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Psychedelic Harm Reduction and Integration (PHRI) is a transtheoretical and

transdiagnostic clinical approach to working with patients who are using or considering

using psychedelics in any context. The ongoing discussion of psychedelics in academic

research and mainstream media, coupled with recent law enforcement deprioritization

of psychedelics and compassionate use approvals for psychedelic-assisted therapy,

make this model exceedingly timely. Given the prevalence of psychedelic use, the

therapeutic potential of psychedelics, and the unique cultural and historical context

in which psychedelics are placed, it is important that mental health providers have

an understanding of the unique motivations, experiences, and needs of people

who use them. PHRI incorporates elements of harm reduction psychotherapy and

psychedelic-assisted psychotherapy, and can be applied in both brief and ongoing

psychotherapy interactions. PHRI represents a shift away from assessment limited

to untoward outcomes of psychedelic use and abstinence-based addiction treatment

paradigms and toward a stance of compassionate, destigmatizing acceptance of

patients’ choices. Considerations for assessment, preparation, and working with difficult

experiences are presented.

Keywords: psychedelics, harm reduction, psychotherapy, integration, preparation, psilocybin, MDMA, PHRI

INTRODUCTION

Psychedelic means mind-manifesting, and is a broad term applied to compounds and experiences
with related subjective effects of an altered perception of one’s sense of self and an increased
awareness of mental processes. Psychedelic Harm Reduction and Integration (PHRI) is a
transdiagnostic and transtheoretical clinical model that incorporates principles of harm reduction
psychotherapy, psychedelic-assisted therapy, mindfulness-based modalities, and psychodynamic
therapy, and provides a framework for examining and working with psychedelic experiences
in clinical care without providing the actual psychedelic experience as part of treatment. PHRI
is designed primarily as a psychotherapeutic intervention and is therefore intended to be used
by, but not limited to, practitioners for whom psychotherapy is within their scope of practice.
Because PHRI, by definition, does not include the prescription or administration of a psychedelic
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compound, it is not limited to medical professionals. PHRI is
intended to guide clinical work with people who have used
psychedelics in a variety of contexts, including clinical therapies,
spiritual practices, with peer groups, or on their own. Here,
we use the word therapist to identify licensed providers of
psychotherapy who may engage in PHRI as part of their
psychotherapy practice. While there are already a variety of
clinical psychotherapists offering assistance with the integration
of psychedelic experiences based in clinical wisdom and their
own theoretical orientations, this is the first attempt we are aware
of to provide a cohesive theoretical framework for psychedelic
integration in the peer-reviewed literature.

To place PHRI into context, it is useful to understand it in
relationship to other approaches used in working with people
who use drugs, as well as the background of harm reduction upon
which it draws.We can then delineate it from existing approaches
and further define its unique therapeutic tasks.

Approaches to Working With People Who

Use Drugs
In 2010, it was estimated that over 30 million people in the
United States (US) had at least one psychedelic experience in
their lifetime (Krebs and Johansen, 2013). Seventeen percent
of those 21–64 years of age have used a psychedelic, and
the rate of lifetime psychedelic use was greatest (20%) among
people aged 30–34 (total 20%; Krebs and Johansen, 2013). Past-
year LSD use grew by 56.4% between 2015 and 2018 (Yockey
et al., 2020). Frequent settings for non-clinical psychedelic use
include ayahuasca or mushroom ceremonies (Frecska et al.,
2016; Lawn et al., 2017; Dorsen et al., 2019), transformational
and music festivals (Palamar et al., 2015), and providers of
underground psychedelic-assisted therapy (Jade, 2018; Inserra,
2019). This wide variety of available avenues is representative of
the population’s increased interest.

Moral Model of Addiction
Despite these changes in psychedelic use, clinical therapeutic
approaches to working with people who use psychedelics have
remained stagnant. The moral model of addiction (Pickard,
2017) remains among the dominant ways of understanding
drug use. It views people who use drugs as lacking self-control
and guilt, and perceives them as having full control over their
behavior yet choosing to yield to a weakness (Henderson and
Dressler, 2017). This perception has contributed to a highly
negative view of people who use drugs and has provided a basis
for wide discrimination in the spheres of employment, family
relationships, and treatment to name just a few (Henderson and
Dressler, 2017; Goodyear et al., 2018).

Disease Model of Addiction
In contrast, the disease model of addiction implies that substance
use becomes involuntary due to a relapsing neurobiological
condition caused by substance-afflicted changes in the user’s
brain (Polak, 2000; Henderson and Dressler, 2017; Pickard,
2017). Some addiction treatment programs can contribute to
shame and stigma through adoption of non-disease models and
an abstinence-only approach (Larimer et al., 1999; Tatarsky,

2007), and the resulting reluctance to employ empirically
supported treatments (Knudsen et al., 2005; Herbeck et al., 2008;
Rieckmann et al., 2011).

In clinical settings, these pathologizing concepts can be
misapplied to psychedelic use and become barriers to the
inclusion of people who have a relationship with psychedelics,
be it harmful or beneficial. As a result, people seeking support
for a psychedelic experience could be stigmatized or turned away.
This status quo emphasizes the therapists’ need for an integrative
model for working with psychedelics, substances which do not
fit the standard model of drug use because they do not create
dependence or addiction as do substances of abuse such as
opioids, amphetamines, and benzodiazepines (Nichols, 2016).
Additionally, while alcohol, heroin, and cocaine have the highest
overall harm scores, those of psychedelics are relatively low (Nutt
et al., 2010).

Harm Reduction
The harm reduction perspective is an alternative to both
the moral and disease models (Szott, 2015). It is based on
compassion toward the patient and focuses on reducing the
harm caused by substance use, sexual activity, and video gaming
(Marlatt, 1996; Marlatt et al., 2011). Harm reduction emphasizes
valuing a patient’s autonomy and personal rights, respecting
their values and preferences, and working to help them expand
their options and engage in thoughtful individual decision-
making and goal-setting (O’Malley, 1999). Abstinence is not
a prerequisite to receive help, which makes this approach
uniquely humane (Marlatt, 1996; Marlatt et al., 2011) and
efficient in addressing substance misuse (Ritter and Cameron,
2006). However, abstinence is not incompatible with harm
reduction, and can be included among the harm reduction goals
(Tatarsky, 2003). This paradigm lends itself to the integrated
approach in substance use treatment, in which both the substance
misuse and potential underlying psychopathology are treated
in tandem (Mangrum et al., 2006). This approach may be
appropriate for psychedelic users, who may be using to address
psychiatric symptoms or promote growth, and who do not
usually experience the same negative consequences of substance
use on which traditional drug treatment programs focus. These
compounds may in fact have anti-addictive properties (Johnson
et al., 2014; Bogenschutz et al., 2015; Pisano et al., 2017).

Harm Reduction Psychotherapy
Harm Reduction Psychotherapy is a cutting-edge framework that
applies harm reduction principles to psychotherapy (Tatarsky,
2007; Tatarsky and Kellogg, 2010; Tatarsky and Marlatt, 2010).
One of the most prominent approaches is that of Integrative
Harm Reduction Psychotherapy (IHRP; Tatarsky, 2007), one of
the key influences for PHRI.

Among the IHRP principles on which PHRI relies are a non-
judgmental stance toward substance use and a non-stigmatizing
and non-pathologizing approach to the use of drugs, including
psychedelics. This represents a shift from traditional abstinence-
based paradigms. PHRI also adopts IHRP’s approach to the
therapeutic alliance (Connors et al., 1997; Coppock et al., 2010)
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as a key factor in successful work toward reducing drug-use-
related risk (Tatarsky, 2007). In addition, IHRP and PHRI
cultivate therapist qualities such as flexibility, honesty, warmth,
and respect toward the patient, which are associated with positive
results in psychotherapy (Ackerman and Hilsenroth, 2003).
In IHRP, the therapist-patient relationship is non-hierarchical
and non-authoritative. Patient empowerment and compassion
toward the patient are crucial aspects of the relationship.
The PHRI approach prioritizes the agency and autonomy of
the patient; the therapist is there to support the patient in
their process.

IHRP incorporates core techniques from relapse prevention,
including skills building, active strategizing, urge surfing (Bowen
et al., 2014) and exploring many possible meanings of substance
misuse for the patient (Tatarsky, 2007). IHRP approaches
drug use in the full sociocultural context of a person’s life,
combining tools from humanistic, cognitive-behavioral, and
psychodynamic perspectives to create a work plan uniquely fitted
to the needs and circumstances of each patient’s situation and
that situation’s biological, psychological and social dimensions
(Tatarsky and Marlatt, 2010). IHRP principles comprise one
crucial foundational piece to PHRI; they provide a framework
for working outside of an abstinence-only paradigm and for
exploring patients’ actual experience of the drugs they choose
to use, including the possibility that those experiences may be
helpful, growth enhancing, and healing.

Psychedelic-Assisted Psychotherapy
Psychedelic-assisted psychotherapy consists of the
administration of a psychedelic in the context of a
psychotherapeutic environment and relationship, with the
therapist providing psychological support and in some cases
specific intervention designed to align with the psychedelic
experience and promote change in the target diagnosis.
The Multidisciplinary Association for Psychedelic Studies
(MAPS; Sessa et al., 2019) is at the forefront of psychedelic
research, and is currently conducting Phase 3 clinical trials
of 3,4-Methylenedioxymethamphetamine (MDMA)-assisted
psychotherapy (“A Phase 3 Program of MDMA-Assisted
Psychotherapy for the Treatment of Severe Posttraumatic
Stress Disorder (PTSD),”; Noakes, 2019). Psilocybin is currently
in clinical trials as a treatment for alcohol use disorder
(NCT04410913), major depressive disorder (NCT03181529),
and treatment-resistant depression (NCT03775200). Finally,
Ketamine is a compound that is legally available with a
prescription that has been used in psychedelic-assisted
psychotherapy, and providers tend to value both the psychedelic
experience and ketamine’s antidepressant properties (Dore
et al., 2019). While commonalities exist between the types of
psychological support and session procedures, the theoretical
orientation with which therapists approach their work with
patients and its relationship to the treatment diagnosis has
varied widely (Sloshower, 2018). Although PHRI implements
concepts from psychedelic-assisted psychotherapy, it is
distinct in that it explicitly excludes the administration of a
psychedelic compound.

Principles for Working With Non-ordinary

States of Consciousness (NOSCs)
Psychedelic experiences have been referred to as NOSCs. In
addition to drawing on harm reduction psychotherapy as an
approach to working with people who use drugs, PHRI draws on
mindfulness-based interventions, psychodynamic therapy, and
psychedelic-assisted therapy for understanding and integrating
NOSCs in clinical practice.

Attitudinal Orientation Toward NOSCs
Mindfulness-based treatment modalities teach meditation
practices and skills to apply the resulting insights to reducing
stress and distress, including distress associated with mental
health and drug use problems (Segal et al., 2012; Bowen et al.,
2014; Woods et al., 2019). Mindfulness-based modalities teach
an attitude of non-judgmental, open curiosity to whatever the
patient experiences, both during formal meditation practice
and while going about their life (Kabat-Zinn, 2006; Treleaven,
2018). This attentional and attitudinal shift is thought to result
in profound change in how people relate to causes of their
distress, thereby resulting in alleviation. PHRI draws on this
orientation, considering psychedelic experiences to be another
NOSC experience, akin to those achieved through meditation,
and asking patients to develop the same sense of non-judgmental
curiosity to their psychedelic experiences and all that surrounds
them. As in mindfulness-based modalities, it is paramount
that therapists practicing PHRI cultivate and embody the same
attitudes, so these are explicitly stated and modeled for the
patient (McCown et al., 2010; Woods et al., 2019).

A Framework for Understanding the Benefit of Loss

of Sense of Self
Traditional psychotherapeutic approaches have considered
healthy, strong ego functioning to be the central goal of
successful therapy, and pathology as the result of an arrest
of ego development or a breakdown of its function (Engler,
1984). Our everyday sense of self often shifts and changes in
response to environments, relationships, and challenges, and
requires a certain degree of flexibility, yet these models do not
offer a framework for the healthy development of ego beyond
becoming stable and able to cope with life’s demands (Engler,
1984). Mindfulness-based modalities, being based in Buddhist
psychology and the corresponding understanding of NOSCs, in
which the sense of self may be altered or dissolve completely for
a time, offer a framework for valuing and working with ego-
dissolution and related experiences that may occur under the
influence of psychedelics (Nour et al., 2016). In its basic principle,
Buddhist psychology conceptualizes the ego as a source of distress
and teaches that moving beyond a fixed sense of self reduces that
distress, seeing this as a further stage of development (Engler,
1984; Epstein, 1988). While healthy ego functioning is necessary
for survival and for moving one toward contemplative practice,
it is not seen as the end-goal but rather a stage of development
with inherent struggles, beyond which one can ideally move
(Engler, 1984). For therapists working with people who use
psychedelics, this alternative understanding assists in taking a
non-pathologizing approach to working with experiences of
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ego-dissolution and finding ways that these can be helpful to
the patient.

Inquiry
Inquiry, a component of mindfulness-based interventions, is an
improvisational dialogue that consistently facilitates the focus
of attention on the participant’s experience in a particular
way (Crane et al., 2015). Inquiry involves the application
of non-judgmental curiosity to communication, enabling the
conversation to transpire such that the patient’s experience
is valued, their intuition honored, and their own autonomy
supported (Woods et al., 2016, 2019). Among the key features
are focusing on understanding rather than agreement, taking
turns in listening with an open mind to avoid a power struggle,
actively practicing non-harming speech, and using mirroring
techniques. A therapist’s engagement in uninvited problem-
solving, unsolicited advice, or interpretation of the patient’s
experience can inhibit the patient’s intuitive process and detract
from the development of their autonomy (Woods et al., 2016,
2019). The therapist instead focuses on what the patient has
tried, what they think and how they feel about the situation,
what they see as potential solutions, and what their intuition tells
them. The conversation consistently redirects the patient to their
own experience such that insights are fostered, developed, and
integrated (Woods et al., 2016, 2019). In PHRI, inquiry informs
exploration of the psychedelic experience such that insights
develop in ways that are consistent with the noetic quality of such
experiences (Yaden et al., 2017).

Non-directive Approach
Non-directive psychotherapies employ patience and guidance
rather than instruction, as instruction relies on a preexisting
idea of the underpinnings and best course of solving a specific
problem (Snyder, 1945). The non-directive approach has been
a core principle of psychedelic-assisted therapies as it enables a
patient to adopt an uncritical approach concerning their own
psychedelic experience(s) and engage in self-directed insight-
finding and meaning-making processes. As such, instead of
articulating instructions to a patient, it is appropriate to ask
permission before making suggestions to consider or perform an
action. Similarly, patients are to determine which aspects of their
experience they wish to disclose, hence reinforcing autonomy and
personal choice. Therapeutic presence reflects full engagement in
themoment-to-moment encounters with patients and establishes
a mutual relational connection that builds trust (Geller, 2013).

Inner-Directed Approach
The term inner-directed approach refers to the therapist
referencing and encouraging the patient to look into their inner
experience for insight and solutions.

“Our system is inner-directed. . . Once we give someone MDMA,

they are the ones who produce the content.We follow and support

where they are going. Our hypothesis is there is an inner healing

intelligence. We all know that’s true for our bodies. If you get

a scratch or break bones, your body has a mechanism to heal

itself. . . . There is this wisdom of the body to try to sustain itself.

We think similarly there is something like that for the psyche.”

(Doblin, quoted in Valentino, 2020).

The term inner healing intelligence captures this inner-directed
approach, which can also be conveyed as intuition or an inner
healing capacity (Mithoefer et al., 2008; Clare, 2018; Phelps,
2019). The inner-directed approach is consistent with harm
reduction psychotherapy as it values of the patients’ autonomy
and responsibility for choosing their own goals and course
of action.

Psychodynamic Psychotherapy
Early psychedelic-assisted therapy was strongly influenced by
psychoanalytic theory (Grinspoon and Bakalar, 1981). Although
psychoanalytic interventions are not a prerequisite for practicing
PHRI, certain psychoanalytic theories can be helpful in
conceptualizing therapeutic work with individuals who use
psychedelics. As mentioned above, having a framework for
understanding the “self ” is particularly important when working
with psychedelic experiences, and psychoanalytic theory offers
many such perspectives (Engler, 1984).

Psychedelics may function by dramatically reducing or
shifting an individual’s defense mechanisms (Fischman, 2019).
This can be useful for understanding both a patient’s distress
during a psychedelic experience and their subsequent alleviation
of symptoms. Transference and countertransference may
be particularly intensified in PHRI and psychedelic-assisted
psychotherapies (Vollenweider and Kometer, 2010; Taylor,
2014; Phelps, 2017). Unlike psychoanalysis, the objective of
PHRI is not necessarily to make transference interpretations,
but attending to these variables can guide a therapist in their
practice. For example, patients may idealize the PHRI therapist,
or perceive the therapist as either a withholding gatekeeper of
the psychedelic experience or as controlling their capacity to
get better. If not carefully attended to, these kinds of appeals
to authority can contribute to iatrogenic harm. Additionally,
understanding a patient’s transference to the psychedelic,
whether perceived as a kind of teacher or imbued with the
qualities of a caring grandmother, can offer a window into the
patient’s therapeutic process. Relational psychoanalytic theory
can be particular useful in understanding the complexity of
transference reactions (Mitchell, 2009).

Defining and Differentiating PHRI
PHRI is a novel paradigm designed specifically for those who
use psychedelics and need clinical support in preparing for or
integrating psychedelic experiences. It is rooted in the principles
of IHRP and informed by the evidence base of the clinical trials
in psychedelic-assisted psychotherapy, yet maintains a focus on
the unique needs of people who use psychedelics outside of legal
psychedelic-assisted therapy contexts.

PHRI involves supporting exploration and enhancing
understanding in patients who develop a relationship with
psychedelics without encouragement to use psychedelics, the
administration of psychedelics, or the providing of therapy
during the psychedelic experience. Therapists can address
unique patient needs, such as co-occurring mental health
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issues, symptoms persisting after psychedelic experiences,
and processing potentially overwhelming or disappointing
experiences. Therapists can also support patients who seek to
sustain the benefits of helpful psychedelic experiences. The goal
of integration is to merge the psychedelic experience with the
patient’s daily life in a way that helps the patient live a fuller life
with less distress.

PHRI is not a treatment modality or technique, but serves
as a perspective which therapists of all training backgrounds
can incorporate into their practice. PHRI is influenced
by psychedelic-assisted psychotherapy practices (Mithoefer,
2013; Bogenschutz and Forcehimes, 2017), IHRP (Tatarsky,
2007), relational-psychodynamic theory, and mindfulness-based
interventions (Segal et al., 2012; Bowen et al., 2014; Woods et al.,
2019). PHRI is consistent with features commonly found across
diverse psychotherapeutic orientations such as the establishment
of safety, rapport, an empathic presence, agreement on the task
of therapy, positive regard, and the authentic presence of the
therapist (Feller and Cottone, 2003). Therapists may blend their
own theoretical orientations and treatment modalities into the
psychedelic integration process to address a specific diagnosis
or symptom presentation and consider PHRI an adjunctive
approach, as most theoretical orientations and modalities do not
have a readily accessible method and rationale for working with
psychedelic experiences.

Who Might Benefit From PHRI?
Some examples of individuals who might benefit from PHRI
are those who might have used a psychedelic on their own
in an attempt to resolve a psychiatric symptom; someone who
has spontaneously ingested a psychedelic and is consequently
experiencing psychological distress; or someone who intends
to use a psychedelic but is unaware of the possible risks. The
following sections detail therapeutic tasks of PHRI with clinical
applications and may guide the therapists’ approach to each
patient’s unique needs. Similarly to psychedelic-assisted therapy,
there are some therapeutic tasks fitting to conversations prior
to the patient’s use of a psychedelic, and some more fitting for
afterward. We find it helpful in PHRI to structure sessions as
preparation sessions and integration sessions accordingly.

PREPARATION

Like psychedelic-assisted therapy, PHRI can be conceptualized
in three stages: preparation, psychedelic experience, and
integration. However, a PHRI therapist does not administer
nor are they present with a patient during the psychedelic
experience. In practice, these components inform and are
responsive to each other and to the patient’s evolving needs
throughout the process. Furthermore, patients sometimes start
PHRI after their psychedelic experience, making it necessary
for the therapist to adjust their assessment and selection of
therapeutic tasks accordingly.

Assessment
Although it is necessary to utilize Diagnostic and Statistical
Manual of Mental Disorders—Fifth Edition (DSM-5; American

Psychiatric Association, 2013) or a similar manual depending on
the standards of the therapist’s region for differential diagnosis
in assessment, it can be useful to pose questions specific to
PHRI, such as whether a patient’s psychedelic experiences were
spontaneous or planned. Risks associated with psychedelic use
can be minimized when the circumstances provide the potential
for a safe, desirable experience (Dalgarno and Shewan, 2005).
Still, spontaneous or unplanned psychedelic use in unsupportive
circumstances may be of clinical relevance. Therapists may also
ask patients about the outcome of their psychedelic experience(s)
thus far, and specifically whether the patient has drawn any
meaning from them. Psychedelics have been described as
having meaning-enhancing properties or evoking a meaning-
response which moderates therapeutic outcomes (Hartogsohn,
2018). Participants have reported their first experience with
psilocybin in a controlled, clinical setting as being among the
most personally meaningful events in their lifetime and of great
spiritual significance (Griffiths et al., 2006).

During assessment, the therapist should not presume that
psychedelic use indicates a drug use problem or that the
presenting symptoms are only indicative of pharmacological side
effects. Therapists should instead seek to understand a patient’s
relationship with psychedelics, especially their motives for use
and any resulting overwhelming experiences. This includes
taking a psychiatric history, eliciting the patient’s reason for
seeking assistance, and asking about the patient’s history of
psychedelic use. Motivations for seeking a psychedelic experience
may include recreation, therapeutic healing, spirituality, or
personal growth (Winkelman, 2005; Prayag et al., 2015; Dorsen
et al., 2019). Inquiring about these additional characteristics
among other general inquiries helps to improve the psychedelic
integration process and produce meaningful clinical outcomes.

Community Involvement
It is also helpful to gauge the patient’s connection to a community
of psychedelic users (Cavnar, 2014; Dorsen et al., 2019). Such
a membership or participation can be nuanced, creating a
relationship dynamic that can be supportive in some respects and
limiting in others. The integration therapist must understand the
worldview of the patients’ community, the extent to which the
patient subscribes to that worldview, and the impact of creating a
therapeutic relationship within that context.

Goals and Obstacles
Cooperating with the patient to integrate meaningful psychedelic
experiences involves identifying goals and obstacles for
integration during assessment, and gauging how the patient
defines successful integration. Even with adequate planning
for integration, challenging experiences can arise that can be
worrying for both the patient and therapist (Carbonaro et al.,
2016; Haijen et al., 2018). However, therapists can learn to
recognize and assist in managing these challenges.

Patients Seeking Access to Psychedelic

Compounds
The patient seeking a psychedelic experience may wish
to discuss where to obtain psychedelics with a licensed
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therapist. However, in the US, most psychedelics remain
designated as Schedule I drugs under the US Drug Enforcement
Administration. In several other countries, certain naturally
occurring psychedelics are unregulated and legal for non-
medical consumption or ceremonial use by specific religious
groups (Labate and Feeney, 2012). These legal backgrounds
allow for the offering of psychedelics to non-Americans as part
of psychedelic retreat programs, which may or may not be
offering them as a healthcare service, with varying levels of
legality and local government sanction (The International Center
for Ethnobotanical Education, Research, and Service (ICEERS),
2020). A referral or recommendation by a licensed therapist
implies the existence of an established healthcare treatment or
service, and therapists are responsible for knowing and staying
within the boundaries of their scope of practice (Jade, 2018).
Further research and approval of psychedelics for medical use
are necessary before proper, ethical recommendations or referrals
can be made.

Motivation, Knowledge, and

Psychoeducation
In PHRI, preparation for a psychedelic experience is guided
by a patient’s reasons for using a psychedelic. The therapist
must inquire about the nature of the patient’s motivations.
Whether they reflect an interest in spiritual growth, symptom
reduction, enhancement of wellness, or a desire to enhance
creativity, knowing the context and how the patient is going to
use psychedelics will shape treatment and is vital for appropriate
clinical care. Preparation does not imply that a person will use a
psychedelic, but rather it helps a patient engage in a process of
inquiry so they can make an appropriate decision for themselves.
Preparation can address misinformation, dispel myths, and
supply necessary education about psychedelics, making the
patient’s journey smoother and most importantly, safer.

Assessing a patient’s level of knowledge about psychedelics
and providing appropriate information and resources are
essential elements of a therapeutic preparation for a psychedelic
experience. Upon initial assessment, therapists can provide
vital information about the basic effects of key drugs, e.g.,
subjective effects, physiological effects and risks, mechanisms of
action, expected duration and intensity, and importantly, side
effects and contraindications. This part of PHRI is based on a
psychoeducational approach that aims to increase the patient’s
knowledge of and insight into the issue at hand (Xia et al.,
2011). The main ways of achieving this are the exchange of
information between the patient and the therapist, and the active
communication of information (Bäuml et al., 2006). A well-
informed patient is better prepared for the intervention, which
is associated with achieving a more positive therapeutic outcome
(Bäuml et al., 2006; Xia et al., 2011).

Working Within the Scope of One’s

Practice During Preparation
When providing PHRI, it is paramount to work within the
professional scope of one’s practice. It is appropriate and
necessary for a therapist trained in substance use treatment

to talk to the patient about the dangers of certain drugs and
drug-use-related practices in the context of reducing drug harm.
The content of this conversation regarding specific medication
interactions or health risks can vary depending on whether the
therapist is a psychotherapist, prescribing therapist, or another
kind of mental health practitioner. It is especially important that
the therapist clearly delineate between harm reduction practices
for non-clinical psychedelic use that the patient chooses on
their own and a recommendation or referral for the use of a
psychedelic as a mental health treatment.

Person-Centered and Non-judgmental

Approach
In the initial discussion, PHRI patients are given ample
information regarding the potential risks and benefits associated
with psychedelic use. As in motivational approaches to substance
use treatment, the therapist aims to understand why the patient
wants to have a psychedelic experience, how they plan to achieve
it, what steps they envision in order to get there, and why
their goal is important to them (Miller and Rollnick, 2013). It
is important for the therapist to inquire whether the patient
has considered alternative options, and to ask whether they
are willing to receive information about alternative methods
for accessing NOSCs such as holotropic breathwork (Grof and
Grof, 2010). The therapist does not direct the patient toward
any particular outcome, but instead provides a supportive and
non-judgmental container for the patient’s exploration (Miller
and Rollnick, 2013). The clinician should neither encourage nor
discourage the patient from psychedelic use unless it is clear
that their intended use might result in harm, in which case
concerns should be voiced without attaching judgement of the
patient’s choice.

Psychedelics as a Non-specific Amplifiers

and the Importance of Set and Setting
Additional helpful foci of preparation include introducing the
idea of a psychedelic as a non-specific amplifier. This notion
is based on the observation that psychedelics tend to intensify
mental phenomena and amplify their significance, presenting
them as being larger and more dramatic than they would have
been without psychedelics (Grof, 1994; Hartogsohn, 2018). It
is thought that this leads to a “manifestation of otherwise
latent psychological processes” (Grof, 1994, p. 11), an increase
in magical thinking (Carhart-Harris, 2013), and meaning-
enhancement that is crucial in therapeutic work (Hartogsohn,
2018). As with any substance, the concept of Set and Setting
plays an important role in psychedelic experiences; set here
refers to intentions, expectations and the experiencer’s overall
state of mind, while setting refers to the environment in
which psychedelic use takes place (World Health Organization,
1958; Leary et al., 2000; Hartogsohn, 2016, 2017). Some also
use the term cast to describe the people present during the
psychedelic experience: therapists, shamans, peers, or other
ceremony participants. It is important to prepare the patient for
the fact that aspects of their experience may be amplified, and
that the quality of their experience is largely contingent on the set,
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setting, and cast of a psychedelic event. These factors are crucial
in forming the experience, and their influence on the experience
can increase as an effect of psychedelics (Hartogsohn, 2018).

Meaning can also be amplified during a psychedelic
experience (Hartogsohn, 2018). This effect can be very useful
in therapy as well as increase creativity (Baggott, 2015) and
spirituality (Móró et al., 2011; Kuypers et al., 2016). Due to their
meaning-enhancing aspect, psychedelic-induced revelations tend
to feel more meaningful than non-psychedelic ones. This can
lead to a decrease in self-inhibition and self-criticism, and a
heightened focus on creativity. However, the meaning of the
resulting creative achievements can also be amplified while under
the influence of psychedelics or shortly thereafter (Hartogsohn,
2018). Discussing these aspects in advance can better prepare the
patient for a NOSC and help their meaning-making during and
after the experience.

Self-Regulation Tools and Expectation

Management
In preparation work, it is important to address the post-
acute effects that a patient may encounter during a psychedelic
experience. These may include general mental readiness for
life after a psychedelic experience, identifying signs that may
indicate the patient’s need for more help, and a re-entry plan
for ordinary states of consciousness and daily activities. A
psychedelic-drawn NOSC can work as a powerful catalyst,
stirring up deep mental and emotional issues (Bache, 1991).
When a patient is in this state, trauma processing can be done
in either planned or spontaneous ways (Feduccia and Mithoefer,
2018). Preparing a detailed re-entry plan in advance can help to
integrate such experiences.

As with any trauma work, equipping the patient with
appropriate self-regulation tools in advance can make all the
difference in managing trauma symptoms (Cloitre et al., 2002;
Ford and Russo, 2006). Such tools can include mindfulness
practice, yoga, reflection, journaling, and guided meditation, as
well as grounding practices and self-care to help the patient focus
on the world outside rather than the inner world of negative
feelings through concentrating on bodily sensations, arising
feelings, and the surrounding environment (Najavits, 2002). As
a result, the patient’s focus shifts from trauma symptoms to self-
reflective processing (Ford and Russo, 2006). Planning for time
to rest and recuperate after a psychedelic experience can help
facilitate processing and integration by giving the patient time
to reflect on their insights. After the drug effects wear off, the
therapist and patient should discuss any achieved insight and the
content of the NOSC experience (Johnson et al., 2008).

Managing Expectations
Expectation management is particularly important in
preparation, any disappointment felt by the patient can
inform their perception of the entire psychedelic experience.
Such disappointment can be related to a mismatch between
expectations and outcomes. Among the frequently sought-after
experiences is the mystical experience: a NOSC that includes a
unitive quality (being one with the universe), a feeling of awe
or sacredness, ineffability (the impossibility of expressing one’s

experience in words), transcendence of time and space, a noetic
quality (sense of revelation), and a deep positive mood (Pahnke,
1969; MacLean et al., 2012). A main feature of a mystical
experience is a unitive quality related to ego-dissolution (Hood,
1975; Stace, 1987; James, 2008; Nour et al., 2016). Experiencers
have reported a psychedelic-induced mystical-type experience
as being one of the most important events of their life (Griffiths
et al., 2008). Such experiences have been positively correlated
with a long-lasting increase in well-being (Barrett et al., 2015),
openness (MacLean et al., 2011), and decreases in various
kinds of symptomatology (Johnson et al., 2019), and are thus
commonly sought after by psychedelics users (Pollan, 2018;
Carey, 2019). However, not every instance of psychedelic use
will result in a mystical-type experience (Majić et al., 2015; Elsey,
2017), and a strong desire for such an experience can lead to a
deep disappointment in its absence. Working with this sense of
disappointment or other undesired outcomes is a key element
of PHRI.

Adverse Psychedelic Experiences and

Experiential Processing
When using psychedelics, an individual may have a difficult
experience such as panic, anxiety, and psychotic-like reactions
(Carhart-Harris, 2013). Positive and recreational intentions
have been found to predict a lower likelihood of a difficult
experience, while higher doses have been associated with a
higher prevalence of both mystical-type and difficult experiences
(Haijen et al., 2018). Uncontrolled settings and the personality
trait of neuroticism predict challenging psychedelic experiences
(Barrett et al., 2017). In naturalistic settings, the intensity of
difficult experiences correlates positively with beneficial long-
term effects, while their duration correlates negatively with such
effects (Carbonaro et al., 2016). However, the majority of those
who have a challenging psychedelic experience recognize a long-
lasting positive effect on their well-being (Carbonaro et al., 2016).

When discomfort arises during a challenging psychedelic
experience, it can be helpful for the individual to stay with
the discomfort and remain curious to what is arising. This
is best conveyed by the technique of Experiential Processing,
which is “characterized by direct, non-judgmental and concrete
awareness of sensory and bodily experience as it unfolds
moment-to-moment” (Gadeikis et al., 2017, p. 69). Staying with
the experience of discomfort can facilitate moving through the
adverse reaction. A therapist can be instrumental in advising the
patient on how to get reassurance, how to stay safe throughout
the experience, and ways to traverse it.

Diagnosis of Adverse Reactions
The DSM-5 (American Psychiatric Association, 2013)
recognizes psychedelic use only as it pertains to Hallucinogen
Persisting Perception Disorder, hallucinogen use disorders,
and hallucinogen-induced disorders. Anecdotal observations
by therapists working with patients who use psychedelics have
reported the limitation of the DSM-5 diagnostic system in
capturing the adverse reactions to psychedelics, such as anxiety,
worsened moods, psychological trauma-like symptoms, or
somatic symptoms. Clinicians should be aware of the diagnostic
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criterion and categories related to psychedelic use, and apply
them where justified and appropriate, while also considering the
psychological, developmental, and environmental factors that
may have contributed to the emergence of these symptoms.

INTEGRATION

Psychedelic integration is a process in which the patient
integrates the insights of their experience into their life, and
PHRI is a method of supporting that in the clinical consultation
room. As such, the PHRI therapist may encounter a range of
challenges and therapeutic tasks while working with patients who
aremoving through this phase. Psychotherapy sessions that occur
after a psychedelic experience and are intended to work with
that experience are often called integration sessions; however, the
integration process is grounded and reflected in what occurs
before, during, and outside of these sessions. Here, we cover
several considerations for this stage of therapeutic encounter.

Working With Challenging Experiences
Patients and clinicians may simultaneously experience
apprehension and anxiety when dealing with difficult psychedelic
experiences. Psychological symptoms after a psychedelic
experience can take the form of anxiety, panic, and depressed
mood (Johnson et al., 2008; Carbonaro et al., 2016). Distress
can be accompanied by patient beliefs that these symptoms will
persist for the remainder of their lives. For clinicians, anxiety
may stem from interpreting psychological symptoms as early
indicators of severe mental illness or the loss of orientation to
reality. To reassure the patient and avoid overreaction to distress,
clinicians should refrain from such premature conclusions while
staying informed about psychedelics, their effects, and their risks.

Long-Term Mental Health Outcomes
Studies have been unable to establish a link between lifetime
psychedelic use and negative long-term mental health outcomes
(Hendricks et al., 2015a,b; Johansen and Krebs, 2015; Garcia-
Romeu et al., 2019). Inmost cases, symptoms of distress following
psychedelic use resolve without the development of a chronic
psychiatric disorder. Symptoms of distress do not necessarily
block beneficial psychological outcomes, especially if appropriate
safeguards are implemented tominimize the risk of psychological
harm (Johnson et al., 2008). However, after a psychedelic’s
pharmacological duration of action has ended, persisting
symptoms such as insomnia, disorientation, anxiety, and
depression indicate a patient in need of further psychotherapeutic
support. Clinicians must distinguish between psychological
symptoms that can be managed through psychological support
and more severe reactions such as a psychotic episode
resulting from pre-existing vulnerabilities (Heriot-Maitland,
2008; Johnson and Friedman, 2008).

Traumatic Experiences
Some patients who seek PHRI have experienced a negative
or even traumatic encounter with psychedelics, when used
outside of clinical trials. For example, regarding psilocybin
use, certain cognitive states (e.g., preoccupation and confusion)

are correlated with memorable, adverse experiences linked to
feelings of discomfort, vulnerability, and fear (Russ et al.,
2019). Individuals who use ayahuasca have reported reliving
memories of past events, and thus may be at risk for re-
traumatization if these past events were traumatic in nature
(Nielson and Megler, 2014; Kaasik and Kreegipuu, 2020).
Clinicians should reassure patients that others have encountered
similar experiences and recovered from them. Such assurances
contribute to the normalization of difficult experiences and
reduce associated anxiety. When the intensity of the experience
has subsided such that the patient is able to safely engage in
discussion, the clinician can facilitate the exploration of the
meaning of the experience.

The importance of a difficult or traumatic experience and
a patient’s related insights should be validated and met with
compassion by the integration therapist; a patient should
not be blamed or made to feel they are at fault for their
difficult experience. It should also be acknowledged that as
patients develop new personal meanings or understandings
of themselves and their interpersonal relationships, they
may experience increased psychological distress while
simultaneously experiencing a decrease in experiential
avoidance. By encountering previously avoided psychological
content through the use of psychedelics, patients may begin to
realize what preceded their avoidance. These realizations should
be incorporated into the integration process.

Challenging Experiences With Positive Outcomes
In a survey of nearly 2,000 individuals who had an adverse
experience with psilocybin outside of clinical trial contexts,
over one-third reported the experience to be one of the most
challenging events of their lifetime. Despite their difficult
experiences, 84% reported positive, long-term outcomes
(Carbonaro et al., 2016). Thus, many individuals have benefited
from psychedelic experiences on their own. However, individuals
in clinical trials who were administered doses of psilocybin
for treatment-resistant depression without adequate external
support systems reported feeling alienated and vulnerable after
preparation and dosing sessions, and stated that they would
have benefited from additional integration sessions (Watts et al.,
2017). Therefore, PHRI may provide extra support to individuals
who are struggling to make use of challenging experiences and
may increase the likelihood of positive long-term outcomes,
especially when individuals may not otherwise have access to a
quality support system regarding their use of psychedelics.

Therefore, while the patient may appear to be in crisis, it
may be a temporary presentation of increased symptom severity
that is a part of the patient’s therapeutic process. This period
may be counterintuitive for a clinician since the temporary
worsening of symptoms differs from the traditional psychiatric
model of symptom reduction. Psychedelic integration providers
can provide a safe container to support their patients through
challenging periods.

Addressing Fear
Fearful reactions may be understood within the processes of
the ACT framework (Hayes et al., 2006). Although PHRI does
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not necessitate the adoption of the ACT model, ACT offers
a well-developed framework for understanding the experience
and process of fear, and its language is employed here for this
purpose. In this conceptualization, the anxiety or panic that
can occur during an adverse encounter with psychedelics can
be equated with instances of unmitigated fear (Barrett et al.,
2016). Individuals may engage in experiential avoidance by
attempting to control the psychedelic experience or avoid some of
the experience’s psychological content, resulting in psychological
distress, or harm. Acceptance, rather than experiential avoidance,
is aimed at increasing psychological flexibility, or “the ability to
contact the present moment more fully as a conscious human
being, and to change or persist in behavior when doing so serves
valued ends” (Hayes et al., 2006, p. 7). Low levels of psychological
flexibility are associated with higher rates of psychopathology
(Leahy et al., 2012; Masuda and Tully, 2012) and lower overall
quality of life (Hayes et al., 2006). Psychedelic integration,
including as it pertains to fearful reactions, may be useful in
increasing psychological flexibility (Watts and Luoma, 2020).
In conceptualizing psychological flexibility as a component of
integration, clinicians can address fear by examining it in detail
and subsequently encouraging the acceptance and awareness of
feelings or thoughts that underlie fearful reactions.

Clinicians should keep in mind that there are distinguishable
meanings in the fears experienced during an encounter with
psychedelics. Aspects of the psychedelic experience are not purely
random, and are a reflection of an individual’s biopsychosocial
factors. Fear, a form of psychological content, can be reflective
of an individual’s biographical history, wishes, and desires.
Psychological content is also shaped by individual mindset
(set), as well as physical and cultural environmental influences
(setting). In a psychedelic experience, psychological distress can
be amplified to fear or intense panic, paranoia, or loosened
connection to reality. Negative or traumatic experiences may be
linked to the amplification of an individual’s undesired thoughts,
feelings, or autobiographical memories. The amplification of
psychological distress triggers experiential avoidance, and at
times, a biological reductionist view in which the patient
attributes their distress to the psychedelic drug alone rather than
to a drug-individual interaction or the interaction between the
psychedelic, their psychology, and life circumstances.

Many individuals, particularly in the absence of preparation,
find it difficult to understand or communicate their psychedelic
experiences, and may not realize the potential for therapy to
aid in the organization and transformation of these experiences.
This leaves room for integration therapists “to help bridge the
gap between the lessons of the psychedelic experience and the
ongoing life circumstances” (Watts and Luoma, 2020, p. 98). This
entails engaging the patient to help them understand why the
negative experience arose and how they can grow from it.

Ego Dissolution
Psychedelics reportedly trigger cognitive phenomena such as ego
dissolution and ontological shock, which can incite or exacerbate
fear responses (Nour et al., 2016; Carhart-Harris and Friston,
2019). Nour et al. (2016) define ego dissolution as “the experience
of a compromised sense of self,” (p. 2) (2) while ontological

shock entails being forced to abruptly shift one’s worldview.
The impact of these phenomena can be understood in terms
of an interaction between the psychedelic drug and individual
circumstances. Taves (2020) called for updatedmeasures to gauge
the flexible attributes of ego-dissolution, as previous research
has shown the experience of ego dissolution to be influenced by
set and setting, as well as drug dose. Consequently, clinicians
should pay mind to the extant drug, setting, and individual
interaction when encountering patients who have experienced
ego dissolution or ontological shock, regardless of whether the
patient reports the experience to be helpful or fearsome, because
these phenomena can occur abruptly, be disorienting, and result
in a need for therapeutic support.

Increase in Sensitivity
If negative response to stress is conceptualized within the ACT
framework, individuals can be seen as adopting psychologically
inflexible processes to avoid discomfort within certain contexts
(Hayes et al., 2006). This is somewhat similar to the idea
within psychodynamic theory of adoption of ego defenses or
defense mechanisms as a function of individual adaptation
to one’s environment (Paulhus et al., 1997). In each case,
psychopathology results, in part, from the overuse or rigid
application of certain processes and a lack of psychological
flexibility. Psychedelics may help individuals become aware of
the ways they have historically coped with stressors in their
environment, and how they have suffered from psychological
inflexibility which has interfered with their desire to live life
openly and true to their values.

Psychedelics are hypothesized to increase psychological
flexibility, leaving individuals to feel more open and less
avoidant by activating mindfulness, acceptance, commitment,
and behavior change processes central to ACT theory (Davis
et al., 2020). Emotions become more available, when previously
they may have been numbed or protected by psychological
defensiveness. However, as defensiveness is reduced, these
newfound feelings of vulnerability and sensitivity can lead to
increased fear and anxiety, requiring therapeutic assistance to
navigate. To construct meaning out of the psychedelic experience
is to assist in the advancement through the period of increased
vulnerability which occurs during the unfolding process.

The Unfolding Process
The unfolding process, a concept borrowed from humanistic
psychology, signals the continuous unraveling of insights about
oneself and one’s relationships after a psychedelic experience,
which can take place over the span of weeks ormonths.Welwood,
(1982 p. 92) described two types of unfolding processes. In
sequential or horizontal unfolding, new personal meanings
develop progressively over time, with each meaning building on
previous meanings. In vertical unfolding, new, radical personal
meanings emerge extemporaneously, along with the subjective
experience of an increased depth of reality. Due to the continuous
pursuit of the construction of meaning and the propensity for
unanticipated outcomes following a psychedelic experience, both
unfolding processes are essential in understanding the subjective
experience of the aftermath of psychedelic use.
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During unfolding, the manifestation and intensity of
symptoms may fluctuate in waves, while simultaneously
presenting as one of the most difficult stages of the therapeutic
process. After the acute pharmacological effects of the
psychedelic have worn off, patients may experience increased
vulnerability, sadness, and anger. Individualsmay also experience
a body/mind knowing in which they experience feelings or vague
meanings about difficult psychological events that they cannot
fully articulate or realize (Welwood, 1982). Therefore, it is not
surprising that during these unfolding processes, individuals may
turn to an integration therapist for help. The integration therapist
supports the patient to work through the unfolding process by
helping the patient focus inward or ground themselves, making
implicitly felt meanings explicit, addressing physiological stress,
and encouraging the development of psychologically flexible
coping skills.

The unfolding process coincides with the concept of
psychological flexibility in the ACT model, and thus can
be construed from a contextual behavioral perspective. The
therapists role is to ensure the expansion of patients’ awareness
by reducing experiential avoidance or attempts to change
unwanted affective responses (Levenson, 1976; Welwood, 1982).
Therapeutic unfolding involves sitting with and accepting
experiences and affective responses, allowing experiences to arise
and pass, and extending beyond intellectual analysis in the
pursuit of highlighting valued meanings. During the process, it
may be helpful to pay particular attention to the body and the
utilization of somatic therapies.

Other Challenges During Integration
Mismatch between expectation and the actual psychedelic
experience often results in a focus on comparing and contrasting
what was expected and what actually occurred, which distracts
attention from important, novel aspects of the actual experience.
Expectations can include the belief that one must have a
mystical experience to benefit from psychedelics, or that having
a psychedelic experience is a panacea for ongoing psychological
issues. When patients do not obtain the outcome they seek,
feelings of hopelessness may arise, along with the idea that
if psychedelics cannot help them, nothing can. Patients may
also attribute the absence of a mystical experience to spiritual
deficiency. Disappointment can be understood as a manifestation
of this phenomena, and is best addressed preemptively in
preparation by cultivating openness to all/actual experiences and
setting aside expectations for specific experiences.

The emotional impact of disappointmentmay be extreme, and
therapists’ relational support, understanding, and compassion
for patients in this experience is critical. A framework for
understanding its origins and assisting patients in noticing
what insights may be available to them in light of their actual
experience, even if disappointing, can help guide therapeutic
work toward a meaning-making process in which such
experiences are opportunities for growth. The therapist should
create room for the patient to discuss their disappointment
without becoming defensive about the efficacy of psychedelics.

In addition to creating a container for patients to address
their unmet expectations, psychoeducation can be effective in

reframing disappointment. Therapists can rely on scientific
literature to clarify the potential and limitations of psychedelic
treatments. If patients are aware of the positive therapeutic
outcomes associated with psychedelics that are reported in
research or the media, the therapist should emphasize that the
context of the patient’s own psychedelic experience may depart
dramatically from the therapeutic context provided in clinical
trials. In such trials, it is often the case that participants are
administered psychedelics on more than one occasion, and there
is currently insufficient evidence to suggest that one psychedelic
experience alone can produce long-term therapeutic outcomes
(Krupitsky et al., 2007; Oehen et al., 2013; Carhart-Harris et al.,
2017). It is likely that yet unidentified biological factors play a role
in blunting the effect of psychedelics; additional medications can
interact with psychedelics and decrease their effects (Quednow
et al., 2012; Kometer et al., 2013; Kuypers, 2019).

Spiritual Bypass
Individuals disappointed with the outcome of psychedelic use
may seek additional psychedelic experiences either by taking
a higher dose or an alternative psychedelic. Clinicians should
be aware of the possibility of spiritual bypass: engagement in
spiritual practices to avoid pain and unresolved psychological
distress. Put another way, spiritual bypassing encompasses
attempts “to avoid or prematurely transcend basic human needs,
feelings, and developmental tasks” through activities intended
for self-healing or exploration such as using psychedelics,
meditating, or seeking mystical experiences (Welwood, 1982, p.
64). As spiritual bypassing tends not to include processes such as
acceptance and awareness, it presents openings for psychological
inflexibility and thus interferes with therapeutic progress.

The Role of the Body
It is helpful to recognize the experience of psychological
difficulties in terms of stress felt in the body (Grabbe and Miller-
Karas, 2018). As such, the embodiment and integration of a
psychedelic experience involves the incorporation of somatic
work. Somatic interventions increase awareness of sensory
experiences and understanding of the relationship between
physical states and psychological or emotional content. Somatic
work is compatible with a variety of therapeutic modalities, but
unlike traditional cognitive and behavior therapies, it focuses on
a bottom-up approach in which attention is given to internal and
external body sensations as well as automatic responses to stress
(Grabbe and Miller-Karas, 2018). Somatic work enables patients
to safely process their emotional, physiological, and psychological
responses without judgment or overemphasis on the cognitive
aspects of psychological distress.

The clinician can address somatic work through somatic
psychotherapy, educating the patient on the importance of body-
related activities, and encouraging the patient to engage in
such activities outside of therapy. More specifically, patients can
explore actions that promote bodily awareness, self-soothing,
and body engagement such as yoga, grounding exercises, and
mindfulness practices (Ostafin et al., 2006; Burrows, 2013;Myrick
et al., 2015; Cushing and Braun, 2018). Bodily awareness may
also be achieved through sustained attention to breathing during
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meditation (Millière et al., 2018). Body-related activities have
repeatedly been shown to correlate with psychological well-being
and increased body awareness (Carmody and Baer, 2008; Tihany
et al., 2016; Van De Veer et al., 2016).

Working With Positive Experiences
Positive psychedelic experiences can be as valuable as
challenging ones. When a patient encounters a pleasurable
psychedelic experience, the patient and therapist should
refrain from reducing the experience to hedonistic fascination.
Clinicians should also be mindful of their own potentially
countertransference reactions, such as envy or disbelief. This
can occur when clinicians overvalue their own role as an agent
in a patient’s psychological or therapeutic progress or are overly
reliant on personal experience with psychedelics as a source
of knowledge about the effects. Clinicians must be aware of
their internal reactions to patients’ subjective experiences with
psychedelics, whether positive or negative.

Afterglow
Some individuals report a subjective positive experience of
afterglow after a psychedelic experience, which may include
heightened mood, psychological flexibility, openness, or
mindfulness (Sampedro et al., 2017; Murphy-Beiner and Soar,
2020). This may relate to a period of increased neuroplasticity
or a neuroplastic window after experiencing the acute effects
of a psychedelic (Wilkinson et al., 2019). During this period,
cognition, and behavior may be more susceptible to the influence
of novel insights gained by the individual (Majić et al., 2015;
Garcia-Romeu and Richards, 2018). Thus, the afterglow period
may enable patients to explore new behaviors and ways of
thinking, while aiding the transition into maintaining long-term
benefits after the unfolding process.

Sudden Wellness
Following a psychedelic experience, patients may be highly
motivated to make major life changes, such as feeling empowered
to leave an undesirable employment position. The therapist
should help the patient evaluate the consequences of decisions
that may be ultimately helpful to the patient, but impulsive in
the short-term. Moreover, rapid behavioral changes or sudden
wellness can confuse or unsettle individuals in the patient’s family
and social network, especially if some among them are not ready
to accept the patient’s new way of being. When this occurs, it may
be helpful to apply a family systems perspective, in which there is
a tendency for a family to maintain equilibrium and homeostasis
that is threatened when one family member experiences rapid
improvement and change (Hargrove, 2009). This can contribute
to particularly dramatic disequilibria in the family system. The
PHRI therapist can assist patients in navigating family dynamics
such that a new homeostasis is reached; one supportive of the
patient’s positive changes.

Tools for Maintaining Benefits
The process of constructing meaning out of psychedelic
experiences is not isolated to the therapy setting. It is the
therapist’s responsibility to encourage the patient to pursue

activities which help sustain focus on the psychedelic experience
and any resulting insights. Such activities could include
journaling, meditation, artistic expression, and any other
activity that aids in moving the awareness gained through
psychedelic experience from an intellectual framework to a
holistic framework that incorporates the body. This method of
extending psychedelic integration ensures that experiences are
not a momentary, fleeting state, but are embodied to facilitate
long-term change.

Extending integration also involves incorporating insights
gained from psychedelic experiences and integration therapy
in accordance with one’s values and goals. In some cases,
patients will realize the need to address past traumas or
ongoing psychological issues, and thus seek further structure and
treatment in another form of specialized or intensive therapy. For
individuals who struggle with interpersonal conflict and lack of
support, this may require seeking new avenues for support and
expanding one’s community. Individuals may also benefit from
changes in the scope of daily living, such as adjusting a career
path, diet, or living arrangements to better suit their needs. The
full range of possibilities for activities that extend integration
cannot be covered in the scope of this paper. However, it should
be noted that recommendations made by therapists should be
symptom- or context-specific, or in other words, tailored to the
patient’s problems and concerns.

DISCUSSION

Patients are currently using psychedelics and seeking and
receiving psychedelic integration services from clinicians,
however, to date there is no published peer-reviewed literature
defining psychedelic integration and no cohesive, guiding model
for clinicians to draw on in this process. This paper represents
the first of such models to be defined and differentiated in the
academic literature.

Summary
PHRI incorporates elements of psychedelic-assisted therapy,
Mindfulness-based therapies, relational psychodynamic
approaches, and IHRP to create a framework for working
with patients who present either in the decision-making process
prior to psychedelic use or afterward for assistance from a
clinician. The PHRI model offers a departure from abstinence-
based approaches to working with people who use psychedelics,
enriches the therapeutic process by offering new perspectives
on the decision making and meaning-making processes, and
acknowledges and works with the variety of relationships
patients have to psychedelics, from harmful to fully beneficial.

Implications
Implications of the development and use of the PHRI model
are broad and will continue to emerge with time. Here we
identify two particularly salient implications related to the
current context of this work. First, the very existence of the
PHRI model and its practice indicates an acknowledgment that
psychedelic use outside of clinical contexts has the potential for
benefit. This challenges dominant abstinence-based paradigms
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that unilaterally discourage, prohibit, or stigmatize drug use.
Second, the PHRI model places the clinician in the role of
supporting and following the patient’s preferences in a way
that is aligned with harm reduction principles and psychedelic-
assisted therapy, and represents a shift away from the traditional
role of the clinician as the expert, authority, and giver of
advice. This has implications for the distribution of power and
challenges the potentially oppressive dynamics of traditional
patient-clinician relationships.

As non-clinical psychedelic use increases and psychedelic-
assisted therapy gains mainstream acceptance, it is critical
that therapists have a model for working with patients who
are considering using or have used psychedelics. Traditional
paradigms and clinical training offer little more than the potential
for diagnosing DSM-defined negative consequences or assessing
and treating substance use disorders. PHRI offers an ethical,
balanced, and theoretically grounded manner of integrating
conversations about psychedelics into the clinician’s existing
practice while respecting the patient’s unique needs and varied
motivations, and as such is an important contribution to the field.

Limitations
The objective of this paper is to set a theoretical foundation for
PHRI. Due to the lack of existing literature on this topic, there
is a dearth of empirical evidence for PHRI. One of the broadest
limitations of PHRI is the lack of consensus regarding standards
of practice and training for therapists who engage in it. Future
research should focus on establishing and refining standards,
and evaluating the efficacy of this approach when working
with people who are contemplating or using psychedelics. The
benefits of PHRI may be better tailored and administered
to a larger variety of individuals if research is increased to
delineate mechanisms of change, potential therapeutic outcomes,
and cultural or contextual factors which influence preparation
and integration.

CONCLUSIONS

This paper has presented a transtheoretical model of PHRI
which can be integrated with a variety of psychotherapeutic

approaches and treatment goals. PHRI has the potential to reduce
psychedelic-related harm through education and informed
decision-making, as well as enhance benefit from psychedelic
experiences by capitalizing on the various hypothesized
mechanisms of action including increased psychological
flexibility and the neuroplastic window of opportunity for
change that psychedelics enable. Working in this manner,
clinicians have the opportunity to incorporate PHRI into their
existing practices and serve patients who use, have ever used, or
are considering using psychedelics.
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Additionally, we acknowledge the editing services of Jon Kilner,
MS, MA.

REFERENCES

A Phase 3 Program of MDMA-Assisted Psychotherapy for the Treatment of Severe

Posttraumatic Stress Disorder (PTSD). MAPS Multidisciplinary Association for

Psychedelic Studies. https://maps.org/research/mdma/ptsd/phase3 (accessed

March 2, 2021).

Ackerman, S. J., and Hilsenroth, M. J. (2003). A review of therapist characteristics

and techniques positively impacting the therapeutic alliance. Clin. Psychol. Rev.

23, 1–33. doi: 10.1016/S0272-7358(02)00146-0

American Psychiatric Association. (2013). Diagnostic and Statistical

Manual of Mental Disorders (5th ed.) Arlington, VA.

doi: 10.1176/appi.books.9780890425596

Bache, C.M. (1991).Mysticism and psychedelics: the case of the dark night. J. Relig.

Health 30, 215–236. doi: 10.1007/BF00986399

Baggott, M. J. (2015). Psychedelics and creativity: a review of the quantitative

literature. PeerJ PrePrints 3:e1202ve1201. doi: 10.7287/peerj.preprints.

1202v1

Barrett, F. S., Bradstreet, M. P., Leoutsakos, J.-M. S., Johnson, M.W., and Griffiths,

R. R. (2016). The challenging experience questionnaire: characterization of

challenging experiences with psilocybin mushrooms. J. Psychopharmacol. 30,

1279–1295. doi: 10.1177/0269881116678781

Barrett, F. S., Johnson, M. W., and Griffiths, R. R. (2015). Validation of the revised

Mystical Experience Questionnaire in experimental sessions with psilocybin. J.

Psychopharmacol. 29, 1182–1190. doi: 10.1177/0269881115609019

Barrett, F. S., Johnson, M.W., and Griffiths, R. R. (2017). Neuroticism is associated

with challenging experiences with psilocybin mushrooms. Pers. Individ. Dif.

117, 155–160. doi: 10.1016/j.paid.2017.06.004

Bäuml, J., Froböse, T., Kraemer, S., Rentrop, M., and Pitschel-Walz, G.

(2006). Psychoeducation: a basic psychotherapeutic intervention for

patients with schizophrenia and their families. Schizophr. Bull. 32, S1–S9.

doi: 10.1093/schbul/sbl017

Bogenschutz, M. P., and Forcehimes, A. A. (2017). Development of a

psychotherapeutic model for psilocybin-assisted treatment of alcoholism. J.

Human. Psychol. 57, 389–414. doi: 10.1177/0022167816673493

Frontiers in Psychology | www.frontiersin.org 12 March 2021 | Volume 12 | Article 64524616

https://maps.org/research/mdma/ptsd/phase3
https://doi.org/10.1016/S0272-7358(02)00146-0
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1007/BF00986399
https://doi.org/10.7287/peerj.preprints.1202v1
https://doi.org/10.1177/0269881116678781
https://doi.org/10.1177/0269881115609019
https://doi.org/10.1016/j.paid.2017.06.004
https://doi.org/10.1093/schbul/sbl017
https://doi.org/10.1177/0022167816673493
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Gorman et al. Psychedelic Harm Reduction and Integration

Bogenschutz, M. P., Forcehimes, A. A., Pommy, J. A., Wilcox, C. E., Barbosa,

P. C., and Strassman, R. J. (2015). Psilocybin-assisted treatment for alcohol

dependence: a proof-of-concept study. J. Psychopharmacol. 29, 289–299.

doi: 10.1177/0269881114565144

Bowen, S., Chawla, N., and Witkiewitz, K. (2014). “Mindfulness-based relapse

prevention for addictive behaviors,” in Mindfulness-Based Treatment

Approaches (Second Edition), eds R. A. Baer (San Diego, CA: Academic

Press), 141–157. doi: 10.1016/B978-0-12-416031-6.00007-4

Burrows, C. J. (2013). Acceptance and commitment therapy with survivors

of adult sexual assault: a case study. Clin. Case Stud. 12, 246–259.

doi: 10.1177/1534650113479652

Carbonaro, T. M., Bradstreet, M. P., Barrett, F. S., MacLean, K. A.,

Jesse, R., Johnson, M. W., et al. (2016). Survey study of challenging

experiences after ingesting psilocybin mushrooms: acute and enduring

positive and negative consequences. J. Psychopharmacol. 30, 1268–1278.

doi: 10.1177/0269881116662634

Carey, B. (2019, April 04). Johns hopkins opens new center for psychedelic

research. The New York Times. Available online at: https://www.nytimes.com/

2019/09/04/science/psychedelic-drugs-hopkins-depression.html (accessed

December 20, 2020).

Carhart-Harris, R. (2013). Psychedelic drugs, magical thinking and psychosis. J.

Neurol. Neurosurg. Psychiatry 84:e1. doi: 10.1136/jnnp-2013-306103.17

Carhart-Harris, R. L., and Friston, K. J. (2019). REBUS and the anarchic brain:

toward a unified model of the brain action of psychedelics. Pharmacol. Rev. 71,

316–344. doi: 10.1124/pr.118.017160

Carhart-Harris, R. L., Roseman, L., Bolstridge, M., Demetriou, L., Pannekoek,

J. N., Wall, M. B., et al. (2017). Psilocybin for treatment-resistant

depression: fMRI-measured brain mechanisms. Sci. Rep. 7:13187.

doi: 10.1038/s41598-017-13282-7

Carmody, J., and Baer, R. A. (2008). Relationships between mindfulness practice

and levels of mindfulness, medical and psychological symptoms and well-being

in a mindfulness-based stress reduction program. J. Behav. Med. 31, 23–33.

doi: 10.1007/s10865-007-9130-7

Cavnar, C. (2014). The effects of ayahuasca ritual participation on

gay and lesbian identity. J. Psychoactive Drugs. 46, 252–260.

doi: 10.1080/02791072.2014.920117

Clare, S. (2018). Cultivating inner growth: the inner healing intelligence in

MDMA-assisted psychotherpay. MAPS Bull. 28, 30–33. Available online at:

https://maps.org/news/bulletin/articles/435-maps-bulletin-winter-2018-vol-

28-no-3/7515-cultivating-inner-growth-the-inner-healing-intelligence-in-

mdma-assisted-psychotherapy-winter-2018

Cloitre, M., Koenen, K. C., Cohen, L. R., and Han, H. (2002). Skills training

in affective and interpersonal regulation followed by exposure: a phase-based

treatment for PTSD related to childhood abuse. J. Consult. Clin. Psychol. 70,

1067–1074. doi: 10.1037/0022-006X.70.5.1067

Connors, G. J., Carroll, K. M., DiClemente, C. C., Longabaugh, R., and Donovan,

D. M. (1997). The therapeutic alliance and its relationship to alcoholism

treatment participation and outcome. J. Consult. Clin. Psychol. 65, 588–598.

doi: 10.1037/0022-006X.65.4.588

Coppock, T. E., Owen, J. J., Zagarskas, E., and Schmidt, M. (2010). The relationship

between therapist and client hope with therapy outcomes. Psychotherap. Res. 20,

619–626. doi: 10.1080/10503307.2010.497508

Crane, R. S., Stanley, S., Rooney, M., Bartley, T., Cooper, L., and Mardula, J.

(2015). Disciplined improvisation: characteristics of inquiry in mindfulness-

based teaching. Mindfulness 6, 1104–1114. doi: 10.1007/s12671-014-

0361-8

Cushing, R. E., and Braun, K. L. (2018). Mind–body therapy for military

veterans with post-traumatic stress disorder: a systematic review. J. Alternat.

Complement. Med. 24, 106–114. doi: 10.1089/acm.2017.0176

Dalgarno, P., and Shewan, D. (2005). Reducing the risks of drug use: the case for set

and setting. Addict. Res. Theory 13, 259–265. doi: 10.1080/16066350500053562

Davis, A. K., Barrett, F. S., and Griffiths, R. R. (2020). Psychological flexibility

mediates the relations between acute psychedelic effects and subjective

decreases in depression and anxiety. J. Contextual Behav. Sci. 15, 39–45.

doi: 10.1016/j.jcbs.2019.11.004

Dore, J., Turnipseed, B., Dwyer, S., Turnipseed, A., Andries, J., Ascani,

G., et al. (2019). Ketamine assisted psychotherapy (KAP): patient

demographics, clinical data and outcomes in three large practices

administering ketamine with psychotherapy. J. Psychoactive Drugs 51,

189–198. doi: 10.1080/02791072.2019.1587556

Dorsen, C., Palamar, J., and Shedlin, M. G. (2019). Ceremonial ‘Plant Medicine’use

and its relationship to recreational drug use: an exploratory study. Addict. Res.

Theory 27, 68–75. doi: 10.1080/16066359.2018.1455187

Elsey, J. W. B. (2017). Psychedelic drug use in healthy individuals: a review of

benefits, costs, and implications for drug policy. Drug Sci. Policy Law 3, 1–11.

doi: 10.1177/2050324517723232

Engler, J. (1984). Therapeutic aims in psychotherapy and meditation:

developmental stages in the representation of self. J. Transpersonal Psychol.

16, 25–61.

Epstein, M. (1988). The deconstruction of the self: Ego and “egolessness” in

Buddhist insight meditation. J. Transpersonal Psychol. 20, 61–69.

