.ncbi.nlm.nih.gov/pubmed/39350242
https://doi.org/10.3390/brainsci15080893
https://doi.org/10.3390/brainsci15080893
http://www.ncbi.nlm.nih.gov/pubmed/40867224
https://doi.org/10.1016/j.physbeh.2025.114957
http://www.ncbi.nlm.nih.gov/pubmed/40403997
https://doi.org/10.1038/s41593-023-01316-5
http://www.ncbi.nlm.nih.gov/pubmed/37280397
https://doi.org/10.1016/j.psychres.2023.115531
http://www.ncbi.nlm.nih.gov/pubmed/37844352
https://doi.org/10.1038/s41380-024-02575-9
https://doi.org/10.1038/s41380-024-02575-9
http://www.ncbi.nlm.nih.gov/pubmed/38678087
https://doi.org/10.1176/appi.focus.24022013
https://doi.org/10.1186/s40337-025-01274-2
http://www.ncbi.nlm.nih.gov/pubmed/40420197
https://doi.org/10.1007/s00702-016-1567-9
http://www.ncbi.nlm.nih.gov/pubmed/27188331

PLO\Sﬁ\\.- One

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Curzio O, Calderoni S, Maestro S, Rossi G, De Pasquale CF, Belmonti V, et al. Lower gray matter volumes of frontal lobes and insula in adoles-
cents with anorexia nervosa restricting type: findings from a Brain Morphometry Study. Eur Psychiatry. 2020;63(1):e27. https://doi.org/10.1192/i.
eurpsy.2020.19 PMID: 32172703

Gong G, He Y, Concha L, Lebel C, Gross DW, Evans AC, et al. Mapping anatomical connectivity patterns of human cerebral cortex using in vivo
diffusion tensor imaging tractography. Cereb Cortex. 2009;19(3):524-36. https://doi.org/10.1093/cercor/bhn102 PMID: 18567609

Hagmann P, Kurant M, Gigandet X, Thiran P, Wedeen VJ, Meuli R, et al. Mapping human whole-brain structural networks with diffusion MRI. PLoS
One. 2007;2(7):e597. https://doi.org/10.1371/journal.pone.0000597 PMID: 17611629

Huang Y, Wei P-H, Xu L, Chen D, Yang Y, Song W, et al. Intracranial electrophysiological and structural basis of BOLD functional connectivity in
human brain white matter. Nat Commun. 2023;14(1):3414. https://doi.org/10.1038/s41467-023-39067-3 PMID: 37296147

Lloyd EC, Foerde KE, Muratore AF, Aw N, Semanek D, Steinglass JE, et al. Large-scale exploration of whole-brain structural connectivity in
anorexia nervosa: alterations in the connectivity of frontal and subcortical networks. Biol Psychiatry Cogn Neurosci Neuroimaging. 2023;8(8):864—
73. https://doi.org/10.1016/j.bpsc.2022.06.002 PMID: 35714857

Ehrlich S, Geisler D, Ritschel F, King JA, Seidel M, Boehm |, et al. Elevated cognitive control over reward processing in recovered female patients
with anorexia nervosa. J Psychiatry Neurosci. 2015;40(5):307—15. https://doi.org/10.1503/jpn.140249 PMID: 26107161

Knutson B, Westdorp A, Kaiser E, Hommer D. FMRI visualization of brain activity during a monetary incentive delay task. Neuroimage.
2000;12(1):20—7. https://doi.org/10.1006/nimg.2000.0593 PMID: 10875899

Zastrow A, Kaiser S, Stippich C, Walther S, Herzog W, Tchanturia K, et al. Neural correlates of impaired cognitive-behavioral flexibility in anorexia
nervosa. Am J Psychiatry. 2009;166(5):608-16. https://doi.org/10.1176/appi.ajp.2008.08050775 PMID: 19223435

Decker JH, Figner B, Steinglass JE. On weight and waiting: delay discounting in anorexia nervosa pretreatment and posttreatment. Biol Psychiatry.
2015;78(9):606—14. https://doi.org/10.1016/j.biopsych.2014.12.016 PMID: 25641636