Feduccia, A. A., and Mithoefer, M. C. (2018). MDMA-assisted psychotherapy

for PTSD: are memory reconsolidation and fear extinction underlying

mechanisms? Prog. Neuropsychopharmacol. Biol. Psychiatry 84, 221–228.

doi: 10.1016/j.pnpbp.2018.03.003

Feller, C. P., and Cottone, R. R. (2003). The importance of empathy

in the therapeutic alliance. J. Human. Counsel. Educ. Dev. 42, 53–61.

doi: 10.1002/j.2164-490X.2003.tb00168.x

Fischman, L. G. (2019). Seeing without self: discovering new meaning

with psychedelic-assisted psychotherapy. Neuropsychoanalysis 21, 53–78.

doi: 10.1080/15294145.2019.1689528

Ford, J. D., and Russo, E. (2006). Trauma-focused, present-centered,

emotional self-regulation approach to integrated treatment for

posttraumatic stress and addiction: Trauma Adaptive Recovery Group

Education and Therapy (TARGET). Am. J. Psychother. 60, 335–355.

doi: 10.1176/appi.psychotherapy.2006.60.4.335

Frecska, E., Bokor, P., and Winkelman, M. (2016). The therapeutic potentials

of ayahuasca: possible effects against various diseases of civilization. Front.

Pharmacol. 7:35. doi: 10.3389/fphar.2016.00035

Gadeikis, D., Bos, N., Schweizer, S., Murphy, F., and Dunn, B. (2017). Engaging in

an experiential processing mode increases positive emotional response during

recall of pleasant autobiographical memories. Behav. Res. Ther. 92, 68–76.

doi: 10.1016/j.brat.2017.02.005

Garcia-Romeu, A., Davis, A. K., Erowid, F., Erowid, E., Griffiths, R. R., and

Johnson, M. W. (2019). Cessation and reduction in alcohol consumption

and misuse after psychedelic use. J. Psychopharmacol. 33, 1088–1101.

doi: 10.1177/0269881119845793

Garcia-Romeu, A., and Richards, W. A. (2018). Current perspectives on

psychedelic therapy: use of serotonergic hallucinogens in clinical interventions.

Int. Rev. Psychiatry 30, 291–316. doi: 10.1080/09540261.2018.1486289

Geller, S. M. (2013). “Therapeutic presence as a foundation for relational

depth,” Relational Depth: New Perspectives and Developments, eds R. Knox,

D. Murphy, S. Wiggins, and M. Cooper (Basingstoke: Palgrave), 175–184.

doi: 10.1007/978-1-137-29831-7_14

Goodyear, K., Haass-Koffler, C. L., and Chavanne, D. (2018). Opioid use and

stigma: the role of gender, language and precipitating events. Drug Alcohol

Depend. 185, 339–346. doi: 10.1016/j.drugalcdep.2017.12.037

Grabbe, L., and Miller-Karas, E. (2018). The trauma resiliency model: a “bottom-

up” intervention for trauma psychotherapy. J. Am. Psychiatr. Nurses Assoc. 24,

76–84. doi: 10.1177/1078390317745133

Griffiths, R., Richards, W., Johnson, M., McCann, U., and Jesse, R. (2008).

Mystical-type experiences occasioned by psilocybin mediate the attribution

of personal meaning and spiritual significance 14 months later. J.

Psychopharmacol. 22, 621–632. doi: 10.1177/0269881108094300

Griffiths, R. R., Richards, W. A., McCann, U., and Jesse, R. (2006). Psilocybin

can occasion mystical-type experiences having substantial and sustained

personal meaning and spiritual significance. Psychopharmacology 187, 268–283;

discussion 284-292. doi: 10.1007/s00213-006-0457-5

Grinspoon, L., and Bakalar, J. B. (1981). The psychedelic drug therapies. Curr.

Psychiatr. Ther. 20, 275–283.

Grof, S. (1994). LSD Psychotherapy (2nd ed). Alameda, CA: Hunter House.

Grof, S., and Grof, C. (2010). Holotropic Breathwork. Albany, NY: State University

of New York.

Haijen, E. C. H. M., Kaelen, M., Roseman, L., Timmermann, C., Kettner, H., Russ,

S., et al. (2018). Predicting responses to psychedelics: a prospective study. Front.

Pharmacol. 9:897. doi: 10.3389/fphar.2018.00897

Frontiers in Psychology | www.frontiersin.org 13 March 2021 | Volume 12 | Article 64524617

https://doi.org/10.1177/0269881114565144
https://doi.org/10.1016/B978-0-12-416031-6.00007-4
https://doi.org/10.1177/1534650113479652
https://doi.org/10.1177/0269881116662634
https://www.nytimes.com/2019/09/04/science/psychedelic-drugs-hopkins-depression.html
https://www.nytimes.com/2019/09/04/science/psychedelic-drugs-hopkins-depression.html
https://doi.org/10.1136/jnnp-2013-306103.17
https://doi.org/10.1124/pr.118.017160
https://doi.org/10.1038/s41598-017-13282-7
https://doi.org/10.1007/s10865-007-9130-7
https://doi.org/10.1080/02791072.2014.920117
https://maps.org/news/bulletin/articles/435-maps-bulletin-winter-2018-vol-28-no-3/7515-cultivating-inner-growth-the-inner-healing-intelligence-in-mdma-assisted-psychotherapy-winter-2018
https://maps.org/news/bulletin/articles/435-maps-bulletin-winter-2018-vol-28-no-3/7515-cultivating-inner-growth-the-inner-healing-intelligence-in-mdma-assisted-psychotherapy-winter-2018
https://maps.org/news/bulletin/articles/435-maps-bulletin-winter-2018-vol-28-no-3/7515-cultivating-inner-growth-the-inner-healing-intelligence-in-mdma-assisted-psychotherapy-winter-2018
https://doi.org/10.1037/0022-006X.70.5.1067
https://doi.org/10.1037/0022-006X.65.4.588
https://doi.org/10.1080/10503307.2010.497508
https://doi.org/10.1007/s12671-014-0361-8
https://doi.org/10.1089/acm.2017.0176
https://doi.org/10.1080/16066350500053562
https://doi.org/10.1016/j.jcbs.2019.11.004
https://doi.org/10.1080/02791072.2019.1587556
https://doi.org/10.1080/16066359.2018.1455187
https://doi.org/10.1177/2050324517723232
https://doi.org/10.1016/j.pnpbp.2018.03.003
https://doi.org/10.1002/j.2164-490X.2003.tb00168.x
https://doi.org/10.1080/15294145.2019.1689528
https://doi.org/10.1176/appi.psychotherapy.2006.60.4.335
https://doi.org/10.3389/fphar.2016.00035
https://doi.org/10.1016/j.brat.2017.02.005
https://doi.org/10.1177/0269881119845793
https://doi.org/10.1080/09540261.2018.1486289
https://doi.org/10.1007/978-1-137-29831-7_14
https://doi.org/10.1016/j.drugalcdep.2017.12.037
https://doi.org/10.1177/1078390317745133
https://doi.org/10.1177/0269881108094300
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.3389/fphar.2018.00897
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Gorman et al. Psychedelic Harm Reduction and Integration

Hargrove, D. S. (2009). “Psychotherapy based on Bowen family systems theory,”

in The Wiley-Blackwell Handbook of Family Psychology, eds J. H. Bray and M.

Stanton (Wiley Blackwell), 286–299. doi: 10.1002/9781444310238.ch19

Hartogsohn, I. (2016). Set and setting, psychedelics and the placebo

response: an extra-pharmacological perspective on psychopharmacology.

J. Psychopharmacol. 30, 1259–1267. doi: 10.1177/0269881116677852

Hartogsohn, I. (2017). Constructing drug effects: a history of set and setting. Drug

Sci. Policy Law 3:205032451668332. doi: 10.1177/2050324516683325

Hartogsohn, I. (2018). The meaning-enhancing properties of psychedelics and

their mediator role in psychedelic therapy, spirituality, and creativity. Front.

Neurosci. 12:129. doi: 10.3389/fnins.2018.00129

Hayes, S. C., Luoma, J. B., Bond, F.W., Masuda, A., and Lillis, J. (2006). Acceptance

and commitment therapy: model, processes and outcomes. Behav. Res. Ther. 44,

1–25. doi: 10.1016/j.brat.2005.06.006

Henderson, N. L., and Dressler, W. W. (2017). Medical disease or moral defect?

Stigma attribution and cultural models of addiction causality in a university

population. Cult. Med. Psychiatry 41, 480–498. doi: 10.1007/s11013-017-9531-1

Hendricks, P. S., Johnson, M. W., and Griffiths, R. R. (2015a). Psilocybin,

psychological distress, and suicidality. J. Psychopharmacol. 29, 1041–1043.

doi: 10.1177/0269881115598338

Hendricks, P. S., Thorne, C. B., Clark, C. B., Coombs, D. W., and

Johnson, M. W. (2015b). Classic psychedelic use is associated with reduced

psychological distress and suicidality in the United States adult population. J.

Psychopharmacol. 29, 280–288. doi: 10.1177/0269881114565653

Herbeck, D.M., Hser, Y. I., and Teruya, C. (2008). Empirically supported substance

abuse treatment approaches: a survey of treatment providers’ perspectives and

practices [Multicenter Study Research Support, N.I.H., Extramural]. Addict.

Behav. 33, 699–712. doi: 10.1016/j.addbeh.2007.12.003

Heriot-Maitland, C. P. (2008). Mysticism and madness: different aspects of

the same human experience? Mental Health Relig. Cult. 11, 301–325.

doi: 10.1080/13674670701287680

Hood, R. W. (1975). The construction and preliminary validation of a

measure of reported mystical experience [Article]. J. Sci. Study Relig. 14:29.

doi: 10.2307/1384454

Inserra, A. (2019). Current status of psychedelic therapy in Australia and New

Zealand: are we falling behind? Austr. N. Zealand J. Psychiatry 53, 190–192.

doi: 10.1177/0004867418824018

Jade, R. (2018). Integrating Underground Psychedelic Use: A Cautionary Note for

Licensed Health Care Providers. SSRN.

James, W. (2008). The Varieties of Religious Experience: A Study in Human Nature.

New York, NY: Routledge. doi: 10.1017/CBO9781139149822

Johansen, P.-Ø., and Krebs, T. S. (2015). Psychedelics not linked to mental health

problems or suicidal behavior: a population study. J. Psychopharmacol. 29,

270–279. doi: 10.1177/0269881114568039

Johnson, C. V., and Friedman, H. L. (2008). Enlightened or

delusional? Differentiating religious, spiritual, and transpersonal

experiences from psychopathology. J. Human. Psychol. 48, 505–527.

doi: 10.1177/0022167808314174

Johnson, M., Richards, W., and Griffiths, R. (2008). Human hallucinogen

research: guidelines for safety. J. Psychopharmacol. 22, 603–620.

doi: 10.1177/0269881108093587

Johnson, M. W., Garcia-Romeu, A., Cosimano, M. P., and Griffiths, R. R. (2014).

Pilot study of the 5-HT2AR agonist psilocybin in the treatment of tobacco

addiction. J. Psychopharmacol. 28, 983–992. doi: 10.1177/0269881114548296

Johnson, M. W., Hendricks, P. S., Barrett, F. S., and Griffiths, R. R. (2019). Classic

psychedelics: an integrative review of epidemiology, therapeutics, mystical

experience, and brain network function. Pharmacol. Ther. 197, 83–102.

doi: 10.1016/j.pharmthera.2018.11.010

Kaasik, H., and Kreegipuu, K. (2020). Ayahuasca users in Estonia: ceremonial

practices, subjective long-term effects, mental health, and quality of life. J.

Psychoactive Drugs 52, 255–263. doi: 10.1080/02791072.2020.1748773

Kabat-Zinn, J. (2006). Mindfulness-based interventions in context: past, present,

and future. Clin. Psychol. 10, 144–156. doi: 10.1093/clipsy.bpg016

Knudsen, H. K., Ducharme, L. J., Roman, P. M., and Link, T. (2005).

Buprenorphine diffusion: the attitudes of substance abuse treatment

counselors. J. Subst. Abuse Treat. 29, 95–106. doi: 10.1016/j.jsat.2005.05.002

Kometer, M., Schmidt, A., Jancke, L., and Vollenweider, F. X. (2013). Activation of

Serotonin 2A receptors underlies the psilocybin-induced effects on oscillations,

N170 visual-evoked potentials, and visual hallucinations. J. Neurosci. 33,

10544–10551. doi: 10.1523/JNEUROSCI.3007-12.2013

Krebs, T. S., and Johansen, P.-Ø. (2013). Over 30 million psychedelic users in the

United States. F1000Research 2:98. doi: 10.12688/f1000research.2-98.v1

Krupitsky, E. M., Burakov, A. M., Dunaevsky, I. V., Romanova, T. N., Slavina, T.

Y., and Grinenko, A. Y. (2007). Single versus repeated sessions of ketamine-

assisted psychotherapy for people with heroin dependence. J. Psychoactive

Drugs 39, 13–19. doi: 10.1080/02791072.2007.10399860

Kuypers, K. P. C. (2019). Psychedelic medicine: the biology underlying

the persisting psychedelic effects. Med. Hypotheses 125, 21–24.

doi: 10.1016/j.mehy.2019.02.029

Kuypers, K. P. C., Riba, J., de la Fuente Revenga, M., Barker, S., Theunissen, E. L.,

and Ramaekers, J. G. (2016). Ayahuasca enhances creative divergent thinking

while decreasing conventional convergent thinking. Psychopharmacology 233,

3395–3403. doi: 10.1007/s00213-016-4377-8

Labate, B. C., and Feeney, K. (2012). Ayahuasca and the process of regulation in

Brazil and internationally: implications and challenges. Int. J. Drug Policy 23,

154–161. doi: 10.1016/j.drugpo.2011.06.006

Larimer, M. E., Palmer, R. S., and Marlatt, G. A. (1999). Relapse prevention.

an overview of marlatt’s cognitive-behavioral model. Alcohol Res. Health

23, 151–160.

Lawn, W., Hallak, J. E., Crippa, J. A., Dos Santos, R., Porffy, L., Barratt, M. J.,

et al. (2017).Well-being, problematic alcohol consumption and acute subjective

drug effects in past-year ayahuasca users: a large, international, self-selecting

online survey. Sci. Rep. 7:15201. doi: 10.1038/s41598-017-14700-6

Leahy, R. L., Tirch, D. D., and Melwani, P. S. (2012). Processes underlying

depression: risk aversion, emotional schemas, and psychological flexibility. Int.

J. Cogn. Ther. 5, 362–379. doi: 10.1521/ijct.2012.5.4.362

Leary, T., Metzner, R., and Alpert, R. (2000). The Psychedelic Experience: A

Manual Based on the Tibetan Book of the Dead. New York, NY: Citadel Press,

Kensington Publishing Corp.

Levenson, E. A. (1976). A holographic model of psychoanalytic

change. Contemp. Psychoanal. 12, 1–20. doi: 10.1080/00107530.1976.

10745411

MacLean, K. A., Johnson, M. W., and Griffiths, R. R. (2011). Mystical

experiences occasioned by the hallucinogen psilocybin lead to increases in

the personality domain of openness. J. Psychopharmacol. 25, 1453–1461.

doi: 10.1177/0269881111420188

MacLean, K. A., Leoutsakos, J. M., Johnson, M. W., and Griffiths, R. R. (2012).

Factor analysis of the mystical experience questionnaire: a study of experiences

occasioned by the hallucinogen psilocybin. J. Sci. Study Relig. 51, 721–737.

doi: 10.1111/j.1468-5906.2012.01685.x
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Psilocybin has a long history of non-medical use and some seem to infer from this

that it has therapeutic utility. Early phase clinical trials with psilocybin are encouraging,

but suggest only that larger, multicentre trials are required. These are ongoing but will

take many years to complete. Meanwhile, retreat centers offering paid experiences

with psilocybin truffles have opened in some countries, often using early phase clinical

trial data as a basis for bold, public facing claims. This seems unwise. Early phase

trials are not designed for their results to be generalized outside the setting they were

undertaken in. To do so risks being misleading. Providing what may be seen as an

unregulated drug intervention as a paid service is difficult to reconcile with long-held

ethical principles underpinning human research and treatment development that were

laid down by the 1947 Nuremberg Code and the 1962 Kefauver Harris Amendments. By

using psilocybin before it has been properly tested, retreat centers may be undermining

their own credibility and the credibility of the wider field.

Keywords: psilocybin, clinical trials, retreat center, depression, therapy

Drugs are molecular tools waiting for their use to be found. In psychiatry, this sometimes happens
with a sprinkling of serendipity and, occasionally, self-experimentation.

That moment of serendipity for psilocybin, the active ingredient of so-called “magic”
mushrooms, was probably many thousands of years ago. Evidence from antiquity suggests
psilocybin mushrooms were used by different, geographically separated ancient cultures (1, 2), with
the most prominent evidence from ancient meso-American cultures, who described psilocybin
mushrooms as “teonanacatl” (“flesh of god”). Today, around 2.5 million individuals in the UK
population report a lifetime history of use of psilocybin mushrooms, a proportion that has been
stable over the last 10 years (3). AUS population estimate suggested a slightly higher proportion (4).

However, to determine whether a drug should become a licensed medicine, an objective process
of scientific enquiry is required. This usually consists of set of gold standard clinical trials, defined
by international agreement (5). In contrast of the history of psilocybin use, clinical trials, in their
modern and robust forms, have taken place only for the past 50 years or so.

This has introduced a problem. For some who are well-versed with the history and non-medical
use of psilocybin, there is a strong tendency to infer that it has a confirmed therapeutic utility.
This is reflected in a vocal minority who call for legitimization and liberalization of use. They
have had some success, with changes to statutes in the US state of Oregon that challenge decades
of prohibition and make non-medical use more likely. Whilst the justifications for unregulated
psilocybin use are understandable, they are also non-objective, insofar as they infer a utility on
the basis of historical precedent, anecdotal evidence and (sometimes) personal experience. In
medicine, justification of use in these terms (particularly as a treatment for others) is viewed with
strong suspicion.
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There is reasoned foundation for such suspicion. History
suggests that presumption of safety and efficacy of drugs without
exhaustive scrutiny is dangerous. The current clinical trials
process is based, amongst other things, on the Kefauver Harris
Amendments of US statute in 1962 (6). These were a logical
response to the tragedy that occurred with the drug thalidomide
that, marketed in 1957 for morning sickness in pregnant
women without adequate testing of safety, caused thousands of
children to be born with life-altering birth abnormalities (7). The
Kefauver Harris Amendments introduced a legal requirement
for manufacturers of drugs for human use to provide proof
of effectiveness and safety prior to marketing. They were an
application of principles laid down by the Nuremberg Code
of 1947 (8), which is a set of ethical statements about human
research that arose from the Nuremberg trials at the end of the
Second World War. The Declaration of Helsinki by the World
Medical Association in 1964 further enshrined these principles
in clinical trials (9). Taken together, they form the cornerstone
of human research ethics and have guided regulations for the
development of new treatments for human use ever since.

A natural extension of these principles is that it is unethical
and potentially dangerous to infer safety and efficacy of a
treatment before a burden of objective proof has been met. Here,
the burden of proof is a series of gold-standard, randomized,
controlled trials (RCTs) that collect evidence about a potential
treatment’s safety and effectiveness prior to it being considered
for wider public use. Clinical trials must be undertaken according
to strict guidelines that protect the rights of participants (5). For
example, usually it would be unethical to require a participant to
pay for their participation in a clinical trial.

Those clinical trials proceed in 4 “phases.” Phase 1 are first-
in-human trials. These establish basic safety, usually in healthy
volunteers who are paid for their participation. Phase 2 are first-
in-patient trials. These establish feasibility of a new intervention
in a patient population with a particular diagnosis. Phase 3
are efficacy trials. These are randomized, controlled trials, often
in very large numbers of similar patients in numerous centers
around the world. Phase 3 trials often cost hundreds ofmillions of
dollars and take many years to complete. It is only phase 3 trials
that are used to make licensing decisions, because only phase 3
trials have sufficiently robust designs to inform those decisions.
Even after licensing, phase 4 trials investigate treatments further,
often picking up rare side effects that phase 3 trials can’t detect.
Licenses are sometimes withdrawn on the basis of phase 4 trials.
Even after this, drug safety monitoring is essentially endless,
and drugs may be withdrawn for safety reasons after being
on the market for many years. A good example of this is the
antidepressant nefazodone.

A hypothesis currently is that psilocybin, given in a medically
controlled setting along with psychological support, is a safe and
effective treatment for major depressive disorder. A hypothesis
makes no presumption about the truth, but it is the basis for a
process of scientific enquiry that addresses the need for a burden
of proof. Since psilocybin is a drug, this burden of proof is a set of
gold standard clinical trials. To date, this burden of proof has not
been met for psilocybin. Whilst we are making some progress,
there is a long way still to go.

We completed a gold standard Phase 1 trial in 2019
at King’s College London (10). This was the largest ever
randomized controlled trial of psilocybin in healthy volunteers.
89 participants were randomized to receive a single dose of
either placebo, 10 or 25mg of psilocybin. We used a proprietary
formulation of psilocybin, developed and manufactured by
COMPASS Pathways PLC, who also funded the study. The
objectives were to assess the short-term effects of psilocybin on
emotional processing and cognitive function at 1 and 4 weeks, as
measured by the CANTAB cognitive battery and a panel of social
and emotional cognition scales. We also measured adverse event
rates and serious adverse event rates between the three trial arms.
Follow up was for 12 weeks.

The results from this study are currently under peer review,
however we presented a synthesis of adverse event data in poster
form recently (10). The results were reassuring. No clinically
serious adverse events were recorded. No adverse event led to
a participant withdrawing from the trial. Sixty-seven percent
of all adverse events appeared and resolved on the day of
dosing. Ninety-two percentage of adverse events likely to be
“psychedelic” in nature were resolved by the next day. Those
remaining were usually positive in nature. Altered mood was one
of the most frequently recorded adverse events, however by post-
hoc analysis 96% were judged to be either positive or neutral in
nature. We concluded that psilocybin was well-tolerated and was
not associated with significant negative effects on measures of
cognitive and emotional processing in healthy volunteers.

If the results from this study are confirmed, this represents
a significant step in the regulatory process that may (or may
not) lead to licensing of psilocybin therapy. Randomized, single-
center phase 2 trials with psilocybin in patients have also been
completed, for example in major depressive disorder (11) and
cancer related anxiety (12, 13). Randomized, single center trials
that will report through 2021 and 2022 include participants
with major tobacco addiction (NCT01943994) and obsessive-
compulsive disorder (NCT03356483). Together, these make a
convincing case for larger, more extensive trials in patients.

These are now underway. A multi-center RCT of psilocybin
assisted therapy in 216 participants with treatment resistant
depression (NCT03775200) started in 2019 in Europe and North
America, funded by COMPASS (14). A multi-center RCT of
psilocybin therapy in 80 participants with major depressive
disorder (non-treatment resistant) (NCT03866174) started in
2019 in the United States, funded by the Usona Institute.
Results from both of these trials are expected in 2022. Both of
these trials are a credible basis for phase 3 trials, and phase 3
trials are used by regulators to make licensing decisions and
issue marketing authorisations. It is legally incompatible for a
drug with a marketing authorization to remain within Schedule
1. If psilocybin receives a marketing license then, similar to
formulations of cannabis with approved medical use, it will likely
be rescheduled. This will be a very significant step, challenging 50
years of prohibition.

However, whilst this is all underway (it takes many years)
private retreat centers advertising packages that include dosing
sessions with psilocybin have opened in countries such as the
Netherlands. Here, more relaxed approaches to regulation allow
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psilocybin-containing truffles to be offered legally, outside the
usual processes of drug regulation.

Websites of retreat centers promote narratives of personal
growth, emotional breakthroughs and spiritual development.
They use the results of early phase clinical trials with psilocybin to
bolster claims to potential customers, despite the fact that those
trials were never designed for that purpose and should not be
extrapolated in this way. Some retreat centers publicly advertise
the results of their own research programmes to potential
customers, without pointing out that such research is likely to be
biased. It is usual for packages that include a single psilocybin
dosing session to cost many thousands of Euros.

Whilst retreat centers are not acting illegally and many clearly
intend to provide high quality experiences to customers, there are
several potential problems here. The problem of how to manage
the clinical risks of customers who will bring whole lifetimes
of psychology to a potentially life changing experience. Looked
at another way, what is the center actually providing, if it is
not a drug treatment? The problem of how to justify the use
of an evidence base for the center when that evidence base was
never meant for that. Moreover, how will they maintain quality
and appropriate levels of care when there will be other centers
attempting to undercut prices and there is no external process
of regulation?

Underlying much of this is the fact that psilocybin is not
certified as a treatment, or an intervention, for anything.
Complicating the picture is that it is also legally defined in
many countries as a drug with significant dangers. Whilst that
definition is questionable, it is nonetheless the default position
of people external to the psilocybin field. Whilst it is a “Devil’s
advocate” position, if psilocybin isn’t a licensed treatment (but
is being investigated as one) and the legal position is that it is a
drug with significant dangers, then retreat centers logically run
the risk of being seen by authorities as unregulated centers of
human experimentation where participants are paying for their
own dosing with a drug legally classified as potentially dangerous.
It was just this sort of scenario that the Nuremberg Code and the
Declaration of Helsinki were set up to address.

Yet, it gets more complicated still. Some governments
have specifically issued exemptions from regulations to
allow the use of drugs like psilocybin (although not
specifically psilocybin) when they have an established role
as a religious sacrament. For example, the US government
allows the indigenous peoples of North and Central
America to use mescaline-containing peyote cactus in a
ceremonial setting. Governments in South America take
a similar view of DMT-containing ayahuasca, long used
ceremonially there.

Is it possible, therefore, to justify the existence of retreat
centers on religious or spiritual grounds, thus bypassing the
need for regulation? On balance, probably not. Religious use
long predates scientific and medical trials of psilocybin. There
is no reason why retreat centers could not have been set up
prior to medical research, were they motivated by religious
or spiritual use. The rapid development of retreat centers
subsequent to medical research, does not suggest religious or
spiritual motivations are a significant factor.

Is it possible for retreat centers to justify their existence
on the basis of the prevalence of recreational use and a harm
minimization argument? Since so many people are doing it
anyway, why not provide a safe and supportive context? Again,
likely not. There is no convincing, substantive evidence that
providing psilocybin in a retreat center is more safe or more
supportive than standard harm reduction advice. This is that
recreational users take sensible precautions, such as using
psilocybin mushrooms of known quality at home, with sober
companions that they trust to take care of them and a pre-agreed
process for contacting further help, if necessary.

Is it possible for retreat centers to justify their existence
on the basis of existing trial evidence? The answer to this
is definitely not. At the moment, the clinical evidence for
psilocybin as a treatment is very limited. All clinical trials to
date are pilot trials and feasibility RCTs taking place in single
centers with carefully selected groups of patients and highly
motivated teams of researchers (11–19). Whilst it is true that
almost all report encouraging treatment effect sizes, it is usual
for early phase clinical trials to over-estimate these. Currently,
reported effect sizes for psilocybin treatment are far larger than
is clinically credible, or likely in the “real world.” Beyond the
basic problem that the effect sizes are likely to be over-estimates,
single center trials say nothing about whether a treatment
generalizes outside the center the trial was done. To test this,
multi-center trials are needed. These have not yet been completed
with psilocybin.

Why are we saying this? We lead a research team investigating
psilocybin. We are “representatives of the establishment”:
established medics with all the motivations to maintain the
current hegemony and power structures that were associated with
the prohibition of classical psychedelics in the first place. We
have pointed out the problems of retreat centers with a business
model in the same article that we describe our collaboration with
a for-profit commercial company developing psilocybin through
medical licensing. Moreover, one of the authors (JR) works for
a (government regulated) medical cannabis clinic in the UK,
prescribing cannabis products that have not been subject to the
very process we are arguing psilocybin should be subject to.
Surely, we are hypocrites? Surely, we are biased ourselves.

Indeed, we are. However, if we are then we are in a context
where processes of external regulation provide a necessary
balance to that. Clinical trials and the proper processes of
regulation of human research were set up to guard against
the worst excesses of quackery and hearsay that used to
define medical treatment. They are based upon the core
ethical principles surrounding human research that most people
support. As such, they garner the broader trust of governments
and wider society. We think that this trust is very important
given the tentative position the field finds itself with psilocybin.
If you don’t trust us, then we’d like to appeal that you consider
trusting an internationally agreed process forged from the lessons
of history.

Our central point is that if psilocybin is ever to achieve
wider credibility in society, then it is this regulated process
of clinical trials that is most likely to achieve it. Few in
society could object to a societal and legal reorientation
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of approach toward psilocybin if it was shown by proper
clinical trial evidence to have a use in healthcare. But this
hasn’t happened yet. Offering psilocybin to people outside a
regulated context, particularly in the context of payment, risks
undermining the process of legitimately challenging psilocybin’s
legal status.

A current psilocybin retreat center says the following on its
public facing website:

“All of this research, regardless of its focus, comes together to

produce one clear message: psychedelics are powerful, and can

transform your life. Indeed, it is this increasingly strong evidence-

base for its benefits that has helped transform psilocybin from

a banned substance to an FDA-approved medicine: trials which

are set to render it available as a prescription-based panacea for

treatment-resistant depression are currently underway in Europe

and North America.” (20).

Psilocybin is not an “FDA-approved medicine.” No clinical trial
can be “set to render” anything. Indeed, to presume this (and that
it is a “panacea”) is the sort of quackery that clinical trials were
set up to counter, and which we argue is liable to undermine
legitimate attempts to investigate the safety and effectiveness
of psilocybin.

History relates that the current landscape with psilocybin is
familiar territory. Unevidenced, ideological eulogy along with
widespread recreational self-experimentation with psychedelics
(including psilocybin) in the 1960s led (in part) to the stringent,
criminal legal restrictions in place in countries around the world.

Fifty years later these laws are still in place, with all of the stigma
they have created. We are faced with an uphill battle to persuade
governments and the public that psilocybin may have a place
in healthcare. Attempting to circumvent established processes of
regulation by offering psilocybin outside of a regulated setting is
liable to lead to a form of redress, just as it did before. In time, we
hope that the clinical trial evidence, properly collected, maymake
an argument that few could ignore. Perhaps, until that time, we
would be better to retain a collective position of clinical equipoise.

DATA AVAILABILITY STATEMENT

The original contributions generated in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by London—Brent Research Ethics Committee. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

JR wrote this manuscript. AY commented and made
amendments to the manuscript. Both authors contributed
to the article and approved the submitted version.

REFERENCES

1. Letcher A, Shroom. New York, NY: Harper Collins (2008).

2. Akers BP, Ruiz JF, Piper A, Ruck CAP. A prehistoric mural in Spain

depicting neurotropic psilocybe mushrooms? Econ Botany. (1992) 65:121–

8. doi: 10.1007/s12231-011-9152-5

3. Home Office. Drug Misuse: Findings from the 2018 to 2019 CSEW. London:

GOV (2019).

4. Krebs TS, Johansen P-Ø. Over 30 million psychedelic

users in the United States. F1000Research. (2013)

2:98. doi: 10.12688/f1000research.2-98.v1

5. ICH GCP. ICH Harmonised Guideline Integrated Addendum to ICH E6(R1):

Guideline for Good Clinical Practice ICH E6(R2) ICH Consensus Guideline.

London: ICH GCP (2020).

6. Greene JA, Podolsky SH. Reform, regulation, and pharmaceuticals—

The Kefauver-Harris amendments at 50. N Engl J Med. (2012)

367:1481. doi: 10.1056/NEJMp1210007

7. Smithells RW, Newman CG. Recognition of thalidomide defects. J Med Genet.

(1992) 29:716–23. doi: 10.1136/jmg.29.10.716

8. Shuster E. Fifty years later: the significance of the nuremberg code. N Engl J

Med. (1997) 337:1436–40. doi: 10.1056/NEJM199711133372006

9. TheWorldMedical Association.Declaration of Helsinki—Ethical Principles for

Medical Research Involving Human Subjects. Fortaleza: The World Medical

Association (2013).

10. Rucker J, Young A, Williams S, Stansfield S, Eriksson H, Malievskaia E.

Psilocybin Administration to Healthy Participants: Safety and Feasibility

in a Placebo-Controlled Study: Poster presented at the 58th Annual

Meeting of The American College of Neuropsychopharmacology, Orlando,

FL, USA, 8-11 December 2019. Orlando, FL: The American College of

Neuropsychopharmacology (2019).

11. Alan P, Davis K. Effects of psilocybin-assisted therapy on major

depressive disorder: a randomized clinical trial. JAMA Psychiatry.

(2020). doi: 10.1001/jamapsychiatry.2020.3285. [Epub ahead

of print].

12. Ross S, Bossis A, Guss J, Agin-Liebes G, Malone T, Cohen B, et al. Rapid and

sustained symptom reduction following psilocybin treatment for anxiety and

depression in patients with life-threatening cancer: a randomized controlled

trial. J Psychopharmacol. (2016) 30:1165–80. doi: 10.1177/02698811166

75512

13. 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) 30:1181–97. doi: 10.1177/02698811166

75513

14. Treatment Resistant Depression and Clinical Trials|COMPASS (2021).

Available online at: https://compasspathways.com/our-research/psilocybin-

therapy/our-clinical-trials/treatment-resistant-depression (accessed January

24, 2021).

15. Carhart-Harris RL, Bolstridge M, Day CMJ, Rucker J, Bloomfield M,

Watts R, et al. Psilocybin with psychological support for treatment-resistant

depression: six-month follow-up. Psychopharmacology. (2017) 235:399–

408. doi: 10.1007/s00213-017-4771-x

16. Carhart-Harris RL, Bolstridge M, Rucker J, Day CMJ, Erritzoe D, Kaelen

M, et al. Psilocybin with psychological support for treatment-resistant

depression: an open-label feasibility study. Lancet Psychiatry. (2016) 3:619–

27. doi: 10.1016/S2215-0366(16)30065-7

17. Bogenschutz MP, Forcehimes AA, Pommy JA, Wilcox

CE, Barbosa P, Strassman RJ. Psilocybin-assisted treatment

for alcohol dependence: a proof-of-concept study. J

Frontiers in Psychiatry | www.frontiersin.org 4 April 2021 | Volume 12 | Article 65904424

https://doi.org/10.1007/s12231-011-9152-5
https://doi.org/10.12688/f1000research.2-98.v1
https://doi.org/10.1056/NEJMp1210007
https://doi.org/10.1136/jmg.29.10.716
https://doi.org/10.1056/NEJM199711133372006
https://doi.org/10.1001/jamapsychiatry.2020.3285
https://doi.org/10.1177/0269881116675512
https://doi.org/10.1177/0269881116675513
https://compasspathways.com/our-research/psilocybin-therapy/our-clinical-trials/treatment-resistant-depression
https://compasspathways.com/our-research/psilocybin-therapy/our-clinical-trials/treatment-resistant-depression
https://doi.org/10.1007/s00213-017-4771-x
https://doi.org/10.1016/S2215-0366(16)30065-7
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Rucker and Young Psilocybin: From Serendipity to Credibility?

Psychopharmacol. (2015) 29:289–99. doi: 10.1177/02698811145

65144

18. Johnson MW, Garcia-Romeu A, Cosimano MP, Griffiths RR. Pilot

study of the 5-HT2AR agonist psilocybin in the treatment of tobacco

addiction. J Psychopharmacol. (2014) 28:983–92. doi: 10.1177/0269881114

548296

19. Grob CS, Danforth AL, Chopra GS, Hagerty M, McKay CR,

Halberstadt AL, et al. Pilot study of psilocybin treatment

for anxiety in patients with advanced-stage cancer. Arch Gen

Psychiatry. (2011) 68:71–8. doi: 10.1001/archgenpsychiatry.20

10.116

20. Synthesis Institute. Research—SYNTHESIS (2021). Available online at: https://

www.synthesisretreat.com/research (accessed January 26, 2021).

Disclaimer: The views expressed are those of the author(s) and not necessarily

those of the NHS, the NIHR or the Department of Health.

Conflict of Interest: This work presents independent research part-funded by

the National Institute for Health Research (NIHR) Biomedical Research Centre

at South London andMaudsleyNHS Foundation Trust andKing’s College London.

JR is an honorary consultant psychiatrist at The South London & Maudsley

NHS Foundation Trust, a consultant psychiatrist at Sapphire Medical Clinics and

an NIHR Clinician Scientist Fellow at the Centre for Affective Disorders at King’s

College London. James Rucker’s salary is funded by a fellowship (CS-2017-17-007)

from the National Institute for Health Research (NIHR). JR leads the Psychedelic

Trials Group with Professor Allan Young at King’s College London. King’s College

London receives grant funding from COMPASS Pathways PLC to undertake

phase 1 and phase 2 trials with psilocybin. COMPASS Pathways PLC has paid

for JR to attend trial related meetings and conferences to present the results of

research using psilocybin. JR asserts that COMPASS Pathways had no influence

over the content of this article. JR has undertaken paid consultancy work for

Beckley PsyTech and Clerkenwell Health. Payments for consultancy work are

received and managed by King’s College London. JR does not benefit personally.

JR has no shareholdings in pharmaceutical companies.

AY employed by King’s College London; Honorary Consultant SLaM (NHS UK)

Paid lectures and advisory boards for the following companies with drugs used

in affective and related disorders: Astrazenaca, Eli Lilly, Lundbeck, Sunovion,

Servier, Livanova, Janssen, Allegan, Bionomics, Sumitomo Dainippon Pharma,

COMPASS. Consultant to Johnson & Johnson. Consultant to Livanova. AY

received honoraria for attending advisory boards and presenting talks at meetings

organised by LivaNova. Principal Investigator in the Restore-Life VNS registry

study funded by LivaNova. Principal Investigator on ESKETINTRD3004: “An

Open-label, Long-term, Safety and Efficacy Study of Intranasal Esketamine

in Treatment-resistant Depression.” Principal Investigator on “The Effects of

Psilocybin on Cognitive Function in Healthy Participants.” Principal Investigator

on “The Safety and Efficacy of Psilocybin in Participants with Treatment-Resistant

Depression (P-TRD).”

Copyright © 2021 Rucker and Young. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 5 April 2021 | Volume 12 | Article 65904425

https://doi.org/10.1177/0269881114565144
https://doi.org/10.1177/0269881114548296
https://doi.org/10.1001/archgenpsychiatry.2010.116
https://www.synthesisretreat.com/research
https://www.synthesisretreat.com/research
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


ORIGINAL RESEARCH
published: 09 June 2021

doi: 10.3389/fpsyt.2021.687615

Frontiers in Psychiatry | www.frontiersin.org 1 June 2021 | Volume 12 | Article 687615

Edited by:

Katrin H. Preller,

University of Zurich, Switzerland

Reviewed by:

Jacob Peedicayil,

Christian Medical College &

Hospital, India

Leor Roseman,

Imperial College London,

United Kingdom

*Correspondence:

Simon G. D. Ruffell

s.g.d.ruffell@gmail.com

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Psychopathology,

a section of the journal

Frontiers in Psychiatry

Received: 30 March 2021

Accepted: 14 May 2021

Published: 09 June 2021

Citation:

Ruffell SGD, Netzband N, Tsang W,

Davies M, Butler M, Rucker JJH,

Tófoli LF, Dempster EL, Young AH and

Morgan CJA (2021) Ceremonial

Ayahuasca in Amazonian

Retreats—Mental Health and

Epigenetic Outcomes From a

Six-Month Naturalistic Study.

Front. Psychiatry 12:687615.

doi: 10.3389/fpsyt.2021.687615

Ceremonial Ayahuasca in Amazonian
Retreats—Mental Health and
Epigenetic Outcomes From a
Six-Month Naturalistic Study
Simon G. D. Ruffell 1,2*†, Nige Netzband 3†, WaiFung Tsang 4, Merlin Davies 2,

Matthew Butler 4, James J. H. Rucker 4, Luís Fernando Tófoli 5, Emma Louise Dempster 2,

Allan H. Young 1 and Celia J. A. Morgan 2

1Department of Psychological Medicine, Institute of Psychiatry, Psychology and Neuroscience, King’s College London &

South London and Maudsley NHS Foundation Trust, Bethlem Royal Hospital, Beckenham, United Kingdom, 2College of Life

and Environmental Sciences, Washington Singer Laboratories, University of Exeter, Exeter, United Kingdom, 3Department of

Health and Applied Sciences, University of the West of England, Bristol, United Kingdom, 4 Kings College London, Institute of

Psychiatry, Psychology and Neuroscience, London, United Kingdom, 5 Interdisciplinary Cooperation for Ayahuasca Research

and Outreach (ICARO), University of Campinas, São Paulo, Brazil

Ayahuasca is a natural psychoactive brew, used in traditional ceremonies in the Amazon

basin. Recent research has indicated that ayahuasca is pharmacologically safe and

its use may be positively associated with improvements in psychiatric symptoms. The

mechanistic effects of ayahuasca are yet to be fully established. In this prospective

naturalistic study, 63 self-selected participants took part in ayahuasca ceremonies at

a retreat centre in the Peruvian Amazon. Participants undertook the Beck Depression

Inventory (BDI-II), State-Trait Anxiety Inventory (STAI), Self-compassion Scale (SCS),

Clinical Outcomes in Routine Evaluation-Outcome Measure (CORE-OM), as well as

secondary measures, pre- and post-retreat and at 6-months. Participants also provided

saliva samples for pre/post epigenetic analysis. Overall, a statistically significant decrease

in BDI-II (13.9 vs. 6.1, p < 0.001), STAI (44.4 vs. 34.3 p < 0.001) scores, and CORE-OM

scores were observed (37.3 vs. 22.3 p < 0.001) at post-retreat, as well as a concurrent

increase in SCS (3.1 vs. 3.6, p < 0.001). Psychometric improvements were sustained,

and on some measures values further decreased at 6-month follow-up, suggesting a

potential for lasting therapeutic effects. Changes in memory valence were linked to the

observed psychometric improvements. Epigenetic findings were equivocal, but indicated

that further research in candidate genes, such as sigma non-opioid intracellular receptor

1 (SIGMAR1), is warranted. This data adds to the literature supporting ayahuasca’s

possible positive impact on mental health when conducted in a ceremonial context.

Further investigation into clinical samples, as well as greater analyses into themechanistic

action of ayahuasca is advised.

Keywords: ayahuasca, epigenetic, psychedelic, mental health, trauma, ceremony, retreat, DMT

INTRODUCTION

Ayahuasca, meaning “vine of the soul” in the Quechua language (1), is a natural psychoactive plant
brew traditionally used for medicinal and spiritual purposes by indigenous populations throughout
the Western Amazon basin (2). Scientists first became aware of the Amazonian use of ayahuasca
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around 150 years ago (3), although its use likely far predates this
(4), with some evidence suggesting it may have been used for over
1,000 years (5). In the 1930s, it became introduced to religious
settings in small Brazilian urban centres; by the 1980s, prevalence
of use had spread to larger cities internationally, with syncretic
churches integrating ayahuasca as part of their communions. The
most famous of these being the Santo Daime and the União
do Vegetal (6). Today, Westerners travel to South America in
increasing numbers to participate in ayahuasca rituals, primarily
seeking improved insight, personal growth, and emotional or
physical healing (7).

The ayahuasca brew is usually prepared by boiling the broken
stems of the Banisteriopsis caapi vine, alongside leaves from the
Psychotria viridis shrub or leaves of the Diplopterys cabrerana
(8). B. caapi is rich in the β-carboline alkaloids harmine,
harmaline, tetrahydroharmine, amongst others, which act as
potent reversible monoamine oxidase inhibitors (MAOIs) (9).
Pharmaceutical form MAOIs are widely used as antidepressants
(10). P. viridis and D. cabrerana also contain the psychedelic
tryptamine N,N-dimethyltryptamine (DMT), an agonist of
the serotonin 2A receptor (5HT2AR) and sigma non-opioid
intracellular receptor 1 (SIGMAR1). Agonism of these receptors
have been associated with antidepressive and anxiolytic effects
(11, 12).

When consumed together, the MAOIs in B. caapi renders
the DMT from P. viridis orally active by preventing its
deamination (which usually occurs viamonoamine oxidase in the
gastrointestinal tract). This allows for its uptake into the central
nervous system, inducing powerful psychedelic effects which
often last for ∼4–6 h (13). While MAOIs and DMT are both
somewhat psychoactive independently, unique phenomenology
and pharmacodynamics arise from their interaction in ayahuasca
brews (9, 14, 15). A recent review of the literature suggests
that such effects are likely synergistic as opposed to simply
additive (16).

The ayahuasca experience has been characterised by profound
alterations to one’s sense of self and reality, emotional and
cognitive processing, and spatiotemporal orientation (17).
Visual phenomena are also often reported, ranging from
colourful geometric patterns to vivid dream-like experiences,
alongside transient dissociation, enhanced introspection and
initial anxiety followed by euthymia (9, 15, 18–20). Furthermore,
ayahuasca’s effects have been linked to transcendental and
mystical experiences, such as being connected to spirit realms
in traditional Amerindian perspectives, and divinity in religious
contexts (21). Researchers attempt to measure these experiences
using the Mystical Experience Questionnaire (22).

Ayahuasca is safe when used with due caution (23) and has
a low dose tolerance and addictive potential (24). Rapid and
sustained antidepressant and anxiolytic effects have been shown
in both animals (25, 26), and humans (27–30). More broadly,
ayahuasca has been associated with improved psychosocial well-
being, quality of life, and positive traits such as assertiveness,
confidence, optimism, and emotional maturity as well as
decreases in neuroticism (25, 31–33). Subacute “after-effects”
of ayahuasca include increased mindfulness, ability to decentre
and reduced self-judgment and inner reactivity (34). Qualitative
reports of greater self-love and compassion have also been

suggested, however quantitative measurements have yet to be
adequately established (35).

Ayahuasca experiences have been likened to that of intense
psychotherapy (36), with a number of authors suggesting it
as a treatment candidate for trauma and related disorders
(37–39), potentially via reprocessing of autobiographic and
emotional memories which can be elicited with the ayahuasca-
induced dream-like state (17). Anecdotally, abuse victims and
recovered addicts report that through ayahuasca-induced visions,
they were able to retrieve long-forgotten traumatic memories
to work through, which served as a basis for personal life
restructuring (40). Neurological evidence also suggests that
ayahuasca increases activity in the left hemisphere amygdala
and parahippocampal gyrus, areas associated with memory
and emotional arousal (41). Despite growing speculation for
ayahuasca’s efficacy as an intervention for trauma-related
conditions, supporting evidence in these conditions is primarily
anecdotal, and we suggest further studies.

It is possible that ayahuasca has direct pharmacological effects
on trauma-related neurobiology. It has been proposed that the
alkaloids present in ayahuasca act via the sigma non-opioid
intracellular receptor 1 (SIGMAR1) to promote neurogenesis,
synaptic plasticity, memory reconsolidation, and fear extinction
(42). SIGMAR1 is a stress-responsive neuro-receptor found
primarily on the surface of the endoplasmic reticulum. Rodent
models of stress-induced downstream SIGMAR1 receptor
activation have indicated its potential as a target in post-
traumatic stress disorder [PTSD (43)]. Other candidate receptors
include FKBP5, which is strongly associated with stress response
pathways, and primarily as a co-chaperone of the glucocorticoid
receptor activity; it has been implicated in the pathogenesis of
stress-related disorders (44). Changes in the DNA methylation
pattern within FKBP5 has also been suggested as a potential
proxy marker for response to meditation treatment in
PTSD (45).

Thus far, most empirical human studies on ayahuasca have
been carried out amongst Brazilian syncretic church members
(46), with a small number of studies investigating the use of the
brew in retreat centres following a traditional framework (33,
47, 48) and neoshamanic settings (49, 50). While it is important
for researchers to investigate ayahuasca use in its varied contexts
and traditions, this has been limited by the brew’s illicit status in
most countries.

In this study, we attempted to ascertain whether ceremonial
ayahuasca use may be associated with positive effects on mental
health when used in an indigenous framework with foundations
in the Shipibo traditions of the Peruvian Amazon. We set
out to investigate levels of depression, anxiety, self-compassion
and global distress in healthy volunteers before and after an
Ayahuasca retreat.

We included secondary measures of autobiographical
memory and childhood trauma to investigate potential mediating
effects. Measures of subjective mystical experiences were also
recorded (33, 51). Lastly, we looked to explore mechanistic
hypotheses for potential benefits of ayahuasca. Epigenetic
changes via DNA methylation of three candidate genes with
stress-induced psychopathology were explored; namely FKBP5,
BDNF, and SIGMAR1 (44, 52, 53).
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We hypothesise that psychological outcomes will improve
immediately following the ayahuasca retreat and be maintained
at 6-month follow up. Furthermore, these changes will correlate
with higher scores on the Mystical Experience Questionnaire
post-retreat, and Childhood Trauma Questionnaire scores taken
pre-retreat. Finally, changes in DNA methylation of candidate
genes may be observed post-retreat vs. pre-retreat.

METHODS

Participants and Design
The study was conducted at the Ayahuasca Foundation (AF),
an ayahuasca retreat and research centre, located in the
Amazon rainforest near Iquitos, Peru. The sample group
were self-selected.

This was an observational, naturalistic study. Individuals who
signed up to the retreat were electronically informed about the
research by experimenters the fortnight prior to their retreats
commenced, and again upon arrival in Iquitos before transferring
to the retreat site. Prospective participants were provided an
information sheet and the option to ask questions before giving
informed consent to participate in the study before each retreat
(the research team were not involved in the recruitment to the
retreats, nor dosing of participants). Participation was voluntary
with rights to withdraw at any time.

Prior to acceptance onto the retreats, each participant was
required to complete an online screening questionnaire on
the centre’s website. The questionnaire requires information
on mental, physical health conditions, and any medications
taken. Exclusion criteria includes those with a known diagnosis
of psychosis, schizophrenia, bipolar affective, and personality
disorders from attendance. All inclusion criteria were determined
by the collaborative organisation, the AF.

This study has been approved by the institutional research
ethics committee (#CLESPsy000893 v2.0) and complies with the
declaration of Helsinki. The research team included a doctor
with recognised primary medical qualifications who was present
for the duration of the retreats to provide medical assistance
if necessary.

Preparation for Retreat—“Washout Period”
For 2 weeks’ prior to attending the retreat, each participant
was given instructions by AF to engage in a “washout period,”
abstaining from any substances (prescribed and non-prescribed)
with possible or known interactions with the constituents of
ayahuasca. Furthermore, in order to reduce serum tyramine
levels and minimise potential side effects, dietary restrictions on
red meats, salt, sugar, and fats were also advised by AF. Lower
tyramine levels lessen the likelihood of headaches, nausea, and
increased cardiovascular activity which can result from the brew’s
MAOIs (54).

Procedure
Ayahuasca was administered to participants in a traditional
Shipibo setting adapted for tourists. Retreats varied in length
between 8 days to 1 month, including 8-day (four ayahuasca
ceremonies), 2-week (six ayahuasca ceremonies), 3-week (nine

ayahuasca ceremonies), and 1-month (11 ayahuasca ceremonies)
retreats. It was not compulsory for individuals to participate in
all ceremonies offered, therefore the researchers recorded the
number of ceremonies that each individual participated in.

Ayahuasca ceremonies generally commenced around 20:00,
lasted ∼5 h, and were led by the local curandero (shaman) with
assistance from four to five specially trained facilitators employed
by AF. The ceremony space (i.e., the “maloka”) is a round wooden
building where single mattresses for each participant are laid out
in a circle along the perimeter. A bucket each for “purging” was
also provided, due to the brew’s typical emetic effect. Participants
were instructed to prepare their mindset and set “intentions”
regarding what they hoped to achieve leading up to retreats
and before ceremonies. Participants were advised to not have
physical or verbal contact with one another for the duration
of the ceremonies. Ceremonies were undertaken in darkness,
with the curandero and facilitators singing traditional medicine
songs (i.e., “icaros”) throughout, and providing appropriate care
when necessary (e.g., supporting participants to the bathroom).
On average, participants consumed ∼150ml of the prepared
ayahuasca brew, presented by the curandero at the beginning of
the ceremony.

Standardised questionnaires were administered to
participants prior to their first ceremony (pre-), the day
after their last ceremony (post-), and 6 months after their final
ceremony. The pre-retreat data was completed by participants
on laptops in a quiet space in the hotel the night before travelling
into the jungle for their first ceremony; 4ml of saliva was also
collected under the guidance of researchers at this time point
for epigenetic analysis. Post retreat measures were completed
on laptops in a quiet space at the retreat site on the morning
before travelling back into Iquitos, 4ml of saliva was again
collected. The 6-month follow up questionnaires were collected
electronically via email. Qualitative data was also collected
throughout the retreat and is included a separate article.

Measures
Beck Depression Inventory—Second Edition
The 21 item BDI-II is one of the most widely used psychometric
tests for measuring depression severity. It is composed of items
relating to depression symptomatology such as hopelessness,
irritability, cognitions such as guilt or feelings of being punished,
as well as fatigue, weight loss, and lack of sexual interest (55). For
the purposes of this study, we used the following cut-off points as
recommended by the authors of the BDI-II: “not depressed” (0–
13), “mild depression” (14–19), “moderate depression” (20–28),
“severe depression” (29–63) (56).

State-Trait Anxiety Inventory
The STAI is a 40-item psychological inventory measuring two
types of anxiety—State Anxiety, or anxiety about an event, and
Trait Anxiety, or anxiety as a personality characteristic. Higher
scores indicate higher levels of anxiety (57). In this study for
analysis of long-term change, the STAI Trait (STAI-T) score was
used rather than the State (i.e., lasting changes moreover how
participants felt at the time).
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Self-Compassion Scale
The 26 item SCS is a validated measure of self-compassion.
Alongside a total score, it is comprised of six subscales, including
three positive constructs of Self-Kindness, Common Humanity,
Mindfulness, and their negative opposite constructs of Self-
Judgement, Isolation, and Over-Identification (58).

Clinical Outcomes in Routine Evaluation-Outcome

Measure
The CORE-OM consists of 34 items measuring Global Distress,
which subdivide into four subscales outlining four dimensions
comprising Global Distress. These include subjective Well-being,
Problems/Symptoms, Functioning, and Risk. The CORE-OM is
a widely used initial screening and monitoring clinical tool with
high internal and test-retest reliability (59).

Childhood Trauma Questionnaire
The CTQ is a 28-item measure inquiring about five types of
maltreatment in childhood. These include Emotional Abuse,
Physical Abuse, Sexual Abuse, Emotional Neglect, and Physical
Neglect, with a three-question screening for false-negative
reports of trauma. The CTQ can be used for both clinical and
non-clinical samples with strong psychometric properties (60).
The CTQ was completed at pre-retreat only.

Mystical Experience Questionnaire
The 30 item MEQ is a validated measure of psychedelic-
occasioned spiritual/peak experiences. The total score is
comprised of four dimensions; Mystical Experience, Positive
Mood, Transcendence of Time/Space, and Ineffability (22).
The MEQ was administered at post-retreat only to capture
participants’ perceptions of their ayahuasca experiences. The
inventory was scored in relation to the entire retreat, rather than
individual sessions.

Sentence Completion for Events From the Past Test
The SCEPT is a sentence completion task devised as a sensitive
measure of over-generality in autobiographical memory.
Participants were required to complete 11 sentence stems in
reference to past events (e.g., “When I think back to/of. . . ”).
Raters coded for memory specificity and into positive and
negative memories.

SCEPT Inter-rater Reliability
A coding cheque was conducted on 25% of the data from the
SCEPT by two researchers to ensure inter-rater reliability.
Intraclass correlation coefficients revealed high levels of
agreement between raters across the measure (see Table 1).

Data Analysis
Data is analysed using SPSS 26.0 (61) and Rstudio Desktop 1.4.
In any case where a value was missing from the dataset, the
participant was excluded from that particular analysis.

Unless otherwise stated, continuous data is presented as
mean (standard deviation; SD). Repeated measures ANOVA
with a Greenhouse-Geisser correction were used to compare
mean differences across time. Post-hoc tests using the Bonferroni
corrected pairwise comparisons were then performed to assess

TABLE 1 | Inter-rater reliability statistics for the SCEPT by intraclass correlation

coefficients.

Inter-rater reliability

Total specific memories 0.83

Positive specific memories 0.76

Negative specific memories 0.90

Total general memories 0.85

Positive general memories 0.76

Negative general memories 0.85

significance between time points. Pearson bivariate correlation
analysis was used to produce r values.

The paired t-test statistic was used to determine if there
was a change in DNA methylation at the two candidate genes
investigated after ayahuasca administration.

Epigenetic Analysis
Saliva samples were collected pre- and post- retreat (2×
4ml). In total, 55 paired samples (pre- and post- retreat)
were obtained. DNA extraction was carried out using
Isohelix GeneFiX Saliva-Prep DNA Kit (1ml protocol) as
per manufacturers specifications.

Bisulfite Conversion
DNA samples were all diluted to 25 ng/ml using ultra high-
quality H2O. Bisulfite conversion was carried out using
the EZ Methylation—Gold Kit D5005 & 5006 according to
manufacturer’s instructions. In total, 48 of the 55 paired samples
were used for this report’s data due to time constraints and
plate sizes.

Bisulfite Pyrosequencing
The SIGMAR1 assay was designed to span 5 CpGs located in the
promoter of the gene, while the FKBP5 assay was a re-designed
assay based on one from (62) (see Table 2). Optimisation of these
assays was then carried out using fully methylated DNA (positive
control) and a negative control. PCR was run for 40 cycles to
ensure adequate PCR product for all primers (Stage 1: 95◦C for
15min, Stage 2: 95◦C for 15 s, 56◦C for 30 s, 72◦C for 30 s, Stage 3:
72◦C for 10min). PCR optimisation and bisulfite pyrosequencing
included 100% fully methylated positive control.

Pyrosequencing used to obtain individual gene DNA
methylation data per DNA sample, using the Qiagen Pyromark
Q48 Autoprep Pyrosequencer. The process was carried out
as per manufacturer’s instructions. In total, 48 sample discs
were loaded with between 10 and 17 µl PCR product and 3 µl
magnetic beads. The variation in PCR product was dependent
on gene-specific optimisation assays run on the pyrosequencer;
if the nucleotide signal peaks obtained from sequencing output
had low detection from 10 µl PCR product, more PCR product
for the specific assay was added to increase sensitivity for the
data collection experiments (FKBP5b = 14 µl, SIGMAR1 = 10
µl). Sequencing primer was 4x diluted in annealing buffer before
addition to machine cartridge.

Frontiers in Psychiatry | www.frontiersin.org 4 June 2021 | Volume 12 | Article 68761529

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Ruffell et al. Ceremonial Ayahuasca in Amazonian Retreats

TABLE 2 | Bisulfite pyrosequencing assays.

Assay Forward primer Reverse primer Sequencing primer Target region coordinates

(hg19)

FKBP5 GTTGGGATAATAATTTGGAGTTATAGTG /5Biosg/CTACCAAATAACTCCTTAAA

AAAATAAAAT

GGAGTTATAGTGTAGGTTTT chr6:35,558,488-

35,558,515

SIGMAR1 GTGTGGGGATAGTGAGATTTAGAAT /5Biosg/CCACCCTAAAACTCCCAACTT GGGATAGTGAGATTTAGAATG Chr9:34638039-34638081

FIGURE 1 | Changes in outcome scores over time. (A) Beck Depression Inventory II (BDI-II). (B) State and Trait Anxiety Inventory (STAI)—Trait Anxiety Score. (C) Self

Compassion Scale (SCS)—Changes in Total self-compassion (TSC) score. (D) Clinical Outcome Routine in Routine Evaluation (CORE-OM): changes in mean

CORE-OM Global Distress (GD) score [NS, non-significant (P > 0.05), ***p ≤ 0.001].

RESULTS

Sample Demographics
The sample consisted of 63 participants in total, 35 males (55.6%)
and 25 females (44.4%), aged between 19 and 63 (Mean =

37.0, SD = 9.7). Most participants were White (79.4%). In
total, 26 were in full-time employment (41.3%), 17 freelance
(27.0%), eight unemployed (12.7%), six part-time (9.5%), and six
(9.5%) were students. Annually, 25 earned between $10 and 50K
(39.7%), 22 between $50 and 100K (34.9%), and the remainder
earning either more (14.3%) or less (9.5%).

Forty-eight participants (76.2%) reported no diagnosed
physical health problems; three reported hypertension (3.2%),
one reported irritable bowel syndrome, one reported seizures
(1.6%), and 11 reported “other” conditions (e.g., ankylosing
spondylitis, coeliac disease, scoliosis; 17.5%). In total, 42

participants reported no diagnosed psychiatric disorders (66.7%),
15 reported depression, 15 anxiety (19.0%), five ADHD (two
comorbid. 4.8%), and five PTSD (4.8%). In total, 27 participants
(42.9%) disclosed having experienced problem substance use,
including alcohol, tobacco, or caffeine.

In total, 37 (58.7%) stated no previous ayahuasca use, with
the rest reporting previous use ranging 1–80 times (Mean =

5.9, SD = 13.2). Number of participants per retreat length
in this study were 18 (28.6%) in the 8-day, 12 (19.0%) in
the 14-day, 12 (22.2%) in the 21-day, and 19 (30.2%) in the
28-day retreat.

The mean CTQ score in our sample was 48.3 (SD 17.6)
Physical abuse = 8.1 (3.7) [ranked “low”], Sexual abuse = 7.8
(5.7) [ranked low], Emotional neglect = 12.5 (5.3) [ranked low],
Physical neglect = 8.5 (3.8) [ranked low], Minimisation = 0.1
(0.4) [ranked “minimal”].
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TABLE 3 | Summary of means and standard deviations for all scales and subscales.

Pre-retreat

Mean (SD)

Post-retreat

Mean (SD)

T1–T2

D (p)

Six month Follow up

Mean (SD)

T1–T3

D (p)

BDI-II 14.4 (11.6) 5.9 (7.6) 0.87

(<0.001)

4 (5.5) 1.15

(<0.001)

STAI

- Trait anxiety 45 (15.1) 34.3 (12.3) 0.77

(<0.001)

33.7 (10.6) 0.87

(<0.001)

- State anxiety 40.1 (13.4) 28 (9.2) 1.05

(<0.001)

30.3 (8.8) 0.86

(<0.001)

SCS

- Total 3.1 (1.1) 3.6 (0.8) 0.57

(<0.001)

3.8 (0.9) 0.78

(<0.001)

- Self kindness 3.1 (1.0) 3.7 (0.8) 0.67

(<0.001)

4 (0.8) 0.95

(<0.001)

- Self judgement 3.2 (1.1) 2.6 (1.1) 0.56

(0.001)

2.4 (1) 0.79

(<0.001)

- Common humanity 3.3 (1) 3.8 (0.9) 0.46

(0.008)

3.8 (1) 0.45

(0.005)

- Isolation 3 (1.2) 2.4 (1.1) 0.46

(0.001)

2.3 (1.1) 0.63

(0.001)

- Mindfulness 3.5 (0.9) 3.9 (0.8) 0.46

(<0.001)

4.1 (0.8) 0.72

(<0.001)

- Over-identification 3.1 (1.1) 2.6 (1.1) 0.42

(0.015)

2.5 (1.2) 0.54

(<0.001)

CORE-OM

- Global distress 39.1 (24.4) 21.7 (18.1) 0.81

(<0.001)

21.5 (17.4) 0.83

(<0.001)

- Global distress minus risk 37.5 (22.9) 21.3 (17.8) 0.79

(<0.001)

21.1 (16.7) 0.82

(<0.001)

- Subjective well-being 5.6 (4.4) 2.9 (3.2) 0.69

(0.001)

3.1 (3.2) 0.65

(<0.001)

- Problem/symptoms 18 (10.8) 10.8 (9.5) 0.71

(<0.001)

9.8 (8.7) 0.84

(<0.001)

- Life functioning 14 (9) 7.4 (6.6) 0.83

(<0.001)

8.2 (6.1) 0.75

(<0.001)

- Risk/harm 1.6 (2.8) 0.4 (0.9) 0.59

(0.013)

0.5 (1.2) 0.52

(0.011)

SCEPT

All Memories

- Specific 2.5 (1.9) 2.9 (1.8) 2.3 (1.5)

- General 8.0 (2.1) 7.8 (1.7) 8.3 (2.0)

- Omissions 0.5 (1.1) 0.3 (1) 0.5 (1.6)

Positive Memories

- Total 6.5 (2.2) 7 (2.1) 7.2 (2)

- Specific 1.7 (1.6) 2.1 (1.6) 1.8 (1.3)

- General 4.8 (1.9) 4.9 (1.9) 5.5 (2.1)

Negative Memories

- Total 4.2 (1.9) 3.8 (1.9) 3.3 (1.6)

- Specific 0.8 (0.9) 0.9 (1.0) 0.5 (0.7)

- General 3.4 (1.6) 2.9 (1.7) 2.8 (1.4)

CTQ

- Total 48.3 (17.6) – –

- Physical abuse 8.1 (3.7) – –

- Sexual abuse 7.8 (5.7) – –

- Emotional neglect 12.5 (5.3) – –

(Continued)
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TABLE 3 | Continued

Pre-retreat

Mean (SD)

Post-retreat

Mean (SD)

T1–T2

D (p)

Six month Follow up

Mean (SD)

T1–T3

D (p)

- Physical neglect 8.5 (3.8) – –

- Minimisation 0.1 (0.4) – –

MEQ

- Total – 115.1 (30.1) –

- Mystical experience – 57.6 (17.3) –

- Positive mood – 24.0 (6.2) –

- Transcendence – 22.1 (6.3) –

- Ineffability – 11.8 (3.6) –

Effect sizes (D) for four main outcome measures are reported as Cohen’s d. P-values obtained from repeated ANOVAs are corrected for multiple comparisons through Bonferroni

post-hoc analysis.

Outcome Measures
Mean outcome scores all differed statistically between time points
(see Figure 1, plates A-D) for the BDI-II: F(2, 55) = 30.3, p <

0.001; STAI-T: F(2, 53) = 30.6, p < 0.001; SCS: F(2, 53) = 21.5, p
< 0.001; and the CORE-OM: F(2, 55) = 21.3, p < 0.001. Post-
hoc tests using the Bonferroni corrected pairwise comparisons
revealed a reduction in all severity scores from pre- to post-
retreat for the BDI-II; STAI-T; and CORE-OM, which were all
statistically significant at the p< 0.001 level. Six-month follow-up
scores further reduced for the BDI-II; STAI-T; and CORE-OM,
which was all statistically significant compared with pre-retreat
scores at the p < 0.001 level, but not post-retreat scores (BDI-
II, p = 0.153; STAI-T, p = 1.0; CORE-OM, p = 1.0), suggesting
sustained improvement. For the SCS, there was an increase
from pre to post retreat, which was statistically significant (p <

0.001); follow-up SCS score further increased and was significant
compared with pre-retreat (p < 0.001), but not post-retreat (p
= 0.138), again suggesting sustained improvement. Only total
scores from measures were used in the present analysis, for
further detail of subscale means and standard deviations, please
see Table 3.

No significant changes in memory specificity were found on
the SCEPT. However, new variables of total positive and negative
memory scores for each time point were computed to assess
changes in memory valance. Mean SCEPT negative valanced
memory scores differed statistically significantly between time
points, F(2, 110) = 5.68, p < 0.005. While not reaching
significance, there were trend levels of reduction in negatively
valanced memories from pre to post-retreat, and post retreat
to follow-up. There were, however, significant reductions in
negative valanced memories from pre-retreat to follow-up (p =

0.004), suggesting improvement over time (Figure 2).

Subsample Meeting Screening Cut-Off for

Depression
At pre-retreat, 31 of the participants met cut-offs for depression
based on BDI-II scores as detailed under Methods (11 mild
depression, 11 moderate depression, and nine severe depression).
This subsample had a mean score of 24.2 (median 23.0). At
post-retreat, 24 (77.4%) were no longer depressed, four had mild

FIGURE 2 | Sentence Completion for Events from the Past Test (SCEPT):

Changes in SCEPT negative valanced memory scores over time [NS,

non-significant (P > 0.05), **p ≤ 0.01].

depression, onemoderate, and two severe (mean 8.7, median 5.0).
At 6-month, 24 were remained not depressed, two mild, and one
severe (four missing values) (mean 5.2, median 4.0). Changes in
BDI-II score in the depressed subsample was significant between
time points, F(2, 25) = 55.5, p < 0.001.

Repeated measures ANOVA found no significant changes in
the SCEPT “total specific” and total “overall general” subscales,
suggesting no change in memory specificity as a function of time
in the depressed subsample. There was also no difference between
total CTQ scores in the depressed (n = 31, mean 50.5, SD 19.0)
and the non-depressed (n = 32, mean 46.2, SD 16.2) subsample
on t-test, t(61)= 0.97, p= 0.915.

Correlation Analysis With Number of Ceremonies,

Length of Retreat, and Frequency of Ayahuasca Use

Prior Retreat
Note: As not all participants took part in every ayahuasca
ceremony offered on retreat, “number of ceremonies” was recorded
as it varied between participants.

Pearson’s correlation was performed between number
of ceremonies, length of retreat, and frequency of
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ayahuasca use prior retreat and improvement scores
on the BDI-II, STAI-T, CORE-OM, and SCS. Due to
multiple comparisons, alpha was set at 0.01. There were no
significant correlations.

Predictors of Change in Psychopathology
To minimise the risk of type 1 errors, Pearson’s correlations
were conducted with CTQ and MEQ total scores and subscales
and BDI-II change scores (the latter chosen as a proxy for all
outcomes given similar patterns of findings across all outcome
measures). Greater change in BDI-II post-retreat was correlated
with higher overall CTQ scores (r = 0.318, p = 0.011 for overall
population and r = 0.393, p = 0.029 for clinically depressed
population) scores. These figures were however not significantly
correlated with BDI-II change at 6-month. In the depressed
subsample alone, only the mystical experience subscale of the
MEQ was negatively correlated (i.e., those with greater scores
had greater improvements in BDI scores) with change in BDI-
II post-retreat (r = −0.357, p = 0.049). This correlation was not
sustained at 6-month and there was no correlation at either time
point in the overall sample. For a full breakdown these correlation
analyses, please see Table 4.

DNA Methylation Analysis
BDNF analyses failed due to an error, therefore only SIGMA and
FKBP5 were analysed.

SIGMAR1
The SIGMAR1 assay showed a statistically significant increase in
DNA methylation across the 5 analysed CpG sites (paired t-test:
t= 2.58, df= 38, p= 0.01) (see Figure 3).

FKBP5
FKBP5 DNA methylation did not show any statistically
significant change (p= 0.13).

SIGMAR1 Methylation Correlation Analyses
Methylation change scores were calculated for SIGMAR1 and
Pearson’s correlation performed with CTQ total scores. There
was a significant correlation (r = 0.387, p = 0.015), indicating
those with higher childhood trauma had increased methylation
changes in SIGMAR1 post retreat (Figure 4). In order to reduce
the risk of type I errors, SIGMAR1 methylation changes were
correlated with BDI-II as a proxy for all outcome measures; there
was no significant correlation in this analysis.

DISCUSSION

In this naturalistic study we examined the associations between
ayahuasca use and a number of mental health outcomes.
We found that ayahuasca was associated with reductions in
depression, anxiety, and global distress from baseline to post-
retreat which were sustained at 6-month follow-up. Many
patients meeting clinical scores for depression pre-retreat did not
do so after the ayahuasca retreat. We also observed reductions
in negative memory valance on a sentence completion task from
baseline to after the retreat, with no changes in recall specificity.
There was evidence of a change in DNA methylation at loci on
the SIGMAR1 receptor gene between pre- and post- retreat.

Depression
The results of the current study suggest that ayahuasca use in
ceremonial settings may be associated with improvements in
well-being, particularly depression and its related conditions.

TABLE 4 | Correlation coefficients vs. BDI-II change scores at post-retreat and 6 month follow-up.

Pearson correlation coefficient vs. BDI-II post-retreat

change score (p)

Pearson correlation coefficient (r) vs. BDI-II follow-up

change score (p)

Overall population

(n = 63)

Depressed population

only (n = 31)

Overall population

(n = 57)

Depressed population only

(n = 27)

Childhood trauma questionnaire

Total score −0.318 (0.011) −0.393 (0.029) 0.189 (0.148) −0.250 (0.208)

Physical abuse −0.119 (0.354) −0.306 (0.095) 0.045 (0.742) −0.061 (0.764)

Sexual abuse −0.263 (0.038) −0.345 (0.057) −0.077 (0.570) 0.071 (0.726)

Emotional neglect −0.260 (0.039) −0.180 (0.333) −0.305 (0.021) −0.376 (0.053)

Physical neglect −0.246 (0.052) −0.340 (0.061) −0.195 (0.146) −0.291 (0.140)

Minimisation/denial 0.105 (0.415) 0.035 (0.854) 0.129 (0.340) 0.151 (0.452)

Emotional abuse −0.292 (0.20) −0.352 (0.052) −0.150 (0.266) −0.286 (0.149)

Mystical experience questionnaire

Total score −0.061 (0.637) −0.274 (0.136) 0.067 (0.622) −0.112 (0.579)

Mystical experience −0.102 (0.428) −0.357 (0.049) 0.097 (0.475) 0.016 (0.938)

Positive mood −0.043 (0.737) −0.351 (0.053) 0.104 (0.441) −0.194 (0.332)

Transcendence −0.164 (0.200) −0.213 (0.250) −0.116 (0.388) −0.094 (0.642)

Ineffability −0.143 (0.265) −0.338 (0.063) 0.064 (0.636) −0.101 (0.616)

Depressed population is those with BDI-II score ≥14 at baselines (four lost to follow-up). Results significant at alpha = 0.05 level are highlighted in bold. Negative correlation equates

to greater changes in BDI-II related to higher scores on CTQ and MEQ.
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FIGURE 3 | Mean changes in DNA methylation across 5 CPG positions within the SIGMAR1 gene (paired t-test p = 0.01; n = 38).

FIGURE 4 | Correlation analysis of CTQ total score at baseline against

SIGMAR1 Mean DNA Methylation Difference (from T2 to T1).

It should be noted that although significant improvements in
depression symptoms were shown, mean BDI-II ratings in the
overall sample pre-retreat were nonetheless below threshold
for likely depression diagnoses. To this end, we subsequently
conducted further analysis on those within our sample meeting
threshold for depression according to the BDI-II at pre-retreat;
the majority of those meeting the cut off for depression pre-
retreat no longer did so at post-retreat or follow-up. As most
within this subsample reported mild depression, it was perhaps

unsurprising to find no correlation between change in BD-
II score and memory specificity according to the SCEPT on
this subsample.

Similarly, we also found no relationship between memory
specificity with the BDI-II for our overall sample. This tallies with
past research, which has suggested that changes in overgeneral
autobiographical memory tends to emerge only when comparing
healthy participants to clinical populations with depression (63).
Although no changes in recall specificity were found, a reduction
in negatively valanced memories from pre-retreat to 6-month
follow-up was observed in our total sample. Overgeneralised
negative memory is a characteristic in depression (64), and is
proposed as an aetiological factor. The observed reduction in
the tendency to recall negative information could be a cognitive
correlate antecedent of the improvements suggested.

In line with our original hypotheses and data from
previous studies (33, 65, 66), we found associations between
perceived mystical effects and improved psychometric scores
at follow up. Participants in the depressed subpopulation who
reported a greater degree of mystical experience improved to a
greater degree post-retreat. Within semi-structured interviews
conducted with these participants, many reported that the

ritualistic element of the ceremonies amplified their perceived

mystical states. Analysis of this data was beyond the scope of

the current study; and will be presented separately within a
qualitative analysis.

Our findings suggesting improvements in depressive
outcomes are consistent with previous studies including a small
open-label ayahuasca study (27) and a parallel-arm, double-blind
randomised placebo-controlled trial with 29 treatment-resistant
depression patients assessing ayahuasca vs. placebo (28).
Improvements in depressive symptoms are consistent with
previous fMRI data, which has revealed attenuated default mode
network (DMN) activity following ayahuasca use (67). The
DMN is a neural network known to be hyperactive in major
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depressive disorder patients and those suffering from severe
anxiety, underlying ruminations and self-referential processes
(68, 69).

Anxiety and Well-Being
In our study, ayahuasca use was associated with reductions in
trait anxiety and improvements in general well-being. These
findings are consistent with recent research in traditional
frameworks in the Amazon basin (33, 48), neoshamanic settings
(49, 50), and church settings previously (70, 71). In one
study, ceremonial ayahuasca was found to be associated with
reductions in levels of neuroticism, a personality trait underlying
anxiety disorders (33). Improvements in CORE-OM scores in
our current sample also supports previous evidence suggesting
improvements in general well-being and quality of life (33, 48).

Contextual Factors
Our study did not show direct correlation between the
number of ayahuasca ceremonies and outcome measures,
ostensibly indicating no potential benefit of engaging in greater
numbers of ceremonies. Although individual sessions may be
beneficial, the effects resulting from individual psychedelic
therapies are often difficult to predict. Qualitative studies
suggest transformative experiences may occur spontaneously
in individual ceremonies (20). Psychological “breakthroughs”
are sometimes even described as independent of the dose and
number of sessions (72). That is, improvement in psychological
well-being as a result of ayahuasca use may be non-linear.
Future research should seek to investigate this further with
qualitative measures and by characterising the nature, and not
just frequency, of sessions.

The current study took place at a retreat centre that describes
itself as “rooted in the Shipibo ayahuasca tradition.” Ayahuasca
is given at night in a ceremonial setting that takes place in the
darkness with minimal contact between participants. Ayahuasca
churches usually provide the brew in well-lit rooms to entire
congregations who subsequently sing or engage in conversation
surrounding topical issues (6). Despite these differences, the
results of our study are in line with those based in both syncretic
church settings and controlled studies in laboratories. This may
suggest that commonalities could be induced by the drug and not
just expectancy effects. Similarities that do exist however, may
be defining factors in forming outcomes regardless of context.
Even laboratory studies in this area of research typically display
features seen in ritualistic settings, such as the role of music
(28, 73).

The ritualistic context surrounding ayahuasca also appears
to play a crucial role in safeguarding and minimising risks
associated with its use (74).Without a supportive “set and setting”
(75), ayahuasca experiences may not produce benefit, and could
even be traumatic (74, 76). Clinical data into ayahuasca suggests
that a supportive context can also be achieved in laboratory
settings (28, 77). It is possible that the likelihood of therapeutic
outcomes is dependent on the individual’s affect and perceptions
within the given context. Outcomes appear to be, at least partly,
determined by a perceived sense of safety and/or support whilst
entering psychedelic states (78, 79). For some, greatest benefit

may be achieved in the Amazon rainforest with a curandero,
whilst for others a clinical setting may be more appropriate.
Catering for subjective factors which allows the participant to feel
optimally safe is therefore imperative.

Epigenetics
Our results suggest that ayahuasca exposure affects the epigenetic
regulation of SIGMAR1. However, the mean increase (2.1%
increase) in DNA methylation is small, and it remains unclear
if this change in DNA methylation has biological impacts and
alterations to gene expression. It is possible that an increase
in SIGMAR1 DNA methylation enables increased expression
of the receptor, however, this model is less likely, a common
DNA methylation rules mean hypermethylation results in
transcriptional silencing. At this stage, the implications of these
findings are uncertain. However, these findings are the first of
their kind and consolidate indications that SIGMAR1 expression
is regulated via an epigenetic process.

It is possible that the modest changes in methylation in our
sample was due in part to the minimal trauma history of many of
our participants. Our overall CTQ scores are in line with previous
research utilising the CTQ in non-clinical samples (80, 81), and
is lower than expected from clinical samples (82)—this is despite
our depressed subsample not having a significantly different CTQ
score to our non-depressed subsample.

Coupled with previous evidence for the marker’s role in
trauma (42, 43), the correlation (albeit weak) between childhood
trauma and changes in SIGMAR1 methylation, alongside
the improvements in mental health outcomes observed in
our present sample, we propose that future research should
investigate SIGMAR1 as a potential mechanism of action
underlying ayahuasca.

STRENGTHS AND LIMITATIONS

To our knowledge, this study is the first to investigate the effects
of a psychedelic on epigenetics. A fundamental limitation of this
study is the absence of a control group and the likelihood of self-
selection bias. Given the time and financial sacrifices necessary
to take part in ayahuasca ceremonies, it is likely that participants
had strong positive a priori expectations.

Participants were subject to more than simply ayahuasca
dosing (i.e., contextual factors such as being in a retreat setting,
with a group, without internet in the Amazon rainforest), and
therefore the placebo effect is likely to be significant. It was also
difficult to control for the impact of maturation and life events
between post-retreat and 6-month follow up, which further
complicates the inference of causality (e.g., nine participants
used ayahuasca again during this time and were excluded from
the analysis). Additionally, not all participants were naive to
ayahuasca prior to their first ceremony at AF, although no
correlations were found between frequency of previous use and
psychological outcomes in our present sample.

As the researchers had no access to participants’ medical
records, it was not possible to adequately confirm medical
histories of the current sample. It should also be noted that the
quantity of ayahuasca given to participants was not standardised.
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The curandero provided each participant with what they deemed
to be an appropriate dose. Although this could be seen as a
limitation, given the observational nature of the study it was
deemed appropriate to follow the traditional framework rather
than intervene in the ceremonies.

Limitations of Epigenetic Analyses
As biological samples were taken from peripheral cells (i.e.,
saliva samples), results may not represent epigenetic changes
in the central nervous system. The approach taken here
is arguably open to bias, as it was a candidate-gene style
analysis. Other researchers have suggested the need for neuronal
samples to provide valid epigenetic results (83); however, it
is unclear how this would be achieved due to ethical and
logistical considerations. Our epigenetic analyses were limited to
three candidate genes, future studies should continue to assess
the potential epigenetic regulation of other genes, including
epigenetic changes in genes related to other mental disorders.
Other epigenetic mechanisms like microRNAs were not studied
in this project, and we suggest future research considers
additional methods of analysis. Gene regulation outside of
epigenetics, such as alternative splicing as a result of ayahuasca
consumption is also a potential area for future research.

AYAHUASCA TOURISM

The researchers wish to highlight some issues surrounding
“ayahuasca tourism” (84). As interest in ayahuasca continues to
grow, so do issues around safety and cultural appropriation. As
well as this, lack of regulation throughout Peru, and beyond,
has led to individuals labelling themselves as “shamans” without
appropriate training and experience (85), potentially resulting
in dangerous practises. Furthermore, although ayahuasca is
considered a sacrament by various communities, many of the
retreat centres in the Amazon are owned by Westerners and the
use of ayahuasca and other plants for financial gain has been
called into question (6). It is vital that scientists and the public
alike proceed cautiously given risks regarding safety and the
cultural sensitivity of the practises in question.

CONCLUSIONS

The findings of this study suggest ayahuasca use in a traditional
Amazonian setting is associated with significant improvements
in a number of mental health outcomes. These changes
were sustained at 6-month follow-up without further dosing,
suggesting lasting therapeutic potential. Our study is the
first study to directly examine epigenetic effects correlated
with psychedelic use. These findings support hypotheses that

SIGMAR-1 may be involved mechanistically in the positive
outcomes of ayahuasca use. Future research should aim to
investigate the effects of ayahuasca by increasing the scope of
biological markers and exploiting neuroimaging technology in
randomised controlled trials of clinical populations.
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Healing from trauma occurs in a relational context, and the impacts of traumatic

experiences that result in post-traumatic stress disorder (PTSD) go beyond the

diagnosis itself. To fully understand a treatment for PTSD, understanding its impact

on interpersonal, relational, and growth outcomes yields a more fulsome picture of the

effects of the treatment. The current paper examines these secondary outcomes of a pilot

trial of Cognitive Behavioral Conjoint Therapy (CBCT) for PTSD with MDMA. Six romantic

dyads, where one partner had PTSD, undertook a course of treatment combining

CBCT for PTSD with two MDMA psychotherapy sessions. Outcomes were assessed at

mid-treatment, post-treatment, and 3- and 6-month follow-up. Both partners reported

improvements in post-traumatic growth, relational support, and social intimacy. Partners

reported reduced behavioral accommodation and conflict in the relationship, and patients

with PTSD reported improved psychosocial functioning and empathic concern. These

improvements were maintained throughout the follow-up period. These findings suggest

that CBCT for PTSD with MDMA has significant effect on relational and growth outcomes

in this pilot sample. Improvements in these domains is central to a holistic recovery from

traumatic experiences, and lends support to the utility of treating PTSD dyadically.

Keywords: MDMA, PTSD, couples, treatment, post-traumatic growth, interpersonal functioning

INTRODUCTION

Traumatic events impact relationships, and healing from trauma occurs in a relational context.
Social factors play a key role in the development, worsening, and improvement of post-traumatic
stress disorder (PTSD) (1). Negative social interactions in particular are pernicious in their
impact on traumatized individuals, and are associated with higher likelihood of PTSD following a
traumatic event (1, 2). Likewise, the presence of PTSD can have a deleterious effect on relationships
(3), therefore creating a self-perpetuating cycle of exacerbation of symptoms (4). Given the role of
social interactions in the course of, and healing from, PTSD, we examined the relational and growth
outcomes in a pilot trial of a dyadic treatment for PTSD, Cognitive Behavioral Conjoint Therapy
(CBCT) (5) for PTSD with MDMA.
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Interpersonal functioning, both within and outside of intimate
relationships, is often negatively impacted by PTSD, and
vice versa. Addressing this impact is important given the
fundamental role interpersonal functioning plays in developing
and maintaining relationships over time, attachment, parenting,
reducing secondary traumatization, and satisfaction and security
in life [e.g., (6, 7)]. Interpersonal traumas more frequently
result in PTSD than other forms of trauma in part because
of the violation in expectations of relational trust, which then
generalizes to other interpersonal connections (8). Additionally,
the content of much trauma-related suffering is interpersonal
(including feelings of numbness and detachment from others,
cognitive appraisals of trust, control, and intimacy, avoidance
of people and situations, anger, and aggression as examples).
PTSD can erode relationship quality over time, and conversely,
relationships can exacerbate or ameliorate the post-trauma
recovery, depending on whether the interactions are positive or
negative (1).

Post-traumatic growth, a construct consisting of relations
to others, perceptions of new possibilities in life, perceived
personal strength, spiritual change, and an appreciation of life (9),
exists separately from traumatic symptomatology (10). It is an
important outcome due to its reflection of an adaptive cognitive
process of adjustment (11), and is positively associated with
resiliency, meaning-making of the traumatic event, relationship
functioning and hope (9, 12). Therefore, post-traumatic growth
is indicative of a holistic process of change following a
traumatic event.

The loved ones of individuals with PTSD often experience
their own struggles in relation to being in relationship with
someone who has experienced a significant traumatic event(s)
[e.g., (3)]. This can encompass their own mental health and
well-being, quality of life, and their interpersonal relationships
and relationship satisfaction with the person with PTSD. While
well-meaning, loved ones of individuals with PTSD may engage
in behavioral accommodation, a means of trying to ease the
symptoms of the person with PTSD (e.g., by reducing noise,
limiting the responsibilities of the person with PTSD, excusing
aggressive behavior, etc.), which inadvertently may reinforce the
presence of these symptoms (13). Overcoming PTSD ideally
occurs in tandem with a greater engagement in life. To foster
and support holistic healing, domains related to interpersonal
functioning, quality of relationships, and post-traumatic growth
need to be considered, as opposed to solely focusing on
psychological symptomatology.

Treating PTSD in a relational framework, and in this
case, a couple format, is one means of explicitly utilizing the
interpersonal milieu in order to create substantive and lasting
change, for both the person with PTSD and their loved one.
Cognitive Behavioral Conjoint Therapy for PTSD (5), a dyadic
intervention for PTSD, has shown significant positive impact on
both patient and partner mental health and well-being (14, 15),
as well as relational functioning and post-traumatic growth (16).

3-4 methylenedioxymethamphetamine (MDMA) has been
used in couple therapy since its first clinical applications in
the 1970s (17–19). MDMA’s empathogenic qualities create a
unique therapeutic opportunity in which couples not only feel

more comfortable sharing their emotions, but can also approach
conversations with greater ease (20). MDMA has been reported
to facilitate individuals’ ability to maintain an optimal window
of tolerance, allowing for both positive and negative emotions
to occur without avoidance or being overwhelmed (21). This
can be particularly useful in addressing couple-based distress
and communication.

MDMA-assisted psychotherapy for PTSD has shown
promising results as an individual treatment for PTSD in
an inner-directed, supportive therapeutic framework [e.g.,
(22)]. Participants also report improvements in psychosocial
functioning and interpersonal relationships following the
treatment, albeit without the use of standardized measures (23),
as well as in post-traumatic growth (24). Collateral reports of
symptoms and outcomes by close others have not yet been
collected in MDMA-assisted individual psychotherapy studies,
offering an opportunity to expand the understanding of the
impacts of the intervention.

We therefore sought to examine patient and partner outcomes
related to interpersonal functioning, relationship satisfaction,
and post-traumatic growth in a sample of dyads who participated
in a pilot study of Cognitive Behavioral Conjoint Therapy for
PTSD with MDMA (25). Primary outcomes from this trial
demonstrated significant decreases in PTSD symptoms assessed
by independent rater (d = 2.10), the individual with PTSD
(d = 2.72), and their partner (d = 1.85) (25). Treatment gains
continued to improve by 6-month follow-up (d= 2.25, 3.59, 2.72,
respectively). The combination of CBCT for PTSD and MDMA
was designed to amplify the qualities of each, and in particular,
capitalize upon the relational context each is designed for.

METHOD

Participants
Six dyads participated in the uncontrolled pilot trial, which
was conducted in a private practice clinic in Charleston, South
Carolina. One member of each dyad had PTSD (henceforth
referred to as the patient), while the partner did not. Inclusion
criteria for both partners included being 18 or older, no current
substance use disorder, no active suicidal planning or intent,
mania, psychosis, or severe partner aggression. Participants were
required to taper off all psychiatric medications, and were
medically screened for contraindicated conditions, including
essential hypertension, cardiac disorder, or any other major
medical condition.

For all participants, the average age was ∼47 years, all were
White, and they were all in mixed gender partnerships. For the
participants with PTSD, two were female, all had co-morbid
psychological diagnoses, and all had received prior psychological
and pharmacological PTSD treatments. They had experienced a
range of traumatic events, with five of the six having experienced
multiple traumatic events (including childhood physical abuse,
childhood sexual abuse, and combat). All of the partners were
White, four were female, and 50% had psychological diagnoses.

Ethics approval was received from Ryerson University and
the WCGIRB. All participants provided complete and ongoing
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informed consent. For a full study description, see Monson
et al. (25).

Measures
Participants completed assessments at pre-treatment, mid-
treatment, post-treatment, and 3- and 6-month follow-up. The
following measures were used:

Relationship Aggression Outcomes
The Revised Conflict Tactics Scale (CTS-2) (26) contains 39
methods of managing conflict, answered for both having used
and having experienced from their partner. The measure
comprises five subscales (rated from 0 to 6): Negotiation
(subdivided into emotional and cognitive negotiation strategies,
considered positive behaviors with statements such as “I showed
respect for my partner’s feelings about an issue” and “My partner
suggested a compromise to a disagreement”); Psychological
aggression; Physical assault; Sexual coercion; and Physical injury.
The scale has demonstrated good internal consistency (subscale
α = 0.75–0.95) (26). Presence of severe aggression in the sexual
coercion or physical aggression subscales were exclusionary
criteria at baseline, and therefore baseline levels of aggression in
the sample were low. Both members of the couple completed the
CTS-2. Severe relationship aggression (as assessed by the CTS-
2) was a rule-out for study inclusion. In order to establish that
the treatment did not worsen aggression over time, we examined
changes in minor aggression.

Trauma-Related Outcomes
The Post-Traumatic Growth Inventory (PTGI) (9) was
completed by both members of the dyad, with each referencing
post-traumatic growth in the partner with PTSD. The PTGI
is a 21-item self-report measure of perceived growth. It was
edited to be collateral-report for the purpose of this study. Each
item is scored on a 6-point scale from “I did not experience
this change as a result of my crisis” to “I experienced this
change to a very great degree as a result of my crisis.” The
scale has demonstrated good internal consistency across studies
[e.g., (9, 27)].

The Significant Others’ Responses to Trauma Scale (SORTS)
(13) is a 14-item measure completed only by the partner of
the person with PTSD. It assesses relationship problems and
distress associated with behaviors meant to accommodate PTSD
symptoms. Each item is rated for both frequency and intensity
on a five-point Likert scale (from 0 to 4). Example items include
“How much have you canceled or rearranged plans or social
activities because (trauma survivor) did not want to do them?”
and “Have you had to take over a task or chore for (trauma
survivor) that he/she is uncomfortable doing because of his/her
traumatic event?.” The SORTS has demonstrated strong internal
consistency (α = 0.93 for total score).

Relationship Quality Outcomes
Quality of Relationships Inventory (QRI) (28) is a 25-item self-
report measure that assesses perceived support from a chosen
relationship, the amount of conflict within this relationship,
and the perception of the relationship as deep and secure. The

QRI consists of three subscales: Support, Conflict, and Depth.
Items are rated on a 4-point Likert scale from “Not at all”
to “Very much.” Example questions include “To what extent
could you turn to this person for advice about problems?” and
“How critical of you is this person?.” The QRI has demonstrated
good to excellent internal consistency across studies and type of
relationship (α = 0.7–0.9) (28, 29).

Psychosocial Functioning
Inventory of Psychosocial Functioning (IPF) (30) is an 80-
item self-report measure developed to assess functioning across
domains of romantic relationships, family, work, friendships,
parenting, education, and self-care. Responses are rated on a 7-
point Likert-scale from 0 “never” to 6 “always.” Higher scores
indicate greater functional impairment. Example questions
include “I had trouble settling arguments or disagreements with
my spouse or partner” and “I had trouble showing up for work on
time.” Themeasure has demonstrated strong internal consistency
(e.g., α = 0.79–0.92) (30).

Miller Social Intimacy Scale (MSIS) (31) is a 17-item self-
report measure designed to assess current social intimacy
experienced across relationships. The scale contains six items
assessing frequency of socially intimate feelings and behaviors
and 11 items assessing depth of social intimacy. Example items
include “When you have leisure time how often do you choose
to spend it with him/her alone?” and “How close do you feel
to him/her most of the time?.” All items are rated on a 10-
point Likert scale, with the total score as a single factor. The
measure has demonstrated strong internal consistency (e.g., α =

0.84–0.95) (31, 32).
Interpersonal Reactivity Index (IRI) (33) is a 28-item self-

report scale assessing empathic tendencies. It consists of four
subscales: Perspective taking (the ability to adopt another’s
perspective); Fantasy (the tendency to identify with fantasies);
Empathic Concern (the tendency to experience concern, warmth,
and sympathy toward others); and Personal Distress (the
tendency to experience distress when witnessing others’ negative
experiences) (34). Items are measured on a 5-point, Likert-type
scale. This measure has demonstrated good internal consistency
(α = 0.71–0.77) (33).

Procedure
Participants were treated by a co-therapy team in a course of
CBCT for PTSD with the addition of 2 full-day MDMA sessions.
CBCT for PTSD typically consists of 15 protocolized sessions.
For this intervention, the protocol was delivered over a total
of 7 weeks, with five modules of CBCT delivered (in 1.5 days)
prior to MDMA session one, six modules of CBCT (delivered
biweekly and then two the day before the secondMDMA session)
between MDMA sessions one and two, and the remaining
four modules of CBCT (delivered weekly) following MDMA
session two.

CBCT for PTSD consists of three phases – the first phase
highlights safety-building including psychoeducation about
traumatic reactions and disclosure of traumatic events, along
with tools for managing anger. The second phase focuses on
the development of shared communication skills and begins
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the process of reducing avoidance, a key contributor in the
maintenance of PTSD symptoms, by having the dyad participate
in behavioral approach activities. The third phase focuses on
cognitive work to address meaning-making of the trauma and
reduce negative cognitive patterns related to both trauma and
relational beliefs. Both members of the dyad engage in all
components of the therapy, including the MDMA sessions. By
placing equal emphasis on both individual and relationship-level
problems, the goal is to heal PTSD and the relational context in
which it exists.

Capitalizing on the empathogenic qualities of MDMA, the
MDMA sessions were placed strategically in sections of the CBCT
protocol we wanted to amplify, namely immediately following
the introduction of communication skills, and in the middle of
trauma processing.

MDMA sessions consisted of the administration of 75mg of
MDMA during the first session, with an optional supplemental
half-dose of 37.5mg at 1.5 h after initial administration. During
the second MDMA session, the base dose was increased to
100mg of MDMA, with an optional supplemental half-dose of
50mg at 1.5 h. During the MDMA sessions, participants were
in reclining armchairs with eyeshades and headphones available.
Instrumental music was played. Participants were encouraged to
alternate time spent “inside,” focusing on internal experiences,
and time spent in conversation or sharing with the therapists
and their partner. A full description of the procedures and a case
example can be found in Wagner et al. (20).

Data Analyses
All outcomes had a maximum of 1–2 (maximum 30%) missing
data points at any given assessment interval.

Analyses were conducted in SPSS Version 26 (35). Growth
curve models were used to analyze outcomes at each assessment,
with time transformed to be the natural log function of the
number of days since baseline. To accurately specify the variance
structure of the growth factors, we compared models with fixed
and random variance components. A chi-square difference test
was conducted to compare the nested models using the log-
likelihood based goodness of fit statistic (referred to as the
deviance statistic) of the more saturated model (the random
effects model) to the less saturated model (with a difference
in number of parameters equal to degrees of freedom) (36).
In accordance with recommended guidelines (37), within-group
effect sizes (Cohen’s d) from pre-treatment to each major
assessment time point were calculated on estimated means from
the models for each outcome and raw pooled standard deviations
for the relevant assessment period.

Based on the Chi-square difference test, the model with
random intercepts and slopes was the best fit to the data for the
majority of outcomes. However, due to the small sample size, this
model did not converge in the majority of cases. Therefore, for
parsimony, we chose to retain a more restricted model with fixed
slopes and random intercepts which allowed for different starting
values in each outcome. Means and standard deviations for all
outcomes across timepoints are found in Table 1 and effect sizes
are found in Table 2.

RESULTS

Safety Outcomes
Relationship Aggression
For patients, there were improvements on minor psychological
aggression (B = −0.98, SE = 0.21, p < 0.001, d = 1.06–
1.56) and no significant change in minor physical assault. The
models for minor sexual coercion and minor injury could not
be estimated due to infrequent endorsement of these items.
Likewise, for partners, the models for minor physical assault,
psychological aggression, sexual coercion and injury scales could
not be estimated due to low endorsement on these scales.
There were no significant changes on emotional or cognitive
negotiation strategies for patients (emotional: d = 0.18–0.29;
cognitive: d = 0.03–0.04) or partners (emotional: d = 0.16–0.22;
cognitive: d = 0.22–0.36).

Outcomes
Trauma-Related Outcomes: Post-Traumatic Growth

and Behavioral Accommodation
Patients and partners both showed significant improvement in
patients’ post-traumatic growth (Patient B = 7.30, SE = 1.56,
d = 1.44–2.00, Partner B = 7.63, SE = 1.49, d = 1.76–2.74, both
p < 0.001). In addition, partners showed significant decreases
in accommodating behavior over the course of treatment (B =

−3.86, SE= 1.36, p < 0.01, d = 1.01–1.78).

Relationship Quality Outcomes
In terms of relationship quality as assessed by the QRI, there was
significant improvement in support as rated by both patients and
partners (Patients: B= 0.06, SE= 0.03, p= 0.041; d= 0.68–0.94,
Partners: B = 0.08, SE = 0.03, p = 0.029, d = 0.47–0.81). There
were no significant improvements in patient-reported conflict
(B = −0.06, SE = 0.03, p = 0.062, d = 0.60–0.73), but partners
reported significant improvement in conflict (B = −0.09, SE =

0.03, p= 0.002, d= 0.51–0.83). There were no significant changes
found in patient (B = 0.03, SE = 0.02, p = 0.171, d =0.34–0.76)
or partner-rated (B = 0.04, SE = 0.03, p = 0.093, d = 0.27–
0.43) depth of relationship. Both patients and partners reported
significant increases in intimacy (Patients: B = 4.12, SE = 1.32,
p = 0.005, d = 0.93–1.31; Partners: B = 3.10, SE = 1.03, p =

0.007, d = 0.41–0.68). See Figure 1 for intimacy outcomes.

Psychosocial Functioning Outcomes
Finally, patients rated improved overall psychosocial functioning
(B = −3.20, SE = 0.69, p < 0.001, d = 0.95–1.26), while there
was no significant change in partner ratings (B = −0.67, SE =

0.63, p = 0.299, d = 0.24–0.43). In terms of empathy as rated
by the IRI, patients showed significant improvements (B = 0.69,
SE = 0.32, p = 0.037, d = 0.58–0.95) in empathic concern but
partners did not (B = −0.24, SE = 0.22, p = 0.287, d = 0.21–
0.26). There were no changes for patients or partners in personal
distress (patients: B = −0.38, SE = 0.24, p = 0.126, d = 0.29–
0.42; partners: B = −0.38, SE = 0.28, p = 0.179, d = 0.26–0.41),
fantasy (patients: B = −0.28, SE = 0.47, p = 0.456, d = 0.17–
0.20; partners: B = 0.06, SE = 0.22, p = 0.788, d = 0.05–0.06),
or perspective taking (patients: B = 0.29, SE = 0.34, p = 0.400,
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TABLE 1 | Estimated means and standard deviations.

Pre-treatment

M (SD)

Mid-treatment

M (SD)

Post-treatment

M (SD)

3-month follow-up

M (SD)

6-month follow-up

M (SD)

PTGI

Patient 19.40 (10.29) 54.17 (17.53) 64.17 (32.43) 59.20 (34.60) 63.50 (27.36)

Partner 14.60 (15.77) 33.83 (18.28) 55.75 (16.46) 50.00 (22.39) 55.67 (15.32)

SORTS

Partner 49.58 (8.52) 26.38 (19.37) 21.54 (19.67) 19.08 (16.18) 16.64 (14.84)

QRI

Support-Patient 3.29 (0.35) 3.50 (0.37) 3.60 (0.42) 3.62 (0.54) 3.62 (0.39)

Support-Partner 3.05 (0.66) 2.86 (0.64) 3.49 (0.42) 3.52 (0.40) 3.29 (0.36)

Conflict-Patient 2.22 (0.48) 2.21 (0.41) 1.87 (0.59) 1.81 (0.49) 1.74 (0.56)

Conflict-Partner 2.37 (0.69) 2.28 (0.69) 2.15 (0.38) 1.96 (0.57) 1.86 (0.40)

Depth-Patient 3.56 (0.27) 3.61 (0.48) 3.60 (0.38) 3.72 (0.33) 3.75 (0.23)

Depth-Partner 3.16 (0.57) 3.28 (0.72) 3.47 (0.52) 3.47 (0.53) 3.42 (0.58)

MSIS

Patient 118.00 (16.33) 128.67 (15.32) 141.80 (24.80) 141.83 (22.09) 137.50 (18.64)

Partner 128.83 (30.14) 135.33 (29.35) 137.80 (21.97) 146.50 (18.44) 145.33 (19.20)

IPF

Patient 52.35 (14.48) 47.17 (11.80) 35.94 (12.57) 35.64 (18.14) 34.14 (13.95)

Partner 22.21 (9.10) 25.55 (12.91) 23.54 (7.30) 16.74 (9.24) 18.90 (8.26)

IRI

Personal Distress-Patient 11.83 (4.07) 10.17 (5.98) 7.00 (6.04) 9.83 (4.17) 10.50 (5.89)

Personal Distress-Partner 11.50 (6.69) 10.33 (4.59) 10.20 (2.95) 9.50 (4.18) 10.00 (3.16)

Fantasy-Patient 13.50 (6.66) 13.00 (6.42) 13.00 (8.34) 10.20 (7.98) 12.83 (8.73)

Fantasy-Partner 11.50 (4.68) 11.33 (4.68) 14.00 (7.31) 11.00 (6.90) 12.17 (6.85)

Perspective Taking-Patient 15.60 (5.81) 17.33 (2.66) 18.00 (2.74) 15.20 (4.21) 18.83 (3.31)

Perspective Taking-Partner 21.00 (3.69) 19.33 (4.97) 21.20 (3.35) 19.67 (3.27) 20.67 (2.16)

Empathic Concern-Patient 15.00 (4.90) 19.83 (4.54) 17.60 (3.05) 18.67 (3.08) 18.67 (3.05)

Empathic Concern-Partner 20.67 (4.89) 20.17 (4.17) 21.60 (3.05) 19.17 (4.58) 20.33 (5.47)

Raw means and standard deviations are presented. PTGI, Post-traumatic Growth Inventory; QRI, Quality of Relationships Inventory; SORTS, Significant Others Responses to Trauma

Scale; CTS-2, Conflict Tactics Scale-2; IPF, Inventory of Psychosocial Functioning; MSIS, Miller Social Intimacy Scale; IRI, Interpersonal Reactivity Index.

d = 0.26–0.35; partners: B = −0.11, SE = 0.24, p = 0.641, d
= 0.10–0.21).

DISCUSSION

The couples in this study experienced significant gains in
terms of their relational functioning, post-traumatic growth,
and behavioral accommodation. They also exhibited gains
in or maintenance of strong interpersonal and psychosocial
functioning, demonstrating that the combination of CBCT with
MDMA for PTSD provides improvements for both partners
and the relationship. Additionally, the improvements in minor
psychological aggression, and stability of the absence of severe
aggression, suggest that the intervention is safe and does not
increase a risk of relational or interpersonal harm.

Notably, the improvements in post-traumatic growth were
significant for both patients and partners, indicating that
both identified growth and change in the partner with PTSD
through the course of therapy. Improvements in behavioral
accommodation, as assessed by the partner on their own
behaviors, demonstrates a greater understanding of the role of

accommodation in maintaining PTSD in a relationship, and the
choice of the partner to shift their behavior in order to address it.

Improvements in quality of relationship functioning,
specifically increases in perception of support and decreases in
conflict, demonstrate that this intervention may have promise
to strengthen the positive social interactions and diminish the
negative social interactions in relationships, both of which are
important to recovery post-trauma. Improvements in reported
depth of relationship were not significant, which may be partially
attributed to the high levels of depth reported by the participants
at study baseline. This may speak to couples who are already
deeply invested in their relationships as having self-selected into
an experimental dyadic treatment for PTSD.

Participants often reported feeling greater connection to
others during MDMA-assisted sessions that lasted beyond
the therapeutic intervention. Though not formally tested, this
experience likely played a role in improvements in intimacy
reported in outcome measures. Additionally, improvements in
empathic concern and psychosocial functioning for the patient
with PTSD suggest a turning toward and engagement with
the relationship, and that these results extend beyond the
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TABLE 2 | Cohen’s d effect sizes.

Pre- to

mid-treatment

Pre- to

post-treatment

Pre-treatment to

3-month follow-up

Pre-treatment to

6-month follow-up

PTGI

Patient 2.00 1.44 1.48 1.97

Partner 1.76 2.25 2.04 2.74

SORTS

Partner 1.01 1.21 1.54 1.78

QRI

Support-Patient 0.68 0.77 0.71 0.94

Support-Partner 0.47 0.66 0.73 0.81

Conflict-Patient 0.60 0.60 0.73 0.73

Conflict-Partner 0.51 0.63 0.68 0.83

Depth-Patient 0.34 0.49 0.58 0.76

Depth-Partner 0.27 0.38 0.41 0.43

MSIS

Patient 1.02 0.93 1.10 1.31

Partner 0.41 0.56 0.64 0.68

IPF

Patient 0.95 1.12 1.01 1.26

Partner 0.24 0.39 0.38 0.43

IRI

Personal Distress-Patient 0.29 0.35 0.47 0.42

Personal Distress-Partner 0.26 0.35 0.35 0.41

Fantasy-Patient 0.17 0.18 0.20 0.20

Fantasy-Partner 0.05 0.05 0.05 0.06

Perspective Taking-Patient 0.26 0.31 0.30 0.35

Perspective Taking-Partner 0.10 0.15 0.17 0.21

Empathic Concern-Patient 0.58 0.81 0.88 0.95

Empathic Concern-Partner 0.21 0.28 0.26 0.26

Cohen’s d effect sizes calculated using least-squares means estimated from growth models and pooled actual standard deviations for relevant assessment periods. PTGI, Post-traumatic

Growth Inventory; QRI, Quality of Relationships Inventory; SORTS, Significant Others Responses to Trauma Scale; CTS-2, Conflict Tactics Scale-2; IPF, Inventory of Psychosocial

Functioning; MSIS, Miller Social Intimacy Scale; IRI, Interpersonal Reactivity Index.

relationship, creating both intra- and interpersonal benefits.
This offers a possibility for more holistic improvement and
overall well-being. Although partners did not have statistically
significant improvement in psychosocial functioning, their
baseline scores indicated that they were, as a group, functioning
very well, and therefore a large improvement would not have
been possible with the intervention. Both partners demonstrated
low levels of personal distress related to interpersonal reactivity,
potentially accounting for the non-significant findings in this
subscale. Patients demonstrated significant improvement in
empathic concern, highlighting the relevance of this intervention
for improving the well-being of the interpersonal relationship.
Partners demonstrated high baseline levels of empathic concern
that remained stable over the course of therapy, demonstrating
that expressions of empathy can remain stable and improve
while engaging in trauma-focused work. Low rates of personal
distress and fantasy for both patients and partners were assessed
at baseline and remain unchanged.

While the results of the study demonstrate significant
improvements, there are numerous limitations to consider. The
study sample was very small, and while expected in a proof

of concept pilot interventional study, it limits the conclusions
that can be drawn. Likewise, the sample was not diverse in
terms of ethnicity, race, sexual orientation, and gender identity,
suggesting that any conclusions drawn are limited to white,
mixed gender, intimate couples. Future studies should place
a strong focus on recruiting more diverse and representative
samples of participants. The study, by design, was uncontrolled,
which means that conclusions regarding the efficacy of the
intervention compared to placebo, or either interventional
component alone (CBCT or MDMA-assisted psychotherapy),
cannot be drawn.

The findings of this pilot study suggest that a larger,
controlled study of CBCT + MDMA to explore the relational
outcomes of the intervention are warranted. These outcomes
also suggest that couple therapy with MDMA may indeed
be well-suited for a range of couple-related concerns beyond
PTSD, particularly those that are relational in nature. By
targeting individual and relational functioning simultaneously,
this intervention has the potential to maximize recovery from
trauma and enhance present living for those with PTSD and their
loved ones.
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FIGURE 1 | Growth curves of patient- and partner-rated intimacy over treatment visits and follow-ups. Patient-rated intimacy on the Miller Social Intimacy Scale:

B = 4.12, SE = 1.32, p <0.01; Partner-rated intimacy on the Miller Social Intimacy Scale: B = 3.10, SE = 1.03, p < 0.01.
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In the last 15 years, psychedelic substances, such as LSD and psilocybin, have regained

legitimacy in clinical research. In the general population as well as across various

psychiatric populations, mental well-being has been found to significantly improve after a

psychedelic experience. Mental well-being has large socioeconomic relevance, but it is a

complex, multifaceted construct. In this naturalistic observational study, a comprehensive

approach was taken to assessing well-being before and after a taking a psychedelic

compound to induce a “psychedelic experience.” Fourteen measures of well-being

related constructs were included in order to examine the breadth and specificity of

change in well-being. This change was then analysed to examine clusters of measures

changing together. Survey data was collected from volunteers that intended to take a

psychedelic. Four key time points were analysed: 1 week before and 2 weeks, 4 weeks,

and 2 years after the experience (N = 654, N = 315, N = 212, and N = 64, respectively).

Change on the included measures was found to cluster into three factors which we

labelled: 1) “Being well”, 2) “Staying well,” and 3) “Spirituality.” Repeated Measures

Multivariate Analysis of Variance revealed all but the spirituality factor to be improved

in the weeks following the psychedelic experience. Additional Mixed model analyses

revealed selective increases in Being Well and Staying Well (but not Spirituality) that

remained statistically significant up to 2 years post-experience, albeit with high attrition

rates. Post-hoc examination suggested that attrition was not due to differential acute

experiences or mental-health changes in those who dropped out vs. those who did

not. These findings suggest that psychedelics can have a broad, robust and sustained

positive impact on mental well-being in those that have a prior intention to use a

psychedelic compound. Public policy implications are discussed.

Keywords: mental well-being, psychedelics, mental health, naturalistic setting, survey study, longitudinal,

exploratory factor analysis, early intervention
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INTRODUCTION

Mental well-being1 is a broad construct that includes both
positive mood and good general functioning (1). There is a
reliable inverse relationship between mental well-being and
mental illness (2) and evidence suggests that this relationship is
continuous rather than discrete (3, 4). Mental health problems
are currently among the leading causes of disability worldwide,
with substantial personal, social, and economic costs attached
(4). Efforts to promote and maintain well-being should therefore
be considered a priority area for policy makers and healthcare
systems (4, 5), and indeed well-being has received increasing
interest over the past decades, with efforts to recognise, improve
and protect it (2, 4, 6–10). The limitations of the default
psychiatric strategy of reactively intervening post-diagnosis
are increasingly recognised, this approach being unlikely to
provide a solution to current and future individual and
population-level mental health problems (11). Consistent with
this view, the World Health Organization (WHO) highlights
the need for a comprehensive perspective on mental health and
implementation of proactive and preventative strategies (10).

Various interventions aiming to promote and protect mental
health are currently available, ranging from pharmacotherapy
and various psychotherapies, to mindfulness and life skills
training (6, 12–14). It is suggested that, besides alleviating
symptoms in clinical populations, initiatives and interventions
for people that are already “well” could serve to further
promote wellness and mitigate risk of mental illness (13).
However, current interventions have various limitations and
thus new safe, affordable and effective ones are needed (15).
One such novel intervention is psychedelic (“mind-manifesting”)
therapy, i.e., supervised psychedelic drug experiences bookended
by psychological support (16–19). Classic psychedelic drugs2

such as LSD, DMT (dimethyltryptamine), and psilocybin
(4-phosphoryloxy-N,N-dimethyltryptamine), are (non-selective)
serotonin 2A receptor (5-HT2AR) agonist drugs with potent
perception and consciousness-altering properties (20, 21).

Recent studies in clinical and healthy populations have
revealed marked, rapid, and lasting (therapeutic) effects from
just one/two psychedelic dosing sessions, which include
improvements in well-being (22). For example, a single
dose of psilocybin received by healthy psychedelic-naïve
participants was associated with increased ratings of well-being
and life satisfaction 14 months later (23). Reduced rates of
psychological distress and suicidality have been observed in
large cross-sectional population studies (24, 25), and increases
in optimism, trait openness, mood, psychological flexibility,
mindfulness capacities, and subjective well-being have been
found in both controlled and naturalistic prospective studies
(23, 26–39). These findings are suggestive of the prophylactic
value of psychedelic therapy (40) as well as its relevance
for positive psychology (41)—while being mindful of the
context dependency of these outcomes—where, for example,

1Sometimes also referred to as “positive mental health” or “flourishing.” From here

on shortened as “well-being.”
2From here on shortened as “psychedelics.”

preparedness and psychological support are thought to be
essential (42). Despite the accumulating evidence for therapeutic
and generalised mental health enhancing potential of psychedelic
compounds, including in populations not (currently) suffering
from psychopathology, it remains unclear which components
of well-being are most sensitive to change after exposure to
psychedelics. Hence, a deeper examination of the nature of this
relationship is needed (43), which may also guide choices of
scales to use in future studies.

Well-being is a complex, multi-faceted construct. Examining
well-being encompasses a complexity that is two-fold (44, 45).
First is the difficulty in narrowing the broad construct of
well-being down to a unified, generally accepted definition—
which has been a topic of concern for academics and
philosophers from Aristotle to the present day [(1, 44); also see
Supplementary Table 1]. The most widely accepted approach
currently defines well-being as a multidimensional construct
comprising both feeling good or “hedonia” from Diener’s (46)
model and functioning well (1, 47) or “eudaimonia” from
various models [e.g., (48–50)]. Although there is substantial
overlap between these models, contemporary researchers have
not reached consensus on what exactly constitutes eudaimonia
(51). Recently, scholars in the field of positive psychology
have endeavoured to approach the full construct of well-being,
operationally defining it as “positive mental health” (52) or
“flourishing” (3), yet no single definition has been generally
accepted yet.

The second aspect that reflects its complexity, is the
divergence of (self-report) measures designed to assess well-
being [e.g., (45, 53–55)]. This creates ambiguity, bias, and
inconsistency in assessment and confuses the development of
effective (preventive) interventions (45). Varying subdivisions,
if included in the measures, may either place the construct
on a continuum between depression and happiness, or rather
divide it into subordinate constructs such as positive affect, self-
acceptance, personal growth, interpersonal relationships, and
purpose in life (55). Furthermore, mental health assessment has
a clinical heritage, and thus many of the available measures
have been influenced by clinical classification systems (e.g., DSM
or ICD) that may not necessarily translate well to the general
population. An increasingly accepted position is to view well-
being as more than merely the absence of psychopathology,
just as health is more than the absence of disease [i.e., (1,
56, 57)]. To provide perspective on a person’s general mental
health, rather than merely identifying disorders, assessment tools
should therefore comprehensively approach well-being in line
with this view. Is it suggested that this may be best approached
by combining measures of underlying and related constructs
(3, 52, 58). This comprehensive approach, with well-being as an
umbrella term, is the approach followed in the current study.

Which aspects of well-being are most relevant to psychedelics?
Spirituality and purpose in life are debated components of well-
being (55), but are often cited in relation to psychedelics (31, 59).
A recent study that assessed psilocybin experiences in healthy
individuals, found positive enduring changes on measures
of gratitude, life meaning/purpose, coping, and interpersonal
closeness, particularly when the psychedelic experience was
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combined with meditation and spiritual practises (60). Further,
the construct of connectedness, i.e., a sense of feeling connected
to oneself, others, and the world, has also been linked to the
long-term positive psychological effects of psychedelics (61).
Taken together, there are good reasons to include factors such as
connectedness, meaning or purpose in life, and spirituality, when
assessing the broad impact of psychedelics on well-being.

The present study endeavoured to comprehensively assess
the effects of psychedelics on well-being by conducting a
naturalistic, observational study using opportunity sampling
and online data collection. Treating well-being as an umbrella
construct, we included various measures pertaining to it. We
then factorised these into a smaller number of covarying
components and examined which of them, and the specific
measures that load onto them, were most sensitive to change
via a psychedelic. One motivation for doing this was to inform
future decisions about which measures to include in future
psychedelic studies, given the importance of parsimony and
efficiency in study design. Our main hypothesis was that
psychedelics would have a comprehensive impact on well-
being and secondary, exploratory analyses assessed differential
sensitivity to change. Study outcomes from this opportunity
sample may have implications for the potential prophylactic
value of psychedelics via their capacity to promote and maintain
(facets of) mental well-being.

METHODS

Design
The current study used data from an anonymous, prospective
cohort study that was conducted between March and November
2017 through the online platform “Psychedelic Survey”
(www.psychedelicsurvey.com). Survey data on individuals’
experiences before and after using a psychedelic compound
(i.e., undergoing the psychedelic experience) and personal
characteristics were collected. The opportunity sampling and
web-based data collection provided an opportunity for collecting
a large amount of data in a non-controlled, naturalistic, and
observational manner. For an overview of the main findings
and methods, see Haijen et al. (32). Only measures that are of
relevance to the research questions of the current study will be
described below. Follow-up data, collected between July and
August 2019, was used to assess longer term effects. Imperial
College Research Ethics Committee (ICREC) gave a favourable
opinion and the Joint Research Compliance Office (JRCO) at
Imperial College London approved the study.

Participants
The sample consisted of individuals who planned to undergo
a psychedelic experience through their own initiative. All
participants gave informed consent prior to their participation.
This was done electronically, by ticking a box to declare that
they had read and understood the consent form information. The
population was equal to the 2018 study (32).

Inclusion criteria were: >18 years old, a good comprehension
of the English language, and the intention to take one of the
following psychedelic drugs in the near future: psilocybin/magic

mushrooms/truffles, LSD/1P-LSD, ayahuasca, DMT/5-MeO-
DMT, salvia divinorum, mescaline, or iboga/ibogaine. The
response options for salvia divinorum and iboga/ibogaine were
given, but no participants who indicated use of them at baseline
were included in the study (see Supplementary Table 2). No
encouragement of drug use was given whatsoever by the
researchers or survey. The non-controlled manner also meant
no interference or provision of information regarding the
compounds used.

The final sample sizes were N = 654 (baseline), N = 535,
N = 379, N = 315, N = 212, and N = 64 (final follow-up),
respectively, for the six survey time points. See Figure 1 for all
time points.

Procedure
The study was advertised online using social media outlets,
such as Facebook, Twitter, email newsletters, and online drug
forums. Once participants signed up, they were included in
an emailing system which sent out email reminders at specific
times depending on the anticipated date of the psychedelic
experience, as provided by the participants during the sign-up
process. Emails contained links to the relevant surveys, which
were implemented and hosted on the online service system
“Survey Gizmo,” featuring security protection of responses. The
study consisted of six surveys completed at different points in
time, before and after the day the psychedelic compound was
taken, as depicted in Figure 1.

Measures
Type of Measures
Measures incorporated in the initial study (32) that are
conceptually related to the broader construct of well-being and
that were measured at baseline, as well as 2 weeks, 4 weeks,
and 2 years after the experience, were included as dependent
variables in the main analyses for the current study. These 14
measures were the following: the Warwick-Edinburgh Mental
Well-being Scale (WEMWBS); Quick Inventory of Depressive
Symptoms, 16-item self-report (QIDS-SR16); Rosenberg Self-
Esteem Scale (RSE); Revised Life Orientation Test (LOT-R);
Ten-item Personality Inventory, Emotional Stability subscale
(TIPI-ES); Meaning in Life Questionnaire, Presence subscale
(MLQ-P); Acceptance and Action Questionnaire II (AAQ-II);
Brief Resilience Scale (BRS); Revised Cognitive and Affective
Mindfulness Scale (CAMS-R); Social Connectedness Scale (SCS);
Gratitude Questionnaire (GQ-6); Spiritual Transcendence Scale,
Universality subscale (STS-U); Spiritual and Religious Attitudes
in Dealing with Illness, modified short form, Trust subscale
(SpREUK-SF-T); and the Santa Clara Brief Compassion Scale
(SCBCS). The dependent variables were all continuous measures,
sampled over four different time points; “time” was the sole
independent variable. Three acute variables, measured 1 day after
the psychedelic experience, were included for additional analyses.
These included: the Challenging Experience Questionnaire
(CEQ), the Mystical Experience Questionnaire (MEQ), and the
Emotional Breakthrough Inventory (EBI).
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FIGURE 1 | Survey study timeline. The small circles represent the six time points (TP) of measurement. Above each circle the time in reference to the psychedelic

experience is shown; below each circle the corresponding sample size (N).

Selection of Outcome Measures for Main Analyses
Previous literature guided the selection of 14 measures
closely related to the multidimensional construct of well-being,
including the dimensions of hedonia (positive affect and life
satisfaction) and eudaimonia (psychological well-being, self-
realisation, and interpersonal relationships). Table 1 offers an
overview of these measures. The Warwick-Edinburgh Mental
Well-being scale (WEMWBS) is a questionnaire designed to
capture a generic conception of mental well-being capturing
three key concepts: positive affect, psychological functioning,
and interpersonal relationships, but summed as one factor
representing a single underlying construct. It served as the
primary outcome measure in this study. The 13 secondary
measures were selected because of their conceptual closeness
to well-being (Supplementary Table 1) as well as specific
relevance to phenomena associated with psychedelic experiences
such as spirituality, connectedness, meaning in life and
compassion (61, 75). An extended version of Table 1, including
more characteristics of the measures, can be found in
Supplementary Table 3.

Statistical Analyses
Planned Analyses
Correlation analyses, general linear models (GLMs), and
dimension reduction analyses were carried out to investigate the
broader construct of well-being in the context of psychedelic
drug use. Statistical analyses were run in IBM SPSS 25,
using a conventional alpha level of α = 0.05 and two-tailed
hypothesis testing.

Data from survey time points 1, 4, and 5 (TP1, TP4, and
TP5) was used in the main analyses; aimed at investigating
facets underlying well-being that are most susceptible to change
after a psychedelic experience and determining a factor structure
of this change. Follow-up data from time point 6 (TP6)
was used to explore longer-term implications of this model.
Demographic information collected at baseline, including: age,
gender, employment status, history of psychiatric illnesses, and
(frequency of) previous drug use, was assessed in order to gain

insight into the characteristics of the convenience sample. In
additional analyses, data from survey time point 3 (TP3) was also
used with the aim of assessing potential attrition bias.

Assumptions
Variables were tested on appropriate assumptions [e.g.,
linearity, (multivariate) normality, homogeneity, sphericity,
and multicollinearity] before being entered into the analyses.
Corrections were applied when sphericity could not be assumed.

Correlations
Correlation analyses were carried out to explore whether the
selected secondary measures were indeed (closely) related to
the primary measure, as well as to investigate covariance
between the secondary measures. These analyses were carried
out in an explorative manner, not aiming to serve hypothesis
confirming purposes. Note that simple pairwise comparisons
were therefore conducted, in which no corrections were made
for multiple comparisons. Includedmeasures were assumed to be
highly interrelated, for which a conventionally used Bonferroni
correction would arguably be too conservative (76, 77).

GLM
In order to assess psychedelic-induced changes on the assessed
outcome measures, all 14 measures were included as dependent
variables in a repeated-measures multivariate analysis of variance
(RM MANOVA), to minimise errors associated with multiple
comparisons, with time as within-subjects factor. Cases were
excluded listwise, meaning that complete data was required for
all three time points for a participant’s scores to be included in
these analyses.

For multivariate analyses, Pillai’s trace was used, which is
suggested to be the most robust test statistic for multivariate
analysis of variance (78).

Dimension Reduction
Exploratory factor analysis (EFA) was carried out on standardised
change scores between TP1 and TP5 to investigate factors
or constructs underlying well-being that appeared to change
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TABLE 1 | Included outcome measures for the main analyses.

Measure Construct measured [and subscale(s) used]a

Primary measure 1. WEMWBS

The Warwick-Edinburgh Mental Well-being scale (55)

Mental well-being

Secondary measures 1. QIDS-SR16

Quick Inventory of Depression Symptoms, 16-item Self Report (62)

Depression symptoms

All subscales: sleep, sad, appetite, concentration, sleep,

view of oneself, suicide, interest, energy, psychomotor

2. RSE

Rosenberg Self-Esteem Scale (63, 64)

Self-esteem

3. LOT-R

Revised Life Orientation Test (65)

Optimism

4. TIPI

Ten-item Personality Inventory (66)

Personality

1/5 subscales: Emotional stability (TIPI-ES)

5. MLQ

Meaning in Life Questionnaire (67)

Meaning in life

1/2 subscales: Presence (MLQ-P)

6. AAQ-II

Acceptance and Action Questionnaire-II (68)

Psychological inflexibility and experiential

avoidance

7. BRS

Brief Resilience Scale (69)

Resilience

8. CAMS-R

Revised Cognitive and Affective Mindfulness Scale (70)

Mindfulness

9. SCS

Social Connectedness Scale (71)

Social connectedness

10. GQ-6

Gratitude Questionnaire (72)

Gratitude

11. STS

Spiritual Transcendence Scale (73)

Spirituality

1/3 subscales: Universality (STS-U)

12. SpREUK-SF

Spiritual and Religious Attitudes in Dealing with Illness—modified

short form (74)

Spirituality

1/5 subscales: Trust (SpREUK-SF-T)

13. SCBCS

Santa Clara Brief Compassion Scale (75)

Compassion

aAll outcome measures are continuous (interval or ratio) measures.

together over time in relation to a psychedelic experience. Prior
to running the EFA, several cheques were applied to ensure the
suitability of data. First, adequacy of sample size was assessed
using the Kaiser-Meyer-Olkin (KMO) test statistic [≥0.60; (79)]
and Bartlett’s test of sphericity achieving statistical significance at
an alpha level of α = 0.001.

Furthermore, the multicollinearity determinant of
the matrix had to be |R| >0.0001. Regarding residual
correlations, the proportion of non-redundant residuals
with absolute values >0.05 was deemed acceptable as long
as it was below 50%. The proportion of shared variance
within each variable (communalities) was not to exceed
0.70 (77).

The type of EFA used was principal axis factoring
(PAF). As the constructs included in this factor analysis
were assumed to correlate, the selected rotation form was
oblique (Promax) rotation with a Kappa value of 4. The
scree plot and eigenvalues, following Kaiser’s criterion
of >1, were used to determine the number of factors to
extract (77).

Cases were excluded listwise, resulting in a sample size of
N = 185 and a case to variable ratio of 1:12.33. Ratios of 1:10
and higher are considered sufficient (80).

Cronbach’s alpha was computed as an index for reliability for
each extracted factor.

Factor Scores
For each of the three time points, factor scores were computed:
sum scores for all measures that were found to constitute a
measure were added and divided by the number of scales
constituting that factor. Factor scores were than normalised so
they all ranged between 0 and 1. This allowed for comparison
between factors and across the three time points.

Another RM MANOVA was run to assess changes of the
factors over time, using pairwise post-hoc comparisons (within
subject contrasts) Bonferroni adjusted for multiple comparisons.

Follow-Up Data Analysis
Due to the large attrition at the 2-year endpoint, a Linear Mixed
Model was chosen instead of GLM Repeated Measures analyses
in order to test changes across the entire duration of the study,
leveraging its ability to better accommodate missing data. An
“Unstructured” covariance structure was used, which resulted
in the best model fit (lowest Akaike’s Information Criterion). A
random intercept was included.
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Attrition Bias
For addressing potential attrition biases in this sample,
differences in scores on five selected variables were assessed for
individuals completing vs. not completing the final timepoint
(TP6). Two of these variables included factor change scores
from TP1 to TP5. The direction of the change from baseline
to the 4-week endpoint on two of our well-being factors might
inform on how positive/negative one rated their experience,
which could, in turn, be an incentive to either or not drop
out. The remaining three variables assessed were subjective
measures: the Challenging Experience Questionnaire (CEQ), the
Mystical Experience Questionnaire (MEQ), and the Emotional
Breakthrough Inventory (EBI), again variables that may affect
how positive one rates the experience, resulting in reason to
either or not drop out. The extent of challenging experiences was
expected to be an important indicator of potential biases, thus the
CEQ subscales (Fear, Grief, Physical Distress, Insanity, Isolation,
Death, and Paranoia) were also assessed in relation to well-being
change scores.