Celeghin A, Palermo S, Giampaolo R, Di Fini G, Gandino G, Civilotti C. Brain correlates of eating disorders in response to food visual stimuli: a
systematic narrative review of FMRI studies. Brain Sci. 2023;13(3):465. https://doi.org/10.3390/brainsci13030465 PMID: 36979275

Bronleigh M, Baumann O, Stapleton P. Neural correlates associated with processing food stimuli in anorexia nervosa and bulimia nervosa: an acti-
vation likelihood estimation meta-analysis of fMRI studies. Eat Weight Disord. 2022;27(7):2309-20. https://doi.org/10.1007/s40519-022-01390-x
PMID: 35304713

Gaudio S, Wiemerslage L, Brooks SJ, Schiéth HB. A systematic review of resting-state functional-MRI studies in anorexia nervosa: evidence for
functional connectivity impairment in cognitive control and visuospatial and body-signal integration. Neurosci Biobehav Rev. 2016;71:578-89.
https://doi.org/10.1016/j.neubiorev.2016.09.032 PMID: 27725172

Scaife JC, Godier LR, Filippini N, Harmer CJ, Park RJ. Reduced resting-state functional connectivity in current and recovered restrictive anorexia
nervosa. Front Psychiatry. 2017;8:30. https://doi.org/10.3389/fpsyt.2017.00030 PMID: 28400737

Steward T, Menchon JM, Jiménez-Murcia S, Soriano-Mas C, Fernandez-Aranda F. Neural network alterations across eating disorders: a narrative
review of fMRI studies. Curr Neuropharmacol. 2018;16(8):1150—63. https://doi.org/10.2174/1570159X15666171017111532 PMID: 29046154

Mudrik L, Boly M, Dehaene S, Fleming SM, Lamme V, Seth A, et al. Unpacking the complexities of consciousness: theories and reflections. Neuro-
sci Biobehav Rev. 2025;170:106053. https://doi.org/10.1016/j.neubiorev.2025.106053 PMID: 39929381

Benes$ M, Palenicek T, Horacek J. What fMRI studies say about the nature of the psychedelic effect: a scoping review. Front Neurosci.
2025;19:1606798. https://doi.org/10.3389/fnins.2025.1606798 PMID: 40666257

Carhart-Harris RL. The entropic brain - revisited. Neuropharmacology. 2018;142:167—-78. https://doi.org/10.1016/j.neuropharm.2018.03.010 PMID:
29548884

Carhart-Harris RL, Leech R, Hellyer PJ, Shanahan M, Feilding A, Tagliazucchi E, et al. The entropic brain: a theory of conscious states informed by
neuroimaging research with psychedelic drugs. Front Hum Neurosci. 2014;8:20. https://doi.org/10.3389/fnhum.2014.00020 PMID: 24550805

Stoliker D, Egan GF, Friston KJ, Razi A. Neural mechanisms and psychology of psychedelic ego dissolution. Pharmacol Rev. 2022;74(4):876-917.
https://doi.org/10.1124/pharmrev.121.000508 PMID: 36786290

Carhart-Harris RL, Erritzoe D, Williams T, Stone JM, Reed LJ, Colasanti A, et al. Neural correlates of the psychedelic state as determined by fMRI
studies with psilocybin. Proc Natl Acad Sci U S A. 2012;109(6):2138-43. https://doi.org/10.1073/pnas.1119598109 PMID: 22308440

Daws RE, Timmermann C, Giribaldi B, Sexton JD, Wall MB, Erritzoe D, et al. Increased global integration in the brain after psilocybin therapy for
depression. Nat Med. 2022;28(4):844—51. https://doi.org/10.1038/s41591-022-01744-z PMID: 35411074

Siegel JS, Subramanian S, Perry D, Kay BP, Gordon EM, Laumann TO, et al. Psilocybin desynchronizes the human brain. Nature.
2024;632(8023):131-8. https://doi.org/10.1038/s41586-024-07624-5

Frautschi PC, Singh AP, Stowe NA, Grady SM, Zahid Z, Banks MI, et al. Effects of psilocybin on mouse brain microstructure. AJNR Am J Neurora-
diol. 2025;46(6):1216—22. https://doi.org/10.3174/ajnr.A8634 PMID: 39880687