Guidelines Followed
Interpretation of the effect sizes of Pearson correlation
coefficients, or the strength of the relationship amongst
continuous variables, was performed in accordance with the
guidelines of r = 0.10, r = 0.30, and r = 0.50, respectively,
representing a small, medium, and large effect. Guidelines used
for the effect size of partial eta squared were: ηp2 = 0.01 (small),
ηp2 = 0.09 (medium), and ηp2 = 0.25 (large) (77, 81, 82). This
effect size statistic is used for interpreting the strength of the
proportion of total variance explained by a variable, which is
not explained by other variables. It should be noted that these
guidelines are merely followed as rules of thumb.

RESULTS

Demographics
An overview of demographic information at baseline is provided
in Table 2. See Haijen et al. (32) for further demographics.

Correlations
Bivariate Pearson correlations between primary and secondary
well-being measures at baseline are shown in Table 3.

Results revealed that all secondary outcome measures
correlated significantly with the primary outcome measure
(WEMWBS), as was expected. Large positive correlations
were found for WEMWBS and measures of self-esteem (RSE;
r = 0.76, p < 0.0001), mindfulness (CAMS-R; r = 0.62, p
< 0.0001), resilience (BRS; r = 0.58, p < 0.0001), personality
subscale emotional stability (TIPI-ES; r = 0.57, p < 0.0001),
gratitude (GQ-6; r = 0.56, p < 0.0001), and meaning in
life subscale: “presence” (MLQ-P; r = 0.55, p < 0.0001).
Large negative correlations were found with measures of
psychological inflexibility (AAQ-II; r = −0.65, p < 0.0001) and
depressive symptoms (QIDS-SR16, r =−0.64, p < 0.0001). Small
correlations were found for the remaining measures.

The three largest covariances among the secondary measures
included positive correlations between the two measures for

spirituality (SpREUK-SF-T and STS-U; r = 0.81, p < 0.0001)
and between optimism (LOT-R) and self-esteem (RSE; r = 0.70,
p <0.001), and a negative correlation between psychological
inflexibility (AAQ-II) and self-esteem (RSE; r= 0.69, p< 0.0001).
For Bonferroni corrected values, see Supplementary Table 5.

Explorative correlations of change scores between baseline
and TP5 (4 weeks post) were also computed for all individual
measures and are reported in Supplementary Table 4.

GLM Repeated Measures MANOVA
Multivariate
Using Pillai’s trace, the within-subject effect of time was found to
be significant [V = 0.36, F(28, 632) = 4.94, p < 0.0001, η2

p = 0.18],
meaning that one or more of the included outcomes differed
significantly between at least two timepoints.

Univariate
Repeated measures analyses of variance showed significant
results for all main measures, except spirituality (both SpREUK-
SF-T and STS-U) and compassion (SCBCS), see Table 4. The
four largest univariate effect sizes were found for depressive
symptoms, QIDS-SR16: F(1.59, 260.03) = 53.64, p < 0.0001,
η2
p = 0.25, optimism, LOT-R: F(1.77, 290.88) = 26.22, p <

0.0001, η2
p = 0.14, self-esteem, RSE: F(1.75, 286.64) = 25.01, p <

0.0001, η2
p = 0.13, and general mental well-being, WEMWBS:

F(1.82, 297.96) = 24.02, p < 0.0001, η2
p = 0.13. For a graphical

depiction, see Supplementary Figure 1.

Exploratory Factor Analysis
Table 5 shows the pattern matrix with factor loadings after
rotation, commonalities after extraction, output for assumption
testing, and reliability measures. No assumptions were violated.
The scree plot showed inflexions that would justify retaining
either 2 or 3 factors. It was decided to retain 3 factors, consistent
with Kaiser’s criterion and aiming to better tease apart well-
being. For the third factor, one scale (SCBCS) did not meet
criteria for factor cross-loading and was therefore not included
in subsequent calculation of the factor score.

After exploring the measures that loaded on each of the
three resulting factors, factor 1 represented changes associated
with “Being well,” factor 2 reflected changes associated with
“Staying well” or maintaining wellness by reaching out to
internal/external resources, and factor 3 reflected changes related
to trait “Spirituality.”

Reliability analyses were carried out for the factors, both
by using change scores (in line with the scores used in the
EFA model) and scores at baseline. The former resulted in the
following reliabilities for the three factors respectively: α = 0.81,
α = 0.72, and α = 0.41 and the latter yielded reliabilities of:
α = 0.88, α = 0.82, and α = 0.77.

Factor Changes
With three factors identified, it was subsequently assessed
how they changed over time. Repeated measures multivariate
analysis of variance (RM MANOVA) on the normalised sum
scores of the identified factors Being Well, Staying Well, and
Spirituality showed a significant within-subjects effect [V = 0.26,
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TABLE 2 | Demographic data collected at baseline (time point 1; TP1).

Demographic M (SD) N % of baseline frequency

Age and gender All 28.9 (10.45) 654 100%

Male 28.0 (10.1) 485 74.2%

Female 31.56 (11.2) 165 25.2%

Other 23.0 (2.8) 4 0.6%

Employment status Student 256 39.1%

Unemployed 53 8.1%

Part-time job 98 15.0%

Full-time job 237 36.2%

Retired 10 1.5%

Nationality United States 199 30.4%

United Kingdom 128 19.6%

Denmark 60 9.2%

Germany 32 4.9%

Canada 32 4.9%

The Netherlands 15 2.3%

Other (49 other) 188 28.7%

Psychiatric history Ever been diagnosed with at least one psychiatric illnessa 214 32.7%

Never been diagnosed with a psychiatric illnessa 440 67.3%

Previous drug use Psychedelicsb–used at least once before 592 90.5%

Psychedelicsb–never used 62 9.5%

Other drugsc–used at least once before 620 94.8%

Other drugsc–never used 34 5.2%

a Including major depressive disorder, bipolar disorder, anxiety disorder, schizophrenia, substance abuse disorder, alcohol dependence, hallucinogen persisting perception disorder,

psychotic disorder, personality disorder, attention deficit hyperactivity disorder, obsessive compulsive disorder, and/or eating disorder.
bClassic psychedelics.
c Including cannabis, amphetamines, MDMA/ecstasy, cocaine, opiates, benzodiazepines, and/or ketamine.

F(6, 654) = 16.07, p < 0.0001, η2
p = 0.13]. Univariate tests showed

a significant change for factors 1 and 2, withmoderate effect sizes,
but non-significant results for changes in factor 3 (seeTable 6 and
Figure 2).

Pairwise comparisons using Bonferroni correction revealed
significant changes between TP1 and TP4 as well as between
TP1 and TP5 for factor 1 and 2 (both p < 0.0001)—in line with
hypotheses. Factor 1 followed a quadratic trend (p < 0.0001,
η2
p = 0.17), factor 2 a primary linear (p < 0.0001, η2

p = 0.15) and

slight quadratic trend (p= 0.042, η2
p = 0.03).

Follow-Up: TP6 Data
Approximately 2 years post-experience, N = 64 respondents
from the original baseline sample filled out the questionnaires
again. Changes in the identified factors were now assessed
including the additional time point.

Change Over Time
Linear Mixed Model analyses showed parameter estimates
that implied a sustained increase in Being Well and,
particularly, Staying Well over all four time points. That is,
the aforementioned increase that was found from baseline to 2
and 4 weeks post-psychedelic, now also seemed to prolong to
TP6, 2 years later, see Table 7 and Figure 3. Post-hoc pairwise

comparisons (also in Table 7) indicated that baseline scores
differed significantly from all other three timepoints for
Staying Well but fell to trend-level (p = 0.08) for Being Well
at TP6.

Attrition (Bias)
Out of a total of 741 participants responding to any timepoint
of the study, 677 (91.4%) dropped out at, or prior to, the final
follow-up survey at 2 years post-experience. More specifically,
Figure 4 shows the total sample sizes as well as the attrition rates
for each time point, in reference to the total (100%) number
of respondents at any given time point. In total, 32 (4.3%)
respondents completed all six time points.

To test for potential attrition biases in this sample,
a Multivariate Analysis of Variance was run and showed
no significant difference between TP6 completers and non-
completers on the selected factor change scores (TP1 to TP5)
and two of the three subjective measures (TP3). That is, TP6
completers and non-completers did not show a different change
from baseline to 4 weeks after the experience on Being Well
or Staying Well, nor were significant differences found for the
subjective measures EBI, MEQ and CEQ.

For a related, more comprehensive, exploratory analysis of
attrition, see Hübner et al. (84).
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TABLE 3 | Correlation matrix of main (primary and secondary) measures at baseline (time point 1; TP1).

WEMWBS QIDS-

SR16

RSE LOT-R TIPI-ES MLQ-P AAQ-II BRS CAMS-R SCS GQ-6 STS-U SpREUK-

SF-T

SCBCS

WEMWBS r

Sig.

1 −0.64**

<0.001

0.76**

<0.001

0.64**

<0.001

0.57**

<0.001

0.55**

<0.001

−0.65**

<0.001

0.58**

<0.001

0.62**

<0.001

0.59**

<0.001

0.56**

<0.001

0.26**

<0.001

0.23**

<0.001

0.20**

<0.001

QIDS-SR16 r

Sig.

−0.64**

<0.001

1 −0.65**

<0.001

−0.54**

<0.001

−0.57**

<0.001

−0.35**

<0.001

0.62**

<0.001

−0.49**

<0.001

−0.48**

<0.001

−0.51**

<0.001

−0.39**

<0.001

−0.07

0.067

−0.08*

0.048

0.02

0.553

RSE r

Sig.

0.76**

<0.001

−0.65**

<0.001

1 0.70**

<0.001

0.62**

<0.001

0.52**

<0.001

−0.69**

<0.001

0.53**

<0.001

0.61**

<0.001

0.57**

<0.001

0.49**

<0.001

0.22**

<0.001

0.20**

<0.001

0.15**

<0.001

LOT-R r

Sig.

0.64**

<0.001

−0.54**

<0.001

0.70**

<0.001

1 0.56**

<0.001

0.42**

<0.001

−0.61**

<0.001

0.53**

<0.001

0.50**

<0.001

0.46**

<0.001

0.50**

<0.001

0.23**

<0.001

0.22**

<0.001

0.14**

<0.001

TIPI-ES r

Sig.

0.57**

<0.001

−0.57**

<0.001

0.62**

<0.001

0.56**

<0.001

1 0.31**

<0.001

−0.67**

<0.001

0.56**

<0.001

0.54**

<0.001

0.43**

<0.001

0.34**

<0.001

0.10**

0.009

0.08*

0.033

0.06

0.142

MLQ-P r

Sig.

0.55**

<0.001

−0.35**

<0.001

0.52**

<0.001

0.42**

<0.001

0.31**

<0.001

1 −0.41**

<0.001

0.32**

<0.001

0.48**

<0.001

0.41**

<0.001

0.50**

<0.001

0.39**

<0.001

0.42**

<0.001

0.28**

<0.001

AAQ-II r

Sig.

−0.65**

<0.001

0.62**

<0.001

−0.69**

<0.001

−0.61**

<0.001

−0.67**

<0.001

−0.41**

<0.001

1 −0.66**

<0.001

−0.64**

<0.001

−0.53**

<0.001

−0.45**

<0.001

−0.10*

0.011

−0.07

0.069

−0.07

0.069

BRS r

Sig.

0.58**

<0.001

−0.49**

<0.001

0.53**

<0.001

0.53**

<0.001

0.56**

<0.001

0.32**

<0.001

−0.66**

<0.001

1 0.53**

<0.001

0.41**

<0.001

0.37**

<0.001

0.12**

0.003

0.08

0.054

0.11**

0.004

CAMS-R r

Sig.

0.62**

<0.001

−0.48**

<0.001

0.61**

<0.001

0.50**

<0.001

0.54**

<0.001

0.48**

<0.001

−0.64**

<0.001

0.53**

<0.001

1 0.43**

<0.001

0.41**

<0.001

0.23**

<0.001

0.20**

<0.001

0.16**

<0.001

SCS r

Sig.

0.59**

<0.001

−0.51**

<0.001

0.57**

<0.001

0.46**

<0.001

0.43**

<0.001

0.41**

<0.001

−0.53**

<0.001

0.41**

<0.001

0.43**

<0.001

1 0.51**

<0.001

0.15**

<0.001

0.12**

0.002

0.19**

<0.001

GQ-6 r

Sig.

0.56**

<0.001

−0.39**

<0.001

0.49**

<0.001

0.50**

<0.00

0.34**

<0.001

0.50**

<0.001

−0.45**

<0.001

0.37**

<0.001

0.41**

<0.001

0.51**

<0.001

1 0.36**

<0.001

0.30**

<0.001

0.36**

<0.001

STS-U r

Sig.

0.26**

<0.001

−0.07

0.067

0.22**

<0.001

0.23**

<0.001

0.10**

0.009

0.39**

<0.001

−0.10*

0.006

0.12**

0.003

0.23**

<0.001

0.15**

<0.001

0.36**

<0.001

1 0.81**

<0.001

0.43**

<0.001

SpREUK-SF-

T

r

Sig.

0.23**

<0.001

−0.08*

0.048

0.20**

<0.001

0.22**

<0.001

0.08*

0.033

0.42**

<0.001

−0.07

0.069

0.08

0.054

0.20**

<0.001

0.12**

0.002

0.30**

<0.001

0.81**

<0.001

1 0.33**

<0.001

SCBCS r

Sig.

0.20**

<0.001

0.02

0.553

0.15**

<0.001

0.14**

<0.001

0.06

0.142

0.28**

<0.001

−0.07

0.069

0.11**

0.004

0.16**

<0.001

0.19**

<0.001

0.36**

<0.001

0.43**

<0.001

0.33**

<0.001

1

Each cell contains the Pearson correlation coefficient (r), followed by the p-value. For all measures, the sample size is N = 654. Cases are excluded pairwise. Correlations with WEMWBS (general well-being) are highlighted in dark grey.

Non-significant correlations are provided in grey. Medium to large sized correlations with WEMWBS as well as the strongest 5 pairwise correlations are shown in bold. No corrections are done for multiple comparisons as these analyses

were done for explorative purposes. For corrected values, see Supplementary Table 5.

*Correlation is significant at the 0.05 significance level (2-tailed).

**Correlation is significant at the 0.01 significance level (2-tailed).
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TABLE 4 | Output Repeated Measures Multivariate Analysis of Variance (RM MANOVA), testing for statistical significance of post-experience change in relevant outcomes.

Measure RM MANOVA univariate test statistics Descriptive statistics M (SD)

df F Sig. Partial η2 TP1 (1 week

beforeb)

TP4 (2 weeks

postb)

TP5 (4 weeks

postb)

WEMWBS 1.82, 297.96a 24.02 <0.001 0.13 48.86 (9.17) 52.30 (7.54) 51.79 (8.67)

QIDS-SR16 1.59, 260.03a 53.64 <0.001 0.25 6.18 (4.63) 4.01 (2.79) 3.82 (3.31)

RSE 1.75, 286.64a 25.01 <0.001 0.13 29.52 (6.37) 31.12 (5.93) 31.34 (5.97)

LOT-R 1.77, 290.88a 26.22 <0.001 0.14 21.02 (5.51) 22.43 (5.06) 22.51 (5.23)

TIPI-ES 2, 328 17.13 <0.001 0.10 9.27 (3.16) 9.92 (2.88) 10.12 (2.69)

MLQ-P 1.72, 282.47a 9.97 <0.001 0.06 21.47 (7.67) 23.18 (7.18) 22.73 (7.44)

AAQ-II 1.75, 286.15a 18.46 <0.001 0.10 32.13 (11.67) 29.92 (10.54) 29.22 (10.87)

BRS 2, 328 11.21 <0.001 0.06 3.28 (0.81) 3.42 (0.79) 3.46 (0.83)

CAMS-R 1.75, 287.48a 11.09 <0.001 0.06 32.88 (6.05) 33.88 (5.33) 34.33 (5.85)

SCS 1.86, 305.59a 3.24 0.044 0.02 33.67 (10.69) 34.97 (10.35) 35.21 (10.12)

GQ-6 2, 328 4.91 0.008 0.03 33.90 (6.06) 34.65 (5.64) 34.68 (6.13)

STS-U 2, 328 1.32 0.269 0.01 32.98 (8.15) 33.16 (8.11) 32.65 (7.95)

SpREUK-SF-T 1.86, 305a 0.85 0.421 0.01 11.12 (6.65) 11.30 (6.34) 11.07 (6.49)

SCBCS 1.87, 305.87a 1.33 0.267 0.01 4.67 (1.40) 4.68 (1.31) 4.59 (1.35)

aCorrection applied: Huyn Feldt (83).
bWith reference to the day the relevant psychedelic experience took place.

N = 165. Cases were excluded listwise. In bold the measures that were statistically significant at the 0.05 significance level (2-tailed).

DISCUSSION

The aim of the present study was to assess the effects of
psychedelics on mental well-being in an opportunity sample,

using a broad range of measures. Results supported our main
prior hypothesis that psychedelic experiences lead to broad

increases in well-being in those that have a prior intention to use a

psychedelic compound, and well-being scores remained elevated
2 years after the experience.

Scores on both identified factors Being Well and Staying Well

were significantly increased post-psychedelic use. These factors
can be seen as reflecting: (1) a current state of being well, e.g.,
higher trait optimism, positive affect, and self-esteem; and (2)
a more prospective staying well factor, which covers attributes
such as resilience, psychological flexibility, and mindfulness—
three constructs that are found to be inter-related and contribute
to positive mental health (13, 68, 69, 85). In line with this, the
current study found these phenomena changing together after a
psychedelic experience.

These findings lend support to the view that psychedelics have
a general positive effect on well-being; promoting psychological
wellness and resilience in the medium to long-term. Considering
the current magnitude of the burden of mental illness, its
increasing prevalence, and the growing costs of healthcare
associated with mental illness, promotion and longer-term
protection of well-being (“staying well”) is considered a priority
area and could yield personal, social, and economical benefits
(5, 9). Since the data for the current study were collected
in a naturalistic and observational manner, they have good
ecological validity, bearing relevance to the apparently increasing
prevalence of use of psychedelics in the west (86)—a trend
that seems likely to continue. The finding that scores on the
Staying Well factor were increased at all three follow-up time

points, also hints at psychedelics’ prophylactic potential (40),
bearing relevance to a current rethinking in mental healthcare
toward proactive (preventive), rather than reactive interventions
(10, 11).

Mindfulness-based and positive psychology approaches are
presently being explored as an early intervention strategy, with
apparent success in improving well-being by promoting affect
tolerance and resilience (i.e., the ability to bounce back or recover
from stress) through accepting and by decreasing maladaptive
coping strategies, such as experiential avoidance, in response
to stress (13, 87–90). Here, an interesting parallel can be seen,
i.e., between the improvement of mindfulness capacities—in
clinical as well as non-clinical samples—through meditation and
therapeutic interventions, and through psychedelic experiences,
as current findings and previous studies show (36–38, 91, 92).
Furthermore, acute exposure to psychedelics may be followed by
a stage of increased psychological acceptance, offering a window
of opportunity for psychotherapeutic gains (92). “Third wave”
psychotherapies, such as Acceptance and Commitment Therapy
(ACT), may be particularly relevant here (93, 94). Hence, rather
than looking at behavioural interventions and the application of
psychedelics as separate pathways of achieving a similar goal, it
is suggested that they may be harmonised (95–97). Traditional
methods for training mindfulness skills may be complemented
directly or indirectly via psychedelic use or therapy, aiming to
protect well-being.

The feasibility of early intervention in mental health is being
increasingly discussed (98). Given the special burden of chronic,
mental, and physical illness predicted by early-life suffering
(5, 6, 99) and the particular limitations of psychiatric drug
interventions in young people (100), there is a need for safer,
more effective early intervention strategies. As always, the merits
of early intervention need to be factored against the specific
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TABLE 5 | Relevant output Exploratory Factor Analysis (EFA); principal axis factoring.

Extracted factorsa

R-Matrix Cronbach’s α if deleted

Factor name and included scales Factor 1 Factor 2 Factor 3 Communalities

post-factor

extraction

Change scores

(z)

Sum scores TP1 (z)

Being well (BW)

1 QIDS-SR16 −0.80 0.08 0.21 0.50 0.75 0.87

1 RSE 0.65 0.03 0.18 0.58 0.72 0.84

1 TIPI-ES 0.55 0.09 −0.21 0.32 0.78 0.87

1 WEMWBS 0.54 0.30 0.06 0.64 0.74 0.85

1 LOT-R 0.53 −0.04 0.13 0.32 0.76 0.86

1 MLQ-P 0.46 0.07 0.31 0.48 0.74 0.89

Staying well (SW)

1 CAMS-R 0.05 0.64 −0.02 0.44 0.55 0.67

1 AAQ-II −0.25 −0.53 0.03 0.50 0.53 0.63

1 SCS 0.21 0.52 −0.11 0.39 0.55 0.66

1 BRS 0.01 0.47 0.04 0.24 0.68 0.77

1 GQ-6 −0.05 0.46 0.15 0.26 0.61 0.68

Spirituality

1 STS-U −0.17 0.09 0.58 0.33 0.22 0.50

1 SpREUK-SF-T 0.20 −0.17 0.44 0.21 0.32 0.60

1 SCBCS −0.26 0.29 0.30 0.17 0.40 0.89

Eigenvalues

Pre-factor extraction 4.71 1.48 1.07

Post-factor extraction 4.16 0.80 0.40

Explained variance:

Pre-factor extraction 33.63% 10.60% 7.64% Cumulative:

51.87%

Post-factor extraction 29.73% 5.73% 2.88% Cumulative:

38.34%

Cronbach’s α, using:

1 Scales (z) 0.81 0.72 0.41

Sum scores scales TP1 (z) 0.88 0.82 0.77

Factor analysis model statistics

KMO measure of sampling adequacy 0.89

Bartlett’s sphericity test χ²

Sig

690.38

<0.001

Determinant |R| 0.021

Reproduced correlations: non-redundant residuals 12.0%

aThese three factors being factors of change implies that the measures included in each factor assemble together by means of their change; they change in a similar way over the

selected timepoints.

N = 185. Factor loadings that together form a factor are highlighted in different shades of grey, as well as their corresponding reliabilities. Correlations lower than 0.3 are provided in

grey. Change scores between TP1 and TP5 are used in the analyses and the change is indicated with “1.” Further, “(z)” indicates that scales were standardised to z-scores.

risks associated with a given intervention—particularly if: (1)
no pathology in present (5), and (2) the population is young
and vulnerable.

The present study identified a specific factor containing
validated scales pertaining to “StayingWell.” Scores on this factor
were significantly increased at 2 and 4 weeks after the psychedelic
experience and remained significantly elevated at 2 years. This
finding is particularly intriguing, as it has implications for the
long-term positive psychological effects of psychedelics, as well

as their use as early intervention and/or as prophylactic tools.
Used with care, psychedelics may have potential to complement
early intervention or prophylactic strategies, e.g., using low-
dose psychedelic therapy to improve receptivity to, and enhance
the action of, mindfulness-based practises designed for this
purpose. In this regard, it is worth noting that exposure to
psychedelic plant medicines among the young is endorsed by
certain cultures e.g., as part of coming of age ceremonies (101–
103) or religious ceremonies (104, 105). Taken together, these
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FIGURE 2 | Per factor: factor scores changing over time (baseline, 2 weeks, and 4 weeks post-experience, respectively). Scores are normalised to allow for

comparison between factors. Asterisks indicate a significant change over the specifically indicated change within time points, p < 0.05.

TABLE 6 | Relevant statistics for Repeated Measures Multivariate Analysis of Variance (RM MANOVA) with factor scores.

Factor RM MANOVA univariate test statistics Descriptive statistics M (SD) (normalised factor scores)

df F Sig. Partial η2 TP1 (1 week beforeb) TP4 (2 weeks postb) TP5 (4 weeks postb)

1: Being well 1.61, 264.41 48.74a <0.001 0.23 0.64 (0.18) 0.70 (0.15) 0.70 (0.16)

2: Staying well 1.88, 307.81 18.33a <0.001 0.10 0.64 (0.16) 0.67 (0.14) 0.68 (0.15)

3: Spirituality 1.92, 314.26 1.64a 0.196 0.01 0.56 (0.24) 0.57 (0.23) 0.56 (0.23)

aEstimate of sphericity (ε) >0.75; Huyn Feldt correction applied (83).
bWith reference to the day relevant psychedelic experience took place.

N = 165. Cases were excluded listwise. In bold measures that were statistically significant at the 0.05 significance level.

findings strongly warrant further research on the mental health
effects of psychedelic use in adolescents and young adults,
specifically in relation to their hypothesised capacity to foster
resilience and other protective psychological capacities.

Despite this promise, we recognise that historical negative
stigma surrounding psychedelics may make it particularly
difficult to develop an early intervention trial. Indeed, it be
prudent to recognise that even if the risk of severe iatrogenesis
via psychedelics is very rare, if it were to happen, the personal,
familial and perhaps even broader political impact would be
considerable. This consideration is particularly pertinent when
intervening in developing minds and brains where no existing
pathology is evident. Equally, however, such caution must
be weighed against the potential for long-term psychological
benefit at the aggregate level and a commitment to scientific
process, particularly when evidence suggests that testing of

a novel hypothesis is worthwhile and could ultimately bring
important benefits.

A key question for the present study was: which of the several
measures associated with well-being aremost sensitive to change?
This question is important, not least because of considerations of
efficiency in the design of future studies, where, for example, the
number of questionnaires could be reduced to just a few, sensitive
but sufficiently orthogonal and therefore complementary ones.
This issue is particularly relevant in prospective web-based
surveys where high attrition rates due to participant burden are a
common problem (84, 106).

Results revealed that the most sensitive measures were
those that were classified under the Being well factor. More
specifically, the three largest changes were seen in QIDS-
SR16 (depressive symptoms), TIPI-ES (emotional stability), and
WEMWBS (general mental well-being) scores, where effect sizes
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FIGURE 3 | Estimated means and standard errors across the four time points (TPs), based on Mixed Model analyses. N = 698. Asterisks indicate a significant

difference from zero for the fixed effect parameter estimates t-test, p < 0.05.

were large. This implies that these are particularly sensitive
measures that can be usefully employed in future studies.

We are mindful, however, that our statistical approach
involved factorising questionnaires according to how scores
changed after a psychedelic. This approach could be critiqued,
as it does not reflect whether the constructs that the scales
are intended to measure are intrinsically distinct from each
other, e.g., as might be demonstrated if scores from only one
particular timepoint were entered into the factor analysis. It
rather reflects the correlation of changes in scores on those
measures. This approach was explorative and should therefore
not predominantly guide the decision for future scales to include.
As shown in Table 3, there do exist strong correlations between
the different measures of well-being when looking at scores on
one single time point (baseline), but pairwise relationships were
not uniform in strength and some scales were inversely related.
We believe that using the diagnostically validated QIDS-SR16

to measure depression severity is complementary to measuring
general well-being with the WEMWBS and thus advocate using
these two brief measures in future studies.

The five scales loading onto Staying Well were generally
less sensitive to change than the six Being Well questionnaires.
However, since they were found to be distinct from the Being
Well measures, they can yield additional information. Selecting

which Staying Well scales to include in future studies may
best be informed by psychological framework preferences e.g.,
Acceptance and Commitment Therapy (ACT) and the AAQ-
II vs. Mindfulness-Based Cognitive Therapy (MB-CT) and the
CAMS-R. We are aware that some have critiqued the AAQ-
II, however (107–109), and the CAMS-R loaded more strongly
onto the Staying Well factor and not at all onto the Being Well
one. Thus, the CAMS-R may be more the more useful of these
two when combined with the QIDS-SR16 and WEMWBS. If
one was to place special value on efficiency and framework
neutrality however, the BRS might be a good choice, as it
contains only six items, indexes general resilience, and, like the
CAMS-R, showed a good factor preference for Staying Well vs.
Being Well.

The third factor, Spirituality, contained three measures that
index phenomena not universally regarded as relevant to well-
being (Supplementary Table 1). Specifically, the SpREUK-SF-T
is intended to measure trust in divine forces, the STS-U refers
to belief in unity or interconnectedness, and the SCBCS enquires
about feelings of compassion. These measures were less sensitive
to change after psychedelic use in the current sample. This
could be a culture and context dependent result, given that the
sample was predominantly Western, and participants may not
have taken the psychedelic with a spiritual intention in mind
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TABLE 7 | Relevant outcomes Mixed Model analyses with factor scores across the four timepoints (TPs).

Factor 1: Being well Factor 2: Staying well Factor 3: Spirituality

Model Covariance structure Unstructured Unstructured Unstructured

Number of parameters 15 15 15

Number of subjects incl. 698 698 698

Information

criterion

Akaike’s (AIC) −1690.50 −1865.48 −1131.87

Parameter

Estimates of fixed

effects (E) +

matching

significance (p)

Intercept E = 0.641; p ≤ 0.001 E = 0.645; p ≤ 0.001 E = 0.578; p ≤ 0.001

TP 1: baseline (reference) – – –

TP4: 2 weeks after E = 0.056; p ≤ 0.001 E = 0.029; p ≤ 0.001 E = 0.004; p = 0.426

TP5: 4 weeks after E = 0.057; p ≤ 0.001 E = 0.034; p ≤ 0.001 E = −0.009; p = 0.090

TP6: 2 years after E = 0.037; p = 0.014 E = 0.039; p = 0.004 E = 0.016; p = 0.280

Pairwise

comparisons*

Baseline (TP1) TP4 p ≤ 0.001 p ≤ 0.001 p = 1.00

TP5 p ≤ 0.001 p ≤ 0.001 p = 0.541

TP6 p = 0.084 p = 0.023 p = 1.00

Estimated means

and standard

errors

TP1 M = 0.641; SE = 0.009 M = 0.645; SE = 0.006 M = 0.579; SE = 0.047

TP4 M = 0.698; SE = 0.009 M = 0.674; SE = 0.006 M = 0.583; SE = 0.047

TP5 M = 0.699; SE = 0.009 M = 0.680; SE = 0.007 M = 0.569; SE = 0.047

TP6 M = 0.678; SE = 0.016 M = 0.685; SE = 0.013 M = 0.595; SE = 0.049

Note. In bold parameter estimates that were statistically significant at the 0.05 significance level. *Adjustment for multiple comparisons: Bonferroni.

FIGURE 4 | Attrition. Per time point the sample size and number of respondents who did not complete any more surveys after this particular time point (dropping out).

or been in a (e.g., ceremonial) context where spiritual themes
were welcomed or promoted. Future studies and analyses could
examine the influence of contextual factors on such outcomes,
with the hypothesis that they do indeed have a significant

influence (42). Another explanation for this negative finding
could be that the here used Spirituality measures are trait-
based, i.e., the SpREUK-SF-T and STS-U do not enquire about
spiritual experiences per se, but rather enquire how one generally
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perceives oneself; as such, they may be less sensitive to the effects
of psychedelics.

There are some important limitations to this study.
A major one is the lack of experimental control, which
meant that we could not verify any of the reported
information and thus had to take the validity of responses
on faith, including those relating to drug usage, purity
and dosage. Haijen et al. (32) mention this limitation as
well and list some variables important to acknowledge
in future studies, regarding safe and effective preparation
for, and mediation of, psychedelic experiences. Neither
were we able to control for expectancy in any way, a
major potential source of bias, particularly in young
people (110–112).

Relatedly, there was a significant risk of confirmation bias
in this study; the sample consisted of people intending to take
a psychedelic through their own initiative and many reported
previous experience with psychedelic drugs (90.5%), as well as
a generally positive stance toward the (therapeutic) potential
of psychedelics (32). Participants were also predominantly male
(74.2%), employed or a student (90.3%), and western (i.e., 50%
USA or UK), which limits generalisability and extrapolations
beyond this population. These and other limitations are
elaborated on Haijen et al. (32). Furthermore, the attrition
analysis conducted in the current study was also intended to
scrutinise the nature of the sample.

Another potential bias may have occurred via the high
attrition rate: i.e., there might have been a skew toward
positive findings if drop-outs occurred in those who did
not respond well. To assess this possibility, we explored the
question: did people who dropped out before the final follow-
up survey at 2 years (TP6) show a more negative trajectory
of change in Being Well and Staying Well than those 64
people completing that final survey? Also, did differences
exist in scores on subjective acute (TP3) measures, such
as the intensity of challenging experiences, in those who
dropped out? Results were reassuring in terms of potential
attrition bias; participants experiencing a more challenging
experience under the psychedelic, or a more negative trajectory
in their change in well-being scores, were not more likely
to drop-out.

Furthermore, this study population was heterogeneous, i.e.,
different substances, set and setting, and also a high distribution
of lifetime mental illness diagnoses. In future studies, exclusion
criteria could be extended, encouraging safe use e.g., by screening
more carefully on psychosis and related disorders. In case a
similar opportunity sample was included in future studies, it
would be interesting to study response differences in people with
vs. without psychiatric history, or with vs. without subsequent
psychedelic experiences. For the latter, questions on drug use
should be added to the follow-up surveys. Lastly, interesting
for future research may be to look at predictors, such as
intentions, in the factors of change that were found in the
current study.

In conclusion, the present study assessed changes in
several complementary facets of mental well-being following
a psychedelic experience. In line with prior hypotheses,

comprehensive positive changes in well-being were observed.
Three major components of change were identified: “Being
well,” “Staying well,” and “Spirituality.” The first two increased
significantly at 2 and 4 weeks after the relevant psychedelic
experience, with Staying Well remaining elevated at 2-year
follow-up. These findings support the view that psychedelic
use can both promote and protect psychological wellness.
The findings should inspire more controlled research into the
impact of psychedelics on mental health in healthy populations.
Longitudinal studies in young populations may have special
value, with potential implications for the prophylactic value of
psychedelic therapy.

DATA AVAILABILITY STATEMENT

Datasets are available on request: The raw data supporting the
conclusions of this article will be made available by the authors,
without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Joint Research Compliance Office Imperial
College London. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR’S NOTE

We are currently running new online survey studies. For more
information, see www.psychedelicsurvey.com.

AUTHOR CONTRIBUTIONS

KM wrote this paper. RC-H and HK edited it with feedback
from MK, EH, and DE. All authors read and approved the
final manuscript.

FUNDING

This research was funded by the Ad Astra Chandaria Foundation
and the funders of the Centre for Psychedelic Research (http://
www.imperial.ac.uk/psychedelic-research-centre/funding-
partners/).

ACKNOWLEDGMENTS

Special thanks to Kenneth Jønck and Nicolai Lassen who
provided the expertise in building the online platform
Psychedelic Survey (www.psychedelicsurvey.com).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2021.647909/full#supplementary-material

Frontiers in Psychiatry | www.frontiersin.org 14 June 2021 | Volume 12 | Article 64790960

http://www.psychedelicsurvey.com
http://www.imperial.ac.uk/psychedelic-research-centre/funding-partners/
http://www.imperial.ac.uk/psychedelic-research-centre/funding-partners/
http://www.imperial.ac.uk/psychedelic-research-centre/funding-partners/
http://www.psychedelicsurvey.com
https://www.frontiersin.org/articles/10.3389/fpsyt.2021.647909/full#supplementary-material
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Mans et al. Psychedelics and Mental Well-Being

REFERENCES

1. Huppert FA. The state of wellbeing science: concepts, measures,

interventions, and policies. In: Huppert FA, Cooper CL, editors.

Wellbeing: A Complete Reference Guide. Vol. 6. Hoboken, NJ. Publisher:

John Wiley & Sons, Inc. (2014). p. 1–49. doi: 10.1002/9781118539415.

wbwell01

2. Lamers SMA, Westerhof GJ, Glas CAW, Bohlmeijer ET. The bidirectional

relation between positive mental health and psychopathology in a

longitudinal representative panel study. J Positive Psychol. (2015) 10:553–

60. doi: 10.1080/17439760.2015.1015156

3. Huppert FA, So TTC. Flourishing across europe: application of a new

conceptual framework for defining well-being. Soc Indicat Res. (2013)

110:837–61. doi: 10.1007/s11205-011-9966-7

4. World Health Organization.Mental Health Action Plan 2013–2020 (2013).

5. Saxena S, Jané-Llopis E, Hosman C. Prevention of mental and behavioural

disorders: implications for policy and practice. World Psychiatry. (2006)

5:5–14.

6. Barry MM, Clarke AM, Petersen I, Jenkins R. Implementing Mental

Health Promotion. 2nd ed. Cham, Switzerland. Publisher: Springer

(2019) doi: 10.1007/978-3-030-23455-3

7. Keyes CLM. Promoting and protecting mental health as flourishing: a

complementary strategy for improving national mental health. Am Psychol.

(2007) 62:95–108. doi: 10.1037/0003-066X.62.2.95

8. Thornicroft G, Deb T, Henderson C. Community mental health care

worldwide: current status and further developments. World Psychiatry.

(2016) 15:276–86. doi: 10.1002/wps.20349

9. World Health Organization. Prevention of Mental Disorders: Effective

Interventions and Policy Options: Summary Report (2004).

10. World Health Organization. Promoting Mental Health: Concepts, Emerging

Evidence, Practice (2005).

11. Wainberg ML, Scorza P, Shultz JM, Helpman L, Mootz JJ, Johnson

KA, et al. Challenges and opportunities in global mental health:

a research-to-practice perspective. Curr Psychiatry Rep. (2017)

19:28. doi: 10.1007/s11920-017-0780-z

12. Bolier L, Haverman M, Westerhof GJ, Riper H, Smit F, Bohlmeijer ET.

Positive psychology interventions: a meta-analysis of randomized controlled

studies. BMC Public Health. (2013) 13:119. doi: 10.1186/1471-2458-13-119

13. Sin NL, Lyubomirsky S. Enhancing well-being and alleviating depressive

symptoms with positive psychology interventions: a practice-friendly meta-

analysis. J Clin Psychol. (2009) 65:467–87. doi: 10.1002/jclp.20593

14. Weiss LA, Westerhof GJ, Bohlmeijer ET. Can we increase psychological

well-being? The effects of interventions on psychological well-being:

a meta-analysis of randomized controlled trials. PLoS ONE. (2016)

11:e0158092. doi: 10.1371/journal.pone.0158092

15. Holmes EA, Ghaderi A, Harmer CJ, Ramchandani PG, Cuijpers

P, Morrison AP, et al. Psychological treatments research in

tomorrow’s science: seeing further. Lancet Psychiatry. (2018) 5:237–86.

doi: 10.1016/S2215-0366(17)30513-8

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

drugs: past, present, and future. Neuropsychopharmacology. (2017) 42:2105–

13. doi: 10.1038/npp.2017.84

17. Curran HV, Nutt DJ, de Wit H. Psychedelics and related drugs: therapeutic

possibilities, mechanisms and regulation. Psychopharmacology. (2018)

235:373–5. doi: 10.1007/s00213-017-4822-3

18. Sessa B. Shaping the renaissance of psychedelic research. Lancet. (2012)

380:200–1. doi: 10.1016/S0140-6736(12)60600-X

19. Sessa B. The history of psychedelics in medicine. In: von Heyden M,

editor. Handbuch Psychoaktive Substanzen. Berlin/Heidelberg: Springer-

Verlag(2016). p. 1–26. doi: 10.1007/978-3-642-55214-4_96-1

20. Carhart-Harris RL. How do psychedelics work? Curr Opin Psychiatry. (2019)

32:16–21. doi: 10.1097/YCO.0000000000000467

21. Carhart-Harris RL, Kaelen M, Nutt DJ. How do hallucinogens work on the

brain? Psychologist. (2014) 27:662–5.

22. Nutt D, Erritzoe D, Carhart-Harris RL. Psychedelic psychiatry’s brave new

world. Cell. (2020) 181:24–8. doi: 10.1016/j.cell.2020.03.020

23. Griffiths RR, Richards WA, Johnson MW, McCann UD, Jesse R.

Mystical-type experiences occasioned by psilocybin mediate the attribution

of personal meaning and spiritual significance 14 months later. J

Psychopharmacol. (2008) 22:621–32. doi: 10.1177/0269881108094300

24. Hendricks PS, Thorne CB, Clark CB, Coombs DW, Johnson MW. Classic

psychedelic use is associated with reduced psychological distress and

suicidality in the United States adult population. J Psychopharmacol. (2015)

29:280–8. doi: 10.1177/0269881114565653

25. Johansen PØ, Krebs TS. Psychedelics not linked to mental health problems

or suicidal behavior: a population study. J Psychopharmacol. (2015) 29:270–

9. doi: 10.1177/0269881114568039

26. Carhart-Harris RL, Bolstridge M, Rucker J, Day CM, Erritzoe D, Kaelen

M, et al. Psilocybin with psychological support for treatment-resistant

depression: an open-label feasibility study. Lancet Psychiatry. (2016) 3:619–

27. doi: 10.1016/S2215-0366(16)30065-7

27. Carhart-Harris RL, Kaelen M, Bolstridge M, Williams TM,

Williams LT, Underwood R, et al. The paradoxical psychological

effects of lysergic acid diethylamide (LSD). Psychol Med. (2016)

46:1379–90. doi: 10.1017/S0033291715002901

28. Close JB, Haijen ECHM, Watts R, Roseman L, Carhart-Harris RL.

Psychedelics and psychological flexibility – results of a prospective web-

survey using the Acceptance and Action Questionnaire II. J Contex Behav

Sci. (2020) 16:37–44. doi: 10.1016/j.jcbs.2020.01.005

29. Davis AK, Barrett FS, Griffiths RR. Psychological flexibility mediates

the relations between acute psychedelic effects and subjective

decreases in depression and anxiety. J Contex Behav Sci. (2020)

15:39–45. doi: 10.1016/j.jcbs.2019.11.004

30. Griffiths RR, Johnson MW, Richards WA, Richards BD, McCann UD,

Jesse R. Psilocybin occasioned mystical-type experiences: immediate

and persisting dose-related effects. Psychopharmacology. (2011) 218:649–

65. doi: 10.1007/s00213-011-2358-5

31. Griffiths RR, Richards WA, McCann UD, Jesse R. Psilocybin can occasion

mystical-type experiences having substantial and sustained personal

meaning and spiritual significance. Psychopharmacology. (2006) 187:268–

83. doi: 10.1007/s00213-006-0457-5

32. Haijen ECHM, Kaelen M, Roseman L, Timmermann C, Kettner H, Russ

S, et al. Predicting responses to psychedelics: a prospective study. Front

Pharmacol. (2018) 9:897. doi: 10.3389/fphar.2018.00897

33. MacLean KA, Johnson MW, Griffiths RR. Mystical experiences

occasioned by the hallucinogen psilocybin lead to increases in

the personality domain of openness. J Psychopharmacol. (2011)

25:1453–61. doi: 10.1177/0269881111420188

34. Mason NL, Mischler E, Uthaug MV, Kuypers KPC. Sub-acute effects of

psilocybin on empathy, creative thinking, and subjective well-being. J

Psychoact Drugs. (2019) 51:123–34. doi: 10.1080/02791072.2019.1580804

35. Mason NL, Dolder PC, Kuypers KPC. Reported effects of psychedelic use on

those with low well-being given various emotional states and social contexts.

Drug Sci Policy Law. (2020) 6:1–11. doi: 10.1177/2050324519900068

36. Sampedro F, de la Fuente Revenga M, Valle M, Roberto N, Domínguez-

Clavé E, Elices M, et al. Assessing the psychedelic “after-glow” in

ayahuasca users: post-acute neurometabolic and functional connectivity

changes are associated with enhanced mindfulness capacities. Int J

Neuropsychopharmacol. (2017) 20:698–711. doi: 10.1093/ijnp/pyx036

37. Soler J, Elices M, Franquesa A, Barker S, Friedlander P, Feilding

A, et al. Exploring the therapeutic potential of Ayahuasca: acute

intake increases mindfulness-related capacities. Psychopharmacology. (2016)

233:823–9. doi: 10.1007/s00213-015-4162-0

38. Uthaug MV, Lancelotta R, Van Oorsouw K, Kuypers KPC, Mason N, Rak

J, et al. A single inhalation of vapor from dried toad secretion containing

5-methoxy-N,N-dimethyltryptamine (5-MeO-DMT) in a naturalistic setting

is related to sustained enhancement of satisfaction with life, mindfulness-

related capacities, and a decrement of psyc. Psychopharmacology. (2019)

236:2653–66. doi: 10.1007/s00213-019-05236-w

39. Zeifman RJ, Wagner AC, Watts R, Kettner H, Mertens LJ, Carhart-Harris

RL, et al. Post-psychedelic reductions in experiential avoidance are associated

with decreases in depression severity and suicidal ideation. Front Psychiatry.

(2020) 11:782. doi: 10.3389/fpsyt.2020.00782
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If patients with mental illnesses are to be treated fairly in comparison with other categories

of patients, they must be given access to promising experimental therapies, including

psychedelics. The right of early access to promising therapies was advanced as an

ethical principle by activist Larry Kramer during the AIDS pandemic, and has now largely

been adopted by the medical establishment. Patients are regularly granted access to

experimental drugs for many illness categories, such as cancer and infectious diseases.

The need for expanded access is especially relevant during evolving crises like the AIDS

and the coronavirus pandemics. In contrast to non-psychiatric branches of medicine,

psychiatry has failed to expedite access to promising drugs in the face of public health

emergencies, psychological crises, the wishes of many patients, and the needs of the

community. Psychiatry must catch up to the rest of medicine and allow the preferences

of patients for access to guide policy and law regarding unapproved medications

like psychedelics.

Keywords: access, advocacy, empowerment, psychedelics, discrimination, stigma, ethics

ADVANCES IN MEDICAL ETHICS

There are many beneficiaries of medical research, although ultimately research is done in the name
of patients, for their benefit, and at their risk. Therefore, end-users of therapies should have the
authority to empower doctors and scientists, not the other way around. Within psychiatry, there
has been a failure to grant access to experimental drugs in the face of dire need and the wishes of
many patients and their loved ones. Lessons from AIDS Coalition to Unleash Power (ACT UP)
should embarrass us into action.

Context
In the past, the greatest threat to patients was that doctors would set aside human rights and dignity
in the name of aggressive advances in science. Nazi scientists in World War Two and American
doctors in the Tuskegee Syphilis Study made the problem clear to the whole world. The scientific
community largely addressed these concerns by codifying principles for ethical research on human
subjects in theNuremberg Code (1947), the Declaration of Helsinki (1964), and the Belmont Report
(1978) (1).
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As a result of these codes and established norms, we now
do a better job of protecting patients from being exploited,
but hidden costs of an ethics built on restraining science
emerge when sick multitudes race against time for life-saving
cures. Consider playwright-turned patients’ rights activist Larry
Kramer and ACT UP. In 1988, at the height of the AIDS
pandemic, gay men in Kramer’s community were dying of AIDS
without chances to try cutting-edge treatments. Kramer saw
that clinical trial protocols were slow-walking the introduction
of new therapies. He denounced Dr. Anthony Fauci—then
as now, the director of the National Institute of Allergy and
Infectious Diseases —in the San Francisco Examiner: “There
are more AIDS victims dead because you didn’t test drugs on
them than because you did” (2). Kramer used offensive terms
to shock and embarrass a complacent medical establishment
into acknowledging that bigotry was delaying access: “Why?
Because this disease is happening to faggots, n∗∗∗ers, spics,
junkies, and hookers” (3). ACT UP mobilized protests and
established an underground market for experimental drugs.
Consequently, the medical establishment buckled. Patients were
included in FDA advisory panels, and access was expanded for
experimental drugs. This applied not only to therapies for AIDS,
but also for cancer, infectious diseases, and other non-psychiatric
illnesses. Dr. Fauci summarized the impact in Kramer’s obituary:
“He totally transformed the relationship between activism
and the scientific, regulatory, and government community”
(4). Kramer and ACT UP created a path for patients to
transition from passive consumers of therapies to active agents in
medical history.

This path endures. During the coronavirus pandemic,
widespread public oversight of drug development facilitated
public buy-in, which was crucial for bold innovation. Stephen
M. Hahn, Commissioner of Food and Drugs for the Food and
Drug Administration wrote, “No time in recent memory has
shown as bright a light on the work of the FDA review staff as
the COVID-19 pandemic. . . . Transparency regarding the FDA’s
thinking about scientific data needed to support safe and effective
vaccines will help build public confidence in the FDA’s evaluation
process” (5). With the public engaged, the FDA was able to
implement the Coronavirus Treatment Acceleration Program,
which “uses every available method to move new treatments to
patients as quickly as possible, while at the same time finding out
whether they are helpful or harmful” (6). The public gained early
access to therapies such as convalescent plasma and direct-acting
antivirals through Mayo Clinic-led expanded access protocols.
Emergency use authorization for the first vaccine was granted by
the FDA on December 11, 2020 (7).

PEOPLE WITH MENTAL ILLNESSES ARE

LEFT OUT

In the present mental health crisis, unlike the AIDS and
coronavirus pandemics, drug developers are failing to serve
stigmatized populations in a time of great need.

The world is experiencing a dire mental health emergency.
The global burden of mental health and substance use disorders

increased 37.6% between 1990 and 2010. Mental health and
substance use disorders were the top contributor of years lived
with disease worldwide in 2010 (8). Along with suffering and
despair inherent in PTSD, treatment-resistant depression and
psychological trauma, these conditions increase risk for chronic
physical health problems and suicide. Suicides have increased by
35% in the past two decades. For girls and women, the increase
is 50% (9, 10). Suicide rates have also increased among people
of color, with a stunning 139% increase among Native American
women (11). The coronavirus has accelerated trends of escalating
mood disorders. During the pandemic, the proportion of US
adults who reported symptoms of anxiety and depression rose
from one in 10 (January to June, 2019) to four in 10 during
the pandemic (April, 2020 to March, 2021) (12). There was a
21% increase in selective serotonin reputable inhibitor (SSRI)
prescriptions in the USA from February 16, 2020 to March
15, 2020 (13). A cross-sectional study of nearly 190 million
emergency department (ED) visits found increases in ED visits
for all mental health conditions and suicide attempts. Opioid
overdoses were 29% higher in 2020 than before the pandemic
(14). Eighteen to 24 year-olds are most heavily impacted,
with one quarter of this population reporting that they have
seriously considered suicide during the pandemic (15). These
burdens are even greater for people who are part of racialized
communities. People of color with mental illness face a double
stigma, and COVID-19 has disproportionately burdened people
of color (16, 17). The increased rates of illness and death have
especially impacted people of color, and subsequently led to
more distress stemming from grief, loneliness, frustration, and
economic hardship.

Of the few standard therapies that exist for addiction,
depression, and PTSD, none are adequate to address the mental
health crisis. For example, the two medications approved to
treat PTSD by the FDA, paroxetine hydrochloride and sertraline
hydrochloride, have only small to moderate effect sizes compared
to placebo (18). Selective serotonin reuptake inhibitors (SSRIs),
the mainstay treatments for major depression, fail to help
the majority of depressed patients achieve remission (19, 20).
In fact, SSRIs may work no better than placebo for mild
depression (21). Antipsychotics do not help with schizophrenia’s
negative symptoms like anhedonia and isolation, which are the
symptoms that matter most to patients (22). Antidepressants
and antipsychotics did not arise from an aggressive search for
molecular targets. Drugs with action against depression, mania,
and psychosis were discovered by chance in the course of
testing drugs for tuberculosis (drugs targeting the serotonin
system), anesthesia (dopamine agonist antipsychotics), and
epilepsy (valproic acid). Since the advent of selective serotonin
reuptake inhibitors in 1988, few psychiatric medications with
novel action have been brought to patients. Notable exceptions
include orexin antagonists for insomnia. Recent therapeutic
breakthroughs for cancer, COPD, and coronary artery disease
vastly exceed advances in psychiatry (23–25).

Pharmaceutical investment in psychiatric therapies continues
to remain low compared to the burden of diseases, with 3.1
dollars invested per 1,000 in disease burden for schizophrenia,
1.8 for major depression, and 0.4 for bipolar disorder, compared
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to 9.4 for chronic obstructive pulmonary disease (COPD), 7.6 for
diabetes, and 75.5 for cancer (26).

Like AIDS sufferers, mental health patients face stigma
and discrimination, which are barriers in mobilizing drug
development and expediting access. Access to new therapies
is also lacking because symptoms of mental illnesses are
not always outwardly apparent, and symptoms such as lack
of motivation and disorganization can prevent patients from
effectively advocating for themselves.

HOPE AND POSSIBILITIES

For mental health, the ancient medications we now call
psychedelics have been used for generations by indigenous
people in therapeutic contexts. The Mazatec people of Mexico
gave us psilocybin, adherents of the Bwiti religion in Gabon
discovered ibogaine, and the Shipibo people of the Amazon
basin developed ayahuasca (27). Clinical trials at Imperial College
London and Johns Hopkins suggest that psilocybin is more
effective in remediating depression than any currently approved
therapies (28, 29), and also suggest psilocybin’s impressive action
against addiction, obsessive compulsive disorder, along with
other mental health conditions (30). Sixty eight perecntage
of patients with PTSD who received therapy with 3,4-
methylenedioxymethamphetamine (MDMA) in a recent phase 2
trial no longer met criteria for PTSD 1 year after their treatment
(28). Open-label clinical studies and surveys demonstrate that
suicide and suicide rates are greatly reduced by psychedelic
medications (31–33).

In the early 1950s, the psychedelic compound LSD had already
begun to show promise for remediating various mental illnesses
in clinical settings. Despite this, research into psychedelics was
halted in the latter half of the twentieth century in response to
their recreational use by club-goers and their prominent role in
the left-wing counterculture of the Vietnam era. The therapeutic
molecules were stigmatized along with the population of patients
who stood to benefit. This may explain why it has taken so long to
provide mentally ill patients with access, even in comparison to
AIDS patients who also contend against stigma. Even now that
many legal restrictions have been lifted and research has been
allowed, there are significant barriers to this research, including
lack of institutional support and difficulty in obtaining funding.
Of note, funding for psychedelic research has come almost
entirely from private sources (34, 35).

The Multidisciplinary Association for Psychedelic Studies
(MAPS) has been at the forefront of advancing the research
on therapies for PTSD using MDMA. MDMA is an entactogen
phenethylamine that bears similarities to classical psychedelics
like LSD and psilocybin in its subjective effects, mechanism of
action, and stigmatized status (28, 36). While their multisite
Phase 3 trials were underway, MAPS began an ambitious training
program for therapists in anticipation of the vast demand for
MDMA treatment through the FDA Expanded Access Program.
Expanded Access, also known as “compassionate use,” is a
process that makes promising experimental drugs available to
patients who have not responded to conventional treatments.

MAPS submitted their application to the FDA in January of
2019, enrolled over 700 therapists in their clinician training
program, and registered over 120 clinics to be a part of the
expanded access roll-out. MAPS initially anticipated that 250
to 1,000 people would enroll in the Expanded Access Program
throughout the US. The psychedelic research community was
stunned when the FDA approved the application but limited
the number of patients who could participate to a mere 50,
forcing MAPS to scale back its plans and leaving hundreds of
desperate patients to languish on waiting lists (37, 38). Through
a similar mechanism, MAPS has applied to Health Canada
for 20 patients to be treated with MDMA at a Vancouver
clinic (39). In another swipe at accessibility, the FDA erected
highly restrictive conditions on Expanded Access therapists. In
addition to requiring two therapists to be present for the full
duration of all psychedelic sessions, the FDA is now requiring
that the lead facilitator be an MD or PhD, and that there be
doctor on site the whole time rather than just on call, which
is making the already high cost of treatment so high that
it would be inaccessible to any but the wealthiest. MAPS is
objecting to the enrollment limits and the other restrictions
placed by the FDA and has engaged lawyers to help resolve
the dispute.

Demand for psychedelic medications from people seeking
help for their mental illnesses has led to underground use,
in a way that parallels how patients took risks to obtain
unapproved medications during the AIDS pandemic (40, 41).
This underground use has been most perilous for people of color,
who face greater stigma and legal risks due to the War on Drugs
(42). Nonetheless, some are even using psychedelics to self-treat
traumatization due to racism (43).

Despite the wishes of many patients, the Johns Hopkins
team argue that risk mitigation should be paramount for
psychedelics. They write, “More randomized clinical trials are
necessary to replicate and extend the promising findings of
open-label trials, and to better understand contraindications
and therapeutic risks.” According to them, “We owe it to
the next generation of researchers and clinicians and to
millions of patients who may benefit from these treatments
that no exceptions be made to standards of research” (35).
These researchers’ caution is understandable in light the
history of psychedelic research being shut down in the past,
the difficulties in restarting this research, and the overly
optimistic notions among some that these medications may act
as cure-alls.

Nevertheless, the AIDS and coronavirus pandemics expose a
need to update standards of research in psychiatry. Along with
the hard-won principle that doctors must, “first do no harm,” we
must honor the public’s need to access new therapies that are
developed not only for the most visible crises, but also for the
mental health crisis, where intense suffering can be hidden from
public view.

Open questions include how to amplify the voices of
patients regarding experimental therapies like psychedelics,
how to implement early access, how to educate the public
about this option once it exists, and how to ensure equitable
access for multiple marginalized groups. A model of political
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engagement like ACT UP may not work for patients whose
symptoms include lack of motivation and will, and who
are at risk for re-traumatization. The authors are exploring
an entirely patient-led counterpart to traditional academic
peer review, which allows diverse patient communities
to provide meaningful input into therapies that result
from trials.

As we consider solutions, Larry Kramer’s plea for faster
access to AIDS medications echoes to remind us that for
many patients, time is limited: “We are in the middle of a
f∗∗king plague!” (44).
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Rationale: Previous studies with the serotonergic hallucinogens LSD and psilocybin

showed that these drugs induced changes in personality traits, such as increases in

Openness. However, results are inconsistent, and the effects of ayahuasca on personality

were never investigated in a controlled trial.

Objectives: To assess the effects of ayahuasca on personality in two randomized,

placebo-controlled trials in healthy volunteers.

Methods: Data from two parallel-group, randomized, placebo-controlled trials in

healthy volunteers were included. In the first trial, 15 volunteers ingested ayahuasca

or placebo, while in the second trial 15 volunteers received placebo+ayahuasca or

cannabidiol (CBD)+ayahuasca. Personality was assessed with the NEO-Five Factor

Inventory (NEO-FFI) at baseline and 21 days post-treatment.

Results: There were significant differences between groups in baseline Openness

scores, but not on day 21. A significant increase in Openness scores was observed

in the placebo + ayahuasca group in study 2. No other within-group differences were

observed for any other domain.

Conclusions: Ayahuasca produced inconsistent effects on personality since it induced

significant increase in Openness 21 days post-drug intake only in one of the trials.

The absence of significant differences in the other ayahuasca groups could be due to

small sample sizes and baseline differences among groups. The effects of ayahuasca

and other serotonergic hallucinogens on personality should be further investigated in

clinical samples.

Keywords: ayahuasca, dimethyltryptamine, hallucinogens, psychedelics, personality
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INTRODUCTION

The relationship between personality and serotonergic
hallucinogens such as lysergic acid diethylamide (LSD),
psilocybin, and ayahuasca/dimethyltryptamine (DMT) is poorly
understood (1). A recent systematic review suggested that these
drugs can induce changes in personality traits, such as Openness
to experience and Self-transcendence (1, 2). Specifically, in
a pooled analysis of two placebo-controlled trials involving
administration of single and multiple doses of psilocybin to
healthy volunteers a significant increase in the Openness to
experience factor of the NEO-Five Factor Inventory (NEO-FFI)
was observed 14 months following a high-dose psilocybin
session (3). However, results from the original trial (4) were
non-significant, and the doses used in the trials (single vs.
multiple) were different. A non-placebo-controlled trial with
healthy volunteers corroborated the increase in Openness 6
months after psilocybin (5), but a recent placebo-controlled trial
from the same group failed to find significant effects in Openness
1-month post-psilocybin, finding only a significant increase in
Conscientiousness (6). In a recent open-label trial involving
two doses of psilocybin in patients with treatment-resistant
depression, significant increases in Openness and Extraversion
and significant decreases in Neuroticism were observed at the
3-month follow-up (7). Regarding LSD, one placebo-controlled
study in healthy volunteers found significant increases in
Openness 2 weeks post-LSD (8). Another placebo-controlled
trial did not find significant effects on Openness one and 12
months after LSD administration, finding only a significant
increase in Conscientiousness (9).

Regarding ayahuasca (a hallucinogenic botanical brew rich
in β-carboline alkaloids and DMT), observational studies of
ritual ayahuasca users reported increases in Openness (10) and
Self-transcendence (a personality trait related to Openness) after
continuous use (11). However, to the best of our knowledge,
the effects of ayahuasca on personality were never assessed
in a controlled trial. Additionally, parallel-designs including
a control group in addition to the psychedelic are mostly
lacking for all classic hallucinogens. Thus, the current article
presents data from two randomized, double-blind, placebo-
controlled clinical trials that evaluated the effects of ayahuasca on
personality traits in healthy volunteers. Considering the above-
mentioned evidence of associated changes in personality in
other classic hallucinogens, and the antidepressive and anxiolytic
effects of ayahuasca, our hypothesis was that ayahuasca would
produce increases in Openness and Conscientiousness scores and
decreases in Neuroticism scores.

MATERIALS AND METHODS

Volunteers
Study 1 was conducted from November 2017 to May 2019
and had as the primary outcome the effects of ayahuasca on
emotion face recognition, and as secondary outcomes subjective
effects, safety, and personality measures [the results were recently
published (12). Study 2 was conducted from September 2018
to March 2020 and had as the primary outcomes the effects

of ayahuasca on emotion face recognition and empathy, and
as secondary outcomes subjective effects, safety, and personality
measures (manuscript in preparation).

In study 1, 49 participants were screened through the
Structured Clinical Interview for Mental Disorders (SCID-5-CV,
DSM-5) via telephone (13) with an experienced psychologist
to verify eligibility for participation in the study. After the
interview, 22 participants were included in the study, with 11
randomized to the placebo group and 11 in the ayahuasca
group. One volunteer completed the experimental session but
was excluded from further analysis in the ayahuasca group due
to loss of baseline data for an emotion face recognition task
(primary outcome in the original trial). Another volunteer was
excluded in the placebo group due to hypoglycemia at the last
blood collection point in the experimental session. Therefore, 20
volunteers were included in the final sample (10 per group). The
mean age was 31.8 years (range 21–55), and the mean weight
was 72.8 kg (range 53–101) [see details in (12)]. Of these 20
volunteers, personality data for day 21 was lost for five volunteers
(errors and/or unanswered items). Therefore, 15 volunteers were
included in the final personality analysis of study 1 (eight in
the ayahuasca group and seven in the placebo group). In study
2, 35 participants were screened using the same procedures of
study 1 (SCID-5-CV), and 17 were included in the trial. Nine
volunteers were randomly included in the cannabidiol (CBD)
plus ayahuasca group and eight in the placebo plus ayahuasca
group. The mean age was 25.3 years (range 20–36), and the mean
weight was 68.1 kg (range 49–110). All volunteers completed the
experimental sessions. However, two volunteers were excluded in
the placebo plus ayahuasca group due to home use of ayahuasca
bought on the Internet 2 weeks after their experimental session.
Thus, 15 volunteers were included in the final personality analysis
(nine in the CBDplus ayahuasca group and six in the placebo plus
ayahuasca group). The flowchart for study participants in both
trials is shown in theOnline Resource 1.

In both trials, volunteers were invited through contact with
researchers or other study participants. Eligibility criteria in
both trials included age between 18 and 65 years. However,
studies differed regarding drug use. In study 1, eligibility
criteria included the absence of prior use of ayahuasca and
≤2 uses in life of other hallucinogens (LSD, psilocybin, DMT,
mescaline, other tryptamines and phenethylamines). In study
2, eligibility criteria included ≤2 lifetime uses of hallucinogens
(including ayahuasca) and≤20 lifetime uses of other recreational
drugs. In both studies, exclusion criteria included a current
or past history of cardiovascular, liver and/or neurological
diseases, any psychiatric diagnosis (SCID-5), use of psychoactive
medications (antidepressants, mood stabilizers, anxiolytics and
antipsychotics), recurrent use (> twice a month) of drugs
of abuse (cannabis and cocaine confirmed by urinalysis and
other drugs as reported by volunteers), and pregnant or
lactating women.

Groups were homogeneous in terms of sociodemographic
characteristics (the sociodemographic characteristics of the
volunteers are shown in the Online Resource 2). Regarding
clinical characteristics, all volunteers included in both trials
were considered healthy, that is, none had a history of mental
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disorders, chronic diseases, or other clinical conditions. In
addition, none of the participants were using psychotropic
medications. In study 1, none of the volunteers had a history
of drug use (including ayahuasca and other hallucinogens). In
study 2, volunteers had a mean lifetime use of cannabis of
7.3 uses (range 2–20), with the last use at least 1.5 months
(mean 15.3 months) before the trial. Cocaine was used by
only one volunteer, 4 years before the trial. Methylenedioxy
methamphetamine (MDMA) was used by four volunteers a mean
of 3.75 lifetime uses (range 1–6), with the last use at least 3
months (mean 7.25 months) before the trial. LSD was used once
by one volunteer, 6 months before the trial. Ayahuasca was used
by three volunteers, with a mean of 1.3 lifetime uses (range 1–
2), with the last use at least 6 months before the trial (mean 20
months). Solvents were used by two volunteers with a mean of
7.5 lifetime uses (range 5–10), with the last use at least 5 months
before the trial (range 5–48 months).

The trials were approved by the Research Ethics Committee
of the Hospital das Clínicas, Faculty of Medicine of Ribeirão
Preto, University of São Paulo (HC-FMRP-USP). All procedures
were conducted in accordance with the Declaration of Helsinki
and the ethical standards of the Ministry of Health (Resolution
No. 466/12 of the National Health Council). Volunteers received
detailed information on the nature of ayahuasca, the general
psychological effects of hallucinogens/psychedelics and their
possible adverse effects, as reported in the psychiatric literature.
All volunteers gave their written informed consent to participate.

Drugs
In study 1, the administered drugs were placebo and ayahuasca
(both 1 mL/kg). In study 2, the treatments were 600mg CBD
(99% purity diluted in sunflower oil, administered in two 00
capsules containing 300mg of CBD each; BioSynthesis Pharma
Group Ltd, United Kingdom) plus ayahuasca, and placebo plus
ayahuasca (ayahuasca dose of 1 ml/kg). The ayahuasca dose
administered was chosen based on previous work by our group
in which it caused psychotropic effects (14–16). The ayahuasca
batches used during the study were donated by the Santo Daime
church Rainha do Céu (“Queen of heaven”) (Ribeirão Preto,
Brazil), which uses ayahuasca in their religious rituals. The
religious use of ayahuasca is permitted in Brazil, as well as for
scientific research. Ayahuasca was prepared via the prolonged
decoction of the bark of the Banisteriopsis caapi vine (rich in the
β-carbolines harmine, tetrahydroharmine/THH, and harmaline)
together with the leaves of the Psychotria viridis bush (rich in
DMT). The Brazilian legislation demands that ayahuasca must
be made using only these two species, but the quantity of
each plant used, and the time of decoction vary substantially
from group to group. The ayahuasca batch in study 1 was
prepared in October 2017, and the batch used in study 2
was prepared in July 2018. After preparation, ayahuasca was
cooled and stored according to the religious institution guidelines
(at room temperature protected from light) until the first
experimental session (November 2017 in study 1 and September
2018 in study 2). Alkaloid stability was assessed in study 1 from
November 2017 until the end of the trial 18 months later (May
2019), and from September 2018 until the end of the trial 16

months later (March 2020) in study 2, using ultra-performance
liquid chromatography-electrospray tandem mass spectrometry
(UPLC-ESI-MS/MS) [see [12] for detailed method description].
In study 1, the average concentration and variation of alkaloids
was 1.58 (range: 0.45–3.04) mg/mL for DMT, 1.15 (range: 0.30–
1.57) mg/ml for harmine, 0.73 (range: 0.59–0.81) mg/ml for
THH, and 7.38 (range: 2.07–11.80)mg/ml for harmaline. In study
2, the average concentration and variation of alkaloids was 0.67
(range 0.45–1.00) mg/ml for DMT, 0.87 (range: 0.30–1.50) mg/ml
for harmine, 0.52 (range: 0.35–0.80) mg/mL for THH, and 0.05
(range: 0.03–0.57) mg/ml for harmaline. Considering previous
evidence of dose-dependent effects of ayahuasca [especially
regarding DMT; (17)], these alkaloid differences seem to be
relevant and, therefore, could influence the results.

In study 1, the placebo was a non-psychoactive substance
intended to produce in the participant the sensation of drinking
a nauseous and bitter medicine. Since all volunteers were naive
to the use of ayahuasca in this study, they did not know the
organoleptic properties of ayahuasca. Placebo was prepared with
substances that are commonly used as food additives and in
pharmaceutical formulations: mineral water (500mL), glycerin
5% (E422), purchased from Galena (Campinas, SP, Brazil),
propylene glycol 5% (E1520), purchased from Fagron (São Paulo,
SP, Brazil), and methylparaben 0.1% (E218), purchased from Ely
Martins (Cravinhos, SP, Brazil). For study 2, where the blinding
procedure was done regarding CBD administration, the placebo
was two 00 capsules identical to the ones that contained CBD plus
sunflower oil, but with just the oil. Ayahuasca and placebo were
administered in brownish/opaque glass bottles of 200mL so that
participants and researchers could not see the color of the liquid.
Moreover, in the experimental session volunteers were instructed
to ingest the full content of the bottle without smelling or visually
examining its content. To avoid an accidental identification of the
substance via smell by the authors in study 1, volunteers were
instructed to open the bottle and drink the contents at least two
meters away from researchers.

Study Design
Both studies used a randomized, double-blind, placebo-
controlled, parallel-group design. Simple randomization was
performed in both trials by a researcher who did not participate
directly in the experimental sessions and did not have access
to the raw data of the study. We recommended abstention
from alcohol, tobacco, and caffeinated drinks 24 h prior to the
experimental sessions. Volunteers were instructed to fast before
the session and to not ingest tyramine containing foods/drinks
24 h before and 12 h after the experimental session to avoid
possible interactions with the β-carbolines in ayahuasca, which
are reversible inhibitors of the monoamine oxidase enzyme type
A (MAO-A). It was suggested for volunteers to wear comfortable
clothes and to avoid using cell phones/social media during
the experimental sessions. Reading was allowed (we offered
some magazines with themes related to nature and science, but
volunteers could bring their own reading). Music and movies
were not allowed so that the environment during the effects of
ayahuasca was kept as quiet and neutral as possible.

Frontiers in Psychiatry | www.frontiersin.org 3 August 2021 | Volume 12 | Article 68843971

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Mendes Rocha et al. Ayahuasca and Personality

No specific psychotherapeutic intervention was used before,
during, or after the experiments, as in our previous studies
(14–16). Our protocol included general principles described in
the psycholytic and psychedelic models of the 1960–1970s and
in recent guidelines for safety in human hallucinogen research
(18). These include (i) creation of trust with the volunteers
before the experiment, (ii) use of a non-directive, supportive
approach during drug sessions, and (iii) follow-up encounters
from some days to several weeks after the session. There were
no pre-dose visits, and the volunteers encountered the personnel
directly involved in the trial (JMR, GNR, RGS) only in the
day of the experimental session. Before the session, volunteers
were informed about the general effects of ayahuasca and could
express any doubts about the experimental session. During the
sessions, simple instructions were given: “remain as quiet and
introspective as possible, with your eyes opened or closed, while
focusing on your body, thoughts, and emotions.” Volunteers
remained seated in a comfortable reclining chair in a quiet dimly-
lit room. Researchers stayed in a room next to the room where
the volunteers were and assessed their well-being during the data
collection points. Researchers only remained with volunteers in
cases when it was requested by the volunteer or if researchers
judged it necessary due to the intensity of psychoactive effects. At
the end of the experimental session (4 h after ayahuasca intake),
the general condition of the volunteers was evaluated, and if the
volunteers were feeling well, they were discharged.

In the days to weeks after the experimental session, volunteers
freely described their experiences, but no specific integration
technique was used. In study 1, follow-ups occurred 1, 7, 14, and
21 days and 3 months after drug intake [see (12) for results not
related to personality]. In study 2, follow-ups occurred 1, 7, and
21 days after drug intake (results not related to personality in
preparation). In both trials, personality was assessed at day 21.
Follow-up encounters were standardized for both studies.

Volunteers were offered R$ 20.00 (∼$4.00) for going to the
laboratory in the experimental and follow-up sessions.

Study Methods
NEO-FFI-R
Personality was assessed and evaluated by a trained psychologist
using the Brazilian version of the NEO-FFI-R instrument
(19), which covers five domains: Neuroticism, Extraversion,
Openness to Experience, Conscientiousness, and Agreeableness.
This version has 60 items (12 per domain) that are rated by
respondents using a five-point Likert-type scale ranging from
“strongly disagree” to “strongly agree.”

Statistical Analyses
Since there is no previous study assessing the effects of ayahuasca
on personality and both trials were pilot studies in which
personality was not the primary outcome, no formal sample
size calculation was performed. NEO-FFI-R subscales raw scores
were transformed according to the technical instructions and
were analyzed using a 2-way repeated-measures analysis of
variance (ANOVA) with Time (number of assessments) as the
within-subject factor and Group (ayahuasca, placebo, placebo
+ ayahuasca, CBD + ayahuasca) as the inter-subject factor. All

the necessary tests to meet the statistic criteria (normality and
homoscedasticity) were carried out. Statistical significance was
used at p < 0.05 corrected for multiple comparisons using the
Bonferroni test. The effect size was calculated using η2. The
statistical program SPSS (version 21) was used.

RESULTS

There were no significant effects of Time or in the Time x Group
interaction in Neuroticism, Extraversion, Conscientiousness, and
Agreeableness in both trials (p > 0.05) (mean scores for all
domains in shown in the Online Resources 3, 4). Regarding
Openness, there was a significant effect of Time [F(1, 24) = 5.749,
p = 0.025, η2

= 0.192] and in the Time x Group interaction
[F(3, 24) = 3.595, p = 0.028, η2

= 0.310]. In the comparison
between groups, baseline differences were found between the
CBD plus ayahuasca group (mean 37.75, SD = 4.92) and the
ayahuasca group (mean 32.57, SD = 5.74) (p = 0.041), the
placebo group (mean 32.88, SD = 2.41) (p = 0.036), and the
placebo plus ayahuasca group (mean 31.60, SD = 4.45) (p =

0.025) (Figure 1). No significant differences were found between
groups on day 21 (p > 0.05). In study 2, there was a significant
increase in Openness scores when comparing baseline with
day 21 (from 31.60 to 36.40, p = 0.01) in the placebo plus
ayahuasca group.

DISCUSSION

In this analysis of changes in personality from two randomized
controlled trials involving the administration of ayahuasca
to healthy volunteers, no significant effects were observed
in Neuroticism, Extraversion, Conscientiousness, and
Agreeableness scores within and between groups. The only
significant results were observed in Openness, where groups
were significantly different on baseline scores, and a significant
increase in Openness scores 21 days after drug intake compared
to baseline was observed in the placebo plus ayahuasca group
of study 2.

Previous studies with psilocybin and LSD have reported
inconsistent results on personality measures. In healthy
volunteers, a pooled analysis of two placebo-controlled trials
showed a significant increase in Openness scores 14 months
following a high-dose psilocybin session (3). However, results
from the original trial (4) and from a more recent study (6) were
nonsignificant for this personality domain. On the other hand,
a non-placebo-controlled study by the same group reported
increases in Openness 6 months after the last drug dose (5).
In a recent open-label trial involving two doses of psilocybin
to patients with treatment-resistant depression, significant
increases in Openness were observed at the 3-month follow-up
(7). Regarding LSD, one placebo-controlled trial with healthy
volunteers found significant increases in Openness 2 weeks
post-LSD (8), while another placebo-controlled trial did not find
significant effects one and 12 months after LSD intake, reporting
only a significant increase in Conscientiousness (9).
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FIGURE 1 | Openness to experience scores (mean; SD) on the four groups between baseline and day 21 (D21): placebo and ayahuasca (study 1, n = 15), and CBD

plus ayahuasca and placebo plus ayahuasca (study 2, n = 15). Significant differences were observed between groups at baseline (
†
p < 0.05, corrected) and in the

placebo plus ayahuasca group in study 2 from baseline to D21 (*p < 0.05, corrected).

The inconsistencies found in other studies were also observed
in the present investigation. Firstly, only in study 2 the
administration of ayahuasca was associated with a significant
increase in Openness. The same outcome was not observed
in volunteers who took ayahuasca in study 1 (compared to
placebo). Considering that both studies were carried out in the
same set and setting and in healthy volunteers, these conflicting
results could be accounted for by a lack of statistical power
to demonstrate a statistically significant difference and perhaps
by differences in study populations and/or in the alkaloid
composition. For instance, participants in study 2 had a history
of illicit drug use, perhaps reflecting “unconventional values”
(a facet of openness) that was particularly susceptible to the
ayahuasca psychedelic experience. Moreover, since the CBD plus
ayahuasca group had the highest Openness scores at baseline,
it is possible that further rises in this trait were not verified
because these volunteers already had an above-average Openness
trait. This could have inhibited ayahuasca’s effect on this variable
due to a ceiling effect. Regarding alkaloid composition, previous
controlled trials showed evidence of dose-dependent effects
of ayahuasca, especially regarding DMT (17). We observed
a relevant variation in the average concentration of alkaloids
both within and between studies, including for DMT [study
1: 1.58 (range: 0.45–3.04) mg/ml; study 2: 0.67 (range 0.45–
1.00) mg/ml]. These alkaloid differences could have influenced
the observed results. Additional reasons to explain differences
between our trials and previous studies with psychedelics
could be related to drug doses (low/high, single/multiple) and

characteristics of the volunteers (age, healthy/clinical sample)
and of the experimental context (use/lack of meditation
and specific preparation). Indeed, in some of the psilocybin
trials volunteers were previously engaged in spiritual/religious
activities (3, 4) or the context included a meditation program
and “other practices that emphasized the integration of spiritual
values in daily life.” These set and setting characteristics could
have facilitated the results since volunteers could be more “open”
before the trial, and the context might have magnified that trait.
In our trials and in the LSD trials such contextual measures
were not used. In our trials specifically, guide/facilitator support
during the dosing session was minimal and music was not
allowed, so that the environment was kept as quiet and neutral
as possible. No group required more investigator interaction
during the dosing session. We used the same approach in
our open-label trial with depressed patients, were we found
antidepressant effects (15). Our protocol was planned in this
manner since we still do not know what is the role/effect that
different contexts and psychotherapeutic techniques have on
the overall and therapeutic effects of psychedelics. Thus, it is
still not clear if a more standardized preparation/integration
would modify the observed results, especially if we consider the
(also) inconsistent results with LSD and psilocybin. However, our
setting could have impacted the subjective quality of the acute
ayahuasca experience and, maybe, later changes in personality.
This should be further explored in future well-powered trials.
Finally, regarding age, participants in study 1 were older than in
study 2, which could have also contributed to different baseline
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Openness scores. Despite the above-mentioned limitations, our
trials were the first controlled studies to assess the effects of
ayahuasca on personality. Further research is needed in larger
samples, with enough for item analysis, to better explore the
impact of psychedelics like ayahuasca on traits like openness and
its facets.

CONCLUSION

Compared to baseline, the association of placebo plus
ayahuasca in study 2 increased Openness scores 21 days
after drug intake, replicating previous findings with LSD and
psilocybin. These personality changes could have implications
for and be of bigger magnitude in clinical samples, such
as patients with depression and anxiety. Further trials
with clinical samples are needed to better understand the
effects of ayahuasca and other serotonergic hallucinogens
on personality.
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COVID-19-RELATED IMPACTS ON MENTAL HEALTH

The COVID-19 pandemic stands to have impacts on mental health and well-being that will extend
beyond its formal resolution. Before COVID-19, mental health disorders were already challenging
global healthcare systems, directly accounting for 7.4% of the total burden of disease (1, 2). An
estimated 1 billion people worldwide suffer from a mental health disorder, with the two most
common disorders—depression and anxiety—costing the global economy US$1 trillion per year
(3). Stigma and limited treatment options have amounted to substantial unmet need and violations
in human rights for people with mental health disorders (1, 4, 5). Looking ahead, heightened post-
pandemic demand for mental healthcare signifies an urgent need to bolster clinical capacity by
integrating novel, cost-effective approaches into existing systems (6).

Emergent literature globally describes the diverse impacts of COVID-19 on mental health
(7, 8). For instance, available data among hospitalized COVID-19 patients in China revealed that
approximately 96% suffered post-traumatic stress symptoms (9). Studies among intensive care
unit (ICU) patients with previous coronaviruses infer high rates of posttraumatic stress disorder
(PTSD), depression and anxiety (30-40%) persisting months after discharge (10), with similar rates
observed in patients infected with COVID-19 (11). Highly exposed individuals such as frontline
healthcare workers are susceptible to similarly negative outcomes due to prolonged occupational
stress, elevating risk of PTSD and suicidality (12–14). Importantly, post-pandemicmental disorders
are not limited to individuals directly exposed to COVID-19. Rather, research documents PTSD
symptoms among individuals who have been indirectly exposed by witnessing (e.g., via the media)
or being confronted with the threat of death or serious illness (e.g., worry/anticipation about the
future) (7).

COVID-19 has significantly altered lives in ways that exacerbate drivers of mental health
problems, with widespread uncertainty, increased experiences of grief and loss, social isolation,
economic and housing instability, and decreased access to critical services related to lockdowns
(6, 15). Further, available data on the impacts of COVID-19 on substance use patterns indicate
increased use of alcohol and other substances in response to stress and negative emotions (8, 16, 17).
Social connections are crucial for people struggling with addiction and comorbidities such as
depression, and increased social disconnection represents a key risk factor for adverse outcomes
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(e.g., relapse and overdose) (1, 6, 18). The societal and economic
consequences are tremendous, with structurally vulnerable
groups at greatest risk of harms. For example, North America
has seen dramatic spikes in fatal overdoses attributable to
socio-structural conditions worsened by COVID-19 (18, 19),
disproportionately impacting racialized groups (20).

The legacy of mental health problems that will be left
behind by COVID-19 incites innovative solutions to address
rising rates of PTSD, depression, anxiety, addictions, and
social disconnection. As such, we would be remiss not to
consider a novel approach with anti-depressive, anxiolytic, and
antiaddictive potential that may also foster a sense of social and
environmental connectedness, known as psychedelic-assisted
psychotherapy (21–24).

OPENING REGULATORY DOORS TO

PSYCHEDELICS

A considerable and growing body of evidence speaks
to the potential of psychedelic-assisted psychotherapies
to enhance treatments for PTSD, depression, end-of-
life anxiety, and substance use disorders (23, 24). The
ensuing government, industry and social support includes
the US Food and Drug Administration (FDA) granting
breakthrough therapy designation for psilocybin and
3,4-methylenedioxymethamphetamine (MDMA) for
treatment-resistant depression and PTSD, respectively (24).

A range of jurisdictions worldwide are expanding access
to psychedelic-assisted psychotherapies, including through
compassionate use or “right-to-try” pathways. In 2019, the Israeli
government approved its first Compassionate Use Program
for MDMA-assisted psychotherapy, shortly followed by FDA
approval for an Expanded Access program in the US (25).
Switzerland has permitted compassionate use of MDMA and
lysergic acid diethylamide (LSD) since 2014 (26). The state of
Oregon has now legalized psilocybin-assisted psychotherapy and
decriminalized all drugs, alongside dozens of similar legislative
reforms to legalize or decriminalize psychedelic plants and fungi
across the US, including bills to expand “right-to-try” laws
for people with serious or life-threatening illnesses (27). In
Canada, a growing number of permissions have been granted
by the federal government to use psilocybin for existential
distress, and for therapist training purposes (28). Health Canada
recently announced a notice of intent to restore access to
psilocybin and MDMA through the Special Access Programme,
which followed a national petition signed by nearly 15,000
Canadians in support of decriminalizing psychedelic plants and
fungi (29).

Mounting public interest in psychedelic-assisted
psychotherapy is reflected in the 2020 Global Drug Survey.
Nearly 6% of 110,000 respondents used psychedelics in the past
year for self-treatment of mental health conditions, and 90%
who had a supervised psychedelic experience in an uncontrolled
setting indicated interest in taking psychedelics under a legally
regulated and approved treatment system (30). These findings
underscore the need for increased public education, training

of qualified care providers, and harm reduction approaches as
regulatory frameworks evolve.

While, the pandemic has illuminated deficiencies and
inequalities in our healthcare systems, it also provides a rare
opportunity for change. The collective experience of COVID-
19 has rearranged priorities by bringing mortality, loss, and
mental health to the forefront, and is generating innovation.
Rapidly evolving regulations around psychedelics come at
an opportune time and may open doors to new treatment
modalities. In this context, below we provide an overview
of the clinical evidence for psilocybin- and MDMA-assisted
psychotherapy, which, if larger studies continue to validate
findings, are poised to make a substantial impact on mental
healthcare and bolstering treatments for post-pandemic stress
and trauma disorders.

PSILOCYBIN-ASSISTED

PSYCHOTHERAPY FOR DEPRESSION

AND EXISTENTIAL DISTRESS

Clinical evidence for psilocybin-assisted psychotherapy in
promoting long-lasting relief from existential distress is highly
relevant in a post-pandemic world. Randomized clinical trials
(RCTs) have observed large effect sizes sustained 4.5 years
after a single dose of psilocybin delivered in the context
of psychotherapy: 60–80% of participants with cancer-related
existential distress had clinically significant reductions in
depression and anxiety (31). Between 1960 and 2017, 11
psychedelic clinical trials involving 445 participants with life-
threatening diseases demonstrated significant reductions in
symptoms of depression and anxiety, highlighting overall safety
and efficacy (22, 32).

Likewise, open-label trials of psilocybin-assisted
psychotherapy for treatment-resistant depression have
observed rapid and sustained improvements up to 6 months
follow-up (33, 34). A recent RCT found psilocybin-assisted
psychotherapy produced marked antidepressant effects in
patients with major depressive disorder: 71% had clinically
significant reductions and 54% achieved remission 4 weeks
later, demonstrating effect sizes greater than are typical for
psychotherapy alone and for other pharmacological treatments
(35). Most recently, a double-blind RCT published during the
pandemic that compared psilocybin with a selective serotonin
reuptake inhibitor (SSRI), found similar efficacy between
the two groups with some secondary outcomes favoring
psilocybin (36).

As the pandemic continues to intensify experiences of
disconnection and existential distress, it is noteworthy that
spiritual or mystical experiences occasioned by psychedelics
are thought to mediate several therapeutic outcomes (37–41)
by eliciting powerful emotional responses including awe, ego-
dissolution, sense of unity, sacredness, and insight (42, 43).
Approximately, 70–90% of participants across clinical trials rated
their psilocybin experience among the top five most personally
meaningful and spiritually significant experiences of their entire
lives (38, 39, 44).
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PSILOCYBIN-ASSISTED

PSYCHOTHERAPY FOR SUBSTANCE USE

DISORDERS

Increases in problematic substance use represent an imminent
health concern that is likely to linger well beyond the formal
conclusion of the pandemic. Given the ongoing overdose crisis
and mounting concerns around post-pandemic stress and
increasing use of alcohol and tobacco (17, 45, 46), relevant
preliminary studies of psilocybin-assisted psychotherapy
signal an important area for further investigation. For
example, a small, open-label pilot study for tobacco smoking
cessation demonstrated high abstinence rates at 6 months
and 1 year following two or three doses of psilocybin in
combination with Cognitive Behavioral Therapy among
long-term cigarette smokers (47, 48). Promising results were
also observed in a pilot study for alcohol use disorder, with
significant increases in abstinence rates and reduced craving
following one or two psilocybin sessions in addition to weekly
Motivational Enhancement Therapy (49). These findings
have encouraged further development of clinical trials to
assess psilocybin-assisted psychotherapy for other substance
use disorders.

MDMA-ASSISTED PSYCHOTHERAPY FOR

TRAUMA-RELATED DISORDERS

Several decades of clinical trials have demonstrated the safety
and efficacy of MDMA-assisted psychotherapy, culminating
in recent findings from a double-blind RCT published in
Nature Medicine. The phase 3 study found that 67% of
participants no longer met clinical criteria for PTSD 2 months
following MDMA-assisted psychotherapy, demonstrating
rapid treatment efficacy for participants with severe PTSD
and comorbidities such as depression, historical childhood
trauma and substance use disorders (50). Six prior phase 2
RCTs signaled the promise of MDMA to bolster outcomes
of traditional psychotherapy (51), and long-term follow-up
demonstrated lasting therapeutic benefits (52). Research
remains ongoing in over 16 international jurisdictions
with active phase 3 RCTs in Canada, the US and Israel
(53). While two SSRIs have been approved for PTSD,
pooled data indicate that MDMA-assisted psychotherapy
may constitute “a substantial improvement over available
pharmacotherapies in terms of safety and efficacy” (54).
Other research suggests MDMA-assisted psychotherapy may
be efficacious for treating social anxiety among adults with
autism, end-of-life anxiety/psychological distress, alcohol use
disorder and eating disorders (55–58). Based on these findings,
researchers recommend that MDMA-assisted psychotherapy be
expeditiously evaluated for clinical use (50). MDMA represents a
potentially cost-effective (59) and promising novel enhancement
to psychotherapy for trauma-related disorders further challenged
in post-pandemic times.

Overall, psychedelic-assisted psychotherapies may have
potential to specifically and uniquely address post-pandemic
issues, such as PTSD, bereavement, and depression due to their
distinct mechanisms of action that are proposed to engage
processes related to meaning in life, acceptance of change, and
the reiteration of core personal and spiritual values (60, 61).

CONTEXT AND SAFETY

Clinical trials suggest psychedelics are physiologically and
psychologically safe (24, 32, 51, 53, 62) when delivered
in supportive settings that adhere to guidelines covering a
range of factors (63). Psilocybin mushrooms, as with other
psychedelic plants, have been used for centuries, if not
millennia, as traditional medicines for a wide range of healing
purposes without reports of safety concerns (64). In the
early era (1977–1985) of clinical study when MDMA was
still legal, approximately 4,000 psychiatrists and psychologists
administered MDMA-assisted psychotherapy to an estimated
500,000 patients without evidence of serious harm (65,
66). Nevertheless, psychedelic-assisted psychotherapy is not
without risk. As regulations trend toward expanding access
to psychedelics, thoughtful consideration of “set and setting”
(mindset of the patient and the broader physical environment)
is needed to ensure safe and adequately supported use of these
medicines (63), in addition to expanding therapist training
programs (67).

A NOVEL ENHANCEMENT TO

POST-PANDEMIC MENTAL HEALTHCARE

Amid escalating need for enhanced mental health services in
the wake of COVID-19, psychedelic-assisted psychotherapy
represents a promising breakthrough treatment, including for
refractory conditions (68). Novel alternatives are urgently
needed to address the limitations of existing treatment
options. Widely prescribed psychiatric medications are
ineffective for many who have access, and myriad unwanted
side effects are associated with low compliance (69, 70).
Further, an estimated 90,000 visits are made annually to
US emergency departments due to adverse events (71).
Importantly, the novel therapeutic value of psychedelics stems
from their role as enhancements to a psychotherapeutic
change process grounded in a relationship-centered approach
that views mental health through a biopsychosocial lens
(68). Psychedelic-assisted psychotherapy holds potential to
empower patients by enhancing self-reflection and self-directed
change, which may help to facilitate meaningful and lasting
benefits to well-being. Given the tremendous economic
burden of mental health disorders globally (3, 72), should
the benefits described in pilot studies hold consistent in
larger RCTs, there are considerable potential cost savings to
healthcare systems.
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CONCLUSION

Rising rates of pandemic-related stress and trauma disorders
call for concerted efforts to find innovative strategies to bolster
treatments. Psychedelic-assisted psychotherapy is certainly no
quick fix. However, the therapeutic use of psychedelics such as
psilocybin and MDMA, carefully and thoughtfully integrated
into existing evidence-based interventions denotes one of
the most promising paths forward (73). The COVID-19
pandemic underscores longstanding challenges to mental health,
but also presents an opportunity to develop promising new
therapeutic approaches founded on evidence, compassion, and
meaningful connection to bring about lasting benefits to health
and well-being.
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Clinical studies suggest the therapeutic potential of psychedelics, including ayahuasca,

DMT, psilocybin, and LSD, in stress-related disorders. These substances induce

cognitive, antidepressant, anxiolytic, and antiaddictive effects suggested to arise from

biological changes similar to conventional antidepressants or the rapid-acting substance

ketamine. The proposed route is by inducing brain neuroplasticity. This review attempts

to summarize the evidence that psychedelics induce neuroplasticity by focusing on

psychedelics’ cellular and molecular neuroplasticity effects after single and repeated

administration. When behavioral parameters are encountered in the selected studies,

the biological pathways will be linked to the behavioral effects. Additionally, knowledge

gaps in the underlying biology of clinical outcomes of psychedelics are highlighted.

The literature searched yielded 344 results. Title and abstract screening reduced the

sample to 35; eight were included from other sources, and full-text screening resulted

in the final selection of 16 preclinical and four clinical studies. Studies (n = 20) show

that a single administration of a psychedelic produces rapid changes in plasticity

mechanisms on a molecular, neuronal, synaptic, and dendritic level. The expression

of plasticity-related genes and proteins, including Brain-Derived Neurotrophic Factor

(BDNF), is changed after a single administration of psychedelics, resulting in changed

neuroplasticity. The latter included more dendritic complexity, which outlasted the acute

effects of the psychedelic. Repeated administration of a psychedelic directly stimulated

neurogenesis and increased BDNF mRNA levels up to a month after treatment. Findings

from the current review demonstrate that psychedelics induce molecular and cellular

adaptations related to neuroplasticity and suggest those run parallel to the clinical effects

of psychedelics, potentially underlying them. Future (pre)clinical research might focus

on deciphering the specific cellular mechanism activated by different psychedelics and

related to long-term clinical and biological effects to increase our understanding of the

therapeutic potential of these compounds.

Keywords: psychedelics, structural neuroplasticity, functional neuroplasticity, molecular neuroplasticity, cellular

neuroplasticity
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INTRODUCTION

Classic serotonergic hallucinogens (psychedelics) are a class
of psychoactive compounds that produce mind-altering effects
through agonism of the serotonergic receptors (5-HT), especially
the 5-HT2A receptor (1). Psilocybin, lysergic acid diethylamide
(LSD), N, N-dimethyltryptamine (DMT), and the DMT-
containing brew ayahuasca are prototypical examples of
recreationally used psychedelics that have been shown to
influence humans’ physiological, cognitive, and emotional state,
including mood changes and increased conscious processing of
emotions (2). Psychedelics are considered physiologically safe
as they do not provoke physical toxicity (3–5). Effects depend
on the dose, type of substance, route of administration, body
weight, tolerance, age, species, and metabolism, where high doses
frequently intensify subjective effects compared to lower doses

Abbreviations: 5-HT, Serotonin; 5-HT2AR, Serotonergic 2A receptor; 5-HT2CR,

Serotonergic 2C receptor; 5-MeO-DMT, 5-methoxy-N,N-dimethyltryptamine; 6-

OHDA, 6-hydroxydopamine; AC1/8, Ca2+-stimulated type 1 and type 8 adenylyl

cyclases; Akt, Protein kinase B; AMPAR, α-amino-3-hydroxy-5-methyl-4-

isozalopropionic acid receptor; AP, Action potential; Arc, Activity-regulated

cytoskeleton-associated protein; Aya, Ayahuasca; BD-1063, 1-[2-(3,4-

dichlorophenyl)ethyl]-4-methylpiperazine; BDNF, Brain-derived neurotropic

factor; BrdU, Bromodeoxyuridine; C/EBP-β , CCAAT enhancer binding protein;

CaM, Calmodulin; CAMK2, Ca2+/calmodulin-dependent protein kinase;

Clk1, CDC2-like kinase isoforms 1; Arrdc2, Arrestin domain containing

2 or induced by lysergic acid diethylamide 1 (ilad1); CREB, Cyclic AMP-

responsive element-binding protein; CSF, Cerebrospinal fluid; DAG, Diaglycerol;

DCX, Doublecortin; DG, Dentate gyrus; DHEA, dehydroepiandrosterone;

DMT, N,N-dimethyltryptamine; DOI, 2,5-Dimethoxy-4-iodoamphetamine;

Drd1, Dopamine receptor D1; Drd2, Dopamine receptor D2; Dups1, dual

specificity phosphatases; eEF2, Eukaryotic elongation factor-2; Egr1, Early

growth response protein 1; Egr2 or Krox20, Early Growth Response Protein

2; ELISA, Enzyme-linked immunosorbent assay; EPAC1, Exchange factor

directly activated by cAMP 1; EPM, Elevated Plus Maze; EPSCs, Excitatory

postsynaptic currents; ERK 1/2, Extracellular regulated kinase 1/2; F, Female;

FDA, Food and Drug Administration; FACS, Fluorescence-activated cell

sorting; GABA, Gamma aminobutyric acid; GPCR, G-protein coupled receptor;

HC, Hippocampus; i. c.v., Intracerebroventricular; i.p., Intraperitoneal; i.v.,

Intravenous; ICC, Immunocytochemistry; IEGs, Immediate Early Genes; IHC,

Immuohistochemistry; Iκβ-α, Inhibitor of nuclear factor kappa B alpha; IL-

6, Interleukin 6; Ilad-1, Induced by lysergic acid diethylamide 1 or named

Arrestin domain containing 2 (arrdc2); IP3, Inositol triphosphate; iPSCs, Induced

pluripotent stem cells; KO, Knocked out; LSD, Lysergic acid diethylamide;

LTD, Long-term depression; LTP, Long-term potentiation; M, Male; MADRS,

Montgomery-Åsberg Depression Rating Scale; MAP, Mitogen-activated protein

kinase; MCAO, Middle cerebral occlusion; MDD, Major Depression Disorder;

mGluR5, Metabotropic glutamate receptor 5; MKP1, Map Kinase Protein 1;

mPFC, Medial prefrontal cortex; MRI, Magnetic Resonance Imaging; mRNA,

Messenger ribonucleic acid; mTOR, Mammalian target of rapamycin; MTT, 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; MWM, Morris

Water Maze; NFκβ-α, Nuclear factor kappa B protein complex alpha; NMDAR,

N-methyl-D-asparate receptor; Nor1, Neuron-derived orphan receptor 1; Npy,

Neuropeptide Y; Nr4a1, Nuclear receptor 4A1; NSCs, Neuronal stem cells; OR,

Object recognition task; p.o., Oral administration; P11, S100 calcium-binding

protein A10; PCR, Polymerase chain reaction; PFC, Prefrontal cortex; PI3K,

Phosphatidylinositol-4,5-bisphosphate 3-kinase; PKA, Protein Kinase A; PLA2,

Phospholipase A2; PLC, Phospholipase C; PRISMA, Preferred Reporting Items

for Systematic Reviews and Meta-Analyses; Psd95, Postsynaptic density 95; Psi,

Psilocybin; Ptgs2, prostaglandin-endoperoxide synthase 2; RNA, Ribonucleic

acid; Nor-1, Neuron-derived orphan receptor 1; S1R, Sigma-1-receptor; Sgk1,

Serum glucocorticoid kinase 1; SGZ, Subgranular zone; siRNA, Small interfering

RNA; SSRIs, Selective-serotonin reuptake inhibitors; TRD, Treatment-resistant

depression; TrkB, Tropomyosin receptor kinase B.

(5–7). Other significant predictors of psychedelic effects are
the mental state (set) and environment (setting), mood, and
personality (8, 9).

When looking closer, these psychedelics differ slightly in
their pharmacologic characteristics. Psilocybin, found in specific
fungi like the Psilocybe Cubensis, is degraded quickly into its
active metabolite psilocin after ingestion. Both psilocin and
psilocybin exhibit affinity for a range of serotonin receptors
(5-HT1A/B/D/E, 2B, 5, 6, 7) with high affinity for the 5-
HT2A receptor. Psychological effects start around 10–40min
after ingestion and last for 2–6 h. Linear pharmacokinetics over
the 0.3–0.6 mg/kg oral dose range were demonstrated (10).
LSD exhibits affinity for 5-HT1A/D, 2A/B/C, and 5-HT6, the
dopamine D1 and D2, and α-adrenergic receptors. It displays a
shared agonism for 5-HT2A and dopamine D2 receptors (11, 12).
The acute physiological effect of a moderate dose of LSD, 75–150
µg p.o. for humans, shows dose-proportional pharmacokinetic
effects that last 6–12 h, with the maximum plasma concentration
after 1.5 h (13, 14). DMT and its analog 5-MeO-DMT are agonists
of 5-HT1A/D, 2A, and 5-HT6 receptors, and 5-HT1A, and
2A/B/C receptors, respectively. Ayahuasca contains next to DMT
non-psychedelic β-alkaloids that act as inhibitors of monoamine
oxidase A. These compounds allow DMT to pass through the
digestive tract and reach the brain unmetabolized. When DMT
is administered without the other ayahuasca components, effects
arise within minutes after ingestion when inhaled or injected,
and last for 15min (15). After intake of ayahuasca, effects
are noticeable 30min after ingestion, lasting for 3 h, with a
peak at 1.5–2 h, corresponding with the peak in DMT plasma
concentration, indicating a significant role for DMT in the
pharmacology of ayahuasca (16).

Next to their acute effects, studies have demonstrated that
psychedelics also induce changes in processes, as mentioned
above, beyond their expected blood plasma lifetime. Naturalistic
research, for example, has shown enhancement of emotional and
cognitive processes after oral self-administration of psilocybin
and ayahuasca, in a social setting, lasting up to 4 weeks after the
experience, compared to baseline (17, 18). In placebo-controlled
experimental studies, LSD, ayahuasca, and psilocybin improved
depressive, anxiolytic, and addictive symptoms in patients after
one to two doses, measurable 3 weeks to 6 months after
administration [for a review, see: (19)]. Given the persisting
nature of the psychological effects beyond the presence of the
substance in the blood, a biological adaptation is suggested.

Biological adaptations that can underlie psychedelics’
persisting behavioral and cognitive changes include changes
in neuroplasticity. Neuroplasticity is the brain’s ability to
change throughout life and consists of changes in cell structure,
structural plasticity, and changes in the efficacy of synaptic
transmission, also called functional plasticity (20). Structural and
functional plasticity are interconnected processes at a molecular
and (sub)cellular level (Figure 1).

To fully understand the extent of psychedelics’ effects on
these levels, more detail is given first about the levels at which
neuroplasticity can occur and the signaling substances involved.

At a molecular level, neuroplastic changes occur via signaling
pathways, that is, cascades of intracellular proteins transmitting
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FIGURE 1 | Mechanisms of neuroplasticity. Schematic representation of the different mechanisms of neuroplasticity at a molecular and (sub)cellular level.

Neuroplasticity at a molecular level affects intracellular signaling pathways, gene transcription, and protein synthesis. At a cellular level, neuroplasticity occurs at the

subcellular levels of neurogenesis, dendritogenesis, and synaptogenesis. The neuronal changes of neurogenesis and dendritic changes alter the structural

characteristics of the neuron: structural plasticity. Synaptogenesis involves functional changes: functional plasticity. LTP, long-term potentiation; LTD, long-term

depression.

signals from receptors to the DNA (21). Signaling pathways
are activated by Ca2+ influx through depolarization or N-
methyl-D-aspartate receptor (NMDAR) activation. They include
the Ca2+/calmodulin-dependent protein kinase (CaMK2),
extracellular regulated kinase 1/2 (ERK1/2) mitogen-activated
protein kinase (MAP)/ERK, and the brain-derived neurotrophic
factor/tropomyosin receptor kinase B (BDNF/TrkB) pathway. In
the nucleus, the cyclic AMP-responsive element-binding protein
(CREB) or the nuclear factor kappa B protein complex (NF-kB)
is activated, allowing modulation of gene transcription and
protein synthesis of plasticity processes. For example, immediate
early genes (IEGs), such as c-Fos, Arc, Egr1/2, C/EBP-β, Fosb,
Junb, Sgk1, Nr4a1, and Dusp1, are rapidly expressed upon
neuronal activity and are essential for synaptic plasticity. These
changes in the expression of plasticity-related genes can influence
neuroplasticity at the cellular level.

At a cellular level, changes can be structural or functional, and
both types have different levels that will be listed here. Structural
plasticity includes neuronal plasticity, dendritic plasticity, and
synaptic plasticity. Neuronal plasticity consists of neurogenesis,
the generation of neurons, and occurs in distinctive phases
(22). First, proliferating progenitor cells are generated in the
hippocampal subgranular zone and differentiate into dentate
granule neurons (23). The proliferating cells that survive the
elimination via apoptotic cell death migrate and mature into
newborn granule cells and fully integrate into the hippocampal
network (23–25). Dendritic plasticity includes changes in the
number or the complexity of dendritic spines, where a high
number of spines and complex dendritic branches reflect more
synaptic strength (26, 27). Of note, the extensive release of γ-
aminobutyric acid (GABA) or glutamate causes dendritic spine
formation (27).
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At the synapse, the strength of synapses is related to learning
and memory formation. It can change in two directions,
either increasing, known as long-term potentiation (LTP), and
decreasing, called long-term depression (LTD). This type of
synaptic plasticity alters the neuron’s structure and its functional
properties. Synaptic plasticity is regulated by various factors, with
the protein BDNF as the primary regulator; BDNF is expressed
highly throughout the central nervous system, particularly in the
hippocampus (28).

BDNF is involved in multiple levels of neuroplasticity like
synaptic modulation, adult neurogenesis, and dendritic growth
(29–32). Interestingly, studies have shown that BDNF levels are
diminished in pathological populations suffering from anxiety,
depression, and addiction (33). Preclinical and clinical research
has shown that these markers are increased and enhanced by
selective serotonin reuptake inhibitors (SSRIs) (34, 35) used to
manage the symptoms of these disorders (36). The rapid-acting
dissociative agent ketamine, which has shown its efficacy in
treating depression, is known to increase BDNF levels (37, 38).
It has been suggested that the persisting therapeutic effects of
psychedelics are attributable to a similar biological mechanism
(39, 40).

Psychedelics’ influence on neuroplasticity is investigated in
preclinical (in vitro/in vivo) and clinical studies (Figure 2). In
vitro studies using rodent cell lines include neuronal stem cells
(NSCs) derived from the subgranular zone of the hippocampus
of embryonic mice (41). Human cell lines include induced
pluripotent stem cells (iPSCs), cerebral organoids that consist
of artificially grown cells of synthesized tissues resembling the
cortex, and the neuroblastoma cell line SH-SY5Y (42–44). The
latter can be used to model neuronal function and differentiation,
and neurodegeneration by inducing chemical damage (oxygen
deprivation) via in vitro administration of the dopamine analog
and neurotoxin 6-hydroxydopamine (6-OHDA) (44). In vivo
studies in rodents use electrophysiology, the measurement of
gene transcription and protein levels, and receptor knockout
models to test the contribution of—for example—a specific
receptor in the drug effects. Moreover, a well-established in
vivo technique to identify neurogenesis is immunostaining
[“immunohistochemistry” (IHC)] with the mitotic marker 5-

bromo-2
′

-deoxyuridine (BrdU) or Ki-67 to determine progenitor
cell growth and division (proliferation) (45). These techniques
can be used in healthy, intact animals or after surgical damage
to the brain using suturing of an internal carotid artery to
test neuroplasticity changes after drug administration and brain
damage (46).

In clinical studies, biological samples are collected from
healthy volunteers and patients suffering from a psychopathology
like treatment-resistant depression (TRD) to determine BDNF
levels (47–50). Clinical symptoms are assessed with, for example,
the Montgomery-Åsberg Depression Rating Scale (MADRS) to
test for depression severity (51).

To summarize, it is hypothesized that neurobiological
changes, specifically enhanced neuroplasticity, underlie
psychedelics’ therapeutic effects. The techniques mentioned
above can be used to assess changes in plasticity after the

administration of psychedelics compared to baseline, a placebo,
or a control group. Understanding the biological pathways of
psychedelics’ acute and persisting effects is essential to grasp these
compounds’ full therapeutic potential. Although psychedelics
do not have an established therapeutic use in psychiatry yet,
promising preliminary findings of their therapeutic potential
support further investigation and give insight into psychiatric
disorders’ biological underpinnings. To address this knowledge
gap and answer the question of what effects (serotonergic)
psychedelics have on molecular and cellular neuroplasticity,
a systematic review was performed focusing exclusively on
classical serotonergic psychedelics (including psilocybin, LSD,
ayahuasca, DMT, and its closely related analogue 5-methoxy-
N,N-dimethyltryptamine, 5-MeO-DMT). The listed substances
were chosen because of their shared agonism at 5-HT2A
receptors. In line with SSRIs and ketamine, it was hypothesized
that psychedelics enhance molecular and cellular neuroplasticity.

METHODS

According to PRISMA guidelines, a literature search was
performed using the database PubMed in October 2020 (52).
Two search strings were combined with the Boolean command
“AND.” The first string included MeSH terms referring to
neuroplasticity: neuronal plasticity, functional neuroplasticity,
structural neuroplasticity, spine density, receptor density,
axonal arbor, neuritogenesis, synaptogenesis, synapse formation,
neurogenesis, BDNF, proliferation, maturation, survival,
migration, neuronal migration; the second string included
terms to describe the psychedelics that were focal in this
review: classical psychedelics, psychedelics, hallucinogens,
psilocybin, 4-phosphoryloxy-N,N-dimethyltryptamine,
psilocin, 4-hydroxy-N,N-dimethyltryptamine, LSD, lysergic acid
diethylamide, DMT, N,N dimethyltryptamine, 5-MeO-DMT,
5-methoxy-N,N dimethyltryptamine.

The literature search targeting the title and abstract gave 344
hits in total. This sample underwent de-duplication (n= 0) and a
selection process using the following inclusion criteria: published
in a peer-reviewed journal in the English language, including
one of the target psychedelics, and assessing neurobiological
parameters (e.g., cellular or molecular). This led to a sample
of 35 articles, from which 23 were excluded because no
molecular or cellular parameters of neuroplasticity were assessed.
Additionally, eight articles were identified through other sources
(cross-references), eventually resulting in a final dataset of 16
experimental studies in animals and four in humans (Figure 3).

RESULTS

The preclinical and clinical research findings are discussed in two
separate sections; the methodological details of reviewed studies
are presented in Tables 1, 2. A distinction is made between single
and repeated dose administration and between acute, subacute,
and long-term effects. Acute effects are measured within 24 h
after administration of the psychedelic, subacute effects are
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FIGURE 2 | Evaluation of psychedelics’ influence on cellular and molecular neuroplasticity in preclinical and clinical studies. Schematic overview of the current

methods to study the neuroplastic effects of psychedelics at a molecular and cellular level. NSCs, Neural stem cells; iPSCs, induced pluripotent stem cells.

measured between 24 h and 1 week after administration, and
effects are considered long-term when they are observed after
more than 1-week post-treatment.

Preclinical Studies
The effects of psychedelics on molecular and cellular
neuroplasticity in preclinical studies are presented from a
molecular to a subcellular level. They are separated by in vitro
and in vivo studies. Evidence from preclinical studies (n= 15 out
of 16) suggests that psychedelics induce structural and functional
synaptic modulations at a molecular and cellular level (Table 1).

In vitro
Evidence from in vitro studies (n = 5) suggests that psychedelics
stimulate molecular and cellular neuroplasticity (41–44, 53).
The acute effect of a single dose of (5-MeO-)DMT on
neuroplasticity was investigated by three in vitro studies (42,
43, 53). Administration of DMT (10µM) and LSD (90µM)
to cortical rat neurons (n = 39–41) for 24 h resulted in
increased dendritic complexity, expressed by an increased
number and total length of dendrites compared to vehicle-
treated controls (53). The dendritic spine-promoting properties
were found to be 5-HT2AR-mediated, as they were blocked
by ketanserin. LSD was the most potent psychedelic regarding
neuritogenesis compared to the tested psychedelics (53). In

human cerebral organoids (n = 4–5), 5-MeO-DMT (13µM)
administered for 24 h directly resulted in the stimulated synthesis
of proteins involved in plasticity-related intracellular signaling
pathways such as NMDAR, alpha-amino-3-hydroxy-methyl-5-
4-isoxazolpropionic receptor (AMPAR), and Eprhin B2 (43).
These findings show acute changes in molecular processes
related to structural and functional neuroplasticity induced
by 5-MeO-DMT.

Besides the stimulation of neuroplasticity in “optimal”
(healthy) conditions, evidence shows that a single dose of DMT
(1, 10, 50, 200µM) exhibits acute neuroprotective properties
in cultured human iPSCs cells that were differentiated into
cortical neurons (n = 3) and exposed to severe neuronal stress
(42). DMT stimulated neurogenesis by increasing the neuronal
survival rate from 19% (untreated cells) to 31% (10µM) and 64%
(50µM), 6 h after exposure to severe hypoxic stress. Moreover,
selective silencing of the plasticity-promoting intracellular sigma-
1 receptor (S1R) (64) decreased the survival of iPSCs by 93%,
indicating that the S1R mediated the DMT-induced survival
(42). Together, these findings show that a single dose of 5-
MeO-DMT, DMT, and LSD in vitro directly stimulate dendritic
and neuronal plasticity that resulted from intracellular changes.
Subacute and long-term effects of a single dose of a psychedelic
on molecular and cellular plasticity were not investigated
in vitro.
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FIGURE 3 | Flow diagram illustrating the selection and review processes of the systematic review.

Acute effects of repeated administration of DMT and
ayahuasca were investigated in vitro, and suggest stimulation of
neuroplasticity at a (sub)cellular level (41, 44). Repeated daily
administration of DMT (1µM, 7 days) to neural stem cells
(n = 6) from adult mice’s subgranular zone of the dentate
gyrus showed stimulation of proliferation, and differentiation
to neurons, astrocytes, and oligodendrocytes (41). In cultured
human neuroblastoma (SH-SY5Y) cells (n = 3) exposed to
neurotoxic stress using 6-OHDA, cell viability was differentially
changed after treatment with ayahuasca (1, 1.5, 2.5, or 10µg/mL)
every 24 h, and incubation for 48 and 72 h (44). Low doses of
ayahuasca (1.5 and 2.5µg/mL) increased cell viability (±70%)
compared to non-stressed controls after 48 h, whereas cell
viability was decreased after a high dose (10.5µg/mL) at
72 h post-administration (44). These findings suggest acute
stimulative effects of neural plasticity by DMT, dose-dependent
neuroprotective properties, and possibly proliferative effects
of ayahuasca in stressed cell cultures at low doses. Together,
the findings from in vitro studies support plasticity-promoting
characteristics of DMT, ayahuasca, and LSD when administered

once or multiple times. Subacute and long-term effects of
repeated administration of psychedelics on molecular and
cellular plasticity were not investigated in vitro.

In vivo
Evidence from in vivo studies (n = 13 out of 16) also
indicates neuroplastic effects of psychedelics. Findings from in
vivo studies investigating acute effects of a single dose of 5-
MeO-DMT, DMT, psilocybin, and LSD (37%) suggest altered
cellular plasticity of structural and functional nature (54–60).
A single dose of 5-MeO-DMT (100 µg, i.c.v.) stimulated
neurogenesis and spinogenesis in mice (n = 5), 12 h post-
treatment (54). The proliferation of neuronal progenitor cells,
and the survival of newborn granule cells were increased in
the ventral hippocampus, a brain area involved in emotion
and stress regulation (65), compared to vehicle-treated controls
(54). 5-MeO-DMT in this study also stimulated spinogenesis
of granule cells in the hippocampus. The dendritic spines grew
more quickly toward the complex morphology of a mature
neuron. Electrophysiological analysis showed a lower action

Frontiers in Psychiatry | www.frontiersin.org 6 September 2021 | Volume 12 | Article 72460687

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


d
e
V
o
s
e
t
a
l.

P
syc

h
e
d
e
lic
s
a
n
d
N
e
u
ro
p
la
stic

ity

TABLE 1 | Preclinical studies investigating psychedelics’ effects on molecular and (sub)cellular neuroplasticity.

References Aim Tissue Comparison/

conditions

Psychedelic Post-administration

measurement

Methods and

measurements

Findings

Ly et al. (53) Effects of psychedelics

on neural plasticity in

cortical neurons, In

vitro, in vivo, ex vivo

In vitro: cortical

embryonic rat neurons

n = 39–4. In vivo:

cortical pyramidal

neurons, n = 11–38

Vehicle, DOI Single dose, In vitro:

90µM DMT, 10µM

LSD, DOI for 24 h. In

vivo: 10 mg/kg DMT

i.p.

In vitro: Directly. In vivo:

24 h

Sholl analysis, ICC,

whole-cell

voltage-clamp

recordings, Golgi-Cox

staining

Dendritic complexity+;

Spinogenesis+; synapse

density+; EPSC

frequency+, amplitude+;

Dendritic spine density+;

Dakic et al. (43) In vitro effects of

5-MeO-DMT on cellular

and molecular systems

Human cortical

organoids; 45 days old.

n = 4–5

Vehicle, medium only Single dose, 13µM

DMT for 24 h

Directly Shotgun mass

spectrometry, ICC,

protein expression

NMDAR+, CaMK2+,

CREB+, PLC–, CaM–,

AC1/8–, IP3R–, EPAC1–,

PKA–, mGluR5–.

Szabo et al. (42) Examine the

neuroprotective role of

DMT after hypoxic

stress, In vitro

Human iPSCs

differentiated into

cortical neurons n = 3

BD1063

dihydrochloride,

normoxia

Single dose, 1, 10, 50,

200µM DMT,

1–100µM BD1063

Measured over 6 h.

Unknown when DMT

was added.

Hypoxia, FACS,

Western blot, cellular

viability assays, siRNA

knockdown, flow

cytometry.

Survival+ (hypoxia, DMT),

survival—(hypoxia, DMT,

S1R KO)

Morales-Garcia et al.

(41)

In vitro and in vivo

short- and long effect

of DMT on

neurogenesis and

behavior

In vitro: NSCs from

SGZ, HC in vivo: Male

adult mice. 6 (In vitro);

5 (short-term); 5

(long-term); 12

(behavior)

Vehicle, clorgyline In vitro: Daily, 7 days

1µM DMT. in vivo: 2

mg/kg DMT, i.p, 4 or

21 days (every other

day), Behavior: 21 days

24 h (short-term), 24 h

(long-term), behavior:

for 10 days

post-treatment

In vitro: ICC. In vivo:

BrdU+ (and DCX+)

cells in DC. Behavior:

MWM, OR.

In vitro: Proliferation+;

differentiation into

neurons+, astrocytes+,

oligodendrocytes+; S1R

mediated. in vivo short term:

proliferation+; migration+;

S1R mediated. in vivo

long-term: Neurogenesis+;

S1R mediated. Behavior:

escape latency–;

exploration+, learning+,

memory+

Katchborian-Neto et al.

(44)

Evaluate the

neuroprotective

potential of ayahuasca

on the viability In vitro

Neuroblastoma cells,

SH-SY5Y, n = 3

Vehicle, 6-OHDA Every 24 h, 1, 1.5, 2.5,

10.5µg/mL

ayahuasca*

48, 72 h IHC, MTT assay. Aya –> proliferation+ (dose

1, 1.5, 2.5µg/mL at 48 h),

Aya and 6-ODHA –> cell

viability + (dose 1, 1.5,

2.5µg/mL at 48 h)

Lima da Cruz et al. (54) In vivo effects of

5-MeO-DMT on

neurogenesis

HC of adult mice, M, F,

n = 5

Saline Single dose, 100 µg

5-MeO-DMT, i.c.v

12–13 h IHC, patch clamp. Proliferation+; survival+,

maturation+; dendritic

complexity+; AP threshold –

Jefsen et al. (55) Effects of acute

psilocybin

administration on gene

expression in the rat

brain in vivo

Cortex and HC of male

adult rats, n = 10

Vehicle Single dose, 0.5, 1.0,

2.0, 4.0, 8.0, 14.0 or

20.0 mg/kg Psi, i.p.

90min PCR, Western blot,

gene expression

PFC: C/EBP-β+, c-Fos+,

Dups1+, Fosb+, Junb+,

Iκβ-α+, Nr4a1+, P11+,

Psd95+, Sgk1+, Clk1-HC:

Arrdc2+, Dusp1+, Iκβ-α+,

Sgk1+ (dose- dependently),

Arc –, Clk1–, Egr2 –, Ptgs2–
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TABLE 1 | Continued

References Aim Tissue Comparison/

conditions

Psychedelic Post-administration

measurement

Methods and

measurements

Findings

Gonzales-Maeso et al.

(56)

Investigate

5-HT2AR-dependent

responses elicited by

different agonists in

vivo

SSCx of adult male

mice, n = 12 (LSD/wt),

n = 6 (2AR KO)

LSD, DOI, LHM,

vehicle, 5-HT2AR KO

mice

Single dose, 0.24

mg/kg LSD; 2 mg/kg

DOI; 0.5 mg/kg LHM,

i.p.

Behavior:20min.

Gene-expression:

60min

in situ hybridization,

gene expression

Egr1+; Egr2+; Period-1+;

Ikba+, c-fos+, N-10+

Nichols and

Sanders-Bush (57)

In vivo effect of acute

LSD on gene

expression

Cortex, HC of male

rats, n = 4

Saline Single dose, 1.0 mg/kg

LSD, i.p.

90min DNA microarray,

RNAse protection

analysis

PFC: + C-fos+, Arc+,

Sgk+, Ikb+, Nor-1+,

Ania3+, Krox20+

HC:C-fos+, Arc+, Sgk+,

Ikβ+, Krox20+

Nichols et al. (58) In vivo expression

patterns of previously

identified genes in the

LSD mechanisms of

action.

Cortex of male rats,

n = 4

MDL100907;

WAY100635.

Single dose, 0.20, 1.0,

0.5 mg/kg LSD; 1 or

0.5 mg/ kg

MDL100907; 10 mg/kg

WAY100635; 1.0

mg/kg LSD timing exp.,

i.p.

45, 90, 180, or 300min

(timing-experiment);

90min (other

experiments)

RNA protection

analysis, mRNA.

Low dose: Krox20+, Ikβ+;

High dose: Ania3+; Arc+,

C-fos+, Nor-1+, Sgk+.

Peak at t = 90, baseline by

5 h, except for Nor-1.

Nichols and

Sanders-Bush (59)

In vivo effects of acute

LSD on expression

patterns of three genes

Cortex, HC and MB* of

male rats, n = 4

LSD, MDL100907,

WAY100635.

Single dose, 1.0 mg/kg

LSD, i.p.

Dose-response study:

0.20, 0.5 and 1.0

mg/kg LSD

90min; except for

timing study

DNA microarray,

RNAse protection

analysis, PCR, mRNA.

In PFC at 90 min: 0.5 mg/kg

dose: C/EBP-β+; Ilad-1+;

1.0 mg/kg dose: MKP1+.

5-HT2AR mediated

Jha et al. (60) In vivo effects of acute

or chronic LSD on

5-HT2A/2C receptors

on proliferation

HC of adult male rats,

n = 3–5

DOI, ketanserin, vehicle 0.5 mg/kg LSD, 5.0

mg/kg ketanserin, i.p.

Daily, 7 consecutive

days (chronic)

2.5 h (acute); 26 h

(chronic)

IHC: Proliferation Acute: Proliferation =

Chronic: Proliferation =

Martin et al. (61) In vivo effects of

chronic LSD on cortical

gene expression

Cortex of adult male

rats, n = 10

Saline 0.16 mg/kg LSD, i.p.

Every other day, 90

days

4 weeks RNA sequencing,

mRNA.

+ for genes involved in

neurotransmission and

synaptic plasticity

processes, including

Krox20, Bdnf, Npy, Nor-1,

Drd1, Drd2

Catlow et al. (62) Effects of psilocybin on

neurogenesis and fear

conditioning in vivo

HC of male mice, n =

9–10

Ketanserin,

25I-NBMeO, vehicle

Single dose, 0.1, 0.5,

1.0 mg/kg Psi (IHC),

0.1, 0.5, 1.0, 1.5

mg/kg Psi (behavior)

48 h, behavior after 14

days

IHC, fear behavior (FC) 1.0 mg/kg: Proliferation–;

0.1 and 0.5 mg/kg:

Extinction + (FC)

(Continued)
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TABLE 1 | Continued

References Aim Tissue Comparison/

conditions

Psychedelic Post-administration

measurement

Methods and

measurements

Findings

Colaço et al. (63) In vivo effect of chronic

ayahuasca on

serotonin, dopamine,

norepinephrine and

metabolites and BDNF

levels

HC of 5-week-old rats,

M, F, n = 7–10

H2O and fluoxetine 0.5X; 1X; 2X**

ayahuasca, p.o

(gavage) Daily, 28 days

3 h Hematological analysis:

ELISA Behavior: OF

(locomotion), EPM;

Fluoxetine group; female

high dose group:

BDNF protein. All:

+Locomotion =; EPM =,

no toxicity

Nardai et al. (46) In vivo neuroprotective

effects of DMT

Cortex of male mice,

n = 10

Vehicle, BD-106 Single dose 1 mg/kg

DMT, i.v. with

maintenance of 2

mg/kg/h over 24 h

25 h after MCAO

(protein levels);

Behavior: daily for 2

weeks, then on every

4th day till the 30th day

after MCAO

MCAO, MRI, behavior,

ELISA (mRNA). Lesion

volume, protein levels,

motor function and

functional recovery with

stair-case method

bdnf+, serum BDNF+; IL-6

–, Ischemic lesion volume–;

Motor function+

Sample size is given per group. *Specific composition of ayahuasca was not reported, **ayahuasca (composition: 0.26 mg/kg DMT, 2.58 mg/kg harmine, 0.171 mg/kg harmaline and 0.33 mg/kg tetrahydroharmine).

5-HT, Serotonin; 5-HT2AR, Serotonergic 2A receptor; 5-HT2CR, Serotonergic 2C receptor; 5-MeO-DMT, 5-methoxy-N,N-dimethyltryptamine; 6-OHDA, 6-hydroxydopamine; AC1/8–, Ca2+-stimulated type 1 and type 8 adenylyl cyclases;

Akt, Protein kinase B; AMPAR, α-amino-3-hydroxy-5-methyl-4-isozalopropionic acid receptor; AP, Action potential; Arc–, Activity-regulated cytoskeleton-associated protein; Aya, Ayahuasca; BD-1063, 1-[2-(3,4-dichlorophenyl)ethyl]-4-

methylpiperazine; BDNF, Brain-derived neurotropic factor; BrdU, Bromodeoxyuridine; C/EBP-β, CCAAT enhancer binding protein; CaM, calmodulin; CAMK2, Ca2+/calmodulin-dependent protein kinase; Clk1, CDC2-like kinase isoforms

1; Arrdc2, Arrestin domain containing 2 (or induced by lysergic acid diethylamide 1, ilad1); DCX, Doublecortin; DG, Dentate gyrus; DMT, N,N-dimethyltryptamine; DOI, 2,5-Dimethoxy-4-iodoamphetamine; Drd, Dopamine receptor

D1; Drd2, Dopamine receptor D2; Dups1, dual specificity phosphatases; Egr1, Early growth response protein 1; Egr2, Early Growth Response Protein 2; ELISA, Enzyme-linked immunosorbent assay; EPAC1, exchange factor directly

activated by cAMP 1; EPM, Elevated Plus Maze; EPSCs, excitatory postsynaptic currents; ERG2 or Krox20, Early Growth Response Protein 2; ERK 1/2, extracellular regulated kinase 1/2; F, Female; FACS, Fluorescence-activated cell

sorting; HC, Hippocampus; i.c.v., intracerebroventricular; i.p., Intraperitoneal; i.v., Intravenous; ICC, Immunocytochemistry; IEGs, Immediate Early Genes; IHC, Immuohistochemistry; Iκβ-α, nuclear factor of kappa light polypeptide gene

enhancer in B-cells inhibitor alpha; IL-6, Interleukin 6; Ilad-1, Induced by lysergic acid diethylamide 1 also named Arrestin domain containing 2 (arrdc2); IP3, Inositol triphosphate; iPSCs, induced pluripotent stem cells; KO, knocked out;

LSD, Lysergic acid diethylamide; LTD, Long-term depression; LTP, Long-term potentiation; M, male; MCAO, Middle cerebral occlusion; mGluR5, Metabotropic glutamate receptor 5; MKP1, Map Kinase Protein 1; mPFC, Medial prefrontal

cortex; MRI, Magnetic Resonance Imaging; mRNA, messenger ribonucleic acid; mTOR, Mammalian target of rapamycin; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; MWM, Morris Water Maze; NMDAR,

N-methyl-D-asparate receptor; Nor1, Neuron-derived orphan receptor 1; Npy, Neuropeptide Y; Nr4a1, Nuclear receptor 4A1; NSCs, Neural stem cells; NSCs, Neuronal stem cells; OR, Object recognition task; p.o., Oral administration;

P11, S100 calcium-binding protein A10; PCR, Polymerase chain reaction; PFC, Prefrontal cortex; PI3K, Phosphatidylinositol-4,5-bisphosphate 3-kinase; PKA, Protein Kinase A; PLA2, Phospholipase A2; PLC, Phospholipase C; Psd95,

Postsynaptic density 95; Psi, Psilocybin; Ptgs2, prostaglandin-endoperoxide synthase 2; RNA, Ribonucleic acid; Nor-1, Neuron-derived orphan receptor 1; S1R, Sigma-1-receptor; Sgk1, Serum glucocorticoid kinase1; SGZ, Subgranular

zone; siRNA, small interfering RNA; SSRIs, Selective-serotonin reuptake inhibitors; TRD, Treatment-resistant depression; TrkB, Tropomyosin receptor kinase B.
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TABLE 2 | Clinical studies investigating cellular and molecular effects of serotonergic psychedelics.