Lyons T, Spriggs M, Kerkela L, Rosas FE, Roseman L, Mediano PAM, et al. Human brain changes after first psilocybin use. bioRxiv [Preprint].
2024. https://doi.org/10.1101/2024.10.11.617955

Pasquini L, Vohryzek J, Escrichs A, Sanz Perl Y, Alvarez A, Idesis S, et al. Long-term effects of psilocybin on dynamic and effective connectivity of
fronto-striatal-thalamic circuits. bioRxiv [Preprint]. 2024. https://doi.org/10.1101/2024.11.06.622302

PLOS One | https://doi.org/10.1371/journal.pone.0352246  June 30, 2026 20/22



https://doi.org/10.1192/j.eurpsy.2020.19
https://doi.org/10.1192/j.eurpsy.2020.19
http://www.ncbi.nlm.nih.gov/pubmed/32172703
https://doi.org/10.1093/cercor/bhn102
http://www.ncbi.nlm.nih.gov/pubmed/18567609
https://doi.org/10.1371/journal.pone.0000597
http://www.ncbi.nlm.nih.gov/pubmed/17611629
https://doi.org/10.1038/s41467-023-39067-3
http://www.ncbi.nlm.nih.gov/pubmed/37296147
https://doi.org/10.1016/j.bpsc.2022.06.002
http://www.ncbi.nlm.nih.gov/pubmed/35714857
https://doi.org/10.1503/jpn.140249
http://www.ncbi.nlm.nih.gov/pubmed/26107161
https://doi.org/10.1006/nimg.2000.0593
http://www.ncbi.nlm.nih.gov/pubmed/10875899
https://doi.org/10.1176/appi.ajp.2008.08050775
http://www.ncbi.nlm.nih.gov/pubmed/19223435
https://doi.org/10.1016/j.biopsych.2014.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25641636
https://doi.org/10.3390/brainsci13030465
http://www.ncbi.nlm.nih.gov/pubmed/36979275
https://doi.org/10.1007/s40519-022-01390-x
http://www.ncbi.nlm.nih.gov/pubmed/35304713
https://doi.org/10.1016/j.neubiorev.2016.09.032
http://www.ncbi.nlm.nih.gov/pubmed/27725172
https://doi.org/10.3389/fpsyt.2017.00030
http://www.ncbi.nlm.nih.gov/pubmed/28400737
https://doi.org/10.2174/1570159X15666171017111532
http://www.ncbi.nlm.nih.gov/pubmed/29046154
https://doi.org/10.1016/j.neubiorev.2025.106053
http://www.ncbi.nlm.nih.gov/pubmed/39929381
https://doi.org/10.3389/fnins.2025.1606798
http://www.ncbi.nlm.nih.gov/pubmed/40666257
https://doi.org/10.1016/j.neuropharm.2018.03.010
http://www.ncbi.nlm.nih.gov/pubmed/29548884
https://doi.org/10.3389/fnhum.2014.00020
http://www.ncbi.nlm.nih.gov/pubmed/24550805
https://doi.org/10.1124/pharmrev.121.000508
http://www.ncbi.nlm.nih.gov/pubmed/36786290
https://doi.org/10.1073/pnas.1119598109
http://www.ncbi.nlm.nih.gov/pubmed/22308440
https://doi.org/10.1038/s41591-022-01744-z
http://www.ncbi.nlm.nih.gov/pubmed/35411074
https://doi.org/10.1038/s41586-024-07624-5
https://doi.org/10.3174/ajnr.A8634
http://www.ncbi.nlm.nih.gov/pubmed/39880687
https://doi.org/10.1101/2024.10.11.617955
https://doi.org/10.1101/2024.11.06.622302

PLO\Sﬁ\\.- One

81.

82,

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.
102.

103.

104.

105.

Castrén E, Monteggia LM. Brain-derived neurotrophic factor signaling in depression and antidepressant action. Biol Psychiatry. 2021;90(2):128—
36. https://doi.org/10.1016/j.biopsych.2021.05.008 PMID: 34053675

Park H, Poo M. Neurotrophin regulation of neural circuit development and function. Nat Rev Neurosci. 2013;14(1):7-23. https://doi.org/10.1038/
nrn3379 PMID: 23254191

Kaye WH, Wierenga CE, Bailer UF, Simmons AN, Bischoff-Grethe A. Nothing tastes as good as skinny feels: the neurobiology of anorexia ner-
vosa. Trends Neurosci. 2013;36(2):110-20. https://doi.org/10.1016/j.tins.2013.01.003 PMID: 23333342

Walsh BT. The enigmatic persistence of anorexia nervosa. Am J Psychiatry. 2013;170(5):477-84. https://doi.org/10.1176/appi.ajp.2012.12081074
PMID: 23429750

Cao J, Gorwood P, Ramoz N, Viltart O. The Role of Central and Peripheral Brain-Derived Neurotrophic Factor (BDNF) as a biomarker of anorexia
nervosa reconceptualized as a metabo-psychiatric disorder. Nutrients. 2024;16(16):2617. https://doi.org/10.3390/nu16162617 PMID: 39203753

Trinh S, Keller L, Herpertz-Dahimann B, Seitz J. The role of the brain-derived neurotrophic factor (BDNF) in anorexia nervosa. Psychoneuroendo-
crinology. 2023;151:106069. https://doi.org/10.1016/j.psyneuen.2023.106069 PMID: 36878115

Mills KL, Goddings A-L, Herting MM, Meuwese R, Blakemore S-J, Crone EA, et al. Structural brain development between childhood and adult-
hood: convergence across four longitudinal samples. Neuroimage. 2016;141:273-81. https://doi.org/10.1016/j.neuroimage.2016.07.044 PMID:
27453157

Vargas MV, Dunlap LE, Dong C, Carter SJ, Tombari RJ, Jami SA, et al. Psychedelics promote neuroplasticity through the activation of intracellu-
lar 5-HT2A receptors. Science. 2023;379(6633):700—6. https://doi.org/10.1126/science.adf0435 PMID: 36795823

Ascone F, Buzzelli V, Mottarlini F, Di Trapano M, Miglioranza P, Rava A, et al. Psilocybin improves novel object recognition in a rat model of
Fragile X Syndrome through the modulation of the BDNF/TrkB signaling pathway. Neuropsychopharmacol. 2026. https://doi.org/10.1038/
s41386-026-02361-x

Ly C, Greb AC, Cameron LP, Wong JM, Barragan EV, Wilson PC, et al. Psychedelics promote structural and functional neural plasticity. Cell Rep.
2018;23(11):3170-82. https://doi.org/10.1016/j.celrep.2018.05.022

Dotson S, Luccarelli J. Psychedelic therapeutics for adolescents: ethics, safety, opportunities, and equipoise. J Am Acad Child Adolesc Psychia-
try. 2024. https://doi.org/10.1016/j.jaac.2024.12.001

Jeffrey JK, Weintraub MJ, Grob CS. Clinical research trials of psychedelic-assisted therapy in adolescents aged 16 to 17 years: rationale bal-
anced with caution. J Am Acad Child Adolesc Psychiatry. 2024;63(12):1196-8. https://doi.org/10.1016/j.jaac.2024.03.021 PMID: 38734406

Moore CK, Riordan HJ, Avrumson R, Auby P. Toward a framework for psychedelic clinical trials in adolescents. Child Adolesc Psychiatry Ment
Health. 2026;20(1):57. https://doi.org/10.1186/s13034-026-01064-x PMID: 41808125

Rajwani K, Jacobs E, Bruce L, Hokanson J, Aimonte MT, Feroz F, et al. Clinical psychedelic research in adolescents: a scoping review and
overview of ethical considerations. Lancet Child Adolesc Health. 2025;9(10):744—52. https://doi.org/10.1016/S2352-4642(25)00208-1 PMID:
40908054

Sutherland |, Ho MF, Croarkin PE. Psychedelic treatments in adolescent psychopharmacology: considering safety, ethics, and scientific rigor. J
Child Adolesc Psychopharmacol. 2025. https://doi.org/10.1089/cap.2024.0082

Izmi N, Carhart-Harris RL, Kettner H. Psychological effects of psychedelics in adolescents. Front Child Adolesc Psychiatry. 2024;3:1364617.
https://doi.org/10.3389/frcha.2024.1364617 PMID: 39816600