References Aim Sample size (n) Comparison Psychedelic Timing of

measurement

Methods and

measurements

Findings

Hutten et al. (50) Effect of single,

low dose LSD on

circulating BDNF

in healthy

volunteers

8–10 Placebo Once, 5, 10 or 20

µg LSD, p.o.

2, 4, 6 h Serum BDNF Serum BDNF + (5 µg, 20

µg): BDNF + (4 h, 5 µg).

BDNF + (6 h, 20 µg). BDNF

highest at 4 h (5 µg) and 6 h

(10 µg, 20 µg)

Holze et al. (49) Investigate

subjective and

autonomic effects

and different

doses of LSD in

humans in a

cross-over study.

16 Placebo,

ketanserin

25, 50, 100, 200

µg LSD, 40mg

ketanserin, p.o. in

6 sessions, 10

days between

6, 12, 24 h Questionnaires,

serum BDNF

BDNF + at 6 h, anxiety and

ego dissolution (200 µg

dose). Non-significant

stimulation BDNF (by low

dose LSD, ketanserin)

Galvao-Coelho et

al. (48)

Effects of

ayahuasca on

serum cortisol,

BDNF and

inflammatory

markers and

depressive

symptoms.

28 TRD, 45 CG Healthy

volunteers,

placebo

Once, 1 mL/kg

aya*, p.o.

48 h MADRS, serum

BDNF

MADRS—(TRD), BDNF =

(both groups)

de Almeida et al.

(47)

Effect of a single

ayahuasca

treatment on

BDNF in patients

with TRD and

healthy controls

28 TRD, 45 CG Healthy

volunteers,

placebo

Once, 1 mL/kg

aya (specific

composition not

reported), p.o.

48 h MADRS, serum

BDNF,

Serum BDNF + (control,

TRD); MADRS—(TRD).

Negative correlation serum

BDNF levels and depressive

symptoms

All studies were performed in adult male and females, timing of measurement is post-administration. *Ayahuasca composition: 0.36 mg/mL DMT, 1.86 mg/mL harmine, 0.24 mg/mL

harmaline, 1.20 mg/mL tetrahydroharmine.

aya, ayahuasca; BDNF, Brain-derived neurotrophic factor; CG, control group; LSD, Lysergic acid diethylamide; MADRS, Montgomery-Åsberg Depression Rating Scale; p.o., Oral

administration; TRD, treatment-resistant depression.

potential threshold of synapses in the hippocampus, indicating
that the synapses are more prone to receive synaptic input and
suggesting stimulated functional plasticity (54). A single dose
of psilocybin (0.5, 1, 2, 4, 8, 14, 20 mg/kg, i.p.) administered
to rats (n = 10) altered the expression of plasticity-promoting
genes in the prefrontal cortex (PFC) and hippocampus, 90min
after treatment (55). Psilocybin stimulated the expression of
IEGs in the PFC, and induced stimulating and inhibiting
effects in the hippocampus (55). Because more target genes
were regulated in the PFC, the authors suggested a stronger
stimulation in the PFC over the hippocampus by psilocybin (55).
Moreover, in both areas, most IEGs were affected in a dose-
dependent manner, with higher doses inducing more stimulation
of gene expression (55). A single dose of LSD (0.20, 0.24, 0.5,
1.0 mg/kg i.p.) stimulated the mRNA expression of plasticity-
promoting genes in the cortex of rats and mice, within 1–2 h
after administration and in a time- and dose-dependent manner
(56–59). Conversely, in a different study with rats (n = 5)
that were administered LSD (0.5 mg/kg, i.p.), no changes were
found in hippocampal proliferation 2.5 h after administration
compared to vehicle-treated controls indicated by BrdU+ cells
(60). Taken together, it is shown that a single treatment with
psychedelics acutely regulates molecular processes of plasticity-
promoting gene expression, neuroplasticity at the cellular level
of neurogenesis, and dendritic plasticity. Psychedelics’ subacute

effects of a single dose of DMT (10 mg/kg, i.p.) were investigated
in rat cortical pyramidal neurons (n= 11–37 neurons from three
animals) (53). Spontaneous excitatory postsynaptic currents
(EPSCs) and dendritic spine density were stimulated 24 h after
administration, indicating stimulated structural and functional
plasticity (53). Psychedelics’ long-term effects of a single dose
were not assessed on molecular and cellular plasticity in vivo.

Evidence from in vivo studies investigating subacute and
long-term, but not acute, effects of repeated administration
of psychedelics (n = 3) show that DMT and LSD stimulate
neurogenesis (41, 60, 61). The subacute effects of repeated
(4 consecutive days) or prolonged (21 days, every other day)
DMT (2 mg/kg, i.p.) treatment were assessed on neurogenesis
in mice, 24 h after the administration stopped (41). Short-term
treatment (n = 5) resulted in BrdU+ cells in the hippocampus,
indicating enhanced proliferation and migration of neuronal
precursors, and long-term (n = 12) increased neuronal survival
in the subgranular zone (41). Repeated LSD (0.5 mg/kg, i.p.)
administration, daily for seven consecutive days to rats (n =

3–5) did not result in changes in BrdU+ cells compared to
vehicle-treated controls, 26 h after administration, indicating
that repeated LSD administration did not affect neurogenesis
(60). Together, these findings show that repeated administration
of DMT, but not LSD, subacutely resulted in stimulated
hippocampal neurogenesis. The long-term effects of repeated
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doses of psychedelics were examined for LSD, at a molecular level
(61). Chronic treatment with LSD (0.16 mg/kg i.p., every other
day for 90 days) increased the expression of plasticity-related
genes in the mPFC of rats (n = 10), 4 weeks after treatment
cessation (61). Among the upregulated genes were Bdnf, Egr2,
Nor-1, Nr2a, and Npy. Nr2a encodes for NMDA receptor
subunits, and the NPY protein stimulates neurogenesis and has
anxiolytic effects (66, 67). These findings show that repeated
LSD administration stimulates the expression of plasticity-related
genes 4 weeks after treatment. Taken together, the findings
from in vivo studies support plasticity-promoting properties of
psychedelics at a molecular and cellular level after a single or
multiple dose administration.

Behavior

Four studies (out of 16) investigated the relationship between
biological effects of psychedelics (5-MeO-DMT, DMT, ayahuasca,
LSD, and psilocybin), and behavioral changes (41, 46, 62, 63).
While the acute effects of a single dose of a psychedelic on
biological markers and behavior were not assessed, the long-
term effects of a single dose of psilocybin were investigated
(62). Mice (n = 6) that were administered a single, low
dose of psilocybin (0.1 mg/kg, i.p) showed a non-significant
increase in proliferation of hippocampal progenitor cells 14
days later. In contrast, higher doses (1.0 mg/kg, i.p.) led to a
significant decrease in proliferation, 14 days post-treatment (62).
To investigate if the hippocampus mediates behavioral changes
48 h after treatment with psilocybin mice (n = 9–10) underwent
fear conditioning (62, 68). Psilocybin-treated mice exhibited
increased extinction compared to saline-treated controls for all
doses, indicating a quicker learning response to fear (62). At
a biological level, psilocybin induced a dose-dependent effect
on neurogenesis, with a low dose increasing, and a high dose
decreasing neurogenesis (62). Behavioral effects of psilocybin
demonstrated a dose-independent stimulation of fear extinction,
suggesting that alterations to hippocampal neurogenesis are not
related to fear extinction after psilocybin administration.

The relationship between psychedelics’ effect on biological
markers and behavior was also investigated after repeated
psychedelic administration. Three studies examined the
immediate and long-term effects of repeated administration
of ayahuasca, LSD, and DMT (41, 46, 63). Ayahuasca was
administered daily to rats (n = 7–10) for 28 days, in a dose
that was 0.5, 1, or 2 times the human, ritualistic oral dose,
which is 0.26 mg/kg DMT p.o., 2.58 mg/kg harmine, 0.171
mg/kg harmaline, and 0.33 mg/kg tetrahydroharmine. These
administration patterns did not change hippocampal BDNF
protein levels and resulted in increased anxiety behavior in male
rats treated with the middle dose, 1 h after the last treatment
(63). After 3 h, female rats treated with the high dose exhibited
increased hippocampal BDNF protein levels but did not show
changed anxiety behavior (63). These findings indicate direct
sex- and dose-specific effects of repeated ayahuasca on molecular
neuroplasticity and anxiety behavior.

While subacute effects of repeated doses of psychedelics were
not investigated, long-term effects of chronic DMT (2 mg/kg,

i.p.) administration (21 days, every other day) to mice (n = 10–
12) were tested. Findings showed enhanced neurogenesis that
corresponded with improved spatial learning and memory tasks
for 10 days post-treatment (41). In a study in rats (n = 10) that
had received surgical brain damage and were treated with DMT
(1 mg/kg, i.p., followed by a maintenance dose of 2 mg/kg/h for
24 h) afterwards, DMT led to stimulated cortical (mRNA) and
plasma BDNF (protein) levels 1 h after DMT treatment cessation
(46). On a behavioral level, rats (n = 8) showed an increased
motor function that lasted up to 30 days after treatment (46).
Moreover, animals (n = 10) treated with DMT combined with
an S1R antagonist (BD-1,063) exhibited a higher lesion volume
than DMT-treated animals 24 h after brain damage was inflicted,
suggesting that the effects of DMT are S1R-mediated (46). These
findings show that DMT has an immediate stimulative impact on
molecular plasticity processes and promotes recovery behavior
up to a month after induced brain damage. Taken together, the
findings from behavior studies support the plasticity-promoting
characteristics of ayahuasca and DMT at a molecular and cellular
level, accompanied by plasticity-related changes in behavior.

Clinical Studies
Evidence from four randomized, placebo-controlled studies
investigating the acute and subacute, but not long-term effects,
of a single dose of psychedelics on a molecular level show that
a single treatment with ayahuasca or LSD can, but does not
always, increase circulating BDNF in healthy volunteers and
TRD patients (47–50) (Table 2). Clinical research investigating
psychedelics’ effect on cellular neuroplasticity is lacking.

A single, low dose of LSD (5, 10, and 20 µg) administered
to healthy volunteers (n = 24) resulted in increased serum
BDNF levels compared to placebo, 6 h after treatment (50). Blood
samples taken every 2 h, until 6 h after administration, showed
elevated plasma BDNF levels at 4 h after administration for the 5
µg, and at 6 h for the 20 µg dose. BDNF levels were highest at 4 h
after treatment for the 5µg dose and at 6 h after treatment for the
10 µg and 20 µg doses, suggesting dose-specific stimulation of
BDNF (50). In a cross-over study in healthy participants (n= 18)
that were treated with single doses of LSD (25, 50, 100, and 200
µg) over six sessions, with 10 days in-between administrations,
findings showed that blood plasma BDNF levels were dose-
dependently elevated compared with placebo (49). Six hours
after administering 200 µg, participants reported ego dissolution
and anxiety, in parallel with increased plasma BDNF (49). The
subjective response was partially prevented by administering
a 5-HT2A/C receptor antagonist (ketanserin) 1 h before LSD
treatment, as demonstrated by a “25 µg-dose response” after
administration of 200 µg of LSD plus ketanserin (49).

The subacute neuroplastic properties of a single, oral dose of
ayahuasca (1 mL/kg, p.o., ayahuasca composition not reported)
were assessed in patients suffering from TRD (n = 28), and in
healthy controls (n = 45) naïve to ayahuasca, in a controlled
environment (47). Blood serum BDNF levels were increased
at 48 h after administration compared to baseline in both
groups, and they correlated negatively with the MADRS scores
in TRD patients treated with ayahuasca (47). These findings
suggest that lower depressive symptomatology was associated
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with higher BDNF levels. It was suggested that patients with the
most persistent depression benefited the most from ayahuasca
treatment (47). Since the specific composition of the ayahuasca
brew and thus the DMT dose was not reported in the study,
it is difficult to compare the outcomes of this experiment with
similar studies. Conversely, in a follow-up study, a single oral
dose of ayahuasca (1 mL/kg, p.o., 0.36 mg/mL DMT, 1.86 mg/mL
harmine, 0.24 mg/mL harmaline) administered to TRD patients
(n= 28) and healthy controls (n= 45) in a controlled setting did
not affect serum BDNF levels at 48 h after administration (48).

The limited number of studies investigating molecular
biological and behavioral correlates of psychedelics’ effects shows
that psychedelics acutely and subacutely stimulate molecular
plasticity and decrease depressive symptoms in healthy and TRD
patients, with effects lasting up to 48 h after administration. The
acute biological and behavioral effects of repeated administration
on molecular and cellular plasticity were not investigated in a
clinical setting.

DISCUSSION

To understand the acute, subacute (24 h−1 week post-
treatment), and longer-term effects of (serotonergic) psychedelics
on molecular and cellular neuroplasticity, preclinical and
clinical studies were evaluated. Evidence from preclinical
studies shows that psychedelics acutely stimulate structural
neuroplasticity processes at a molecular and (sub)cellular level
after a single dose. Subacute effects of a single dose of a
psychedelic on molecular and cellular neuroplasticity have not
yet been investigated, and one study investigating the long-
term effects of psilocybin showed decreased neurogenesis weeks
after a single dose. Repeated administration of psychedelics
is shown to stimulate neurogenesis acutely and molecular
plasticity, subacutely. Moreover, a limited number of (pre)clinical
studies that investigated the relationship between biological and
behavioral adaptations showed that the stimulation of molecular
and neuronal was accompanied by increased learning behavior.
Under stressful conditions, neuronal plasticity and molecular
plasticity processes were found to be stimulated in rodents, and
ayahuasca-induced increases in plasma BDNF levels correlated
with diminished depressive symptoms in clinical populations,
subacutely. Similarly, findings from clinical studies showed that
blood BDNF levels were directly elevated in healthy participants
that were treated with a single dose of LSD. Long-term
and repeated administration effects on molecular and cellular
plasticity were not investigated. Overall, the limited evidence that
is presented is consistent with our hypothesis that psychedelics
stimulate molecular and cellular structural neuroplasticity.

Of note, the antidepressant effects of ayahuasca may also
be produced by its non-psychedelic β-alkaloids harmine,
tetrahydroharmine, and harmaline present in the ayahuasca
brew (69). Findings from in vitro and in vivo studies show
that these compounds stimulate neurogenesis, BDNF, and have
antidepressant effects (70–73). Neuroplastic changes induced by
ayahuasca may result from DMT, β-alkaloids, or an interaction
between these compounds, something that should be taken into

consideration when interpreting findings from biological studies
using ayahuasca.

Four main findings stand out from our review. The first
concerns dose differences between preclinical and clinical studies
and their translation from animal to human. Clinically, LSD
doses varied between 5 and 200 µg. To compare preclinical and
clinical doses, the conversion formula for the animal dose =

human dose × (37/3) was used (74). For example, a high dose
of 200 µg p.o. LSD for a human with an average weight of 70 kg
equals 0.00285 mg/kg, and converts to a dose of 0.021 mg/kg LSD
for rats, and 0.041 mg/kg LSD for mice (75). Using the molarity
formula (M = m/MW ∗ 1/V where m = mass in grams, MW =

molecular weight of LSD and V= volume of the diluent in liters),
assuming a mouse weight of 25 g and making 0.025 L solution,
an approximation of the in vitro LSD dosage would be 0.126µM
based on a human dose of 200 µg per 70 kg. This is remarkably
lower than the 10µM LSD used by Ly et al. (53), and presumably
even lower for the other, lower, clinical doses. Conversion from
in vitro to in vivo doses and vice versa is more complicated
than these calculations. Animal doses of LSD varied between
0.16 and 1.0 mg/kg i.p. in rats and mice, indicating that LSD
doses were higher in animal studies than in clinical studies. This
difference is even larger due to the first-pass metabolism reducing
the systemic exposure of LSD after oral administration used in
clinical studies. With intraperitoneal administration in rodents,
this degradation is avoided. These findings suggest that the
highest doses given in clinical studies resemble the lowest doses
of LSD in preclinical studies, highlighting an important factor
that should be considered in the translation of preclinical findings
to humans. Further research into the neuropharmacokinetics of
psychedelics could bridge this gap between optimal preclinical
and clinical doses.

The second significant finding concerns sex-differences in
response to psychedelics, which were shown in a preclinical
study where male, but not female rats showed increased anxiety
behavior directly after prolonged ayahuasca administration (63).
This could be related to sex-specific changes in neuroplasticity
(76). The female sex hormone estrogen exhibits antidepressant
effects through stimulation of BDNF and synaptic plasticity, in
a manner that is distinct for males and females (77, 78). In that
line, female rats showed greater sensitivity to the antidepressant
effects of ketamine than male rats, and effects were abolished in
rats whose ovaries had been removed and restored when estrogen
and progesterone were supplemented (79). The antidepressive
effects of ketamine and psychedelics are both suggested to result
from changes in neuroplasticity, and these findings indicate a
potential role for gonadal hormones in the sex-specific response
to these substances. Neurobiological research in animal models is
biased toward males (80). These facts highlight the importance
of investigating both sexes in preclinical research to further
elucidate sex differences in psychopathologies and improve
translation to clinical populations.

The third finding concerns the measurement of BDNF in
clinical studies. All clinical studies reported peripheral BDNF
levels, an indirect measure of BDNF levels in the brain. It
would be more precise to examine cerebrospinal fluid (CSF)
BDNF levels as this directly reflects brain activity (81). While the
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FIGURE 4 | Proposed mechanism of action of cellular and molecular effects of serotonergic psychedelics. Schematic and simplified overview of the intracellular

transduction cascades in the PFC induced by 5-HT2AR activation by psychedelics. When activated by psychedelics, the 5-HT2AR can activate multiple signaling

cascades by coupling to G-proteins. These can activate PLC or PLA2 signaling, both leading to modulations in synaptic plasticity. In addition, glutamate and TrkB

activation stimulate AMPAR trafficking. BDNF also activates mTOR through TrkB, resulting in stimulated synaptic plasticity. 5-HT, Serotonin; 5-HT2AR, Serotonergic

2A receptor; Akt, Protein kinase B; AMPAR, α-amino-3-hydroxy-5-methyl-4-isozalopropionic acid receptor; BDNF, Brain-derived neurotropic factor; C/EBP-β, CCAAT

enhancer binding protein; CAMK2, Ca2+/calmodulin-dependent protein kinase; CREB, cyclic AMP-responsive element-binding protein; DAG, Diaglycerol; ERK 1/2,

extracellular regulated kinase 1/2; Iκβ-α, inhibitor of nuclear factor kappa B alpha; IP3, Inositol triphosphate; MAPK, mitogen-activated protein kinase; mTOR,

Mammalian target of rapamycin; NFκβ-α, nuclear factor kappa B protein complex alpha; NMDAR, N-methyl-D-asparate receptor; PI3K, Phosphatidylinositol-4,

5-bisphosphate 3-kinase; PKA, Protein Kinase A; PLA2, Phospholipase A2; PLC, Phospholipase C; TrkB, Tropomyosin receptor kinase B.

collection of CSF is invasive, only a limited number of studies
have investigated BDNF CSF levels; two studies found a positive
correlation between CSF and plasma BDNF levels in first-episode
psychotic and depressed patients (82, 83). Furthermore, while
previously it was not clear whether clinical response was related
with plasma BDNF levels, evidence suggests that there is a
positive relation with clinical improvement being linked with
improved neuroplasticity (33). Nonetheless, further research is
recommended to investigate the effect of psychedelics on CSF
BDNF levels in clinical populations and its relation with BDNF
plasma levels.

The fourth finding of this review concerns the sample size of
some in vivo studies, which was low. A sample size of six animals
per group is considered an adequate sample size in animal
research by many researchers but reduces the statistical power
(84). This is a well-known problem in (neuro)biological research
(85). Researchers are to justify the number of animals used in
their experiments, which should be designed to minimalize the

number of animals used. This could explain the low sample size
in in vivo studies reviewed here, and is essential to consider
because it reduces the statistical power and limiting the reliability
of conclusions.

The observed psychedelics-induced changes in neuroplasticity
are suggested to result from the neurobiological pathways
activated by 5-HT2AR upon activation by psychedelics,
affecting the serotonergic and glutamatergic system (Figure 4).
Psychedelics primarily act on 5-HT2ARs expressed on
glutamatergic pyramidal cells in cortical and deep cortical layers
(V and VI) (86, 87). Via activation of 5-HT2AR, psychedelics
activate intracellular signaling pathways such as PLC, PLA, and
Src (88–90). Activation of Src is suggested to be essential for
psychedelics’ hallucinogenic effects, as its inhibition prevented
hallucinogenic effects of LSD (90). Activation of these pathways’
intracellular signaling leads to Ca2+ and glutamate release that
stimulates synaptic plasticity. Increased glutamate in the cortex
release can further stimulate synaptic plasticity via AMPAR
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on pyramidal neurons in cortical layer V and subsequent
transportation (trafficking) of AMPAR to the postsynaptic cell
membrane (43). This increases AMPAR density, resulting in
more extracellular glutamate and BDNF release in the cortex
(86, 91). The potential of classic psychedelics to alter glutamate in
the human cortex, albeit in a region-dependent manner, has been
demonstrated (92). Indirectly, psychedelics influence plasticity
via the expression of BDNF and other plasticity-related genes
and proteins, including IEGs (91, 93). Cortical bdnf mRNA was
upregulated by LSD and ayahuasca (61, 63). IEGs are implicated
in synaptic plasticity and synaptogenesis and many IEGs encode
for proteins involved in specific signaling cascades (94). For
instance, Arc is localized at dendrites and involved in cytoskeletal
rearrangements (95), Egr2 has coupled activity with the NMDAR
(96), Sgk promotes cell survival (97) and the Neuron-derived
orphan receptor 1 (Nor1; NR4A3) is important for LTP (98).

Alternatively, enhanced neuroplasticity can be attributed to
differences in receptor affinity, given that psychedelics are not
pure 5-HT2AR agonists, which could explain the different effects
on neuroplasticity between psychedelics. DMT exhibits, besides
the 5-HT2AR, also high affinity for the S1R, which is highly
expressed in the hippocampus and is a stimulator of synaptic
plasticity (99–101). Activation of S1R byDMThas been suggested
to stimulate synaptic plasticity in addition to 5-HT2AR-
induced modulation and is likely responsible for ayahuasca’s
antidepressant effects (64, 102). Moreover, LSD was shown
to stimulate S1R indirectly via activation of the neurosteroid
dehydroepiandrosterone (DHEA), which stimulated synaptic
plasticity and neurogenesis (103, 104). In like manner, activation
of S1R by SSRIs enhances BDNF expression (105, 106). These
findings support the hypothesis that the psychedelics’-induced
stimulation of neuroplasticity underlies a mechanism similar
to SSRIs.

The dissociative ketamine is another substance whose
antidepressant effects are suggested to result from enhanced
BDNF and synaptic plasticity (107). As an NMDAR antagonist,
ketamine blocks postsynaptic NMDAR located on glutamatergic
neurons in the cortex. It deactivates the eukaryotic Elongation
Factor-2 (eEF2) kinase, which subsequently alleviates its block on
BDNF translation, resulting in heightened BDNF levels (108). In

addition, ketamine is hypothesized to block NMDAR on GABA
interneurons, releasing the inhibition of glutamate release (109).
This activates AMPAR on glutamatergic cells and subsequently
increases BDNF and glutamate in the cortex (110). Ketamine and
psychedelics activate cortical AMPAR and subsequently stimulate
BDNF and synaptic efficacy (111). This could explain the
(rapid) antidepressant and anxiolytic effect of psychedelics and
ketamine, and provides insight into the biological underpinnings
of these substances and their therapeutic potential.

This systematic review is the first to explain psychedelics’
rapid antidepressant and cognitive effects, by investigating
molecular and cellular changes related to neuroplasticity. The
data reviewed here contributes to a clearer understanding of the
underlying biological mechanisms of serotonergic psychedelics
and emphasizes the need for scientific research in this field,
because psychedelics are not only beneficial in populations
suffering from psychopathologies, but also for those without,
enhancing social and cognitive skills such as empathy and
creativity, but also general well-being (18, 112). Further research
is essential to establish the specific (intra)cellular mechanism
activated by different psychedelics, their long-term effects, and
their relation with altered behavior. The current findings support
research exploring psychedelics’ potential in the treatment
of psychopathologies.
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INTRODUCTION

The publication in April 2021 of the Imperial College London Phase II study investigating
the efficacy of psilocybin-assisted therapy vs. escitalopram for depression reported differences
in the primary outcome measure (the QIDS-SR16) between experimental and control arms as
statistically insignificant (1). However, secondary measures of depression, and other relevant
measures (see Appendix), favored psilocybin to escitalopram. Soon thereafter, a range of expert
commentaries offered interpretations, including that the researchers were unfortunate in their
choice of pre-registered primary outcome, the trial was underpowered perhaps revealing an
overconfidence in designing the study, and the limitations of depression rating measures to capture
the return of positive mood and well-being.

Partially in response to these publications, discussions in research and online communities
have grown around the over-hyping of psychedelic treatments, bringing into focus concerns over
psychedelic therapy trial methodology [for a peer-reviewed critique, see (2)]. This opinion piece
explores these concerns to propose a response to this special issue’s question, “Can Psychedelic
Therapies Open a New Frontier in Mental Healthcare (Or Will the Bubble Burst)?” Drawing on
our experiences of working within psychedelic clinical trials and NHS psychiatry, we offer here a
deflationary answer to this question, suggesting both will occur and outlining some of the facets,
stakes and opportunities entailed.

PART I: THE BURSTING BUBBLE

The enthusiastic reception and excitement over the potential of psychedelics in academic, medical,
public, and even political arenas is buttressed by the growing call for new psychiatric treatments,
concerns over the long-term prescription of antidepressants to growing patient numbers without
a concomitant reduction in psychiatric morbidity, and increasing evidence of withdrawal effects
(3, 4). We define the “psychedelic therapy bubble” as an overestimation of its promise that is not
justified by what is and can be known about its therapeutic potential. Coining the term promissory
science, Davis and Abraham describe how,

“in connection with the manufacturer’s promotion of apparently hopeful clinical trial results in the lead

up to a new drug application for marketing approval...both the hopeful results and the novelty of the

new drug’s hypothesized mechanism of therapeutic efficacy may be elevated to great clinical significance

to an expectant medical profession, patient population and stock market” [(5), p.268] [see also (6, 7)].

Understanding the psychedelic therapy bubble in terms of promissory science highlights the
feedback loops whereby inflated expectations are themselves shaping psychedelic therapy’s
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potential (8). Economically, the bubble sustains sufficient
initial investments to offset the direct and infrastructural costs
of bringing psychedelic therapies to market. Consequently,
commercial imperatives of efficiency, standardization, and
scalability are steering ongoing research. Advocates of
these processes argue that this is either appropriate or at
least necessary, in order to re-invigorate psychiatry’s tired
pharmacopeia (9). Culturally, the success of psychedelic therapy
has been steered by actors seeking redemption for psychedelic-
assisted and related healing practices in the wake of psychedelic
prohibition at the end of the 1960s, and the researchers among
them have brought particular interpretive frameworks for
understanding the nature and value of psychedelic experiences.
This includes the foregrounding of the therapeutic value of the
mystical-type experience, which has begun to be problematized
from various quarters as overly simplistic [e.g., (10)].

The concern with psychedelic therapy being a bubble that may
burst is sometimes reduced to a warning against a repeat of drug
prohibitionist laws and policies [e.g., (11)]. Yet the more colorful
narrative of psychedelic research as a casualty in Nixon’s fight
against the counterculture has in recent years been tempered by
historical investigation into the effects of an impasse between
paradigms for conducting psychedelic therapy research and the
growing imperatives of standardized randomized controlled trial
(RCT) designs (12, 13). Moreover, today’s situation is different
in key ways: firstly, scholars have documented how medical
professionals, regulators, and patient groups have pushed for
“pragmatic” and “adaptive” trial designs in the intervening
decades (14). Secondly, today’s psychedelic clinical researchers
are self-consciously aware of, and keen to prevent, a return to
psychedelic prohibition, carefully proffering a “sober objectivity,”
and emphasizing psychedelics as therapeutic agents as opposed
to subversive agents of social and political change (15). Thirdly,
we suggest psychedelic therapy is well-suited to the growing calls
for psychiatry to be more oriented to the relational (16).

Nevertheless, bubbles burst, and we offer four axes along
which to consider this in relation to psychedelic therapies. Firstly,
critiques of psychedelic therapy trial publications have warned of
common features of the RCTs that are likely to be inflating effect
sizes: participant self-selection, stringent screening procedures,
small sample sizes, and difficulty in maintaining blinding in
research trials (2). Secondly, as the therapies gain legitimacy,
the psychedelic research community is itself changing. Until
recently, this community has comprised researchers who were
willing to accept the professional ramifications of working
in a stigmatized area. While the early advocates of any new
treatment can be expected to be enthusiastic, the interaction
effects of any researcher bias with psychedelics’ sensitivity to the
context of their use would contribute especially large outcome
confounders, leading to limited replication of the early findings.
Thirdly, we should anticipate a growth in adverse outcomes as
the hype grows, the participant/patient pool is widened, and
psychedelic therapies are provided in more streamlined ways.
Increasingly diverse patient populations hopeful of being cured
will experience rocky “landings” post-treatment, the cost of
which will be borne downstream of trial analysis end points,
thereby falsely inflating favorable health economic calculations.

And fourthly, we are yet to understand the nature and extent of
ethical dilemmas that will emerge. For example, with regards to
“false memory syndrome,” the complexity of working with the
veracity of unmediated knowledge has recently been explored
(17), posing a challenge for manualized and protocolized therapy
training programs.

PART II: NEW FRONTIERS

Recognizing that psychedelic therapy is a bubble that will burst
should not be taken to mean that psychedelics do not offer
“new frontiers.” On the contrary, we outline four areas below in
which psychedelic therapy has the potential to transform mental
healthcare, even if it is not approved and mainstreamed to the
extent currently anticipated.

Novel Compounds
Psychedelic research has stimulated interest in a trove of new
psychedelic-inspired compounds (for example, see MagicMed
Industries Inc’s PsybraryTM), with differing pharmacological and
risk profiles. We can expect the effects they produce to range
from therapeutic to toxic and psychoactive to non-psychoactive.
With the proliferation of these compounds, we anticipate a
growing discussion about the necessity of the psychedelic
experience for therapeutic gain [e.g., (18, 19)]. Additionally, the
development of “neutralization technologies” for terminating the
psychedelic experience and drug administration through novel
target-controlled intravenous infusion techniques (20) suggest
to us that therapeutic practices will be developed that combine
both “shutting down” and “opening up” to offer new options
for experiential manipulation, in line with the growing call for
personalized medicine.

Psychedelic Therapy as Driving Interest in

Suggestion
Psychedelic therapy trials are generating data we suggest
could fruitfully be conceptualized through the framework
of the sensitivity of therapeutic altered states to suggestion.
This connects several literatures: a tradition of psychedelic
research that proposes the drugs produce states of heightened
suggestibility against a longer historical interest in hypnosis
(21–24); psychedelics as psychoplastogens, increasing cognitive
and emotional flexibility (25–27)); the field of placebo studies
(28–30); ritual theory (31, 32) and the study of “common factors”
across psychotherapies (33) alongside other process-oriented
research into psychological change. By bringing these literatures
into a fuller encounter, we imagine a range of conceptual
distinctions, methodological considerations, and theories,
animating new directions for psychedelic therapy research.

Considering the above literatures, it would be timely to bring
together psychedelic researchers and experts in these related
areas, to identify trial designs and interpretive frameworks
that support mutually fruitful lines of inquiry. Interdisciplinary
research could reveal the processes by which the psychedelic
experience may be “baking in” a particular message or self-
reorientation that has been primed or reinforced by the other
study components. Without wanting to foreclose what such
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conversations will open up, we are particularly interested in two
avenues of inquiry: firstly, more fully measuring the expectations
held by participants at different stages of the intervention would
reveal more than potential confounds within trials—it could
teach us about the looping effects of the bubble itself, by
indexing how trials are themselves differentially emplaced within
a timeline of the evolving hype around psychedelic therapies.
Secondly, a fuller engagement with placebo studies suggests the
need to consider more fully the role of uncertainty, hesitation,
and doubt in healing through psychedelic therapy (31, 34), and
how these are cultivated through drug-set-setting configurations
that offer the opportunity to “[traffic] in human possibilities
rather than in settled certainties” (35). Reflections on the history
of placebo studies may also caution against reprising politically
and ethically fraught attempts to identify the suggestible “type”
of person (Phoebe Friesen, personal communication). We worry,
however, that such interdisciplinary enquiry is being sidelined in
the rush to approve particular psychedelic therapy packages for
the treatment of particular indications.

The Role of Care
A broad intersecting of psychedelic research and related research
literatures also suggests a deeper valuing of the role of care
structures in psychiatric care writ-large. While the imperative
in placebo-controlled antidepressant trials has been to minimize
the placebo response by limiting patient expectancy and
therapeutic contact (36, 37), this is inverted in the enriched
spaces and care protocols developed for psychedelic therapies
(38). These spaces and protocols challenge the reductionism of
psychopharmacological interventions by drawing attention to
the relational aspects of care, moving from a compartmentalized
focus on symptoms in need of treatment to a more holistic view
of human suffering and the value of meaning-making in health
and wellness. More broadly, the rise of the psychedelic therapy
bubble has contributed to the growing awareness of a wider
ecology of healing practices that center the body, space-making,
and spirituality.

However, the significant opportunities for psychedelic
researchers to refocus psychiatric treatments on enriching
and optimizing relations of care is compromised by industry
pressures, including commercial incentives to foreground
the “drug treatment” model over the crucial (39) but costly
psychotherapeutic work, and a regulatory system designed to
evaluate the administration of drugs as stand-alone treatment
modalities. Emphasizing the relations of care that appear to
us to be key to safe and effective psychedelic therapy will also
require coordination across scales and disciplines. For example,
some psychedelic advocates are beginning to make the economic
case for psychedelic therapies by appealing to the long-term
cost-savings achieved if psychedelic therapies are considered a
curative rather than a palliative care treatment [in relation to
MDMA-assisted psychotherapy, see (40)]. It remains unclear
whether this strategy will persuade healthcare payers.

Regulatory Dynamism
Finally, we suggest that psychedelic therapy research heralds an
opportunity to rethink the regulation of drug research more

broadly, owing to how sensitive psychedelic experiences are to
the context of their use. Some researchers have called for more
detailed measurement of the context of psychedelic therapy in
order to better grasp its therapeutic mechanisms [cf. (38, 41, 42)],
something the growth in survey approaches is endeavoring to
do [e.g., (43)]. We wonder what it might mean to circumscribe
the generalizability of research findings much more narrowly,
acknowledging not simply that there are additional contextual
parameters that need taking into account but that it may not be
possible to determine intervention effects in any general sense,
given the plethora of “experimental contingencies” (2:8) in any
given context.

The need for amore context-sensitive and systematic coupling
of research pre- and post-approval is important. Psychedelic
therapies seek approval based upon safety and efficacy data,
and yet their very approval may affect their efficacy and
safety profiles, as mediated by expectations and understandings
of the substances borne of the evolving bubble that their
hype is generating. Psychedelic therapies also challenge any
easy separation of safety and efficacy, as when, for example,
powerful new meanings and senses of purpose are generated
that are therapeutic, but only with appropriate structures of
support and care. Existing post-approval regulatory landscapes
are poorly equipped to meet the needs of patients for up-
to-date (re-)evaluations of safety and efficacy. Regulators lack
comprehensive and timely data for determining post-approval
safety issues, much less changes in efficacy, and have failed to
enforce the surveillance measures they currently demand of the
pharmaceutical industry (44). The shift in onus of responsibility
to patients and providers to deliver on what is called “post-
marketing surveillance” via reporting systems has largely failed
to deliver, due to under-use and the constraints posed by
imperatives for data anonymization (45).

One logical endpoint of the calls for greater context sensitivity
and the ongoing monitoring of changing safety and efficacy
profiles is in the technically-mediated surveillance of psychedelic
therapy through adjunctive devices and apps, as seen in calls
for the use of ever-more-granular monitoring technologies
in order to adequately power research (46). It remains to
be seen whether such “field approaches” can provide useful
findings. Meanwhile, the normalization of such technologies
raises substantial legal and political concerns, in particular
around the case for reconsidering proprietary rights in relation
to data capture.

DISCUSSION

In this opinion piece we have sought to foster greater critical
discourse around the broader regulatory, cultural and economic
forces shaping psychedelic research. While we have argued for
the need to be attentive to how the psychedelic therapy bubble
is shaping its potential, we end on a note of optimism. In
considering the “bubble” as a public health measure in the
wake of the Covid-19 pandemic, Appleton (47) invites us to
imagine bubbles as affording a protected space in the knowledge
that such a space is temporary. We might then consider
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this moment an opportunity to develop robust methodologies
and alliances across research disciplines and with stakeholder
groups, and to inquire into the most pressing research questions
of psychedelic therapy, before the bubble bursts. For us,
these questions include greater consideration of the role of
community support structures, psychedelic therapy’s long-term
effects, what “safety” and “efficacy” mean amongst different
stakeholder groups, and how best to set up harm reduction
services and infrastructures, all before driving forward the
mass scaling of pre-maturely-rigid formulations of psychedelic
therapy. We recognize that this lies in tension with the
imperative to scale, itself drawing on the language of a growing
“mental health epidemic” and exacerbated by the Covid-19
pandemic. We maintain that by integrating the bubble’s shadow
before it bursts—or at least deflates [cf. (48)]—psychedelic

therapy’s potential to re-invigorate Western psychiatry might be
better realized.
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Within the context of scientific research, patient and public involvement (PPI) is defined

as research performed “with” or “by” patients and members of the public, rather than

“to,” “about”, or “for” them. When carried out systematically and thoughtfully, PPI has

the potential to strengthen the quality and impact of research by fostering accountability,

transparency, and relevance. There exist numerous guidelines, frameworks and tools

for supporting PPI, however, these do not account for the unique challenges faced in

psychedelic research. This paper describes the co-design of guidance intended to help

build, evaluate and improve PPI in psychedelic research. A steering group was formed

to design and run a co-design workshop alongside public collaborators. Insights from

this workshop were analyzed and refined into a comprehensive and readily usable guide

for planning PPI specific to the field of psychedelic research. Core values emerging

from the process focused on the essential importance of trust, learning, purpose and

inclusivity. It is hoped that this guidance will be a starting point for incorporating PPI in

future psychedelic research, so that it can grow and adapt as this burgeoning field of

research progresses.

Keywords: psychedelics, research, patient, public, involvement, PPI, guideline, strategy

INTRODUCTION

Research into “classic” tryptamine psychedelics [e.g., psilocybin, lysergic acid diethylamide (LSD),
and dimethyltryptamine (DMT)] is proliferating at a rapid rate. Database searches reveal more
than a doubling in the number of peer-reviewed publications relating to psychedelics in the last
decade (1). Among this surge is a growing number of clinical and non-clinical trials exploring
the action of psychedelics in human subjects (2, 3). Around the globe, research centers choosing
to focus on psychedelics shape the manner and direction in which we choose to approach this
frontier. Historically, academic research has been carried out with little to no involvement of those
outside the core research team, with patients andmembers of the public seen as a sources of data on
which to build and test hypotheses (4). This is changing, rising ethical standards are placing more
weight on addressing the inherent power imbalance between researchers as “knowledge creators,”
and those who stand to benefit from that knowledge (5).

Within the context of scientific enquiry, patient, and public involvement (PPI) is defined as
research performed “with” or “by” patients and members of the public, rather than “to,” “about”,
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or “for” them (6). Involving patients and public in research is
becoming more commonplace, and has risen from a “desirable”
to “essential” criteria for many research funding bodies, such
as UK Research & Innovation (UKRI), an assembly of six
organizations with a combined budget of over £8 billion (7).
Furthermore, updated legislation now makes it a duty for
healthcare providers to involve patients in the commissioning
and decision making process in several governing organizations
including theUK’s National Institute forHealth Research (NIHR)
(8), the United Nations Children’s Fund (UNICEF) (9), and
several Canadian regional health boards (10). Such a collective
reprioritization signifies a new gold standard for conducting
research, particularly in clinical populations where those with
lived experience offer a pragmatic, real world perspective on
the development of interventions. Neglecting to recognize
the reality of how data will be used downstream can lead
to impractical “blue sky” research which ultimately fails to
get adopted (11).

Besides a moral and ethical imperative for involving patients
and the public in research, a growing evidence base indicates how
PPI can strengthen research by improving priority setting (12),
recruitment and retention (13, 14), diversity among participants
(15, 16), and impact and dissemination of findings (17, 18). Other
purported benefits of PPI can be difficult to capture, leaving them
open to criticism, for example, a public contributor could gain
more agency, or a researcher may improve their ability to explain
concepts in plain language (19, 20).

There is limited evidence of PPI taking place in psychedelic
studies to date. None of the 16 contemporary clinical trials
on classic psychedelics describe PPI activities in their methods
or give acknowledgment to public contributors (21–36). While
this may not entirely rule out public involvement in these
studies, it highlights how reporting is non-essential for the
majority of publishers. Notably, a number of these psychedelic
studies have come under criticism for a lack of diversity among
participants (37, 38), a concern not exclusive to psychedelic
research which continues in spite of efforts such as the NIH
Revitalization Act (39) and the NIHR INCLUDE project (40, 41).
PPI may offer one way to balance inequalities; a study using
the psychoactive drug 3,4-Methylenedioxymethamphetamine
(MDMA) described PPI methods as a means of improving the
relevance of recruitment materials to underrepresented groups
(42, 43). Additionally, psychedelic research organizations such as
The Chacruna Institute embed PPI principles into their mission
statement with the purpose of recognizing the contributions of
the traditional healers who have long used naturally occurring
psychedelic compounds (44). These are only some examples of
the possible benefits of PPI to psychedelic research that remain to
be explored.

In spite the growing internal and external incentives for PPI
in research, delivery remains a challenge. As a supplementary
activity for many, established researchers lack awareness around
benefits and methods of PPI (5, 45). Doctoral students often
cite restraints on resources or time leading to “tokenistic” or
abbreviated attempts at PPI that fail to be recorded in the
literature (17). Barriers to PPI in research may result in issues
such as stagnant participation rates for people of color, or the

overall decline in community engagement over the course of the
COVID-19 pandemic (46).

Various tools have been developed to help support PPI in
research; a 2019 systematic review identified and classified 64
frameworks (47), these were rarely adopted outside the research
groups that developed them, showing how a one-size-fits all
approach to PPI guidance may not work. While a number
of existing frameworks may be used to help inform PPI in
psychedelic research (8, 48–50), none of these account for the
unique position which this field of research finds itself, namely:
a highly complex socio-political landscape; rapidly changing
drug policy; a wealth of knowledge stemming from a long
tradition of psychedelic use pre-dating modern research; an
underrepresentation of women, Black, Asian, and ethnically
diverse populations; the social stigma associated with recreational
use; and the 20-year hiatus in psychedelic research. All of these
factors are not only important considerations for researchers
conducting studies, but also for those taking part, particularly
considering the potential for long-term impact on a participant’s
life (51). In response, the aim of this project was to co-develop
guidance for planning PPI in psychedelic research which: (1) is
sensitive to the unique challenges faced in psychedelic research,
(2) draws on the experience of researchers, those with experience
participating in psychedelic trials, and those with experience in
PPI, (3) is harmonious with UK standards for PPI, and (4) is rated
highly on quality measures for PPI guidance.

The Oxford English Dictionary (OED) defines the word
guidance as “help or advice about how to do something.” In an
attempt to make the guidance generalizable between both clinical
and non-clinical psychedelic trials, we do not aim to provide
study specific suggestions. Instead, we hope that guidance will
be adaptable and broadly applicable to all types of research
conducted in the psychedelic space.

METHODS

A steering group was formed to plan, oversee and review all
activities over the course of the production process. Group
members comprised of four psychedelic researchers including
one clinical academic, a public advisor and a PPI lead. Prior
to starting, co-design objectives and methods were circulated,
appraised and agreed upon in meetings between group members.
Due to existing high quality PPI guidance, it was agreed
that a completely original approach would not be necessary
or appropriate. For this reason, and to ensure our approach
accorded with national standards, we grounded our co-design
process in the UK Standards for Public Involvement (8). This is a
framework intended for use in public involvement research and is
based on six core areas: inclusive opportunities, working together,
support and learning, governance, communications, and impact.

Co-design
For the purpose of this project, co-design was defined as the
deliberate involvement of those outside the central research team
in the development and evaluation of research improvement
initiatives (52). A number of co-design methods have been
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described, most originating from outside academic settings (53–
55). We chose to adapt and supplement an existing method
developed by Greenhalgh et al. (47) as this was specifically
created for designing custom PPI frameworks, and has been
used successfully elsewhere (56, 57). In this method public
collaborators and researchers worked together in an interactive
participatory approach to systematically capture and build
on suggestions.

We identified four distinct collaborator groups as key to
bringing a wide breadth of knowledge and experience to
discussions. These were: (1) former participants from clinical
psychedelic trials; (2) former participants from non-clinical
psychedelic trials; (3) PPI experienced public advisors; and (4)
researchers from within the field of psychedelics. Collaborators
were recruited using a convenience sampling strategy (58),
the opportunity was e-mailed to participants of previous
psychedelics studies at Imperial College Centre for Psychedelic
Research and online via NIHR’s People in Research platform
(https://www.peopleinresearch.org/). Additional collaborators
were found through the Imperial Patient Experience Research
Centre (PERC), a core facility of the Imperial Biomedical
Research Centre. All collaborators were offered compensation
for their time at rates recommended by the NIHR’s Payment
Guidance for Researchers and Professionals (59). When
appropriate, positive action (60) was taken to ensure a diverse
age, gender and ethnicity demographic.

A facilitated workshop was used to identify and explore salient
issues around public involvement in psychedelic research. One
month before the workshop collaborators were sent details about
the workshop structure and were signposted to information
about PPI with the opportunity to ask any questions. Due
to COVID-19, there were government imposed restrictions
on meeting in groups at the time of the study, and so the
workshop was hosted online using a remote platform (Zoom
Video Communications, Inc.) and lasted ∼2 h. An introduction
outlined the aims and structure of the workshop including the
important distinction between our focus on PPI for psychedelic
trials rather than a focus on participant experience on a
psychedelic trial (see Figure 1). Key collaborator groups were
split into four breakout rooms each facilitated by one researcher
from the steering group. Discussions in each room were themed
according to a UKNational Standard for Public Involvement and
were clarified before opening up the discussion. All collaborators
consented to recording of breakout discussions which were
also annotated by scribes present at the time. Records and
personal data from discussions were stored according to GDPR
regulations (61). Notes were retrospectively checked for accuracy
against recordings by the lead author.

Data Analysis
Insights from the workshop were pooled and analyzed using
conceptual mapping, a systematic process for delineating and
identifying latent themes and patterns in large quantities of data
(62). Once completed, results were formatted into a structure
based on the NIHR Values and Principles Framework (49).
Finally, all collaborators were invited to review the draft guidance

FIGURE 1 | A diagram to illustrate the aim of the co-design workshop.

Workshop activities (outer ring) focused on issues related to public

contributors and PPI in psychedelic research (middle ring), rather than

participants enrolled on a psychedelic study (inner circle).

andmake further suggestions which were integrated and finalized
by the steering group.

Ethical Approval
The Imperial Research Governance and Integrity Team (RGIT)
was consulted about all proposed activities prior to starting. As
this study is classified as PPI, those in attendance are considered
as collaborators not sources of data, and therefore no ethical
approval is required.

Reporting and Quality Control
The Guidance for Reporting Involvement of Patients and
the Public (GRIPP) 2 checklist was used to help improve
the design and reporting of PPI in this project (63). All
instances of when and how public collaborators (non-psychedelic
researchers) influenced the guidance were logged and discussed
among steering group members. Quality checks on the
final guidance document were performed using an modified
framework (45) originally developed for the analysis of
PPI strategies (Table 1). This draws on the 4Pi National
Involvement Standards (64) to outline five key domains
(principles, purpose, presence, process, and impact) and provides
supporting questions against which PPI strategies can be
evaluated. We modified questions to support our objectives
which were not to develop strategy as such, but rather guide
the planning of such strategies. Domains are rated as “unmet,”
“partially met,” or “fully met” depending on how many criteria
are met.

RESULTS

Once organized by the steering group, the co-design workshop
was attended by a total of 26 people, a breakdown of the
groups in attendance is shown in Table 2. Workshop and
breakout discussions ran without interruption from technical
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TABLE 1 | Analysis framework based on 4Pi National Involvement Standards.

4Pi domain Definition used for analysis Questions to support analysis

Principles • A set of values that inform

meaningful involvement

1. Are values identified? e.g.,

“equality and diversity impact

assessments inform our

strategy”

2. Is there evidence that values

influence the strategy?

3. Are principles stated?

Purpose • Makes it explicit why people

are involved

1. Specifies need for purpose or

aim?

• Describes why people are

involved

2. Prompts objectives recorded?

• Provides a rationale/goal for

activity

Presence • Describes which

groups/people need to be

involved to shape and achieve

the stated purpose

1. Who is the guideline author?

2. Who has influenced the

guideline?

3. Recognizes specific target

groups/populations?

Process • Describes how involvement

will happen

1. Does the guide facilitate plans

to achieve the purpose or aim?

• Sets out a series of

relevant/appropriate methods

or steps to achieve

aim/objectives

2. Are time bound specific

included?

3. Does the guideline support

reporting mechanisms?

• Indicates opportunity for

reflection/learning/evolution

over time

4. Is accountability addressed?

Impact • Describes the difference

involvement will make

(intended/short-medium-long-

term)

1. Is there evidence of

success/impact criteria?

2. Are there defined mechanisms

to assess impact?

3. Are there defined mechanisms

for measurement and/or

evaluation?

Adapted from Matthews et al. (45).

issues, and were captured on both video recording and
in writing.

Concept mapping of the workshop is shown in Figure 2.
Discussions exposed the main themes relevant to PPI in
psychedelic research, these could be classified by four distinct
but interrelating values and principles described below and
illustrated in Figure 3. Suggestions for how these principles could
be incorporated into the psychedelic research were arranged into
the guidance document by steering group members.

Inclusivity: Proactive and Adaptive

Inclusion
Public collaborators highlighted the need for those working
on research in psychedelics to “reach out” and be proactive
in seeking patient and public contributors. Stigma and
misunderstanding about psychedelic compounds, and in
some cases, mental health, could act as barriers to involvement
in more hesitant groups for whom the only point of reference for
psychedelics might come from their community, laws or popular

TABLE 2 | Breakdown of groups attending a co-design workshop aimed

developing guidance for PPI in psychedelic research.

Collaborator key groups Total

Group facilitators 4

Scribes 5

Experienced PPI 4

Former participants of clinical psychedelic trial 4

Former participants of non-clinical psychedelic studies 5

Researchers linked to psychedelic research 4

PPI, patient and public involvement.

culture. Relying on a single PPI activity advert could therefore
lead to a homogenous group of self-motivated individuals,
lacking a diversity in opinions. Solutions to such problems
included ways to “enable” involvement, for example, by being
flexible and offering a choice of different means to access PPI
opportunities (e.g., in person, by post, or online).

Two of the groups raised the importance of demonstrating
open awareness and deliberate attempts to address inclusion in
all areas of research, from participant recruitment, to engagement
with the media, and other members of the core research
team. If underrepresented groups are not coming forward, it
was suggested that researchers could utilize PPI strategies to
engage with these populations, for example, by going directly
to community groups and grass-roots organizations to ask
how to better connect with relevant groups on the topic
of psychedelics.

Learning: Flexible Opportunities to Learn

Together
Those who had taken part in a psychedelic study all stressed
the significance of their experience and desire to get involved
in the research, but that they lacked opportunity to contribute
further once they had ended their participation in a study.
Several suggestions were raised around how former participants
could contribute, such as through feedback forms or post-
trial forums. It was observed how non-researchers could
bring useful skills into the research team, for example some
collaborators at the workshop drew on professional knowledge
of project management and public relations when giving
advice. Building spaces in which skills might be harnessed,
recognized, and results fed-back would help contributors feel
more valued.

Equally, the group of psychedelic researchers confirmed
how much there was to learn from both former-participants
and experienced public collaborators, especially in a field
which is growing and both participants and researchers are
significantly affected by outcomes. Both public contributors
and researchers recognized the need to develop their own
knowledge and skills before being able to fully contribute.
Educational resources could be made available to cover a more
detailed background of psychedelics or public involvement
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FIGURE 2 | A scaled version of the conceptual map of content from the co-design workshop. Themes are grouped into four distinct but interrelated areas defined by

core values of trust, purpose, inclusivity, and learning.

theory and could also be co-produced with specific populations
in mind.

Purpose: Clear Processes for Focused

Change
Those psychedelic researchers outside the steering group had a
limited understanding around the motives for undertaking PPI,
recognizing that clear objectives would be an important part of
any PPI strategy. A similar point was raised separately among the
group experienced in PPI, who also pointed out the need to revisit
and update objectives when implementing a strategy.

Suggestions for how PPI could influence psychedelic research
changed with context, for example, impact might look very
different in a psychedelic survey study to a clinical trial. There
was an agreement amongst all discussion groups that some PPI
outputs could be useful regardless of study specific context. A
proposal was made that PPI activities adapt to include study
specific populations if indicated. This might allow for more
“change management” principles to feedforward into future
studies and ensure PPI at the earliest stage of research design and
funding applications.

Those from outside of research expressed a need for
transparency around research activities, naming an individual
accountable for PPI changes within the psychedelic research
team was seen as a useful way to ensure any changes were
actioned, and would give a clear point of contact for public
contributors. In some cases, it might not be possible to be
completely transparent, such as in trials where research design
requires blinding conditions.

Trust: Cultivate Open and Equal

Relationships
Non-researcher discussion groups all expressed a need to
be treated as equals by researchers. Feeling left out of the
research process might be easily, if unintentionally, done through
inaccessible language or deficient planning. This could be
addressed by engaging with public collaborators while in the
planning phase and when creating study documentation.

Additionally, there was a call for researchers to be open
about both the positive and negative factors affecting psychedelic
research such as specific political issues, resource limitations,
and conflicts of interest. Honesty and humility were also
seen as important personal qualities for engaging with public
collaborators. Suggestions for how researchers could be more
open include: circulating meeting minutes, incorporating PPI
into all stages of the research cycle and including in funding
decision-making. Ensuring trust is a value which guides all
communications, through thoughtfully moderating the language.

Impact of PPI on Guidance
External collaborators contributed to the development of this
guidance at every point from conception to completion. Most
material used to develop content originating from the workshop
but some was used by the steering group, these additions were
reviewed and approved by collaborators.

Quality Control
When evaluated against the quality framework (Table 1), the
guidance fully met the criteria of principles, purpose and
presence domain. The “process” domain was partially met for
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FIGURE 3 | Values, principles, principles in practice, and suggestions for patient and public involvement in psychedelic research. Every value is relevant to all four

areas of PPI and also bring more specific principles on which to build specific actions.

not explicitly describing accountability lines. As the guidance is
not explicit about mechanisms to assess impact and evidence for
success criteria, the impact domain was also partially met.

DISCUSSION

Guidance for creating a patient and public involvement strategy
in psychedelic research were developed by researchers and
patient and public collaborators. Using co-design methods, we
identified fundamentals to PPI in psychedelic research and built
these into a guidance document to help inform psychedelic
research teams and their collaborators. Four key values: purpose,
inclusivity, learning, and trust emerged as central to PPI in
psychedelic research.

To our knowledge there is no published guidance which
seeks to address PPI in the field of psychedelic research.
At a fundamental level, our document holds a number of
parallels with existing PPI guidance (49, 64) including the
UK National Standards for Public Involvement upon which
our workshop was based (8). This is likely a reflection
of the common premise of PPI, which is grounded in
ideals of equity and democracy. Significantly, the majority of
content is original and distinct from generalized as it places
more emphasis on the fundamental importance of building
trusting relationships with public collaborators in research

specific to psychedelics. Trust has long been placed at the
center of guidance related to psychedelic research (65–69)
in which participants are encouraged to “trust, open, and
let go” (70). In this context, the responsibility lies with the
researcher to be trustworthy, rather than a participant to
be trusting (71). We propose that psychedelic research built
on open and trusting PPI will result in superior outcomes
and experiences for participants. The vocabulary used when
developing participant information, outcome measures and
interventions for psychedelic research might feel alienating or
less socially acceptable to some audiences (72). Seeking the
advice of others can help build empathy and help researchers
to understand the fears and beliefs of potential participants
of psychedelic research. This is particularly important, as
researchers often knowingly or unknowingly act in a guiding
capacity for participants, and can consequently influence
expectancy bias (73).

Our guidelines promote a proactive approach to inclusivity,
by prompting researchers to make an active effort to ensure
opportunities for engagement are given to a diverse audience.
Similarly, “positive action,” a principle relating to employment
practices, aims to improve workforce diversity by guiding how
candidates are fairly recruited and promoted (60). For many,
there is an assumption that with higher ethical standards,
contemporary psychedelic research will not follow the same

Frontiers in Psychiatry | www.frontiersin.org 6 September 2021 | Volume 12 | Article 727496109

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Close et al. Guidelines for PPI in Psychedelic Research

path of discrimination, cultural appropriation (43) and other
abuses of power seen in early psychedelic studies (74, 75).
However, over 80% of participants in clinical trials are White
(38), suggesting that more work has to be done to re-balance
this representation. In addition, when conducted in naturalistic
settings, psychedelic research risks amounting to cultural
appropriation if indigenous communities are not consulted
(43). Our guidance recognizes that making psychedelic research
accessible requires more than an “open door” recruitment
policy. Although unintentional, a passive approach can lead
to a perpetuation of the problem of inequality in a field
less accessible to minority populations (37) whom are already
more inclined to mistrust medical and research institutions
(76). A good example of positive actions are described by
Williams et al. (42) who use culturally informed research design
to help participants from minority backgrounds relate and
engage with research into MDMA assisted therapy. Cultural
competency is an essential attribute for psychedelic researchers
and clinicians (77), we hope the guidance presented here
will prompt researchers to take similar purposeful actions, to
address gender, socioeconomic, educational and age disparities
in psychedelic research (78).

Participating in a psychedelic trial demands great courage,
and is often reported as one the most meaningful experiences
of a lifetime (51). Creating a space in which contributions
can be acknowledged after the completion of participation in
the psychedelic study emerged as a priority in the guidance.
Our guidance recognizes research as an iterative process
(79); for researchers only seeking answers to specific research
questions a great opportunity for mutual learning can be lost in
failing to engage participants beyond the end of a psychedelic
trial. Collaboration with former-participants could feedforward
to strengthen future research, especially when knowledge is
managed and shared across trials with this specific purpose.
Such transparent PPI processes have the potential to counter
threats to the legitimacy and potential of the psychedelic
renaissance (1).

Psychedelic researchers face a great task in conducting high
quality research. Besides the numerous hurdles of procuring
heavily regulated drugs, researchers are expected to balance
participant welfare with a need to complete trials in a timely
and cost-effective manner. As our guidance shows, carrying
out good PPI in psychedelics is not straightforward, and as it
stands PPI is rarely included as part of undergraduate training
for researchers. Subsequently, researchers must seek funding,
experience and skills for PPI under their own volition. Greater
education and resources for PPI would not only be beneficial
to the field of psychedelic research, but medical research
more broadly.

There are a number of limitations to our guidelines
and the methods used to develop them. At the time of
publication, the guidelines were yet to be tested over the
course of a whole research cycle, and may need to be adapting

accordingly (45). Furthermore, this rapidly evolving field of
research makes it difficult to capture the impact of PPI
activities. Future studies in this area could seek to evaluate
the effects of PPI strategies and the guidance upon which they
are based.

CONCLUSION

One of the appeals of psychedelics shared by researchers and
participants alike is the promise of discovery. The quality
of present-day psychedelic research means all stakeholders
are on the same journey into unknown territory. For many,
there is an assumption that with higher ethical standards,
contemporary psychedelic research will not follow the same
path of discrimination and other abuses of power seen
in early psychedelic studies. We hope that the guidelines
presented here will assist in greater incorporation of the
voices of the wider community in psychedelic research,
and that it will continue to develop alongside this exciting
field of research. PPI when carried out systematically and
thoughtfully, offers a means of creating more valuable
psychedelic research through directly addressing the complex
power dynamic between research team and the public
at large.
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Psychedelics have inspired new hope for treating brain disorders, as they seem to

be unlike any treatments currently available. Not only do they produce sustained

therapeutic effects following a single administration, they also appear to have broad

therapeutic potential, demonstrating efficacy for treating depression, post-traumatic

stress disorder (PTSD), anxiety disorders, substance abuse disorder, and alcohol use

disorder, among others. Psychedelics belong to a more general class of compounds

known as psychoplastogens, which robustly promote structural and functional neural

plasticity in key circuits relevant to brain health. Here we discuss the importance of

structural plasticity in the treatment of neuropsychiatric diseases, as well as the evidence

demonstrating that psychedelics are among the most effective chemical modulators

of neural plasticity studied to date. Furthermore, we provide a theoretical framework

with the potential to explain why psychedelic compounds produce long-lasting

therapeutic effects across a wide range of brain disorders. Despite their promise

as broadly efficacious neurotherapeutics, there are several issues associated with

psychedelic-based medicines that drastically limit their clinical scalability. We discuss

these challenges and how they might be overcome through the development of

non-hallucinogenic psychoplastogens. The clinical use of psychedelics and other

psychoplastogenic compounds marks a paradigm shift in neuropsychiatry toward

therapeutic approaches relying on the selective modulation of neural circuits with

small molecule drugs. Psychoplastogen research brings us one step closer to actually

curing mental illness by rectifying the underlying pathophysiology of disorders like

depression, moving beyond simply treating disease symptoms. However, determining

how to most effectively deploy psychoplastogenic medicines at scale will be an important

consideration as the field moves forward.

Keywords: psychoplastogen, ketamine, psilocybin, depression, neuroplasticity, prefrontal cortex, psychedelic,

hallucinogenic
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INTRODUCTION

Theories regarding the etiology of depression and related
neuropsychiatric diseases have evolved considerably in recent
years. One of the oldest and most widely known theories posits
that chemical imbalances in the brain are largely responsible
for the development of neuropsychiatric diseases. Support
for this theory originated with the observation in the 1950’s
that administration of the natural product reserpine induces
depression (1). Reserpine depletes monoamine levels through
inhibition of vesicular monoamine transporters (2), leading to
subsequent degradation by monoamine oxidase (MAO) (3).
Support for the chemical imbalance hypothesis (also known as
the monoamine hypothesis) was further bolstered by findings
that MAO inhibitors, tricyclics, and selective-serotonin reuptake
inhibitors (SSRIs)—compounds that elevate synaptic levels of
monoamines—all seemed to alleviate depressive symptoms (4).
However, several pieces of evidence have emerged suggesting
that the chemical imbalance hypothesis of depression is a
drastic oversimplification.

Reduction of monoamines through acute tryptophan or
phenylalanine/tyrosine depletion does not induce depression
in healthy subjects (5), which questions the causal role of
“chemical imbalances” in depression. However, the primary
issue with the monoamine hypothesis of depression lies in the
temporal discrepancy between the acute effects of traditional
antidepressants and their delayed therapeutic responses.
Tricyclics, MAO inhibitors, and SSRIs all increase synaptic levels
of monoamines in the brain within minutes, while it takes weeks
before the antidepressant effects become apparent (Figure 1)
(4, 9). In a patient population at heightened risk for suicide, the
need for rapid-acting antidepressants is self-evident.

While traditional antidepressants acutely increase synaptic
levels of monoamines, their chronic administration leads to
changes in structural neuroplasticity that are contemporaneous
with their clinical therapeutic effects (10–12). In fact,
evidence suggests that chronic administration of traditional
antidepressants can re-wire the brain, with chronic fluoxetine
promoting ocular dominance plasticity in the visual cortex of
adult rats (13). Such induced plasticity (iPlasticity) (14) has been
hypothesized to play a major role in the actions of essentially
all antidepressant treatments including slow-acting traditional
antidepressants (15), transcranial magnetic stimulation (16),
electroconvulsive therapy (15, 17), exercise (18), and acute sleep
deprivation (19). Moreover, people (particularly males) with
the brain-derived neurotrophic factor (BDNF) Val66Met single
nucleotide polymorphism—a condition that reduces activity-
dependent BDNF release (20)—are more likely to experience
chronic depression (21, 22). These results lend substantial
support to the neuroplasticity hypothesis of depression
(sometimes referred to as the neurotrophin hypothesis) (11, 23–
36). This hypothesis provides a strong conceptual framework
for understanding mental illnesses as disorders of neural circuits
induced by a combination of genetic and environmental factors
(Figure 2). The corollary being that compounds capable of
rectifying these circuit pathologies can potentially serve as a
powerful, disease-modifying therapeutics.