Simonsson O, Mosing MA, Osika W, Ullén F, Larsson H, Lu Y, et al. Adolescent psychedelic use and psychotic or manic symptoms. JAMA Psychi-
atry. 2024;81(6):579-85. https://doi.org/10.1001/jamapsychiatry.2024.0047 PMID: 38477889

Sahoo |, Masadi S, Maheswari A, Utama R, Abeer MI, Soltanpour S, et al. Sex-dependent developmental changes in behavior, brain structure,
functional connectivity, and sensory perception following exposure to psilocybin during adolescence. Neuropsychopharmacol. 2026;51(7):1310-
24. https://doi.org/10.1038/s41386-026-02356-8

Erritzoe D, Barba T, Spriggs MJ, Rosas FE, Nutt DJ, Carhart-Harris R. Effects of discontinuation of serotonergic antidepressants prior to psilo-
cybin therapy versus escitalopram for major depression. J Psychopharmacol. 2024;38(5):458-70. https://doi.org/10.1177/02698811241237870
PMID: 38520045

Tap SC, Thomas K, Palenicek T, Stenbaek DS, Oliveira-Maia AJ, van Dalfsen JH, et al. Concomitant use of antidepressants and classic psyche-
delics: a scoping review. J Psychopharmacol. 2025;39(10):1072-88. https://doi.org/10.1177/02698811251368360 PMID: 40937732

Lock J, Le Grange D. Treatment manual for anorexia nervosa: A family-based approach (2nd ed.). Guilford Press. 2012.

Johnson M, Richards W, Griffiths R. Human hallucinogen research: guidelines for safety. J Psychopharmacol. 2008;22(6):603—-20. https://doi.
org/10.1177/0269881108093587

Goodwin GM, Aaronson ST, Alvarez O, Arden PC, Baker A, Bennett JC, et al. Single-dose psilocybin for a treatment-resistant episode of major
depression. N Engl J Med. 2022;387(18):1637—48. https://doi.org/10.1056/NEJM0a2206443

Blakemore S-J, Mills KL. Is adolescence a sensitive period for sociocultural processing?. Annu Rev Psychol. 2013;65(1):187—207. https://doi.
org/10.1146/annurev-psych-010213-115202

Barth J, Kern A, Lithi S, Witt CM. Assessment of patients’ expectations: development and validation of the Expectation for Treatment Scale
(ETS). BMJ Open. 2019;9(6):e026712. https://doi.org/10.1136/bmjopen-2018-026712

PLOS One | https://doi.org/10.1371/journal.pone.0352246  June 30, 2026 21/22



https://doi.org/10.1016/j.biopsych.2021.05.008
http://www.ncbi.nlm.nih.gov/pubmed/34053675
https://doi.org/10.1038/nrn3379
https://doi.org/10.1038/nrn3379
http://www.ncbi.nlm.nih.gov/pubmed/23254191
https://doi.org/10.1016/j.tins.2013.01.003
http://www.ncbi.nlm.nih.gov/pubmed/23333342
https://doi.org/10.1176/appi.ajp.2012.12081074
http://www.ncbi.nlm.nih.gov/pubmed/23429750
https://doi.org/10.3390/nu16162617
http://www.ncbi.nlm.nih.gov/pubmed/39203753
https://doi.org/10.1016/j.psyneuen.2023.106069
http://www.ncbi.nlm.nih.gov/pubmed/36878115
https://doi.org/10.1016/j.neuroimage.2016.07.044
http://www.ncbi.nlm.nih.gov/pubmed/27453157
https://doi.org/10.1126/science.adf0435
http://www.ncbi.nlm.nih.gov/pubmed/36795823
https://doi.org/10.1038/s41386-026-02361-x
https://doi.org/10.1038/s41386-026-02361-x
https://doi.org/10.1016/j.celrep.2018.05.022
https://doi.org/10.1016/j.jaac.2024.12.001
https://doi.org/10.1016/j.jaac.2024.03.021
http://www.ncbi.nlm.nih.gov/pubmed/38734406
https://doi.org/10.1186/s13034-026-01064-x
http://www.ncbi.nlm.nih.gov/pubmed/41808125
https://doi.org/10.1016/S2352-4642(25)00208-1
http://www.ncbi.nlm.nih.gov/pubmed/40908054
https://doi.org/10.1089/cap.2024.0082
https://doi.org/10.3389/frcha.2024.1364617
http://www.ncbi.nlm.nih.gov/pubmed/39816600
https://doi.org/10.1001/jamapsychiatry.2024.0047
http://www.ncbi.nlm.nih.gov/pubmed/38477889
https://doi.org/10.1038/s41386-026-02356-8
https://doi.org/10.1177/02698811241237870
http://www.ncbi.nlm.nih.gov/pubmed/38520045
https://doi.org/10.1177/02698811251368360
http://www.ncbi.nlm.nih.gov/pubmed/40937732
https://doi.org/10.1177/0269881108093587
https://doi.org/10.1056/NEJMoa2206443
https://doi.org/10.1146/annurev-psych-010213-115202
https://doi.org/10.1136/bmjopen-2018-026712

PLO\S\% One

106. Geller J, Brown KE, Srikameswaran S, Piper W, Dunn EC. The psychometric properties of the Readiness and Motivation Questionnaire: a
symptom-specific measure of readiness for change in the eating disorders. Psychol Assess. 2013;25(3):759-68. https://doi.org/10.1037/
20032539 PMID: 23647034

107. Wolff M, Evens R, Mertens LJ, Schmidt C, Beck J, Rutrecht H, et al. Measuring psychotherapeutic processes in the context of psychedelic
experiences: validation of the General Change Mechanisms Questionnaire (GCMQ). J Psychopharmacol. 2024;38(5):432-57. https://doi.
org/10.1177/0269881124 1249698 PMID: 38742761

108. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. 2001;16(9):606—13. https://
doi.org/10.1046/j.1525-1497.2001.016009606.x PMID: 11556941

109. Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch Intern Med.
2006;166(10):1092-7. https://doi.org/10.1001/archinte.166.10.1092 PMID: 16717171

110. Fairburn CA. The eating disorder examination. Int J Eat Disord. 1993;6:1-8.

111.  Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The Columbia-Suicide Severity Rating Scale: initial validity and
internal consistency findings from three multisite studies with adolescents and adults. Am J Psychiatry. 2011;168(12):1266—77. https://doi.
org/10.1176/appi.ajp.2011.10111704

112. Ventura J, Nuechterlein KH, Subotnik KL, Gutkind D, Gilbert EA. Symptom dimensions in recent-onset schizophrenia and mania: a principal
components analysis of the 24-item Brief Psychiatric Rating Scale. Psychiatry Res. 2000;97(2-3):129-35. https://doi.org/10.1016/s0165-
1781(00)00228-6 PMID: 11166085

113. Diener E, Emmons RA, Larsen RJ, Griffin S. The satisfaction with life scale. J Pers Assess. 1985;49(1):71-5. https://doi.org/10.1207/
s$15327752jpa4901_13 PMID: 16367493

114. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative affect: the PANAS scales. J Pers Soc
Psychol. 1988;54(6):1063—-70. https://doi.org/10.1037//0022-3514.54.6.1063 PMID: 3397865

115. Kjell ONE, Daukantaité D, Hefferon K, Sikstrom S. The harmony in life scale complements the satisfaction with life scale: expanding the concep-
tualization of the cognitive component of subjective well-being. Soc Indic Res. 2015;126(2):893—-919. https://doi.org/10.1007/s11205-015-0903-z

116. Gosling SD, Rentfrow PJ, Swann WB Jr. A very brief measure of the Big-Five personality domains. J Res Pers. 2003;37(6):504—-28. https://doi.
0rg/10.1016/s0092-6566(03)00046-1

117. Lee K, Ashton MC. Psychometric properties of the HEXACO personality inventory. Multivar Behav Res. 2004;39(2):329-58. https://doi.
0rg/10.1207/s15327906mbr3902_8 PMID: 26804579

118. Studerus E, Gamma A, Vollenweider FX. Psychometric evaluation of the altered states of consciousness rating scale (OAV). PLoS One.
2010;5(8):e12412. https://doi.org/10.1371/journal.pone.0012412 PMID: 20824211

119. Barrett FS, Johnson MW, Griffiths RR. Validation of the revised Mystical Experience Questionnaire in experimental sessions with psilocybin. J
Psychopharmacol. 2015;29(11):1182-90. https://doi.org/10.1177/0269881115609019 PMID: 26442957