Psychedelics—molecules with “mind-manifesting”
properties—include pharmacologically diverse compounds
such as dissociatives (e.g., ketamine), classic hallucinogens (e.g.,
LSD, psilocybin, DMT), and entactogens (e.g., MDMA). Several
psychedelics have emerged as some of the most promising
treatments for re-wiring pathological neural circuitry. Given
their unusually robust abilities to produce rapid and long-
lasting changes in neuronal structure and function following a
single administration, these compounds have been classified as
psychoplastogens—a term we coined to describe this new class of
therapeutic compounds (37). Unlike traditional antidepressants,
psychoplastogens produce both fast-acting and sustained
beneficial behavioral effects after a single administration
(Figure 1) (38–42). Here, we present evidence that directly
targeting cortical circuits with psychoplastogens has the potential
to produce enduring therapeutic responses in depression and
co-morbid diseases. First-generation psychoplastogens are all
hallucinogenic—they cause people to perceive things that are not
real—which has important implications for how these medicines
must be administered and how many patients could ultimately
benefit from these treatment approaches. In this regard, non-
hallucinogenic psychoplastogens offer significant advantages,
with the potential to reach much larger patient populations and
even replace traditional antidepressants as first-line treatments.

Harnessing Structural Plasticity to Treat

Mental Illness
Depression and related neuropsychiatric diseases are often
viewed as stress-related disorders given the fact that they
can be precipitated or exacerbated by chronic stress (43). In
animals, chronic stress results in the prolonged release of
glucocorticoids and leads to hypertrophy of the amygdala and
nucleus accumbens, atrophy of the hippocampus and prefrontal
cortex (PFC), and functional impairment of the PFC (44–55).
Given the importance of the PFC in cognition and mediating
top-down control over subcortical brain regions (56–66), these
changes in neural circuitry are believed to underlie the deficits
in learning/memory, mood, motivation, and reward seeking that
are characteristic of depression and related disorders (10, 67–74).

Postmortem studies have demonstrated that patients with
depression and related mental illnesses have lower BDNF and/or
TRKB mRNA levels (75–77), reduced cortical neuron size (75,
78, 79), lower synaptic protein levels (80), decreased mTOR
signaling (81), and fewer dendritic spines/synapses (82, 83) in
the PFC. Clinical imaging studies have confirmed the results
of these studies, demonstrating robust structural and functional
deficits in the PFC across a range of disorders including
depression, bipolar disorder, anxiety, obsessive compulsive
disorder (OCD), schizophrenia, PTSD, alcohol abuse disorder,
and substance abuse disorder (84–103).More recently, the advent
of [11C]UCB-J (104) and [18F]UCB-J (105) has opened up new
opportunities for using positron emission tomography (PET)
imaging to measure the density of the synaptic protein SV2A
in vivo. Using these new tools, depression severity was found
to inversely correlate with SV2A density, and this neuronal
atrophy was associated with aberrant network function as
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FIGURE 1 | The antidepressant effects of psychoplastogens (e.g., ketamine and psilocybin) are more rapid and sustained than those of traditional antidepressants

(e.g., fluoxetine). Data adapted from three clinical trials evaluating the effects of fluoxetine (6), ketamine (7), and psilocybin (8) for treating depression. Dashed lines

represent the efficacy of either 1 or 8 weeks of fluoxetine treatment.

FIGURE 2 | Genetic and environmental factors lead to the cortical atrophy

observed in depression, which includes retraction of dendritic branches and

loss of dendritic spines. These structural changes are reversed by

psychoplastogens (12).

measured by magnetic resonance imaging (MRI) functional
connectivity (106). Similar results were observed in patients with
schizophrenia (107). Thus, substantial evidence points to the
PFC as the convergence point underlying the pathophysiology of
many neuropsychiatric diseases.

In imaging studies of traditional antidepressant treatment
response, increased cortical thickness and cerebral blood flow
in the PFC correlate with efficacy (108–112). Next-generation,
psychoplastogenic antidepressants also modulate PFC function
with both ketamine and psychedelics increasing PFC activation
as measured by 18F-FDG PET imaging (113–116). In fact,
antidepressant outcomes following ketamine treatment correlate
well with PFC activation (117, 118). There is some evidence in

humans that psychoplastogens can impact brain structure as well.
Chronic use of the psychedelic tisane ayahuasca is associated with
thickening of the anterior cingulate cortex (119), and ketamine
treatment has been shown to rescue atrophy of the inferior frontal
gyrus observed in MDD and PTSD patients (120).

Structural plasticity studies in preclinical animal models
support the findings in humans suggesting that cortical
neuron structure/function plays a key role in depression and
related neuropsychiatric disorders. Cortical neuron atrophy
and dysfunction is observed in rodents following chronic
corticosterone administration (121), chronic unpredictable mild
stress (122, 123), chronic restraint stress (48, 49, 124, 125), and
chronic social defeat stress (126–128). These structural changes
are accompanied by depressive phenotypes related to motivation
(129), anxiety (122), and anhedonia (122, 129). Moreover,
antidepressants appear to rectify these structural changes by
promoting structural plasticity in the PFC.

Nature uses BDNF to induce structural plasticity in many

neuronal populations, and direct administration of BDNF
into the rodent brain has been shown to alleviate several

depressive phenotypes, curb addiction, and enhance fear

extinction (130–133). Conversely, disruption of BDNF signaling
in the brain can block the behavioral effects of antidepressants.

BDNF heterozygous mice are resistant to the effects of
traditional antidepressants (134) and the psychoplastogen
ketamine does not produce antidepressant-like effects in
BDNF inducible knockout animals (135). The BDNF Val66Met
single-nucleotide polymorphism causes major structural
atrophy and functional deficits in the PFC and blocks the
synaptogenic effects of ketamine (136, 137). Both rodents
and humans with BDNF Val66Met polymorphisms exhibit
impaired fear extinction learning and reduced mPFC activity
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during extinction (138), phenotypes that are common in
stress-related disorders.

All antidepressant treatments impact BDNF/TrkB signaling
in some way. Chronic, but not acute, administration of several
traditional antidepressants has been shown to significantly
increase mRNA levels of BDNF and/or TrkB as well as increase
levels of cAMP response element binding protein (CREB), a
transcription factor that regulates the expression of several
proteins important for plasticity including BDNF (17, 139).
Other studies have found that antidepressants from a variety of
chemical families (e.g., SSRIs, SNRIs, tricyclics, etc.) all increase
activation of TrkB and its downstream effector CREB (140).
Moreover, the effects of the traditional antidepressant fluoxetine
on synaptic plasticity and fear extinction have been shown to be
dependent on BDNF (141, 142). Recent evidence suggests that
several antidepressants, including traditional antidepressants,
may directly interact with the TrkB receptor to facilitate
TrkB signaling (143, 144). Taken together, the importance of
BDNF/TrkB signaling in the therapeutic effects of traditional
antidepressants is clear, even if these agents must be administered
chronically to achieve robust regulation of this pathway.

Psychoplastogens are also known to impact BDNF/TrkB
signaling, but in contrast to traditional antidepressants, they
do so rapidly after a single administration. Ketamine increases
BDNF protein translation (135, 145) and its antidepressant effects
are absent when administered to inducible BDNF knockout
mice (135) or homozygous mice harboring the BDNF Val66Met
mutation (136). Ketamine and psychedelics modulate cortical
neuron function by increasing dendritic spine and synapse
density in the PFC (129, 146–149); however, ketamine’s effects on
structural plasticity appear to last for approximately a week (150)
while psilocybin’s effects seem to be more durable lasting for at
least a month (151, 152). Though the primary molecular targets
of ketamine and serotonergic psychedelics are distinct, their
downstream pharmacology overlaps, requiring AMPA receptor,
TrkB, and mTOR activation to elicit changes in neuronal
structure and function (135–137, 148, 153, 154). Moreover, their
effects seem to be Cmax driven, as very short stimulation periods
(15 min−1 h) are sufficient to induce sustained changes in
cortical neuron structure (153). Psilocybin has also been shown to
increase the density of SV2A in vivo as measured by PET imaging
(155). Importantly, Liston et al. recently used a photoactivatable
Rac1 to demonstrate that ketamine-induced spine growth in the
PFC was causally related to long-lasting antidepressant effects
of the drug in rodents (129). In humans, the subjective effects
of ketamine wane after a few hours, but the antidepressant
response continues to increase over several days (156). This time
course is consistent with what we know about how ketamine
and other psychoplastogens alter neuronal structure over time.
An exceedingly short stimulation period (<1 h) is sufficient for
psychoplastogens to activate cortical neuron growth mechanisms
that can last for several days (153).

Several volatile anesthetics, such as isoflurane, nitrous
oxide, propofol, and xenon, may produce rapid antidepressant
effects (157–165). Xenon is not a small molecule, and by
definition, is not a psychoplastogen. Other volatile anesthetics
might be considered psychoplastogens if additional studies in

FIGURE 3 | Opto- and chemogenetic experiments have revealed a number of

circuits originating in the PFC that are relevant to the treatment of

neuropsychiatric disorders. Arrows indicated excitatory projections.

larger patient populations confirm that they produce sustained
therapeutic effects after a single administration. The data
for isoflurane are encouraging as isoflurane produces rapid
antidepressant effects after a single administration in both
preclinical and in a subset of patients suffering from treatment-
resistant depression (157–160). Moreover, these effects appear
to be mediated via TrkB signaling and subsequent increases
in dendritic spine density in the PFC and hippocampus (164,
165). Thus, preliminary evidence suggests that isoflurane may be
considered a psychoplastogen.

Possible Explanations for the Broad

Therapeutic Potential of Psychoplastogens
While the beneficial effects of psychoplastogens can last for
months following a single administration (40, 166, 167), and
these medicines have demonstrated efficacy across a range of
neuropsychiatric disorders including depression, PTSD, and
addiction (156, 168–172), they are not panaceas. Their broad
therapeutic utility likely arises from their ability to impact the
structure/function of layer V pyramidal neurons in the PFC.
As the PFC is a key hub impacted in most neuropsychiatric
disorders, it is not surprising that psychoplastogens have proven
useful for a variety of indications. Indeed, with the advent of
opto- and chemogenetics, systems neurobiology has developed
a much deeper understanding of what circuits control behavior.
The PFC is known to exert top-down control over a variety of
subcortical regions, and recent research has identified a number
of circuits originating in the PFC that control behaviors relevant
to the treatment of depression, anxiety, and addiction (Figure 3)
(56, 173).

In mice subjected to social defeat stress, optogenetic
stimulation of the ventral medial PFC increased social interaction
and reduced anhedonia as measured via the sucrose preference
test (174). Deisseroth et al. later found that optogenetic
stimulation of medial PFC neurons projecting to the dorsal
raphe nucleus (DRN) decreased immobility in the forced swim
test (175). The forced swim test is a preclinical assay for
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antidepressant potential with high predictive validity (176, 177),
and activation of this PFC→ DRN circuit likely mediates the
robust effects of psychoplastogens on forced swim test behavior.
While the National Institutes of Mental Health (NIMH) has
stressed that the FST is not a model of depression, it is a powerful
behavioral readout for activation of the PFC→ DRN circuit. The
DRN is a serotonergic nucleus that has been implicated in major
depressive disorder (178), and recent evidence suggests that acute
activation of serotoninergic neurons in the DRN increase active
coping to inescapable stress (179). Dzirasa et al. demonstrated
that optical stimulation of layer V pyramidal neurons in the
PFC expressing channelrhodopsin-2 was sufficient to produce
an antidepressant-like response in the forced swim test and
suppress anxiety-like behavior in the elevated plus maze for over
10 days after the last optical stimulation session (180). This type
of long-lasting anxiolytic effect is reminiscent of sustained effects
observed following a single administration of a psychoplastogen.
Finally, Duman et al. found that optogenetic stimulation of the
infralimbic cortex produces rapid and sustained antidepressant-
like effects comparable to ketamine in the forced swim, novelty-
suppressed feeding, and sucrose preference tests (181). Moreover,
microinfusion of ketamine into the infralimbic cortex produces
comparable antidepressant-effects as systemic administration
of ketamine and inactivation of the infralimbic cortex with
muscimol was sufficient to block the antidepressant-like effects
of systemic ketamine (181).

In addition to relieving symptoms associated with depression,
psychoplastogens have also demonstrated efficacy for treating
PTSD—a disorder that can involve dysfunction of the amygdala
(AMY). The medial PFC and amygdala are well-connected, and
bi-directional communication between these structures is likely
involved in modulating responses to emotional stimuli (182). In
fact, optogenetic stimulation of ventral medial PFC projections to
the basomedial amygdala decreases fear responses and facilitates
fear extinction learning (183). Chemogenetic inhibition of PFC
neurons projecting to the amygdala is sufficient to impair fear
extinction learning (184). As PTSD has often been described
as a disorder of impaired fear extinction (73, 185–187), the
therapeutic effects of psychoplastogens might result from their
ability to strengthen PFC→ AMY circuits mediating top-down
control of fear responses.

Like fear extinction, drug-cue extinction is believed to involve
neurons in the PFC (59). This is perhaps unsurprising given
the large body of neuroimaging data suggesting that PFC
hypofunction is a hallmark of addiction (68). Chemogenetic
activation of ventral medial PFC neurons projecting to the
nucleus accumbens (NAc) shell was able to reduce cue-induced
reinstatement of drug-seeking behavior (188). Moreover, chronic
cocaine self-administration has been shown to decrease the
intrinsic excitability of pyramidal neurons in the PFC (189).
Optogenetic stimulation of these neurons prevented compulsive
drug-seeking while silencing these neurons promoted drug-
seeking behavior despite being paired with aversive foot shocks
(189). Similarly, pharmacological activation and inactivation of
neurons in the infralimbic cortex suppressed and enhanced
reinstatement of drug-seeking behavior, respectively (190).
Optogenetic experiments have also revealed that ventral medial

PFC projections to the NAc shell are involved in suppressing
ethanol self-administration in the presence of aversive stimuli
(191). A PFC→ NAc circuit appears to be involved in compulsive
food-seeking behavior as well, given that chemogenetic inhibition
of this circuit led to compulsive food seeking even in the
presence of aversive foot shocks (192).While PFC→ NAc circuits
have been well-established in controlling drug-seeking behavior,
more recently, Tye et al. demonstrated that a PFC projection
to the dorsal periaqueductal gray (dPAG) may also play an
important role in addiction (193). Specifically, they showed
that optogenetic activation of a PFC→ dPAG circuit prevented
compulsive alcohol consumption.

Psychoplastogens produce robust, fast-acting, and long-
lasting effects on structural plasticity in the PFC. This may
explain why they have demonstrated efficacy in many preclinical
rodent behavioral tests involving PFC circuitry including the
forced swim test and fear extinction learning (151, 194–197).
However, achieving circuit-level selectivity is a key challenge
in the design of optimized psychoplastogens with minimal
to no side effects. The issue with non-selective activation
of BDNF/TrkB signaling is apparent from chronic stress
studies demonstrating that enhanced BDNF/TrkB signaling
in the amygdala leads to maladaptive plasticity resulting in
overactivation of this brain region and exacerbated anxiety and
fear responses (47, 198–200). Furthermore, compounds that
promote plasticity in the mesolimbic pathway could have pro-
depressive and/or addictive properties (201, 202).

Psychoplastogens that target the 5-HT2A receptor have
advantages over NMDA receptor antagonists like ketamine, as 5-
HT2A receptors exhibit a relatively selective expression profile.
With the exception of the claustrum, the highest density of 5-
HT2A receptors is in layer V pyramidal neurons of the PFC,
which are precisely the neurons that are most impacted in stress-
related neuropsychiatric diseases. In rodents, this expression
pattern has been confirmed using immunohistochemistry (203–
206), light and electronmicroscope immunocytochemistry (203),
in situ hybridization (207, 208), receptor autoradiography (209),
and transgenic mice expressing EGFP under control of the 5-
HT2A receptor promoter (210). A similar pattern of 5-HT2A
receptor expression has been shown in human post-mortem
tissue using both autoradiography (211) and in situ hybridization
(212). Additionally, PET imaging has revealed a high density
of 5-HT2 receptors in the frontal and temporal cortices of the
human brain (213). The high genetic localization of 5-HT2A
receptors to excitatory neurons in layer V of the PFC is perhaps
why animals do not typically self-administer classic serotonergic
psychedelics (214, 215) and most psychedelics are not considered
to be addictive (216, 217).

Can the Intoxicating Effects of

Psychedelics Be Removed to Create More

Scalable Therapeutics?
At high doses, psychedelics reliably induce both hallucinations
and mystical-type experiences. Currently, it is unclear if the
mystical-type experiences they induce are necessary for their
therapeutic effects in humans (218, 219). Moreover, it is unclear
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if the intoxicating effects of psychedelics can be decoupled from
their therapeutic properties. This critical question has profound
implications for healthcare, as hallucinogenic treatments will
inevitably be more limited in scope given safety and cost
considerations. Many patients describe psychedelic-induced
“peak” or “mystical” experiences as being among the most
meaningful events of their lives, and the intensity of these
events correlates with therapeutic responses (40, 220–226).
While these events could provide patients with valuable insight
relevant to their disease symptoms, it is important to remember
that correlation does not imply causation, and mystical-type
experiences could simply be an epiphenomenon associated with
5-HT2A receptor activation (227, 228). Activation of 5-HT2A
receptors also promotes structural and functional neuroplasticity
(148), which could be the primary driver of the sustained
behavioral effects following a single administration of ketamine
or serotonergic psychedelics.

Given that 5-HT2A receptor activation is associated with both
psychoplastogenic effects (148) and mystical-type experiences
(227, 228), it is challenging to determine exactly how much
each contributes to the therapeutic properties of psychedelics.
However, a number of key pieces of evidence suggest that
intoxicating subjective effects are not necessary to achieve some
level of therapeutic efficacy. In patients treated with ketamine,
floating sensations did not correlate with PFC activation as
measured by 18F-PET, demonstrating that it is possible to activate
cortical circuits to produce antidepressant responses without
inducing dissociative effects (117). In fact, several studies have
demonstrated that intraoperative ketamine administration can
improve postoperative mood even though the patients were
unconscious at the time of administration (229–231). This
strongly suggests that the dissociative experience itself is not
necessary for ketamine to produce antidepressant effects.

Additionally, there is preclinical evidence suggesting that
R-ketamine is a potent psychoplastogen that induces longer-
lasting antidepressant-like effects than the S-enantiomer (i.e.,
Spravato R©) despite having a lower affinity for the NMDA
receptor and producing fewer dissociative effects (232, 233).
Similarly, a metabolite of R-ketamine lacking dissociative
properties has also demonstrated robust antidepressant-like
effects in rodents (234). Future clinical trials using these non-
hallucinogenic agents will prove informative when assessing the
role of subjective effects in ketamine treatment response.

While R-ketamine is still in the early stages of clinical
development, 3,4-methylenedioxymethamphetamine (MDMA)
has demonstrated robust results in a recently disclosed Phase III
trial (235). As an atypical psychedelic of the entactogen family
(236), MDMA produces robust effects on cortical neuron growth
(148), and facilitates fear extinction learning (197) through a 5-
HT2-dependent mechanism (237) without inducing psilocybin-
or ketamine-like perceptual effects or dissociation. In fact, only
about 20% of recreational MDMA users report experiencing any
visual hallucinations, and these are relatively mild compared to
those induced by psilocybin and LSD (236, 238, 239). While
MDMA does induce a “blissful state,” likely due to its effects on
monoamine efflux, it does not produce mystical-type experiences
as measured using a variety of scales related to altered states of

consciousness (240, 241). This is in stark contrast to drugs like
ketamine and psilocybin.

As an entactogen, MDMA is pharmacologically distinct
from classic serotonergic psychedelics like psilocybin and
LSD. However, there is clinical evidence suggesting that
non-hallucinogenic analogs of classic psychedelics can also
produce therapeutic effects. Lisuride, a non-hallucinogenic
structural analog of LSD, has been shown to have an
antidepressant properties in the clinic (242). Moreover, lisuride
has demonstrated some efficacy in preclinical models as well
(243). Lisuride has a polypharmacology profile that includes
activation of D2 and 5-HT1A receptors in addition to 5-HT2
receptors, and thus, it is currently unclear what receptor(s)
mediate its antidepressant effects.

In addition to the clinical evidence supporting the efficacy
of non-hallucinogenic psychoplastogens, mounting preclinical
data suggest that the beneficial effects of psychoplastogens can
be dissociated from their hallucinogenic effects. In 2019, we
demonstrated that low doses of DMT produce beneficial effects
in rodent behavioral paradigms relevant to treating depression
and PTSD comparable to high doses (194, 195). The low
dose was predicted to be subhallucinogenic in humans based
on allometric scaling while the high dose was predicted to
be hallucinogenic. However, the data on human psychedelic
microdosing are equivocal, and therapeutic benefit of low doses
of psychedelics remains to be demonstrated in a well-controlled
clinical study (244–249). Moreover, administration of low doses
of hallucinogenic compounds is not an ideal therapeutic strategy,
as these compounds still possess the potential for abuse.
Fortunately, through careful chemical design, we were able to
engineer several non-hallucinogenic analogs of psychedelics with
beneficial properties (250–252). These compounds do not induce
a head-twitch response—a behavioral proxy for hallucinations
in mice that correlates exceptionally well with hallucinogenic
potency in humans (253, 254).

Our two most advanced compounds—AAZ and TBG—
have demonstrated robust plasticity-promoting properties
and produce sustained (>1 week) antidepressant-like effects
following a single administration in both environmental (chronic
unpredictable stress) and genetic (VMAT2 heterozygous mice)
models of depression as measured via behavioral tests relevant
to motivation, anhedonia, anxiety, and cognitive flexibility
(250, 251, 255). TBG has also been shown to have anti-addictive
properties in models of alcohol and opioid use disorders (250).
Moreover, a single dose of TBG was able to completely rescue
circuit-level dysfunction induced by chronic stress, which
included deficits in dendritic spine density, calcium dynamics,
and interneuron function (255). The psychoplastogenic effects
of TBG and AAZ may involve activation of 5-HT2 receptors
(250, 251, 256), though detailed mechanistic studies have not yet
been reported.

One of the most important questions to address is the
durability of psychoplastogen effects. In both humans and
rodents, the antidepressant responses of ketamine appear to
last for about 1 week. This correlates well with the effects of
the drug on dendritic spine density (129, 150). In contrast, the
mood-elevating properties of psilocybin seem to last significantly
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longer (40–42, 151), as do its effects on neuronal structure
(152). Currently, it is unclear exactly how long the effects
of non-hallucinogenic psychoplastogens will last following a
single administration, and head-to-head comparisons with
ketamine and psilocybin are warranted to help establish optimal
dosing frequency.

Patient Populations Best Suited for

Hallucinogenic and Non-hallucinogenic

Approaches
Given that∼20% of American adults suffer from a mental illness
in a given year (256), the economic burden of these disorders is
estimated to be in the hundreds of billions of dollars annually
(257, 258). Moreover, the current standard of care treatments
suffer from slow onset (e.g., 7 week average response time with
citalopram) (259), low efficacy (only 27% of depressed patients
achieved remission after 12 weeks of citalopram treatment as
measured by HAM-D) (259), and often intolerable side-effects
(260), it is clear that we need to expand psychiatry’s arsenal
to include a variety of new approaches. Both hallucinogenic
and non-hallucinogenic psychoplastogens have important roles
to play in the fight against mental illness, but it is critical to
identify which patient populations are best served by these types
of treatment. First, many patients may not want to participate in
psychedelic-assisted therapy (261) given that hallucinogens can
induce acute anxiety and may lead to challenging experiences
(40). For those who are open to psychedelic-assisted therapy,
significant barriers to treatment still exist.

Currently, there are over 300 clinical trials registered on
clinicaltrials.gov1 to study the effects of psychedelics in humans
with the majority of recent studies focusing on the effects of
psilocybin and MDMA (262, 263). However, only a fraction
of patients who volunteer for psychedelic-assisted therapy are
permitted to participate. Exclusion criteria for these trials
typically include cardiovascular and mental health risks that
could potentially be exacerbated by psychedelics. For example,
psychedelic-assisted therapy is generally contraindicated for
people with a family history of psychotic disorders or
complex psychiatric comorbidities to avoid the possibility of
triggering a first episode of psychosis or precipitating suicidal
behaviors (264).

In two recent psilocybin clinical trials, ∼95% of all volunteers
were eliminated on the basis of exclusion criteria (Figure 4) (8,
42). For comparison, ∼25% of participants were excluded from
two recent major depressive disorder (MDD) trials of the non-
hallucinogenic compound vortioxetine (Figure 4) (265, 266). If
these strict exclusion criteria are deemed necessary by the FDA
and payers, they will drastically limit the number of patients
who could potentially benefit from this treatment paradigm,
especially when you consider the high genetic heritability and co-
morbidity of neuropsychiatric disorders (Figure 5) (272–278).
Between 33 and 66% of patients suffering from MDD have a

1Clinical trials. https://clinicaltrials.gov/ [Accessed June 12, 2021]. (2021).

Keyword: psychedelic including synonyms hallucinogen and hallucinogenic drugs.

We identified 316 studies. Re-querying the database in August 2021 we identified

324 studies of which 151 studies are completed.

FIGURE 4 | Percentage of patients excluded from recent large MDD trials of

the hallucinogenic drug psilocybin and the non-hallucinogenic drug

vortioxetine. A comprehensive analysis of all psychedelic trials is beyond the

scope of this review. For additional information on the broad range of smaller

trials with psychedelics, please see (262, 263).

psychiatric comorbidity that could potentially exclude them from
psychedelic-assisted therapy (267–271, 279, 280).

Identifying factors that can predict how patients will respond
to psychedelic-assisted therapy will be important for maximizing
efficacy and reducing adverse events. For example, patients who
exhibit apprehension, preoccupation, or baseline attachment
avoidance appear to be more likely to have challenging
experiences following administration of a psychedelic drug (281,
282). Using these metrics to pre-screen patients should improve
the safety and efficacy of psychedelic-assisted therapy; however,
stratification of patients in this manner will inevitably reduce the
addressable patient population, again, emphasizing the need for
a non-hallucinogenic first-line treatment against depression and
related disorders.

Presumably, treatment with non-hallucinogenic
psychoplastogens would not be limited by comorbidities or
other factors that might exclude someone from participating
in psychedelic-assisted therapy. For these reasons, and others
described below, it seems reasonable for non-hallucinogenic
psychoplastogens to potentically be used as first-line treatments,
assuming that they demonstrate greater efficacy in humans
than the standard of care (i.e., traditional antidepressants).
Psychedelic-assisted therapy could be reserved for patients who
have not responded to any other medicine. Indeed, some patients
may benefit from the mystical-type experiences occasioned by
psychedelics as many people rate these experiences as among
the most meaningful in their lives. Such a positive experience
could have a variety of effects on patients including, but not
limited to, improving the relationship between therapist and
patient, helping patients to gain insight about their condition,
or producing a powerful placebo effect. It is challenging to
design truly double-blind placebo-controlled clinical trials with
psychedelics given their profound subjective effects. Despite
efforts to employ “active placebos” (e.g., niacin or a low-dose of
a psychedelic) (40, 220), many patients and clinicians can still
correctly distinguish between a high dose of a psychedelic drug
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FIGURE 5 | Percentage of MDD with various comorbidities. Data for bipolar disorder, psychosis, substance use disorder, personality disorders, and suicidality were

obtained from references (267–271), respectively.

and an active placebo. Thus, the exact role of placebo effects
in the overall efficacy of psychedelic-assisted therapy has not
been firmly established. Even so, an enhanced placebo effect can
potentially be leveraged to treat severely depressed patients who
have not been helped by other means (283–285).

Healthcare System Issues With the

Psychedelic-Assisted Psychotherapy

Model
In addition to comorbidities and genetic predispositions, the
basic mechanics of healthcare systems are likely to be major
factors limiting the number of patients whowill ultimately be able
to receive hallucinogen-based therapeutics. Given their profound
effects on perception, these drugs necessitate administration
in a clinical setting where the patient can be observed by
medical professionals. In 2019, Johnson & Johnson’s Spravator

(esketamine nasal spray) became the first hallucinogenic
psychoplastogen treatment approved by the FDA for refractory
depression (286), and in 2020 the indication was expanded to
include adult major depressive disorder (287). Spravator has to
be administered in a clinic under supervision due to the known
risks of serious adverse outcomes resulting from disassociation
and sedation as well as the potential for abuse. After intake and
medical screening, the patient is enrolled in the Spravator REMS
(Risk Evaluation and Mitigation Strategy) program. Spravator

is self-administered intranasally in the presence of a healthcare
professional, and the patient is monitored for the next 2 h.
Patients receive two treatments a week for the 1st month, and
once a week or once every 2 weeks after that. For racemic
ketamine administered intravenously, clinics follow the NIMH
trial protocol of six infusions administered over a two-to-3-week
period in an outpatient clinic or medical facility. Boosters are
given every 3–5 weeks after that. Intravenous infusion takes
about 40min, and guidance is provided not to drive, operate
any dangerous machinery, or make any important decisions
until the day after a ketamine treatment. The requirement for

administration in a clinical setting drastically increases the cost
of both racemic ketamine and Spravator.

Though psychedelics are expected to be administered less
frequently than ketamine given their robust effects, they too
must be administered under the care of a healthcare professional.
Current research-based psychedelic-assisted therapy has three
phases: preparation, treatment, and integration. Given that
psychedelics have the potential to cause dangerous behaviors
due to potential negative psychological reactions such as anxiety,
fear, panic, or psychosis, a team of two professional therapists is
required to be in attendance to supervise, but minimally interact
with the patients throughout the course of the drug’s action (288).
Moreover, it is recommended that multiple healthcare workers be
involved in all three stages to ensure that professional boundaries
are maintained (289). The preparation session establishes the
alliance between the therapist and the participant. Treatment
sessions, which typically last 6–8 h for psilocybin-assisted therapy
(288) allow the participants to have a peak experience within
a set and setting thought to be most conducive to optimizing
the therapeutic effect. The integration session is meant to help
the participant process, rationalize, and gain insight from the
hallucinogenic experience. Although psychedelic therapies have
demonstrated outstanding benefits in several clinical trials (290),
the cost-effectiveness and overall accessibility of such therapies
raises major concerns.

The costs associated with treating mental illness with
hallucinogenic psychoplastogens is extremely high compared
to the standard of care (Figure 6). For example, the initial
month of ketamine therapy costs from $4,720 to $6,785, and
subsequent monthly therapy can range from $2,360 to $3,540
(291). Additional costs associated with patients taking time
off work to receive treatment and to travel to appropriately
staffed/equipped clinics must also be considered.

Many people assume that psilocybin-assisted therapy will be
cheaper than ketamine treatment as the antidepressant effects
following a single administration of psilocybin appear to be
more enduring than those of ketamine (292). However, the
overall cost of psilocybin treatment is estimated to be close to,
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FIGURE 6 | Estimated quarterly (3 months) costs (L = low, M = medium, H =

high) for daily administration of non-hallucinogenic take-home traditional

antidepressants (blue) and intermittent dosing of clinically administered,

dissociative psychoplastogen (ketamine) treatments (red). Note: generic

ketamine costs include drug, administration (IV), and required monitoring,

while Prozac®, Zoloft®, Celexa®, and Spravato® costs are for the drug only.

Retail costs for SSRIs reflect the low and high branded price published on

goodrx.com2 with the medium price being calculated as an average of the

two. To estimate the total cost, we used medium doses for each drug

(Prozac® 20mg, Zoloft® 50mg, and Celexa® 20mg,) and assumed daily

dosing for 90 days. Ketamine infusion cost was sourced from

ketamineclinicsdirectory.com/ketamine-infusion-cost/.3 This site estimates the

low and high cost of a complete set of 4–6 generic ketamine infusions to be

$1,600–$4,800, respectively. The medium cost was calculated as an average

of the two ($3,200). Our estimate for the 3-month cost of generic ketamine

assumes that no additional doses are needed beyond the initial 4–6 doses.

Retail Spravato® costs were estimated based on the price of a 56mg dose

($900) published on goodrx.com3 and dosing was based on the package

insert (Revised 7/2020). The label indicates Spravato® should be dosed twice

a week during the induction phase (weeks 1–4; $900 × 2 × 4 = $7,200),

once a week during the maintenance phase (weeks 5–8; $900 × 1 × 4 =

$3,600), and once a week thereafter (weeks 9–12; $900 × 1 × 4 = $3,600).

The estimated low cost of Spravato® includes the induction phase only. The

estimated medium cost of Spravato® includes the induction phase and the

maintenance phase. The estimated high cost of Spravato® includes the

induction phase, maintenance phase, and 4 weeks of additional treatment.

Note: the cost of administration and monitoring for Spravato are not publicly

available, and thus not included, but these costs are anticipated to be

significant.

if not higher than, the cost of Spravator treatment due to the
increased session participation of therapists. The low-throughput
nature and associated high costs of the psychedelic-assisted
therapy model have been acknowledged by the community and
have resulted in new studies being launched by non-profit and
corporate sponsors to streamline the process and reduce costs
through group and virtual therapy sessions (293). However, it is
currently unclear if such approaches will be as safe and efficacious
as the current model.

The cost associated with rolling out the psychedelic-
assisted therapy model poses a great hurdle to its effective
implementation in the current mental health ecosystem. In 2019,
the Institute for Clinical and Economic Review (ICER) issued
a recommendation that deemed Spravator to deliver a “low
value for money” according to their value-assessment framework
(294). Furthermore, the UK price watchdog agency, the National

2Data were obtained from goodrx.com [accessed June 2021].
3Data for racemic ketamine were obtained from https://ketamineclinicsdirectory.

com/ [accessed June 2021].

Institute for Health and Care Excellence (NICE), refused to
endorse Spravator therapy for inclusion as a reimbursable
drug on the UK’s National Health System (NHS) (295).
Although NICE acknowledged the drug’s efficacy for relieving
the symptoms of depression, the agency also commented that
the “introduction of esketamine into clinical practice in the NHS
will be complex because the structure and delivery of services
would need to be changed. Estimates of the costs of providing the
clinical service for esketamine were highly uncertain.” As these
price watchdog agencies become progressively more influential
in the decision-making process of payers, their recommendations
will likely lead to payers raising their medical criteria for
coverage, potentially jeopardizing patient access to psychedelic-
assisted therapy for financial reasons. We are already seeing
racemic ketamine being administered off-label for a variety
of neuropsychiatric disorders without reimbursement from
insurance companies (296). This leads to an inequity issue, where
only wealthy individuals who can afford the out-of-pocket costs
have access to this type of treatment.

In addition to the financial burdens to the patients,
understaffing of qualified psychotherapy practitioners is likely
to be one of the biggest issues for nationwide implementation
of psychedelic-assisted therapy. The FDA requires all U.S.
therapists to have at least a master’s degree, and current
best practices require a minimum of two therapists to be
present during psychedelic sessions (288). Moreover, all the
therapists who participate in the psilocybin and MDMA clinical
development programs are required to hold a professional
license and demonstrate clinical experience in psychotherapy or
mental health counseling (288). Although institutes such as the
California Institute of Integral Study (CIIS), Multidisciplinary
Association for Psychedelic Studies (MAPS), and corporate
programs from companies like COMPASS Pathways offer short-
term training programs for psychedelic-assisted counseling, there
is a huge demand and supply gap for competent therapists
considering that the estimated prevalence of treatment-resistant
depression (TRD) in the U.S. is around 2.8 million people (258).
Moreover, given that set and setting are well-known to influence
the subjective effects of psychedelics (288, 297), clinical centers
with appropriate facilities will need to be established.

Democratizing Access to

Psychoplastogenic Medicines
The limitations associated with hallucinogenic medicines could
prevent many patients from benefiting from the growing body
of psychedelic-inspired research related to pathological circuit
remodeling. By eliminating the need to treat patients in the
clinic, non-hallucinogenic psychoplastogens—which would
presumably be available from retail pharmacies much like
traditional antidepressants—would reduce the complexity of
treatment administration and have the potential to greatly
expand access of patients to psychoplastogenic medicines.
These molecules produce the same types of long-lasting
structural and functional changes in the brains of preclinical
animals that follow administration of ketamine or serotonergic
psychedelics. Assuming that they are efficacious in humans,
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FIGURE 7 | Comparison of traditional antidepressant treatments with

hallucinogenic and non-hallucinogenic psychoplastogen treatments.

*Currently, no clinical trials have been conducted with non-hallucinogenic

psychoplastogens, and thus, their fast-acting and long-lasting effects refer to

preclinical testing only. **The scalability and cost-effectiveness of

non-hallucinogenic psychoplastogens are based on the assumption that they

will produce clinical efficacy greater than the standard of care (i.e., traditional

antidepressants).

non-hallucinogenic psychoplastogens would not bear the
same administrative costs and limitations as first-generation
hallucinogenic psychoplastogens. When comparing the known
or predicted yearly healthcare costs associated with ketamine,
psilocybin, SSRIs, and non-hallucinogenic psychoplastogen
treatments, it is clear that the non-hallucinogenic approaches
will be more cost-effective (Figure 6).

Non-hallucinogenic psychoplastogens could potentially meet
the demands of patients who fail to respond to monoaminergic
agents, or even replace them as more effective first-line
treatments with fewer side-effects. In preclinical animal models,
like in humans, traditional monoaminergic antidepressants
require chronic administration to achieve robust efficacy
(298). Such chronic dosing paradigms inevitably lead to a
host of undesirable side-effects that include weight gain,
sexual dysfunction, and gastrointestinal problems (299), with
many patients refusing to take traditional antidepressants due
to their side-effects (260). In contrast, non-hallucinogenic
psychoplastogens, like their hallucinogenic counterparts,
produce sustained therapeutic behavioral responses in preclinical
animal models after a single administration (250, 251). Thus,
the need for chronic dosing in humans will likely be obviated
resulting in fewer undesired side-effects. However, a major
challenge for the field will be to determine exactly what
frequency of dosing will be most effective. Fortunately, new
imaging tools have the potential to identify biomarkers of
psychoplastogen efficacy. These include relatively new positron
emission tomography (PET) tracers (104, 105) that can non-
invasively measure the effects of psychoplastogens on synaptic
vesicle density in vivo (155).

It is quite possible that insight gained from mystical-
type experiences coupled with changes in neurocircuitry is
responsible for the large effect size and durability of psychedelic-
assisted therapy. However, if even a fraction of the efficacy
or durability could be achieved using compounds that do not
induce mystical-type experiences or hallucinations, a much

larger patient population could benefit. While mystical-type
experiences will undoubtedly be beneficial for some patients, they
may not be necessary for all patients. Thus, if non-hallucinogenic
psychoplastogens can demonstrate efficacy in the clinic as robust
as their effects in preclinical models, their advantages over both
traditional monoaminergic antidepressants and hallucinogenic
psychoplastogens should position them as first-line treatment
options (Figure 7).

CONCLUSION

The ability to selectively modulate neural circuits using
small molecule psychoplastogens opens up new horizons in
neuropsychiatry focused on healing pathological neural circuitry
rather than masking disease symptoms. This type of circuit-
based approach represents a fundamental shift in how we might
treat a number of neuropsychiatric diseases and has important
implications for the future of CNS drug discovery. Given the
history of neuropsychiatry and the intractable nature of brain
disorders, we need to take advantage of every available tool in
our therapeutic arsenal including both hallucinogenic and non-
hallucinogenic psychoplastogens. Ketamine and psilocybin have
demonstrated that it is possible to produce long-lasting beneficial
changes in neural circuitry using small molecule drugs, and they
have forged a path for future, optimized psychoplastogens to
take their place. If we ever hope to heal the nearly 20% of
the population suffering from a mental illness, we must find
innovative ways to reduce healthcare costs and broaden patient
access to psychoplastogenic medicines. Non-hallucinogenic
psychoplastogens have the potential to be truly scalable solutions
to many of the problems facing neuropsychiatry.
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Psychiatry has a well-established tradition of comparing drug-induced experiences

to psychotic symptoms, based on shared phenomena such as altered perceptions.

The present review focuses on experiences induced by classic psychedelics, which

are substances capable of eliciting powerful psychoactive effects, characterized by

distortions/alterations of several neurocognitive processes (e.g., hallucinations). Herein

we refer to such experiences as psychedelic states. Psychosis is a clinical syndrome

defined by impaired reality testing, also characterized by impaired neurocognitive

processes (e.g., hallucinations and delusions). In this review we refer to acute phases

of psychotic disorders as psychotic states. Neuropharmacological investigations have

begun to characterize the neurobiological mechanisms underpinning the shared and

distinct neurophysiological changes observed in psychedelic and psychotic states.

Mounting evidence indicates changes in thalamic filtering, along with disturbances in

cortico-striato-pallido-thalamo-cortical (CSPTC)-circuitry, in both altered states. Notably,

alterations in thalamocortical functional connectivity were reported by functional magnetic

resonance imaging (fMRI) studies. Thalamocortical dysconnectivity and its clinical

relevance are well-characterized in psychotic states, particularly in schizophrenia

research. Specifically, studies report hyperconnectivity between the thalamus and

sensorimotor cortices and hypoconnectivity between the thalamus and prefrontal

cortices, associated with patients’ psychotic symptoms and cognitive disturbances,

respectively. Intriguingly, studies also report hyperconnectivity between the thalamus

and sensorimotor cortices in psychedelic states, correlating with altered visual and

auditory perceptions. Taken together, the two altered states appear to share clinically and

functionally relevant dysconnectivity patterns. In this review we discuss recent findings

of thalamocortical dysconnectivity, its putative extension to CSPTC circuitry, along with

its clinical implications and future directions.

Keywords: resting-state FC-fMRI, cortico-thalamic connectivity, psychotic states, psychedelic states,

serotonergic psychedelics
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INTRODUCTION

The idea of investigating drug-induced effects that mimic
symptoms of psychiatric disorders (i.e., psychosis) was spurred
by the discovery of lysergic acid diethylamide (LSD) in 1943,
which led to the first substance-induced model of psychosis (1),
and later catalyzed the serotonin hypothesis of schizophrenia
(2) [for further details see (3, 4)]. Although this hypothesis
lacks supporting evidence, more recent models have suggested
that drug-induced effects may shed light on the mental state
of emerging psychosis and that the idea of using drug-induced
effects as a model for psychosis might be still worth exploring
(2, 5, 6). With the recent revival of psychedelic research, newly
generated theories and supporting data may clarify whether the
converging phenomena seen in both drug-induced states and
endogenous psychosis share neurophysiological mechanisms.

Classic psychedelics or serotonergic hallucinogens (e.g.,
psilocybin, dimethyltryptamine (DMT), and LSD) are substances
that can induce powerful psychoactive effects, by acting as
agonists or partial agonists on serotonin 2A (5-HT2A) receptors
(7–9). These psychoactive effects constitute so-called altered
states of consciousness (ASC), which reflect temporary changes
in an individual’s mental state, and are characterized by
distortions or alterations in several neurocognitive processes
(e.g., perception, thoughts, mood) (10, 11). A variety of
experiences can be elicited in this manner, which are influenced
by several factors such as dose, environment, but also individual
factors (12). We refer to psychedelic-induced ASC in this review
as psychedelic states. Similarly, psychosis is a clinical syndrome
including several symptoms such as alterations in perception
(e.g., hallucinations), abnormal thinking (e.g., delusions), and
bizarre behaviors (13), which are characterized by impaired
reality testing, reflecting the ability to differentiate the external
environment from one’s internal world (14). While psychosis
can be drug-induced (13), we refer to psychotic states as
acute phases of so-called psychotic disorders (unless otherwise
specified). In a sense, psychotic states can be understood
as ASC (10, 15). Although psychotic states have mainly
been associated with alterations in dopamine function, recent
research indicates that other neurotransmitter systems may also
be involved. For instance, substantial evidence demonstrates
that alterations in glutamatergic transmission are relevant for
schizophrenia—ranging from postmortem findings to in vivo
imaging—and, importantly, that antagonists (e.g., ketamine)
to specific glutamate receptors [i.e., N-methyl-D-aspartate
(NMDA)] induce psychotic symptoms (16).

Psychedelic and psychotic states are accompanied by a
plethora of phenomena, some of which are shared by both while
other phenomena are distinct [(4, 17); for details see below].
For instance, a core characteristic of both altered states are
perceptual disturbances, mainly hallucinations, however, other
perceptual alterations (e.g., of time and space) and experiences
with a higher power (e.g., mystical experiences) can also
occur (4). Nevertheless, the perceptual disturbances are mainly
characterized by distinct features in psychedelic and psychotic
states, i.e.,—they are predominantly visual in psychedelic states
and auditory in psychotic states (2). Furthermore, reality

testing is not impaired in psychedelic states, meaning that
subjects are (usually) aware that the experienced phenomena
are drug-induced (4, 17); in contrast, patients suffering from
psychosis are not able to trace the phenomena—which is
considered real—to their medical condition (i.e., reality testing
is impaired) (14). It remains to be determined, whether
psychedelic and psychotic states reflect distinct or overlapping
neural mechanisms. Following the “thalamic filter” model
(18), a potential candidate for a shared neural mechanism
in psychotic and psychedelic states is a disrupted thalamic
filter function. In more detail, this model posits that the
thalamic filtering of sensory information to the cortex is
modulated by several sources (i.e., cortico-striatal pathways),
which are, in turn, modulated by distinct neurotransmitter
systems (e.g., dopaminergic, serotonergic). Aberrant modulation
may lead to filtering deficits, resulting in an overload of
exteroceptive and interoceptive stimuli, thereby bringing about
psychedelic or psychotic phenomena (e.g., hallucinations). For a
schematic of this model see Figure 1. This model has received
recent support from functional magnetic resonance imaging
(fMRI) studies pertaining both to psychotic and psychedelic
states (22, 27–30). Indeed, recent efforts made to corroborate
neuroimaging findings regarding altered perceptions concerning
psychotic disorders and psychedelic substances, have highlighted
altered thalamocortical connectivity—measured via resting-
state fMRI (rsfMRI) functional connectivity—as a common
finding (17). This review aims to discuss these recent findings
of thalamocortical dysconnectivity, the putative extension of
thalamocortical dysconnectivity to CSPTC circuitry, and clinical
implications along with future directions.

THE THALAMOCORTICAL SYSTEM

The thalamocortical system refers to reciprocally connected
pathways between the cortex and thalamus (31). These pathways
are organized topographically, meaning that specific thalamic
nuclei project to specific cortical areas and vice versa and that
these connections are preferentially related to certain functions
(32). Based on the main input (i.e., driver) thalamic nuclei
can be classified into two categories, namely first-order and
higher-order nuclei (33, 34). First-order nuclei (e.g., medial
and lateral geniculate nuclei, ventral lateral nuclei) receive
excitatory input from peripheral or subcortical structures and
relay this information primarily to layer IV cortical neurons
of primary sensory and motor areas. In turn, these cortical
regions project back from neurons located in layer VI to the
thalamic nuclei they received input from, thereby providing
reciprocal feedback. In contrast, higher-order nuclei (e.g.,
pulvinar, mediodorsal nucleus) receive driving input from layer
V cortical neurons and relay this information to other cortical
areas, again primarily to layer IV. Based on this cortico-
thalamo-cortical pattern of projections, higher-order nuclei have
an important function in cortico-cortical communication (33).
Additionally, all thalamic nuclei receive modulatory projections
from cortical layer VI. This pathway has a 2-fold mode
of action: sending excitatory projections to relay cells and
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FIGURE 1 | The “thalamic filter” model in psychotic and psychedelic states. A simplified schematic of the “thalamic filter” model is depicted along with the associated

thalamocortical dysconnectivity in psychotic and psychedelic states. (A) Depicts thalamic filtering under physiological conditions, in which thalamic activity is

modulated by several sources (e.g., cortico-striatal), which are in turn modulated by distinct neurotransmitter systems. Glutamatergic (red arrows), GABAergic (black

arrows), dopaminergic (green arrows), and serotonergic projections (yellow arrows) are shown. Cortico-striatal projections are depicted by a unidirectional red arrow

from the cerebral cortex to the striatum, whereas the reciprocal projections between the thalamus and the cerebral cortex are depicted by a bidirectional red arrow.

Finally, incoming (glutamatergic) sensory input to the thalamus is depicted by a red unidirectional arrow. (B) Depicts a proposed model of altered thalamic filtering in

psychotic states, induced via aberrant dopamine function, based on the model provided by Carlsson et al. (19). The left side shows the impaired thalamic filter

function, which is induced by excess dopamine (shown as DA) and increased dopaminergic signaling (depicted by the thick green arrow), which leads to an increased

inhibition of the pallidum via the striatum (depicted by the thick black arrow) and reduced thalamic inhibition via the pallidum (depicted by the thin black arrow). The

enhanced thalamic disinhibition (i.e., “opening” of the thalamic filter) results in sensory flooding (depicted by the thick bidirectional red arrow between the thalamus and

the cerebral cortex), presumably bringing about (psychotic) symptoms [for similar models see (20, 21)]. On the right side, separated by the dashed line both in the

cerebral cortex and thalamus, rsfMRI findings of thalamocortical dysconnectivity in psychotic disorders are summarized [e.g., (22, 23)]. Thalamocortical

hyperconnectivity (depicted by the thick bidirectional gray arrow) between the ventrolateral thalamus (VL) and sensorimotor cortices (SMC) and hypoconnectivity

(depicted by the thin bidirectional gray arrow) between mediodorsal thalamus (MD) and prefrontal cortices (PFC), are shown. (C) Depicts a proposed model of altered

thalamic filtering in psychedelic states, slightly modified from (9, 18). The left side shows the impaired thalamic filter function induced by psychedelic stimulation of

5-HT2A receptors, which leads to increased extracellular glutamate levels in the prefrontal cortex and inhibitory activity of interneurons in the basal ganglia, thereby

increasing the excitatory effect of pyramidal neurons both on the basal ganglia (depicted by the thick unidirectional red arrow between the cerebral cortex and the

striatum) and the thalamus (depicted by the thick bidirectional red arrow between the cerebral cortex and the thalamus) (24, 25). Recent evidence also indicates that

psychedelics (i.e., LSD) modulate activity in the reticular thalamus leading to the disinhibition of other thalamic nuclei (i.e., mediodorsal nucleus—not shown) (26). In

parallel, the increased striatal activity leads to a similar chain of events as seen in psychotic states (i.e., also resulting in enhanced thalamic disinhibition) (18). On the

right side, separated by the dashed line both in the cerebral cortex and thalamus, rsfMRI findings of thalamocortical dysconnectivity in psychedelic states are

summarized [e.g., (27, 28)]. The driving thalamic regions involved in these phenomena have not yet been identified (depicted by the black square containing “?”), nor is

it clear whether thalamocortical hypoconnectivity (thin gray bidirectional arrow with “?”) is present.

inhibiting them via the reticular nucleus, a thin GABAergic
sheet surrounding the thalamus (31, 35). In this framework, the
thalamus modulates, or gates, both bottom-up sensory- and top-
down cortical-information. These thalamocortical interactions,
and the information processing they support, are carried out
by glutamatergic neurotransmission, which is in turn modulated
(e.g., changes in synaptic strength) by other neurotransmitter
systems (e.g., dopaminergic) (36).

Notably, by employing MRI techniques, several aspects
of the human thalamocortical system have been investigated

in vivo. Thalamocortical structural connectivity has been
investigated via diffusion tensor imaging (DTI) tractography
(37–39), and, of particular interest, functional aspects of the
thalamocortical system have been investigated via functional
connectivity with rsfMRI, in both patients and healthy subjects
(40, 41). Functional connectivity reflects the coherence of
infra-slow fluctuations of ongoing brain activity, measured
by correlating rsfMRI signal time-courses (42). Abnormal
patterns of connectivity (e.g., decreased or increased) are
referred to as dysconnectivity and should not be confused with
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disconnectivity, which reflects rather a decrease in function
(e.g., cognitive) (43).

THALAMOCORTICAL CONNECTIVITY IN

PSYCHOTIC STATES

Overwhelming evidence indicates that the thalamus is altered
in psychotic disorders, particularly in schizophrenia, including
lower cell count in some thalamic nuclei (i.e., pulvinar) (44, 45),
volume reduction (46), altered activity during cognitive tasks
(47, 48), and reduced structural thalamocortical connectivity
(49). However, one of the most consistent large-scale in
vivo brain imaging findings in psychotic states is altered
thalamocortical functional connectivity, measured via rsfMRI.
Altered thalamocortical connectivity has been consistently
reported in patients with psychotic disorders (50, 51), including
in individuals at clinical high risk for psychosis (52, 53), first-
episode psychosis (23), and patients with established bipolar
disorder (30, 54) and schizophrenia (22, 29, 55). Specifically,
thalamocortical connectivity is characterized by two distinct
patterns in patients with psychosis: (i) compared to healthy
controls, patients show increased functional connectivity (i.e.,
hyperconnectivity) between the thalamus and sensorimotor
regions, including motor, temporal, and occipital areas,
and, conversely, (ii) decreased functional connectivity (i.e.,
hypoconnectivity) between the thalamus and prefrontal and
cerebellar regions (22, 23, 29, 30, 52). Remarkably, despite
the different approaches used to investigate thalamocortical
connectivity and distinct clinical populations, findings
consistently indicate that sensorimotor areas are preferentially
hyperconnected with ventral lateral/posterior nuclei, whereas
prefrontal areas show hypoconnectivity primarily with
mediodorsal/ anterior nuclei (22, 29, 45). Intriguingly, findings
indicate that these altered thalamocortical connectivity patterns
are in line with the topographical organization of thalamocortical
projections [for details on topography see (32)]. In support of
such topographical organization, prefrontal hypoconnectivity
with the higher-order mediodorsal nucleus, which is involved
in specific cognitive domains (e.g., memory, executive function)
(56), was associated with cognitive disturbances in patients
(22, 23). Similarly, evidence indicates that sensorimotor areas
are hyperconnected with first-order ventral lateral nuclei
(22, 23), which are involved in sensorimotor processing (57).
Moreover, this hyperconnectivity pattern has been reported
to correlate with psychotic symptoms (22). Although not
restricted to the ventral lateral nuclei, several findings indicate
a link between thalamocortical hyperconnectivity and psychotic
symptoms (52, 58) or transition to psychosis (53). In support, a
recent meta-analysis on altered thalamocortical connectivity in
psychosis reported a significant, albeit non-specific, relationship
between hyperconnectivity and psychotic symptoms across
several studies (51). This non-specificity might be related to
the rather integrative nature of CSPTC circuitry (see below),
corresponding to recently identified integration zones (i.e., areas
that combine information from several cortices), as well as
individual variations in connectivity patterns (59, 60).

Beyond altered thalamocortical connectivity, altered cortico-
striatal and cortico-pallidal connectivity have also been reported
in psychotic states (61–64). These findings indicate that
thalamocortical connectivity might be embedded in larger,
topographically organized feedback circuits between the cortex
and both the thalamus and basal ganglia (65). In fact, research
suggests that thalamocortical hyper- and hypoconnectivity with
intrinsic brain networks extend topographically to the basal
ganglia (22). These findings lend support to an older theoretical
model that suggested a link between psychotic disorders and
CSPTC circuitry alterations (66). Particularly, this model posited
that in psychotic disorders, dopaminergic hyperactivity in
the striatum would lead, via pallidal projections, to altered
cortico-thalamic activity. In line with the model’s prediction,
a study combining rsfMRI with fluorodopa positron emission
tomography (PET) demonstrated that thalamic hypo- and
hyperconnectivity with prefrontal and sensorimotor areas are
associated with dopamine synthesis capacity and storage in
patients with schizophrenia, respectively (55). This suggests that
altered dopaminergic transmission modulates CSPTC circuitry,
including thalamocortical dysconnectivity, in psychotic states.
Specifically, changes in dopaminergic transmission have been
shown to modify connectivity strength [see Cole et al. (67)].

In summary, in psychotic states thalamocortical connectivity
is altered, extends to the basal ganglia and appears to
be modulated by altered dopaminergic transmission, while
also being associated preferentially with distinct symptom
dimensions (i.e., hyperconnectivity with psychotic symptoms/
hypoconnectivity with cognitive disturbances).

THALAMOCORTICAL CONNECTIVITY IN

PSYCHEDELIC STATES

Although findings of altered thalamocortical connectivity
in psychedelic states are somewhat less well-established,
considerable evidence indicates thalamic involvement. Animal
studies have shown that the thalamus, mainly its higher-order
nuclei, is modulated by serotonergic afferents from the dorsal
andmedial raphe and is, therefore, a relevant site for serotonergic
transmission (68–70). Furthermore, psychedelic states might
be induced via modulatory effects of 5-HT2A receptors located
presynaptically on thalamocortical afferents to the prefrontal
cortex (9, 24). In humans, following the administration of
psychedelics, PET and single-photon emission computed
tomography (SPECT) studies have, on the one hand, reported
alterations in thalamic glucose metabolism (71, 72), while, on
the other hand, reported decreased cerebral blood flow in the
thalamus (73–75). Indirect evidence also implicates the thalamus
in psychedelic states, as sensorimotor gating is altered, and this
can be achieved by disrupting CSPTC circuitry (18, 76–78).

More recent evidence of thalamic involvement in psychedelic
states comes from rsfMRI-based neuropharmacological
investigations, which typically employ a crossover design.
Specifically, participants are scanned on several occasions, in
drug-induced states vs. placebo, which are then contrasted to one
another (see below). Such studies mainly rely on the investigation
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of functional connectivity, and despite methodological
differences across studies, a pattern of psychedelic-induced
altered thalamocortical connectivity has emerged (27, 28, 79–82).
In the following, we will focus on studies that investigated
thalamocortical connectivity with seed-based correlation
analyses, using the thalamus as the seed (see Table 1 for details).

Carhart-Harris et al. (79) investigated thalamic connectivity
with the default-mode network (DMN) and a task-positive
network (TPN, i.e., regions negatively correlated with a
seed of the ventral medial-prefrontal cortex) after psilocybin
administration. Specifically, the authors computed seed-based
analyses, in which the time-course of the bilateral thalamus
was correlated with the time-course of the DMN and TPN,
respectively. They found no changes in connectivity between
the thalamus and DMN after psilocybin administration, but did
observe an increase in connectivity between the thalamus and the
TPN—which included areas of the posterior parietal cortex and
sensorimotor regions.

In the study by Tagliazucchi et al. (80), thalamocortical
connectivity was investigated via seed-based analysis after LSD
administration. The time series of the bilateral thalamus was
correlated with the time series of 401 regions-of-interest (ROIs),
covering cortical and subcortical gray matter. The authors
found increased connectivity between the thalamus and primary
sensory cortices, including sensorimotor, auditory, and visual
cortices. Remarkably, by reanalyzing a previous dataset in which
psilocybin was administered instead of LSD [the same subjects as
in (79) described above], the authors reported the same pattern
of thalamocortical hyperconnectivity with primary sensorimotor
areas, which suggests that thalamic hyperconnectivity does not
reflect the effect of a specific substance, but rather a broader
psychedelic-induced phenomenon.

With a somewhat different approach, Muller et al.
(27) investigated thalamocortical connectivity after LSD
administration with several methods: ROI-to-ROI, ROI-to-voxel,
and global correlation analysis. In the ROI-to-ROI analysis, they
investigated thalamocortical connectivity by correlating the
time-course of the left and right thalamus with the time-courses
of 130 ROIs, covering the whole brain. They found very similar
connectivity profiles for the left and right thalamus, and that,
compared to placebo, thalamocortical connectivity was increased
with the majority of the ROIs, akin to the study by Tagliazucchi
et al. (80). This analysis was then followed by the ROI-to-voxel
analysis, in which they combined the left and right thalamus
and correlated the time-course of this bilateral mask with
every other voxel in the brain. Consistent with their previous
analyses, the authors found increased thalamic connectivity with
many brain regions following LSD administration, particularly
with primary sensory regions (e.g., occipital cortex). Finally,
Muller and colleagues computed a global correlation analysis
by averaging the correlation coefficients of each voxel to each
other voxel. The authors found that beyond increased thalamic
connectivity, the basal ganglia also had increased connectivity
with the rest of the brain, indicating LSD-induced alterations
in the CSPTC circuitry. Remarkably, Muller and colleagues
also found that LSD-induced thalamic hyperconnectivity
with multimodal sensory cortices (i.e., fusiform gyrus and

insular cortex) was positively associated with alterations in
sensory perceptions [i.e., “visionary restructuralization” and
“auditory alterations” sub-scales of the five dimensions ASC
scale (5D-ASC)], indicating functional relevance of the altered
thalamocortical connectivity patterns.

Finally, using a more ambitious experimental design, Preller
et al. (28) investigated thalamocortical connectivity across three
different conditions: placebo, LSD, and LSD + ketanserin (i.e.,
ketanserin is a 5-HT2A receptor antagonist that blocks LSD
effects). Specifically, the authors correlated the average time-
courses of all grayordinates (i.e., gray matter location represented
by a surface vertex or a volume voxel) in the bilateral thalamus
with all grayordinates in the brain. Additionally, the authors
investigated the effect of global signal regression (GSR) on these
analyses. GSR, a controversial preprocessing strategy for rsfMRI,
removes global effects elicited by motion and respiration, but
possibly also valuable neuronal effects (i.e., distributed neural
information) (83). Although GSR had a significant effect on
the LSD-induced altered connectivity [the discussion of this
effect is beyond the scope of this review, see (28) for details],
increased connectivity between the thalamus and sensorimotor
areas were found following LSD administration, irrespective of
GSR. Additionally, the authors found that ketanserin efficiently
obstructed both LSD-induced subjective experiences and changes
in brain connectivity, supporting the notion that LSD effects are
elicited via 5-HT2A receptors.

In summary, in psychedelic states thalamocortical
connectivity with sensorimotor cortices is increased, possibly
extending to the basal ganglia via alterations in CSPTC circuitry,
which appear to be (at least partially) modulated by 5-HT2A

receptors. Furthermore, thalamocortical hyperconnectivity with
sensorimotor cortices is associated with subjective visual and
auditory perceptual alterations.

THALAMOCORTICAL

HYPERCONNECTIVITY AS THE COMMON

DENOMINATOR IN PSYCHOTIC AND

PSYCHEDELIC STATES

Thalamic hyperconnectivity with sensorimotor cortices appears
to be a common denominator in psychotic and psychedelic
states, possibly reflecting a shared biological mechanism
involved in abnormal perception (18). In line with this idea,
thalamic hyperconnectivity with sensorimotor cortices has been
associated with psychotic symptoms in psychotic states in
addition to being associated with altered subjective visual and
auditory perceptions in psychedelic states, respectively (27,
51). Furthermore, consistent with thalamocortical findings, the
same cortical sensorimotor regions have been reported to be
hyperconnected to the basal ganglia in both altered states,
indicating connectivity alterations along the CSPTC circuitry
(22, 27, 55). In line with the thalamic filter model, such alterations
might be induced via endogenous (e.g., elevated dopaminergic
transmission as seen in psychosis) and/or exogenous modulation
(e.g., elevated serotonergic transmission following psychedelic
administration) of cortico-striatal pathways, which in turn
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TABLE 1 | Thalamocortical connectivity after administration of psychedelics.