120. Griffiths RR, Richards WA, McCann U, Jesse R. Psilocybin can occasion mystical-type experiences having substantial and sustained personal
meaning and spiritual significance. Psychopharmacology (Berl). 2006;187(3):268—-83; discussion 284-92. https://doi.org/10.1007/s00213-006-
0457-5 PMID: 16826400

121. Slade PD, Russell GF. Awareness of body dimensions in anorexia nervosa: cross-sectional and longitudinal studies. Psychol Med.
1973;3(2):188-99. https://doi.org/10.1017/s0033291700048510 PMID: 4715850

122. Ventorp F, Lindahl J, van Westen D, Jensen J, Bjorkstrand J, Lindqvist D. Preliminary evidence of efficacy and target engagement of pramipexole
in anhedonic depression. Psychiatr Res Clin Pract. 2022;4(2):42—7. https://doi.org/10.1176/appi.prcp.20210042 PMID: 36225720

123. Dabkowska-Mika A, Steiger R, Gander M, Haid-Stecher N, Fuchs M, Sevecke K, et al. Evaluation of visual food stimuli paradigms on healthy
adolescents for future use in fMRI studies in anorexia nervosa. J Eat Disord. 2023;11(1):35. https://doi.org/10.1186/s40337-023-00761-8 PMID:
36879292

124. Fujimura H, Altar CA, Chen R, Nakamura T, Nakahashi T, Kambayashi J, et al. Brain-derived neurotrophic factor is stored in human platelets and
released by agonist stimulation. Thromb Haemost. 2002;87(4):728-34. https://doi.org/10.1055/s-0037-1613072 PMID: 12008958

125. Hutten NRPW, Mason NL, Dolder PC, Theunissen EL, Holze F, Liechti ME, et al. Low doses of LSD acutely increase BDNF blood plasma levels
in healthy volunteers. ACS Pharmacol Transl Sci. 2020;4(2):461-6. https://doi.org/10.1021/acsptsci.0c00099 PMID: 33860175

PLOS One | https://doi.org/10.1371/journal.pone.0352246  June 30, 2026 22122



https://doi.org/10.1037/a0032539
https://doi.org/10.1037/a0032539
http://www.ncbi.nlm.nih.gov/pubmed/23647034
https://doi.org/10.1177/02698811241249698
https://doi.org/10.1177/02698811241249698
http://www.ncbi.nlm.nih.gov/pubmed/38742761
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.1176/appi.ajp.2011.10111704
https://doi.org/10.1176/appi.ajp.2011.10111704
https://doi.org/10.1016/s0165-1781(00)00228-6
https://doi.org/10.1016/s0165-1781(00)00228-6
http://www.ncbi.nlm.nih.gov/pubmed/11166085
https://doi.org/10.1207/s15327752jpa4901_13
https://doi.org/10.1207/s15327752jpa4901_13
http://www.ncbi.nlm.nih.gov/pubmed/16367493
https://doi.org/10.1037//0022-3514.54.6.1063
http://www.ncbi.nlm.nih.gov/pubmed/3397865
https://doi.org/10.1007/s11205-015-0903-z
https://doi.org/10.1016/s0092-6566(03)00046-1
https://doi.org/10.1016/s0092-6566(03)00046-1
https://doi.org/10.1207/s15327906mbr3902_8
https://doi.org/10.1207/s15327906mbr3902_8
http://www.ncbi.nlm.nih.gov/pubmed/26804579
https://doi.org/10.1371/journal.pone.0012412
http://www.ncbi.nlm.nih.gov/pubmed/20824211
https://doi.org/10.1177/0269881115609019
http://www.ncbi.nlm.nih.gov/pubmed/26442957
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.1007/s00213-006-0457-5
http://www.ncbi.nlm.nih.gov/pubmed/16826400
https://doi.org/10.1017/s0033291700048510
http://www.ncbi.nlm.nih.gov/pubmed/4715850
https://doi.org/10.1176/appi.prcp.20210042
http://www.ncbi.nlm.nih.gov/pubmed/36225720
https://doi.org/10.1186/s40337-023-00761-8
http://www.ncbi.nlm.nih.gov/pubmed/36879292
https://doi.org/10.1055/s-0037-1613072
http://www.ncbi.nlm.nih.gov/pubmed/12008958
https://doi.org/10.1021/acsptsci.0c00099
http://www.ncbi.nlm.nih.gov/pubmed/33860175

	Study Protocol for “Exploring the safety and therapeutic potential of psilocybin in the treatment of anorexia nervosa in adolescents and young adults”
	Introduction
	Anorexia nervosa
	Psilocybin
	Psilocybin and AN
	Functional magnetic resonance imaging and AN
	fMRI and psilocybin
	Brain-derived neurotrophic factor and AN
	BDNF and psychedelics
	Adolescents and psychedelic research

	Method
	Study design
	Study setting
	Participants
	Recruitment and informed consent
	Study status
	Patient and public involvement
	Randomization and allocation
	Interventions
	Psilocybin therapy. Participants allocated to the treatment arm receive two oral administrations of psilocybin at a fixed dose of 25 mg, administered four weeks apart, in addition to TAU. Psilocybin is administered in a controlled clinical environment wit
	Psychological support. Psychological support is an integral component of the active treatment and is provided to all participants receiving psilocybin in addition to treatment as usual. The psychological support is delivered by two therapists with experie
	Support person. Participants in the psiAN study are required to identify a support person who is available at all sessions for support. This person may be a parent, guardian, family member, partner, or close friend and is informed about the study procedur
	Treatment as usual. Participants in both study arms continue to receive treatment as usual (TAU), consisting of evidence-based, multidisciplinary psychiatric care for eating disorders delivered at psychiatric clinics in Region Skåne, Sweden. TAU may inclu

	General analysis strategy
	Primary outcome. The primary outcome of the psiAN trial is safety and tolerability of psilocybin therapy in adolescents and young adults with relapsing AN measured at primary endpoint compared with TAU. Safety is evaluated through systematic monitoring of
	Secondary outcomes. Eating disorder symptom severity is assessed longitudinally, together with BMI, to characterize changes in core psychopathology and weight stability. Time to relapse is evaluated across the 12-month follow-up period. Relapse is operati

	Study measures
	Safety and tolerability measures. Safety and tolerability constitute the primary outcome domain and are monitored throughout the study from first dosing to 12-month follow-up. Medical safety assessments include electrocardiography (ECG), blood pressure (B
	Eating disorder symptomatology. Eating disorder symptom severity is assessed using the Eating Disorder Examination Questionnaire (EDE-Q) [110]. The EDE-Q evaluates restraint, eating concern, shape concern, and weight concern, providing both global and dom
	General psychopathology and well-being. Depressive symptoms are assessed using the Patient Health Questionnaire-9 (PHQ-9; [108]), and anxiety symptoms are assessed using the Generalized Anxiety Disorder-7 (GAD-7; [109]). These measures capture common como
	Psychological process measures. Treatment expectancy is measured at baseline using the 5-item version of Expectation of Treatment Scale (ETS-5; [105]). Motivation and readiness for change are assessed using the Readiness and Motivation Questionnaire (RMQ;
	Subjective psychedelic experience. Acute subjective effects of psilocybin are assessed using the Altered States of Consciousness Rating Scale (5D-ASC; [118]), the Mystical Experience Questionnaire (MEQ-4; [119]), and the Meaningful Life Experience rating 
	Neuroimaging. MRI will be performed at three time points: at baseline, the day after the first dosing session and at primary endpoint (week 9). The scans will be acquired on a 7 Tesla Philips Achieva MRI system (Philips Medical Systems, Best, The Netherla
	BDNF. Peripheral BDNF will be measured longitudinally within psiAN, with a particular focus on detecting post-dosing changes relative to baseline. Blood sampling will be scheduled to 3:00 pm the day after 25 mg psilocybin administrations.
	Long-term follow-up assessments. Participants are followed for up to 12 months after baseline to assess durability of effects and relapse-related outcomes. Follow-up assessments include repeated evaluation of eating disorder symptoms, psychiatric safety, 

	Data management
	Statistical analysis
	Sample size
	Participant safety and monitoring
	Ethical considerations
	IMP management
	Dissemination

	Conclusion
	Supporting information
	References