References N Age Sex Psychedelic Seed iFC ROI(s) P-value

Carhart-Harris et al. (79) 15 32 ± 8.9 2 F Psilocybin Bilateral thalamus – DMN 0.1

Bilateral thalamus ↑ TPN 0.03

Tagliazucchi et al. (80) 15 32 ± 8.9 Psilocybin Bilateral thalamus ↑ ROIs covering sensorimotor, auditory, and visual cortices <0.05, FDR

15 (of 20) 30.9 ± 7.8 4 F LSD Bilateral thalamus ↑ ROIs covering sensorimotor, auditory, and visual cortices <0.05, FDR

Muller et al. (27) 20 32.4 ± 10.9 10 F LSD Left thalamus ↑ 104 out of 130 ROIs covering the whole brain <0.05, FDR

Right thalamus ↑ 104 out of 130 ROIs covering the whole brain <0.05, FDR

Bilateral thalamus ↑ Voxels covering sensorimotor and visual cortices <0.05, FDR

Preller et al. (28)* 24 25 ± 3.60 5 F LSD Bilateral thalamus ↑ Grayordinates covering sensorimotor areas <0.05, FWE

Bershad et al. (81) 20 25 ± 4 10 F LSD microdose Bilateral thalamus – Cerebral cortex –

Bilateral thalamus ↑ Cerebellum <0.05, FDR

Studies investigating effects of psychedelics on thalamocortical functional connectivity with seed-based correlation analysis, using the thalamus as seed. Of note, for psilocybin,

Tagliazucchi et al. (80) reanalyzed the subjects from Carhart-Harris et al. (79). Hyperconnectivity is depicted by arrows pointing upwards (↑). *Depicts studies controlling for global

signal regression in their analysis. N, number of participants; ROIs, regions of interest; F, female; FDR, false discovery rate; FWE, family-wise error; DMN, default mode network; TPN,

task-positive network.

modulate thalamocortical connectivity (2, 9, 18) (also see
Figure 1). This model has recently received support from a
study that investigated resting-state effective connectivity of
CSPTC circuitry, following administration of LSD, LSD +

ketanserin, and for control, placebo (84). Compared to functional
connectivity, effective connectivity, quantified with spectral
dynamic causal modeling, can be used to infer the direction or
causality of connectivity (e.g., from the thalamus to cortex or
vice-versa). The authors found that LSD increased connectivity
from the thalamus to the posterior cingulate cortex (PCC)—
part of the DMN comprising association cortices rather than
sensorimotor ones (85)—and decreased connectivity from the
PCC to the thalamus. These effects were dependent on 5-
HT2A receptors (i.e., were blocked by ketanserin). Additionally,
independent of 5-HT2A receptors, LSD decreased connectivity
from the (ventral) striatum to the thalamus, perhaps reflecting
striatal induced thalamic disinhibition. Ketanserin blocked the
increased connectivity from the thalamus to the PCC, suggesting
that thalamocortical hyperconnectivity might be driven by
serotonergic effects on 5-HT2A receptors and might therefore
reflect secondary effects of increased serotonergic transmission
in psychedelic states. Apparently supporting this idea, it has
been shown that a single dose of selective serotonin reuptake
inhibitors (SSRIs) leads to increased degree centrality in the
thalamus (86). One should note, however, that increased degree
centrality reflects an increased number of connections between,
in this case, the thalamus and the rest of the brain. This differs
from thalamic hyperconnectivity with sensorimotor cortices,
which rather reflects an increase in connectivity strength—
i.e., increased functional coupling. Furthermore, as mentioned
above, we posit that thalamocortical hyperconnectivity with
sensorimotor cortices has functional relevance regarding altered
perceptions, which is supported by the fact that ketanserin
blocked not only some of the neural effects but also the subjective
ones [also see (28)]. In accordance with this, LSD microdosing
(i.e., 10–15 µg vs. 100+ µg LSD), which did not induce
psychedelic phenomena (e.g., perceptual distortions) also did not
elicit thalamocortical hyperconnectivity (81).

As an interesting sidenote, thalamocortical hyperconnectivity
with sensorimotor areas has also been identified during distinct
stages of sleep, possibly indicative of dream phenomena (87,
88). It would be interesting for future research to explore
whether thalamocortical hyperconnectivity with sensorimotor
areas reflects shared biological underpinnings of dream-like and
psychedelic-induced phenomena.

VARIATIONS OF PSYCHOTIC AND

PSYCHEDELIC STATES

Despite sharing common features, there are also marked
differences between psychotic and psychedelic states regarding
both phenomenology (e.g., perceptual disturbances) and neural
correlates. Perhaps one of the most important distinctions is the
duration of the experience, with drug effects typically subsiding
within a couple of hours. The duration will affect how the
experience is incorporated into the subjects’ Weltanschauung,
with longer-lasting perceptual abnormalities possibly leading to
delusional belief systems capable of “explaining” the subjective
experience, as seen in psychosis (89). Additionally, although
similar perceptual disturbances have been reported in psychotic
(both endogenous and drug-induced) and psychedelic states
(90), a remarkable distinction is related to the type of
perceptual distortion. Specifically, in psychotic states, auditory
hallucinations reflect the usual perceptual disturbances, whereas
visual hallucinations are more common in psychedelic states (2).
Furthermore, psychotic states are often accompanied by negative
symptoms and cognitive disturbances, which often precede and
outlast the psychotic episodes (16), whereas negative emotions
and cognitive disturbances are transient in psychedelic states,
and are typically associated with a “bad trip” or higher dosages
(17). Finally, and in contrast with most psychotic states, subjects
experiencing psychedelic states are aware of the transient nature
of their experience and the cause thereof (91, 92).

Notably, psychotic and psychedelic states are accompanied
by a plethora of phenomena in addition to altered perception
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(4). For instance, in psychedelic states, experiential changes
appear to be dependent on dosage and include, beyond
changes in perception, derealization and depersonalization (i.e.,
ego dissolution), and spiritual experiences (e.g., insightfulness,
blissful state), at higher dosages (12). However, in this review
we focused on phenomena that are (i) characteristic and (ii)
shared by both altered states, and (iii) functionally relevant for
thalamocortical connectivity changes [e.g., psychotic symptoms
in psychotic disorders (51) and alterations of subjective visual
or auditory perceptions (27)]. Whereas, derealization and
depersonalization, in addition to ascribing altered perceptions to
a higher power are also present in psychotic states (17), these
phenomena appear to be related to DMN alterations rather than
to changes in thalamocortical connectivity in psychedelic states
(93, 94), and were therefore not discussed.

There are additional differences observed in the neural
correlates of psychotic and psychedelic states. Particularly,
thalamocortical hyperconnectivity with sensorimotor cortices
is only transient in subjects receiving psychedelics (i.e.,
hyperconnectivity is present after psychedelic administration
but not during placebo conditions) but is stable in psychotic
states. Interestingly, thalamocortical hyperconnectivity with
sensorimotor cortices is already present before the onset of
psychosis in subjects at clinical high risk (52), in first-degree
relatives of patients with psychosis (54), and in patients with
schizophrenia in remission of psychotic symptoms (55).
In short, non-transient thalamocortical hyperconnectivity
with sensorimotor cortices is present even if the subjects are
not currently psychotic (but see below). This suggests that
thalamocortical hyperconnectivity also reflects proneness
to psychosis, in addition to psychotic phenomena per se.
Put differently, while thalamocortical hyperconnectivity
might reflect a state marker in psychedelic states, it seems
to reflect a trait marker in psychotic states. In support,
it has been shown that thalamocortical hyperconnectivity
in subjects at clinical high risk predicts later transition to
full-blown psychosis (52, 53). Furthermore, thalamocortical
hyperconnectivity is usually accompanied by thalamocortical
hypoconnectivity with prefrontal cortices, which appears
to be missing in psychedelic states. Finally, in contrast to
psychedelic states, structural connectivity studies (based
on DTI or diffusion weighted imaging—DWI) revealed a
similar pattern of thalamocortical dysconnectivity in patients
with psychosis: reduced structural connectivity between the
thalamus and prefrontal areas (49, 95–99) and increased
structural connectivity between the thalamus and sensorimotor
areas (49, 95, 98, 99). Crucially, the combined functional
and structural dysconnectivity findings indicate substantial
disorganization of the thalamocortical system in psychosis
[i.e., shared functional and structural alterations—see Brandl
et al. (50)]. Both functional (100) and structural connectivity
alterations (99) have also been reported for the unaffected
siblings of patients, indicating a link between predisposition
for psychosis and thalamocortical dysconnectivity. However,
while both functional (100) and structural studies (99) reported
thalamocortical hypoconnectivity with prefrontal areas in
unaffected siblings, thalamocortical hyperconnectivity with

sensorimotor areas was not found [but see Lui et al. (54)]. This
suggests that thalamocortical hyperconnectivity is specifically
associated with disorder-related processes (e.g., perhaps
perceptual alterations). We speculate that the stability of the
thalamocortical dysconnectivity patterns observed in psychosis
(i.e., across the stages of psychosis, persistence despite treatment
with antipsychotic medication) is grounded in the substantial
disorganization of the thalamocortical system. In contrast,
thalamocortical dysconnectivity in psychedelic states is not only
transient, but can be blocked by ketanserin (28) and perhaps
antipsychotics (26).

In summary, psychotic states differ from psychedelic states
in several aspects of phenomenology, including the absence
of thalamocortical hypoconnectivity, and the persistence of
thalamocortical hyperconnectivity.

HIERARCHICAL PREDICTIVE CODING IN

PSYCHOTIC AND PSYCHEDELIC STATES

Both psychotic and psychedelic states have been discussed in
the context of hierarchical predictive coding (5, 11, 17, 89,
101, 102). Put briefly, hierarchical predictive coding refers to
Bayesian approaches that highlight processing of information
as an interplay between prior expectations (i.e., top-down
predictions about the world) and current inputs (e.g., bottom-
up sensory information). Discrepancies between hierarchically
organized predictions and outcomes (i.e., so-called prediction
errors) lead to an update in the system, resulting in the generation
of new predictions. The prediction errors, reflecting uncertainty,
are weighted in the system with regard to their precision. It
has been proposed that predictions and prediction errors might
rely on glutamatergic projections, whereas the weighting of
the prediction errors (i.e., their precision) might be driven via
neuromodulators such as dopamine, serotonin, and acetylcholine
(11). In this context, distinct aspects of the thalamocortical
system would organize both feedforward (i.e., bottom-up)
and feedback (i.e., top-down) information processing. Notably,
however, first-order and higher-order thalamic nuclei play
different roles. For instance, cortico-cortical communication
could represent the priors, while thalamocortical projections
originating in first-order thalamic nuclei reflect feedforward
information (i.e., relaying sensory information to the cortex), and
cortico-thalamic projections (i.e., form neurons in cortical layer
VI) provide reciprocal feedback (101). On the other hand, higher-
order nuclei might have a role in modulating feedforward and
feedback information-flows by providing precision expectations
for the prediction errors (e.g., establishing context) (103).
Furthermore, feedforward and feedback information-flows are
also modulated by striato-pallidal projections, which are
themselves influenced either by cortical projections or, as
mentioned above, distinct neuromodulators (65).

It has been argued that (endogenous or exogenous) alterations
of the bottom-up/top-down balance might lead to altered
perceptions, as seen in psychotic and psychedelic states (11).
In this context it is important to consider the mechanisms
through which such alterations can be elicited. For instance,
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psychedelics elicit their effects primarily by acting on 5-HT1A

and 5-HT2A receptors (9, 104), which have a much higher
expression in limbic (e.g., hippocampal) and cortical areas (e.g.,
association cortices), and lower receptor density in subcortical
areas such as the thalamus (105, 106). By acting on 5-HT1A

and 5-HT2A receptors, psychedelics alter the function of layer
V pyramidal neurons, which in turn change the activity of
other cortical areas. Such changes might increase entropy of
cortical activity, leading to an increased relaxation of high-
level priors (106). The relaxation of high-level priors results
in weaker control over the bottom-up information-flow (89),
possibly leading to hallucinations [for discussion of strong high-
level priors leading to hallucinations see Sterzer et al. (102)].
Such an altered top-down mechanism is postulated in the so-
called REBUS model (i.e., relaxed beliefs under psychedelics)
(89). This hypothesis appears to be in contrast with the previously
mentioned thalamic filter model (18), which rather suggests a
bottom-up alteration (i.e., opening of the thalamic filter leading
to sensory flooding). However, layer V pyramidal neurons also
project to the thalamus (107), and can therefore alter thalamic
activity, despite the lower 5-HT1A/2A receptor density in the
thalamus (106). Both models are supported by previous findings
(84) and the reports reviewed herein (i.e., thalamocortical
connectivity lacks information on directionality).

FUTURE DIRECTIONS AND

CONCLUSIONS

In contrast to psychotic states, the involvement of specific
thalamic nuclei in the hyperconnectivity with sensorimotor
cortices (i.e., driving the effect) is unclear in psychedelic states.
This limitation is based on the methodology employed so far
in psychedelic neuroimaging research (i.e., seed-based functional
connectivity from the thalamus). We suggest future studies
also investigate the connectivity from distinct cortical areas
to the thalamus in a voxel-wise manner. This could allow
for the identification of specific thalamic sub-regions [i.e., by
matching the findings with fine-grained thalamic subdivisions
(108)] and possibly also alterations in functional topography.
This could reveal how themechanisms leading to thalamocortical
hyperconnectivity might differ in the two altered states. In line
with this idea, psychedelics might also induce thalamocortical
hyperconnectivity via effects elicited directly on the thalamus.
Inserra et al. (26) found that LSD modulates neurons of
the reticular thalamus in mice, which in turn disinhibits the
mediodorsal nucleus. Such disinhibition of higher-order nuclei
might very well be associated with increased thalamocortical
interaction (indeed, an increase in the firing of prefrontal
pyramidal neurons was also observed), possibly corresponding
to thalamocortical hyperconnectivity. Interestingly, Inserra
et al. (26) suggest that the LSD-induced disinhibition of
the mediodorsal nucleus was mediated by dopaminergic
transmission (i.e., the effect was reversed by antipsychotics). This
might be in contrast to the findings in humans, as antipsychotic
medication does not appear to normalize thalamocortical
dysconnectivity in patients with schizophrenia (55). It is not

yet known whether the mediodorsal nucleus is hyperconnected
to prefrontal areas in humans, as this has not yet been
evaluated directly. However, such hyperconnectivity would be
in contrast to psychosis findings, which report hypoconnectivity
for this nucleus. The mediodorsal nucleus has been consistently
implicated in the pathophysiology of schizophrenia (109), and
appears to play a crucial role in the impaired cognitive function
of patients (47, 109–111). Furthermore, as previously stated,
the hypoconnectivity of this nucleus with prefrontal areas and
its link to cognition is well in line with the topographical
organization of the thalamocortical system (22, 29, 55). It is
possible that such topographical organization is not preserved in
psychedelic states. In support, there is evidence that connectivity
increases between distinct and normally segregated intrinsic
brain networks, following psychedelic administration (80, 112).
An altered topographical organization might enable crosstalk
between distinct and normally segregated thalamic nuclei (and
their cortical connections), possibly resulting into psychedelic
phenomena. Future studies investigating the connectivity of
distinct thalamic nuclei with the cortex following psychedelic
administration might shed some light on this issue.

It is worth mentioning that although dopamine appears
to play a central role in the pathophysiology of psychosis
and psychedelics mainly act on the serotonergic system, there
is substantial evidence indicating that the two systems are
highly interconnected (113). For instance, while all licensed
antipsychotics have antagonistic effects at dopamineD2 receptors
(16), atypical antipsychotics have additional therapeutic benefits
(e.g., reduced extrapyramidal side-effects) by also blocking 5-
HT2A receptors (114). Interestingly, blocking 5-HT2A receptors
also appears to reverse acute effects of NMDA antagonists
(see below), indicating complex interactions between the
serotonergic, dopaminergic, and glutamatergic systems (24, 114).
Such three-way interactions are well in line with the mounting
evidence that glutamatergic dysfunction is also implicated at least
in some subgroups of patients with psychosis or stages of the
disorder (115). Moreover, some 5-HT2A receptor agonists (i.e.,
psilocybin) appear to modulate dopamine release in the striatum
of healthy volunteers (116). Despite these findings, several
aspects regarding dopamine-serotonin interactions following
psychedelic administration remain unclear. For instance, highly
relevant to the topic at hand, it remains to be determined
whether antipsychotics block all neural and psychological effects
of psychedelics.

In apparent contrast to the findings reported in this
review, techniques employing perceptual deprivation such as
the multimodal Ganzfeld exposure (117)—which are capable
of eliciting visual and auditory perceptual changes—report
thalamocortical hypoconnectivity with sensory cortices (i.e.,
auditory, visual regions). However, the differentially induced
subjective experiences differ both qualitatively and quantitatively,
and presumably also the associated connectivity changes. Not
only are several dimensions assessed with the ASC scale
absent from the perceptual deprivation induced effects (e.g.,
insightfulness, synesthesia etc.) but even those that are present,
are markedly reduced in comparison to the psychedelic-
induced effects (118). Furthermore, the perceptual changes
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following perceptual deprivation techniques have not yet been
associated with altered thalamocortical connectivity (in contrast
to psychedelic-induced effects) and might rather reflect an
imbalance between typical top-down signaling and atypical (i.e.,
unstructured) bottom-up input (117).

A potential limitation of our review concerns the fact
that LSD studies dominate the findings of thalamocortical
dysconnectivity in psychedelic states (Table 1). There is a
paucity of studies investigating the acute effects of other
classic psychedelics such as DMT and mescaline, or even
entactogens such as 3,4-methylenedioxymethamphetamine
(MDMA) on thalamocortical functional connectivity. We
cannot therefore exclude that the findings on thalamocortical
dysconnectivity in psychedelic states reported herein reflect
rather LSD-specific changes than effects of psychedelics in
general. Ketamine was not included in our review as it is not
a “classic” psychedelic, but rather a hallucinogenic anesthetic,
which elicits its effects mainly via NMDA antagonism—in
contrast to the classic psychedelics, which are 5-HT2A (partial)
agonists (6, 8). However, ketamine is relevant in this context,
as it has been associated with both psychotic- and negative-like
symptoms in healthy volunteers, and appears, therefore, to
reflect the most comprehensive model of schizophrenia up to
date (119). Crucially and providing an important incentive
for future neuroimaging research investigating the effects of
psychedelics, studies investigating the acute effects of ketamine
on thalamocortical connectivity followed approaches from
psychosis research. For instance, using the methods reported
in (29), Höflich et al. (120) demonstrated that acute ketamine
effects elicit thalamocortical hyperconnectivity with temporal
and sensorimotor cortices in healthy volunteers. In support,
a recent multi-site study, following the approach reported in
(121), demonstrated hyperconnectivity between the mediodorsal
nucleus and auditory cortices and the parahippocampal gyrus
(122). Furthermore, both studies demonstrated that transient
psychotic-like symptoms accompanied the thalamocortical
hyperconnectivity. Taken together, these findings indicate
an overlap in altered thalamocortical connectivity with
sensorimotor cortices induced both by ketamine and
classic psychedelics (i.e., LSD and psilocybin), supporting
the idea of thalamocortical dysconnectivity as a biological
mechanism presumably underlying altered perceptions.
Notably, while several substances (e.g., alcohol, illicit drugs
etc.) are capable of eliciting psychotic-like phenomena,
possibly via an impaired thalamic filter function [see for
example amphetamine and ketamine in (18)], psychedelics
appear to also have long-lasting positive effects, in addition
to the transient psychotic-like phenomena they elicit. For
instance, beyond stable improvements in depression and
addiction (106), psychedelics have been shown to increase
optimism and trait openness in healthy volunteers (123), and
enhance (self-reported) positive behavioral changes that lasted
up to 1 year (124).

Another possible limitation of our argument regarding
thalamocortical hyperconnectivity with sensorimotor cortices
as shared neural correlate of altered perceptions, is the
apparent ubiquity of this phenomena in psychiatric disorders

(125, 126). This begs the question whether this pattern
of altered connectivity is specific for phenomena like
altered perceptions, as seen in psychotic and psychedelic
states. Large meta-analyses on rsfMRI data have shown
that this connectivity pattern is consistent in schizophrenia
(50) and bipolar disorder (127), but not other conditions
occasionally reporting thalamocortical dysconnectivity (128–
130). Additionally, evidence suggests that thalamocortical
hyperconnectivity is more substantial in schizophrenia and
bipolar disorder than in major depression disorder (131),
indicating a continuum, with schizophrenia at the end of
the spectrum. We speculate that a similar continuum is also
present across distinctly induced psychedelic states, with
LSD presumably toward the end of the spectrum. Future
studies might elucidate this issue by contrasting between
thalamocortical connectivity elicited by distinct substances in
the same participants.

A note of caution regarding the findings of thalamocortical
dysconnectivity in psychotic states concerns the medication
status of the patients. Antipsychotic medication is known
to affect functional connectivity in patients with psychotic
disorders (132–134) and the majority of studies reviewed
herein based their findings on medicated patients [e.g.,
(22, 23, 55)]. However, there is also evidence that thalamocortical
dysconnectivity is present in unmedicated individuals at
clinical high risk (52) and in drug-naive adolescents with
early-onset schizophrenia (135), indicating that the patterns
of dysconnectivity might be independent of antipsychotic
medication. Nevertheless, an influence of antipsychotic
medication on thalamocortical dysconnectivity in psychotic
states cannot be excluded completely.

The relationships between drug-induced alterations in
distinct neurocognitive processes (and their meaning to the
subject) and underlying biological mechanisms are highly
relevant for psychotic research. Therefore, it is necessary to
determine not only differences in phenomenology but also
in the underlying biological mechanisms. In this review, we
identified similar patterns of thalamocortical hyperconnectivity
with sensorimotor areas in psychedelic and psychotic states,
indicating a shared biological mechanism. In contrast,
thalamocortical hypoconnectivity with prefrontal cortices
was not observed in psychedelic states (see Table 1). It is unclear
whether this pattern of dysconnectivity may not be elicited
by psychedelics or whether reports in this regard are simply
missing. Consistent with the former, however, thalamocortical
hypoconnectivity is not elicited by ketamine either (120, 122).
As thalamocortical hypoconnectivity with prefrontal cortices is
one of the most robust imaging findings in psychosis research
(51), it is important to establish why psychedelics might not
elicit this phenomenon. As discussed above, it is possible that
thalamocortical hypoconnectivity may not be reflective of
psychosis per se but rather of associated phenomena such as
cognitive impairment or vulnerability for psychosis, and that
thalamocortical hyperconnectivity with sensorimotor cortices
might be more evocative of psychotic phenomena, possibly
reflecting a biomarker of psychosis (136). It is, therefore,
remarkable that only this pattern of dysconnectivity appears to
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be elicited by classic psychedelics and ketamine, which more
accurately model psychotic symptoms than negative or cognitive
symptoms (119, 123). We conclude that the findings reviewed
in our paper indicate that at least some aspects of psychosis
can be modeled by psychedelics, regarding both alterations
of neurocognitive processes (i.e., perception) and underlying
biological mechanisms (thalamocortical hyperconnectivity).
Nevertheless, additional research is needed to better characterize
both shared and distinct aspects of psychotic and psychedelic
states before valid psychedelic-based pharmacological models
can be established for psychotic disorders.

AUTHOR CONTRIBUTIONS

MA and SB conceived the original idea and outlined the study.
MA,HR, AK, CA, FM, and SB contributed to the literature review
and edited the manuscript. All authors contributed to the article
and approved the submitted version.

ACKNOWLEDGMENTS

The authors thank Alyssa Torske from the Technical University
of Munich, School of Medicine for proofreading the manuscript.

REFERENCES

1. Osmond H. A review of the clinical effects of psychotomimetic agents. Ann

N Y Acad Sci. (1957) 66:418–34. doi: 10.1111/j.1749-6632.1957.tb40738.x

2. Geyer MA, Vollenweider FX. Serotonin research: contributions

to understanding psychoses. Trends Pharmacol Sci. (2008)

29:445–53. doi: 10.1016/j.tips.2008.06.006

3. Nichols DE, Walter H. The history of psychedelics in psychiatry.

Pharmacopsychiatry. (2021) 54:151–66. doi: 10.1055/a-1310-3990

4. Hermle L, Kraehenmann R. Experimental psychosis research and

schizophrenia-similarities and dissimilarities in psychopathology. Curr

Top Behav Neurosci. (2018) 36:313–32. doi: 10.1007/7854_2016_460

5. Corlett PR, Honey GD, Fletcher PC. From prediction error to psychosis:

ketamine as a pharmacological model of delusions. J Psychopharmacol.

(2007) 21:238–52. doi: 10.1177/0269881107077716

6. Corlett PR, Honey GD, Krystal JH, Fletcher PC. Glutamatergic

model psychoses: prediction error, learning, and inference.

Neuropsychopharmacology. (2011) 36:294–315. doi: 10.1038/npp.2010.163

7. Nichols DE. Hallucinogens. Pharmacol Ther. (2004) 101:131–

81. doi: 10.1016/j.pharmthera.2003.11.002

8. Nichols DE. Psychedelics. Pharmacol Rev. (2016) 68:264–

355. doi: 10.1124/pr.115.011478

9. Vollenweider FX, Preller KH. Psychedelic drugs: neurobiology and potential

for treatment of psychiatric disorders. Nat Rev Neurosci. (2020) 21:611–

24. doi: 10.1038/s41583-020-0367-2

10. Revonsuo A, Kallio S, Sikka P. What is an altered state of consciousness?

Philos Psychol. (2009) 22:187–204. doi: 10.1080/09515080902802850

11. Corlett PR, Frith CD, Fletcher PC. From drugs to deprivation: a Bayesian

framework for understanding models of psychosis. Psychopharmacology.

(2009) 206:515–30. doi: 10.1007/s00213-009-1561-0

12. Hirschfeld T, Schmidt TT. Dose-response relationships of psilocybin-

induced subjective experiences in humans. J Psychopharmacol. (2021)

35:384–97. doi: 10.1177/0269881121992676

13. Gaebel W, Zielasek J. Focus on psychosis. Dialogues Clin Neurosci. (2015)

17:9–18. doi: 10.31887/DCNS.2015.17.1/wgaebel

14. American Psychiatric Association. Diagnostic and Statistical Manual

of Mental Disorders. 5th ed. Arlington, VA: American Psychiatric

Association (2013).

15. Schmidt TT, Maji T. Empirische Untersuchung veränderter

Bewusstseinszustände. In: von Heyden M, Jungaberle H, Majić T, editors.
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Background: Anorexia nervosa (AN) is a serious and life-threatening psychiatric

condition. With a paucity of approved treatments, there is a desperate need for novel

treatment avenues to be explored. Here, we present (1) an overview of the ways through

which Public Patient Involvement (PPI) has informed a trial of psilocybin-assisted therapy

for AN and (2) a protocol for a pilot study of psilocybin-assisted therapy in AN currently

underway at Imperial College London. The study aims to assess the feasibility, brain

mechanisms and preliminary outcomes of treating anorexia nervosa with psilocybin.

Methods: (1) PPI: Across two online focus groups, eleven individuals with lived

experience of AN were presented with an overview of the protocol. Their feedback not

only identified solutions to possible barriers for future participants, but also helped the

research team to better understand the concept of “recovery” from the perspective of

those with lived experience. (2) Protocol: Twenty female participants [21–65 years old,

body mass index (BMI) 15 kg/m2 or above] will receive three oral doses of psilocybin (up

to 25mg) over a 6-week period delivered in a therapeutic environment and enveloped

by psychological preparation and integration. We will work with participant support

networks (care teams and an identified support person) throughout and there will be

an extended remote follow-up period of 12 months. Our two-fold primary outcomes

are (1) psychopathology (Eating Disorder Examination) across the 6-month follow-up

and (2) readiness and motivation to engage in recovery (Readiness and Motivation

Questionnaire) across the 6-week trial period. Neurophysiological outcome measures

will be: (1) functional magnetic resonance imaging (fMRI) brain changes from baseline to

6-week endpoint and (2) post-acute changes in electroencephalography (EEG) activity,

including an electrophysiological marker of neuronal plasticity.
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Discussion: The results of this pilot study will not only shed light on the acceptability,

brain mechanisms, and impression of the potential efficacy of psilocybin as an adjunct

treatment for AN but will be essential in shaping a subsequent Randomised Control Trial

(RCT) that would test this treatment against a suitable control condition.

Clinical Trial Registration: identifier: NCT04505189.

Keywords: psilocybin, anorexia nervosa, clinical trial, eating disorder, magnetic resonance imaging (MRI),

electroencephalograph (EEG), public patient involvement (PPI), psychedelic-assisted therapy

INTRODUCTION

“In the core you are always yourself, but during an eating disorder

you lose yourself. . . looking back I was just a hollow kind of

body. . . you lose yourself in the process but you find yourself again

and you also create new. . . I reinvented myself but then I also

reconnected with what I always was.” (Focus group 2, A1).

Anorexia nervosa (AN) is a serious psychiatric condition. The
Diagnostic and Statistical Manual of Mental Disorders (DSM-
5) (1) defines AN by severe nutritional restriction, an intense
fear of gaining weight, and a disturbance of one’s bodily self-
perception. Prevalence rates are highest in females (approximate
lifetime prevalence of 1.2–2.2%), and onset is most common in
adolescence or early adulthood (2, 3). AN is not aWestern-bound
illness, nor is it constrained to those of a particular age, gender,
culture or ethnicity (4–7).

AN is the most fatal of all psychiatric conditions. Mortality
rates are 11.6 times higher than the general population (8).
Of these premature deaths, 25% result from suicide, with the
reported suicide rate in AN up to 56 times that of the global
average (9). Treatment dropout rates in adult patients are also
staggeringly high with 20 to 50% of inpatients, and up to 70% of
outpatients ending treatment prematurely (3, 10–12). Fewer than
half of those diagnosed reach remission after specialist treatment
(13, 14) and for 20–30%, AN is a life-long condition (15,
16)1. Despite these high mortality and low remission rates, AN
research remains severely underfunded with <1% of (the already
limited) mental health research funding in the UK allocated
to eating disorders, compared with up to 9% for depression
(13, 18, 19).

In recent years there has been a surge of interest in the
therapeutic use of classic psychedelic drugs; a class of drugs
including lysergic acid diethylamide (LSD), psilocybin (the
principal psychedelic molecule in magic mushrooms), and
dimethyltryptamine (DMT, the principal psychedelic molecule in
ayahuasca). There is a growing list of clinical trials highlighting
the potential efficacy of psychedelic therapy across conditions
(20) including various addictions (21–23), obsessive-compulsive
disorder (24), depression (25–29), and end-of-life anxiety
(30–33).

1There is debate over the most appropriate treatment target and avenue for Severe

Enduring Anorexia Nervosa (SEAN); for example, whether quality of life is a more

appropriate target than weight restoration, whether compulsory treatment should

be repeatedly enforced, or whether, in some cases, palliative care is instead justified

(16, 17).

The primary receptor-level mechanism of action of classic
psychedelics is thought to be via agonism of the serotonin 2A
(5-HT2A) receptor. This is understood to induce a spike to wave
decoherence that leads to an associated acute “entropic brain
state” whereby the spontaneous activity of neural ensembles
becomes dysregulated. This 5-HT2A stimulation also induces a
hyper-plastic state and a speculated relaxation of the precision
weighting of implicit predictive mechanisms. Within the right
context, this is thought to promote rapid and deep learning
and open a window of opportunity for meaningful psychological
transformation (34–37). There is also now an increasing
understanding that it is the quality rather than the intensity of
the acute experience that is predictive of long-term therapeutic
outcomes (21, 31, 33, 38–40) with growing recognition for the
importance of acute emotional-breakthroughs (41, 42).

In AN, aberrant serotonergic activity (43) and reduced
synaptic plasticity-related brain-derived neurotrophic factor
(BDNF) serum concentrations (44) are thought to contribute
to the psychopathology. AN is also characterised by cognitive
rigidity (45, 46) and experiential (47) or emotional avoidance
(48, 49). Such traits have been demonstrated to change following
a meaningful psychedelic experience where the experience of
intense emotional states is an important part of the therapeutic
process (25, 41, 50, 51). Based on both this neurobiological
and psychological evidence, psilocybin assisted-therapy deserves
consideration as a potentially novel therapeutic avenue for AN.

There is also preliminary evidence for the efficacy of
psychedelics in the treatment of AN. A single case study
from 1959 presents a female patient (Miss Henriette B. . . )
for whom two doses of intravenous psilocybin induced
“indisputable” therapeutic action (52). Most notable were the
patient’s acute insights into the perceived root causes of her
symptoms, post-acute improvements in mood and well-being,
and subsequent weight restoration. Following participation
in ceremonial ayahuasca experiences, Lafrance and colleagues
reported a reduction or cessation of ED symptoms, improvement
in body perception, and increases in self-acceptance in qualitative
reports from those with a diagnosis of an ED (53, 54). Finally, in a
prospective study, Spriggs et al. (42) demonstrated reductions in
depressive symptoms and increases in well-being 2 weeks after a
self-initiated psychedelic experience in those reporting a lifetime
diagnosis of an ED, with supportive evidence for a role for acute
emotional breakthroughs in mediating this change.

These strands of evidence support an early phase clinical
trial into the potential of psilocybin-assisted therapy to treat
AN. We are not alone is this surmise (55). At the point
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of writing, there are three trials of therapy with psilocybin
(NCT04052568, NCT04505189, NCT04661514) and one study of
therapy with 3,4-Methylenedioxy methamphetamine (MDMA;
NCT04454684) either currently underway or planned in this
population. In summary this represents a novel application for
the burgeoning field of psychedelic-assisted therapy, as well as a
potential opportunity to address the dire need for new treatment
options for AN. Here, we present the protocol for a trial of
psilocybin as a treatment for AN that is taking place at the
Centre for Psychedelic Research, Imperial College London. First
however, we demonstrate how Public Patient Involvement (PPI)
was incorporated into the development of the trial, and how this
has been crucial in shaping how it will be conducted.

PUBLIC PATIENT INVOLVEMENT

PPI is research carried out with or by members of the public
rather than to or about them (56, 57). There is growing
recognition for the important role for PPI in producing relevant,
transparent and accountable research (57, 58). While there is
no indication that PPI has been widely utilised in psychedelic
research to date, two other publications in this special issue of
Frontiers Psychiatry emphasise the importance of PPI to this field
[Bornemann (under review)2, (59)].

In preparation for this study, we conducted two online PPI
focus groups (60). The aims of the focus groups were to (1)
identify common concerns among individuals with AN regarding
our trial design, (2) explore common barriers that individuals
with AN face when engaging in treatment/research, (3) identify
practical ways of addressing relevant barriers. Here we report the
methods, outcomes and reflections from our PPI focus groups in
accordance with the GRIPP2 reporting checklist (61).

PPI Methods
Attendees were invited to take part through poster
advertisements on social media. Two 2-hour focus groups
were held online with different groups of attendees. The focus
groups were facilitated by three members of the trial’s research
team: a lead facilitator (MS), a scribe (HD), and a psychiatrist for
mental health support (KA or FM). Eleven females aged 19 to 35
(M = 25.36, SD = 4.80) in various stages of treatment/recovery
from AN attended one of the two focus groups. Attendees were
reimbursed for their time.

Each focus group started with a brief presentation outlining
the study design. Attendees were then invited to ask questions
and provide feedback. An open discussion was then facilitated
which was loosely centred on one or both of two broad questions:
(1) what blocks have you faced in treatment for anorexia? (Focus
group 1) and (2) what does “recovery”mean to you? (Focus group
1 & 2). Following the focus group, attendees were also invited
to speak to the lead facilitator one-to-one. In the focus groups,
attendees were encouraged to develop ideas collaboratively, while
the one-to-one calls gave each attendee a further opportunity to
share more personal or sensitive reflections.

2Bornemann J, Close JB, Spriggs MJ, Carhart-Harris RL, Roseman L. Psychedelic

Self-Medication for Chronic Pain: A Qualitative Investigation (under review).

Following each focus group, key themes from the discussions
were identified by the lead facilitator and a summary document
was created that outlined these themes and the implications for
the trial. All attendees were invited to provide feedback on the
summary document from their group, as well as feedback on
the session itself. Specific consent was obtained to use quotes
included in these summary documents for future publications
and public engagement.

Brent National Research Ethics Service (NRES) and the
Imperial College Research Governance and Integrity Team
(RGIT) were consulted about all proposed activities. As this
investigation was classified as PPI, no specific ethical approval
was required for this component of the project.

PPI Results and Discussion
Barriers to Engagement
The most pertinent barrier to engaging in treatment identified
by attendees was a focus on weight restoration. While
authoritarian refeeding regimes can be a lifesaving necessity in
AN treatment, it is felt that they overlook the importance of
the psychological factors underlying these issues (62–64) which
leaves patients feeling powerless, alienated from their bodies, and
misunderstood (12, 65, 66). One focus group attendee reflected
that previous treatments had left her feeling “backed into a corner,
I felt like an animal backed into a cage” (Focus group 1, A5)
while another described a disconnect that “When the therapist
is overly focused on a goal recovery weight, that doesn’t correlate
with feeling better!” (Focus group 1, A1). Focus group attendees
were reassured to know that, while we acknowledge that there
is no definition of recovery from AN that does not include
weight restoration (and negotiating this tension is a key part of
the therapeutic process), our outcome measures do not focus
on weight, but rather on the eating disorder psychopathology
central to their distress. It was agreed that anxiety around weight
checks will be minimised by ensuring that participants are aware
of weight checks ahead of time, and that this information is
being recorded primarily for safety and monitoring purposes as
opposed to as an expected outcome.

Focus group attendees also identified a “reluctance to give
up control” as being one of the key barriers that they would
face in participating in a trial such as this. The idea of
taking a drug that would induce a psychedelic experience felt
particularly intimidating:

“I’ve done so many bad things and whatever, but touching drugs,

definitely would be scary. . . ” (waving hands for no; Focus group

1, A1).

In AN treatments, moving through significant “negative”
emotions mid-treatment has been associated with improved
outcomes (67). Psychedelic experiences can also be experienced
as more challenging in the short term as one struggles to grapple
with new insights (68). Focus group attendees were aware of the
potential for this:

“What do I do with the deluge that comes when the dam is broken?”

(Focus group 1, A2).

Frontiers in Psychiatry | www.frontiersin.org 3 October 2021 | Volume 12 | Article 735523148

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Spriggs et al. Psilocybin for Anorexia Study Protocol

Importantly, attendees also suggested a number of steps to
overcome this “giving up control” barrier. Firstly, providing
adequate information on the safety and acute effects of psilocybin
may help participants to feel more at ease. Secondly, building a
trusting relationship between the participant and the guides was
identified as pivotal. As stated by one attendee:

“They know if they want to open their eyes that you will be sitting

next to themwith a hand to hold. Sometimes that is more important

than information on how it works.” (Focus group 2, A5).

Third, advanced practical planning around dosing days (e.g.,
meal planning, weight checking and accommodation) will
increase trust and enable greater engagement with the therapy.
We have added this as one of the of the focuses of participants’
first preparation calls with their guide team (see section
Psilocybin-Assisted Therapy for further information). Finally,
attendees suggested that establishing good communication with
support networks would help participants to feel that they have a
plan for when the trial is over, which may create space for greater
engagement. This is also consistent with our conjecture that
support network involvement will be important for bridging the
insights gained during the trial into real world behaviour changes,
which has been incorporated into our trial procedures (see
section Support Person Involvement for further information).

What Is “Recovery” From AN?
When posed with the question “what does “recovery” mean
to you?,” both groups not only emphasised the importance of
looking beyond diagnostic criteria, but also demonstrated the
extent to which the definition of recovery varies from person
to person and throughout the different phases of the recovery
process. One consistent element however, was that both focus
groups identified rediscovery of identity as a key component
of recovery. AN is commonly regarded as an “egosyntonic”
condition, where the disorder is central to one’s identity and value
system (64, 69–72). The existential threat of recovery as a process
of generating a new self-identity (64, 71–73) was reflected in both
focus groups:

“So, I sort of get quite scared of the idea of trying to like, find those

boundaries between me and the illness and wondering who I would

be without it when I have lived my entire life building my sense of

self while also having this there. . .what is life without it? That is my

big black hole that puts me off going further in any kind of recovery

or, like, actively engaging in recovery.” (Focus group 1, A2).

“You get so interwoven with the illness. . . it can be hard to

separate the two out so in some ways it is easier to just rebuild

yourself. . . until someone says to you, like, “who do you want to

be? What identity do you want to have now? you can do whatever

you want essentially,” there is no hope.” (Focus group 2, A4).

Contrary to popular belief, physical appearance did not emerge
as being at the core of what those with AN value about their
condition. Instead, focus group attendees appeared cognisant of
other functional roles their AN served and how difficult it would
be to let them go:

“You have no control over the things that are going on externally

that are making you go crazy or hurting you or causing you pain,

but oh yea damn you can really, you can control how much you

love yourself and your nutritional intake in a heartbeat.” (Focus

group 2, A5).

“. . . You’ve been holding on to it for so long, it was kind of

that thing that keeps your head above the water so you wouldn’t

drown, and so letting go of that it really feels as if I am going to

drown if I let go of that because I don’t know who I am anymore.”

(Focus group 1, A4).

This is consistent with previous research in which those with AN
report that AN offers a sense of security/control over emotions,
a communication tool, and a form of mastery over their body
and life (66, 69, 74–76). From this perspective, AN represents a
predominant identification with the body-object (i.e., the lived
body for others) over the body-subject (i.e., the body experienced
from within) (76–78), where the body represents a “concretised
metaphor” for an inner experience (76).

With this in mind, it is evident that a disconnect in the
definition of recovery between patients with AN and clinicians
could contribute to one of the most widely recognised features
of AN: high ambivalence toward recovery and an intense fear of
engaging in the recovery process3. In other words, those with
AN feel trapped between logic and emotion; while they know
they must eat to survive, they cannot help but feel fearful of
it. This creates a state of ambivalence and a low motivation to
engage in treatment that evokes anxiogenic states (73). Focus
group attendees reflected on times when they had felt willing to
recover, but unable, unmotivated, or not ready.

“I wanted to recover, but I also didn’t have the motivation, and I

wasn’t ready” (Focus group 2, A1).

“There was a willingness to get better, but I just couldn’t”

(Focus group 2, A2)

Across previous studies, both clinicians and patients agree that
increasing willingness and motivation to recover is an essential
first step of any effective treatment (64, 70, 81). We therefore see
this as an important outcome for this trial.

“I think that for a lot of people, they chase this concept of recovery

when it doesn’t, for some people, you know there is no definition

of what it means so it’s kind of impossible to chase. . . integrating

it and making peace with the fact that you have this and taking

anxiety away from having those thoughts and just accepting it is

something that I can see as being a good outcome of this kind of

therapy.” (Focus group 2, A4).

PPI Reflections
Each group was comprised of attendees with differing experience
and knowledge of psychedelics and for some attendees, this

3While some have argued that AN is characterised by a lack of insight into the

seriousness of the condition (69, 79, 80), it may be that, at least in some cases, this

is rather a projection of the internal contradiction between simultaneously held

beliefs (i.e., a projection of ambivalence) than a lack of insight per se.
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TABLE 1 | Key inclusion and exclusion criteria for the trial.

Inclusion criteria

Primary diagnosis of AN for more than 3 years

Current or past treatments have not been successful to maintain remission

21–65 years of age

Female at birtha

In the care of a UK GP and specialist ED team, and agree to have us

maintain contact with both for the duration of the trial

Sufficient competency with the English language

BMI ≥ 15 kg/m2 and medically stable

Capacity to consent

Agreement to have us maintain contact with an identified support person

Exclusion criteria

Current or previously diagnosed psychotic disorder, significant history of

mania, or evidence of a personality disorder

Immediate family member with a diagnosed psychotic disorder

Unstable physical condition. This includes rapid weight loss >2 kg in the

prior month, abnormal serum electrolytes, raised cardiac enzymes, hepatic

or renal dysfunction, abnormal QT interval prolongation (QTc above 470ms)

Medical condition unsuitable for psilocybin, EEG or MRI

History or laxative abuse in the previous 3 months, or drug dependence in

the previous 6 months

History of serious suicide attempts or presence of a suicide/serious

self-harm risk at screening

Currently an inpatient

Blood or needle phobia

Positive pregnancy test or breastfeeding

Sexually active and lacking appropriate contraceptive means

No email access

Enrolled in another clinical trial of an investigational medicinal product

(CTIMP) in the last 3 months

aWhile the exclusion of males may appear at odds with the inclusive approach we wish

to embody, we also recognise that the presentation and treatment needs of males with

AN differ from those of females (85, 86). AN is also significantly less common in males

[estimates of male EDs range from approximately 10 to 25% of cases (7, 87)], rendering

recruitment of a balanced sample difficult.

was the first time they had heard of psychedelic-assisted
psychotherapy. Because of this, the conversations did not centre
as much on the specifics of the psychedelic experience per se,
rather on aspects relevant to carrying out such a trial with
people with AN. Importantly, we were able to identify key
barriers to participation and develop strategies to help manage
these. Additionally, the focus groups helped us to recognise
the importance of trial participants being supported to develop
their own understanding of recovery as a way of promoting
motivation to engage in treatment. A study measure has
subsequently been developed to capture this (the self-constructed
“Recovery Interview”).

The use of focus groups not only fostered collaboration but
had an unexpected positive impact on attendees who reported
feeling a sense of community and understanding in recovery.
Giving those with lived experience an opportunity to be heard
was a rewarding experience for researchers and attendees alike.
One limitation of these focus groups was the lack of diversity in
the groups themselves. In future, we will endeavour to advertise
PPI more broadly and will seek to actively engage with seldom-
heard groups. A further limitation is that focus group attendees

were largely ineligible for the study itself due to, for example,
their age, location, stage of recovery, or current treatment. While
a number of the attendees saw PPI as an alternative way of
contributing to the study, some of the reflections shared may not
be generalisable to study participants.

STUDY PROTOCOL: “PSILOCYBIN AS A

TREATMENT FOR ANOREXIA NERVOSA: A

PILOT STUDY”

Overview
Here we present the protocol for a pilot study that has been
designed to assess the feasibility and preliminary outcomes
of treating AN with psilocybin-assisted therapy. Additionally,
the study aims to use Magnetic Resonance Imaging (MRI)
and Electroencephalography (EEG) to examine the neuronal
underpinnings of treatment with psilocybin in this group.
Although pilot studies are often perceived as less impactful
than larger scale RCTs, their potential influence in shaping the
direction of future research should not be understated. It is
the overarching goal of any pilot study to provide the optimal
information needed to prepare for future studies, and they should
therefore be held to the same level of methodological rigour as
their larger-scale counterparts (82–84). A well-conducted pilot
study will not only improve the resource efficiency of future
large-scale studies but is also more ethical as it allows for a
more data-driven approach to the development of key methods
and outcomes (82). The outcomes of this study will sharpen the
research focus and evaluate the utility and acceptability of study
methods for implementation in a larger-scale (and therefore
more costly) study.

Methods and Analysis
Recruitment and Selection
We will include twenty completing participants with a DSM-5
diagnosis of AN in this study, with “completion” defined as
completing the entire final study visit. Key entry criteria can be
found in Table 1. We have endeavoured to match our pilot study
inclusion criteria to those that might be used for any future larger
studies to best represent the target population4.

We will recruit via referrals from National Health Service
(NHS) Trust specialist eating disorder teams, and through self-
referrals from advertisements and word of mouth. Regardless of
recruitment method, all participants will be required to be under
the care of a specialist eating disorders service to participate,
and we will contact their General Practitioners (GP) and eating
disorder service to confirm eligibility.

GPs and eating disorder services will also be asked to
confirm any medications their patient is currently taking.
Patients with AN are often prescribed serotonergic medications
such as selective serotonin reuptake inhibitor (SSRI) or
atypical antipsychotics (e.g., quetiapine) to manage co-morbid
depression or anxiety, but with limited efficacy in treating
AN symptomology (88). As serotonergic medications attenuate
the acute psychological effects of psychedelics (89) all such

4According to Thabane et al. (84), this is perhaps a more important consideration

than sample size to ensure that outcomes are transferrable.
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medication will need to be discontinued for the course of the
study. The withdrawal of medication will occur in accordance
with previous trials of psilocybin for depression from our Centre
(25, 27) and within the guidelines set out by the Royal College of
Psychiatrists (90).

Screening and Consent
The screening procedure will involve both telephone/video-
call and in-person screening. Potential participants will be
provided with a summary information document followed by
a full participant information document prior to providing
consent. Initial consent to take part in the screening process
will occur during the first screening call. Full study consent
will be obtained at the in-person screening visit. Due to the
centrality of AN in self-identity and personal values, capacity to
provide informed consent may be compromised when making
treatment decisions (91). In line with Park and colleague’s Oxford
Neuroethics Framework for DBS in AN (91), capacity to consent
will be assessed at screening using the MacArthur Competence
Assessment Tool for Clinical Research (MacCAT-CR) (92, 93).

Potential participants will also be asked to identify a support
person such as a family member or close friend, and this person
will be contacted by the study team. Consent will be obtained
from the support person to (1) provide support during the
study (required for the potential participant’s participation), and
(2) take part in a support-person sub-study (optional). See the
section Support Person Involvement for further information.

Study Visits
The timeline of the study visits can be found in Figure 1 and
an overview of all study measures and activities can be found in
Table 2. Over a period of 6 weeks, participants who are deemed
eligible at screening will partake in eight study visits, including
three psilocybin dosing sessions of up to 25mg. Across these eight
visits, there will also be twoMRI scans, five EEG recordings and a
range of psychological measures (questionnaires and interviews).
There will be a follow-up period of 12 months following the
final study visit, with monthly data collection points for the first
6 months.

Baseline and 6-Week Follow-Up
Baseline and follow-up study measures will be collected both
in person and remotely (via video-call and the online survey
platform Alchemer). The baseline and 6-week follow-up visits
(visit 2 and 9, respectively), will be run similarly and will include
MRI and EEG. The MRI scanning procedure will take ∼90min,
with the scan itself lasting 60min. EEG recording will last
∼40–60min. The baseline day will also include a meeting with
the guide team to prepare for the first dosing session the following
day (more information below). The 6-week follow-up day will
also include a final integration meeting with the guide team.

Psilocybin-Assisted Therapy
Each participant will be paired with two “guides” whom they will
work with for the duration of the trial. In all cases, the guide pair
will include a therapist and/or psychiatrist. Preparation will begin
with two remote calls before an in-person session on the baseline
day (visit 2). Preparation sessions for subsequent dosing days will
primarily be conducted remotely, but can be conducted in-person

FIGURE 1 | Study timeline. Grey background represents the active trial period.

Blue represents pre- and post-trial periods. Yellow, green and orange

represent preparation, dosing and integration respectively. Time intervals

between each study day (remote or visit) for the active period are included on

the left of the figure.

if this is deemed appropriate and preferrable by the participant
and their guides.

Dosing days (visits 3, 5, and 7) will typically last∼8 h, with the
acute effects of the drug lasting 4–6 h. A medical professional will
be on site for the duration of the dosing sessions and will approve
the participant for discharge at the end of the day. Participants
will be encouraged to utilise optional overnight accommodation
the night prior to and following dosing. Those who live near the
study centre may choose to go home; in which case, a taxi will
be provided.

In-person integration visits will occur the day after dosing
(visits 4, 6, and 8). The integration itself is anticipated to last
1–3 h, and will be followed by an EEG. Remote integration calls
will take place 1 week after dosing.

Consistent with previous studies of psilocybin-assisted
therapy, dosing will take place in a therapeutic environment.
Participants will be encouraged to lie in a semi-reclined position
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and will be provided with an eye mask and headphones through
which a specially designed music playlist is delivered.

The concomitant psycho-therapeutic models for psychedelic-
assisted therapy have historically been informed by humanistic
and psycho-analytic approaches, however, there has been
growing interest in incorporating other evidence-based
therapies into the psychedelic assisted model, such as
Cognitive Behavioural Therapy [CBT (22, 124)] Acceptance
and Commitment Therapy [ACT (125–127)], Motivational
Interviewing (128), and Emotion-Focused Family Therapy
[EFFT (129)]. There is also growing support for manualisation of
adjunct therapeutic approaches (125, 126, 128). The manual for
the current trial, which incorporates various approaches, will be
made available upon completion. It is hoped that it will be useful
in future trials and will continue to develop with the burgeoning
field of psychedelic-assisted therapy.

Support Person Involvement
Given the complex and systemic nature of AN, it is highly
recommended that the family and support networks be
involved in the treatment process where appropriate (130). The
involvement of key support people is also recognised to improve
outcomes for all involved (131–134). Additionally, we recognise
the important role that the support person will play in facilitating
long-term change and the transition back into usual care once the
6-week trial is complete.

As part of the study, the participant’s identified support-
person will be actively involved in the study process. With
prior consent from the support person (a necessary condition
of participant’s involvement in the trial), we will make contact
with them prior to their respective participant starting the trial
and 1 week after each dose to provide support, guidance and
study-specific resources. Participants will be strongly encouraged
to bring their support person with them to in-person visits to
escort them between study activities. There will be scope for a
participant’s support person to enter the therapy room at the
end of a session (preparation, dosing, integration), however they
will not be present while the participant is still experiencing
the acute drug effects, or at any point where this may impact
the therapeutic intention of the trial, including study measures.
Participants will always be consulted before inviting a support
person to join a session.

We will also invite support people to take part in an optional
Next-Of-Kin sub-study. This will consist of the completion of a
questionnaire at baseline and at the 6-week endpoint, as well as
a semi-structured interview at the end of the active 6-week trial
period. Both the self-constructed questionnaire and interview
have been designed to explore the support person’s perspective
on their loved one’s eating disorder, their relationship with their
loved one, and how this may have changed over the course of
the trial.

General Analysis Strategy

Efficacy Outcomes
As there are no prior data on psychedelic-assisted therapy in AN
and given that it is well-known that AN psychopathology can
take time to shift, it seems important to focus on both short-term
response to treatment (i.e., over the course of the 6-week trial),

and long-term changes in psychopathology (i.e., over the follow-
up period). It is not uncommon for pilot studies to define more
than one primary outcome, especially when one such measure is
clinical and the other is not, and the goal of the study is to assess
response to treatment effects and variance (83, 84). There will be
no correction for multiple comparisons as this is an exploratory
study and no confirmatory claims will be made. We will report
significance testing but note that effect sizes, confidence intervals
and trends will be more meaningful overall in determining the
trajectory of future studies.

For all psychological outcomes, treatment effects will be
established by comparing baseline measures with the 6-week
endpoint and/or monthly for a follow-up period of 6 months and
at 12 months. Where relevant, further analyses will be conducted
between dosing sessions. These analyses will largely consist of
frequentist analyses such as analysis of covariance (ANCOVA)
by timepoint controlling for baseline measures where relevant,
or linear mixed models.

Predictors of treatment response and measures of the
acute experience will be incorporated in mediation/moderation
analyses (e.g., path analysis or structural equation modelling).
Where parametric assumptions do not hold, non-parametric
alternatives will be employed. Bayesian approaches will also be
flexibly used to supplement frequentist hypothesis testing and to
explore the relative evidence for a given effect.

Feasibility Outcomes
Consistent with our feasibility goals, we will also report
recruitment and retention rate5. A consort diagram will be
presented displaying participant retention at each phase of the
recruitment, screening and data collection process. We will
report the numbers of individuals provided with participant
information sheets who subsequently decided not to participate
in the trial, number that underwent telephone screening and
number of drop-outs. For full transparency on inclusivity,
information on the demographics and reason for exclusion will
be reported from the screening dataset.

The level and pattern of the missing data in baseline
variables and outcome measures will be reported. Where
relevant, the potential causes for missing data will be investigated
and reported.

Reported Adverse Events (AEs) will be recorded for the
duration of the study. AEs will be classified by the clinical
team based on severity (mild = no interference with daily
activities; moderate = some interference with daily activities;
severe = prevents daily activities), whether they are expected
or unexpected, and causality (related, possibly related, or
unrelated to the IMP). AE summary tables will display the
total number of participants reporting an AE, the percentage
of participants (%) with an AE, and the number of events (E)
reported. Serious AEs (SAEs) and Serious Adverse Reactions
(SARs) are defined as any untoward medical occurrence or

5It has been suggested that the large number of measures in our study may lead

to increases in drop-out rates. However, across previous trials of similar design in

participants with depression and healthy volunteers, we did not have any drop-out

for this reason. Drop-out rates will nevertheless be an important feasibilitymeasure

prior to a large-scale RCT.
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TABLE 2 | Schedule of study activities.

Measures Screening 6-Week study period Monthly

follow-up
Baseline# Prep

days*

Dosing

days

Integration

days

6-Week

endpoint#

Enrolment

Informed consent x

MacCAT-CR x

Physical examination (incl. bloods and ECG) x

Psychiatric assessment x

MINI x

Key study activities

Psilocybin dosing x

MRI x x

EEG x x x

Support person contact

GP and ED team contact

Eating habits monitoring

Mood monitoring

Physiological measures

Adverse events

Primary & key secondary outcomes

RMQ x x x x x

EDE (interview) x x x∧∧

EDE-Q x x x x x

Psychological outcome measures

PHQ-9 x x x x x

BDI-II x x x x x

WEMWBS x x x x

MPFI x x x x

b-EAQ x x x

Y-BCEDS x x

CIA x x x

RRS-ED x x

STAI-T x x

WCS x x x

SCS x x x x

EES x x x x

CFS x x x x

P-CAN x x x x

IDEA x x x

MAIA x x

Openness x x

FSCS x x

CEAS x x x

IUS x x

Self-constructed items x x

Support person questionnaire

(self-constructed)

x x

Exploratory outcome measures x x x x

Acute & integration measures

ASC x

CEQ x

MEQ x

(Continued)
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TABLE 2 | Continued

Measures Screening 6-Week study period Monthly

follow-up
Baseline# Prep

days*

Dosing

days

Integration

days

6-Week

endpoint#

EBI x

PMQ x

SM-B x

Self-constructed acute measures x

Self-constructed integration measures x x x

COE x x

Predictors

ACE x

Credibility/expectancy x

SSS x

MODTAS x x

STAR x

STAI-S x

PPS x

Self-constructed interviews

Recovery interview x x

(R)EB-Q x x x

Support-Person interview x

Final interview x∧

Behavioural measures

TMT x x x∧

WCST x x x∧

LO-FPT x x x x∧∧

HRD x x

#remote measures will be collected within 1 week of study visit.

*Prep day measures before dosing day 1 are included in the baseline survey.
∧measures followed by ∧∧ are only included at 3 & 6 months. Measures followed by ∧ are included only at 6 months.

MacCAT-CR, MacArthur Competence Assessment Tool for Clinical Research (92); MINI, Mini international neuropsychiatric interview (94); RMQ, readiness and motivation questionnaire

(95); EDE, eating disorder examination (96); EDE-Q, eating disorder examination questionnaire (96); PHQ-9, patient health questionnaire-9 [(97), p. 9]; BDI-II, Beck Depression Inventory

II (98); WEMWBS, Warwick-Edinburgh Mental Wellbeing Scale (99); MPFI, Multidimensional Psychological Flexibility Inventory (100); b-EAQ, brief experiential avoidance questionnaire

(101); YBC-EDS, Yale-Brown Cornell Eating Disorder Scale (102); CIA, Clinical impairment inventory (103); RRS-ED, Ruminative response scale for eating disorders (48); STAI-T, state

trait anxiety inventory trait subscale (104); WCS, Watts connectedness scale (self-constructed); SCS, self-compassion scale (105); EES, experience of embodiment scale (106); Cognitive

Flexibility Scale (CFS) (107); P-CAN, Pros and Cons of Anorexia Scale; IDEA, Identity in Eating disorders scale (78); MAIA, Multidimensional Assessment of Interoceptive Awareness (108);

FSCS, Function of self-criticism/attacking scale (109); CEAS, Compassionate Engagement and Action Scale–self compassion and compassion for others subscale (110); IUS, Intolerance

to Uncertainty Scale (111); ASC, altered states of consciousness questionnaire (112); CEQ, challenging experiences questionnaire (113); MEQ, mystical experiences questionnaire (113);

EBI, emotional breakthrough inventory (41); PMQ, Psychedelic Music Questionnaire; SM-B, State of Mindfulness- body subscale (114); COE, Centraility of Events Scale (115) ACE,

adverse childhood events (116); SSS, short suggestibility scale (117); MODTAS, Modified Tellegen Absorption Questionnaire (118); STAR, scale to assess the therapeutic relationship

(119); STAI-S, state trait anxiety inventory state subscale (104); PPS, psychedelic predictor scale (self-constructed); (R)EB-Q, relaxed embodied beliefs questionnaire (self-constructed);

TMT, trail making test (120); WCST, Wisconsin card sorting task (121); LO-FPQ, Leeds Oxford food preference questionnaire (122); HRD, heartrate discrimination tasks (123).

effect that at any dose (i) results in death, (ii) is life-
threatening, (iii) requires hospitalisation, or (iv) results in
persistent or significant disability or incapacity. All SAEs and
SARs will be reported to the PI, sponsors, and regulatory
bodies within 24 h of the study team being made aware of
the event.

Study Measures

Primary Psychological Outcome Measures
The two primary outcome measures are the Eating Disorder
Examination (EDE) and the Readiness and Motivation
Questionnaire (RMQ) (Table 3).

The investigator-led EDE and it’s self-report counterpart, the
Eating Disorder Examination Questionnaire (EDE-Q) are the
most widely used indices of eating disorder psychopathology
in research settings (96). Both measures assess the frequency
and severity of eating disorder cognitions and behaviours over
the past 28 days. The EDE interview, which is administered by
a trained researcher, gives a detailed, objective assessment of
psychopathology and is widely viewed as the “gold standard”
measure. Because it provides a detailed measure of the range and
severity of eating disorder features it is used in most treatment
studies and in many other in-depth investigations of eating
disorder psychopathology. The EDE will be administered four
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TABLE 3 | Primary and key secondary outcomes.

Measure Timepoints for analysis

Primary outcome

Eating disorder examination

(EDE) global (96)

Baseline−6-month follow-up

Baseline−3-month follow-up

Baseline−6-week follow-up

Readiness and motivation

questionnaire (RMQ)

pre-contemplation (95)

Baseline−6-week follow-up

Comparison between dosing days

Key secondary outcomes

Eating disorder examination

questionnaire (EDE-Q)

global (96)

Baseline−6-week follow-up

Comparison between dosing days

RMQ pre-contemplation &

EDE global

Change in RMQ from baseline−6 weeks as a

predictor of change in EDE global across the

6-month follow-up

times throughout the study: baseline, 6-week endpoint, 3-month
and 6-month follow-up. Change in EDE (global score) will
act as primary/key secondary outcome for this study, which
will be analysed (1) from baseline to 6-month follow-up, (2)
from baseline to 3-month follow-up, and (3) from baseline
to 6-week follow-up. Secondary analysis will be performed on
the four subscales (restraint, eating concerns, shape concerns,
weight concerns).

The EDE-Q is a self-report questionnaire based upon the
EDE interview and may be used when it is impracticable
or undesirable to employ the interview. Here, we use the
EDE-Q as supplementary to the EDE as it is more practical
for more regular and remote administration. The EDE-Q
will be measured bi-weekly for the duration of the trial
(with adjustments made to reference the relevant time-period),
monthly for the first 6 months of the follow-up period,
and once more at 12-months. A key secondary analysis
will be performed on EDE-Q global scores between the
dosing sessions. Secondary analysis will be performed on
the four subscales (restraint, eating concerns, shape concerns,
weight concerns).

Motivation for recovery is a widely acknowledged barrier to
treatment for AN and an essential first step of any effective
treatment (64, 70, 79, 81). The Readiness and Motivation
Questionnaire (RMQ) provides total readiness scores (for pre-
contemplation, action, internality, and confidence), as well
as readiness scores for four domains of eating disorder
psychopathology (cognition, restriction, bingeing, compensatory
strategies) in reference to the past 2 weeks. Both the RMQ
and the interview upon which it is based (the Readiness
and Motivation Interview) have been demonstrated as reliable
predictors of behaviour change (95, 135–138), with a decrease
in pre-contemplation score most sensitive to change in AN
(95, 138–140). The RMQ will be measured bi-weekly for the
duration of the trial, monthly for the first 6 months of the
follow-up period, and once more at 12-months. The primary
comparison will be pre-contemplation scores between baseline
and the end of the active trial period (6-week follow-up),

and between dosing days. Secondary analysis will also explore
changes in other RMQ subscales, and additional time points.

Given the interplay between readiness for recovery and
changes in eating disorder psychopathology, a final key
secondary analysis will assess whether changes in RMQ during
the trial period predict change in EDE/EDE-Q over the 6-month
follow-up period.

Secondary Psychological Outcome Measures
Secondary psychological measures will explore other areas of
psychopathology and impairment related to AN, including
day-to-day impairment [Clinical Impairment Assessment (CIA)
(103)], rumination [Ruminative-Response Scale for Eating
Disorders (RRS-ED) (48)], and preoccupation and rituals [Yale-
Brown Cornell Eating Disorder Scale (YBC-EDS) (102)]. Given
evidence for the possible transdiagnostic efficacy of psilocybin
(20), and high rates of comorbidity in AN (141), we will also
measure changes in depression symptomology [Beck Depression
Inventory 2 (BDI-II) (98), Patient Health Questionnaire (PHQ-9)
(97)], and anxiety [State-Trait Anxiety Inventory- Trait (STAI-
T) (104)].

As discussed in the PPI focus groups, recovery from AN
does not only pertain to changes in clinical symptomology,
but involves rediscovery and reconnection with one’s self, and
one’s values. To measure changes in the broader impact of
AN on participants’ lives we have included measures of AN
beliefs and values [Pros and Cons of Anorexia Scale (P-CAN)
(75)], AN identity [Identity in Eating disorders scale (IDEA)
(78)], embodiment [Experience of Embodiment Scale (EES)
(106), Multidimensional Assessment of Interoceptive Awareness
(MAIA) (108)], self-compassion [the Self-Compassion Scale
(SCS) (105)], intolerance to uncertainly [Intolerance to
Uncertainty Scale (IUS) (111)] and cognitive flexibility
[Cognitive Flexibility Scale (CFS) (107)]. Based on previous
psychedelic trials, we will also measure changes in more
generalised constructs that have been shown to shift following
psychedelic-assisted therapy and that have an important role
in recovery from AN. This includes psychological well-being
[Warwick-Edinburgh Mental Well-being Scale (WEMWBS)
(99)], psychological flexibility (Multidimensional Psychological
Flexibility Inventory (MPFI) (142), experiential avoidance
[brief experiential avoidance questionnaire (BEAQ) (101)], and
connectedness (Watt’s Connectedness Scale).

Acknowledging that recovery from AN is a unique and
personalised journey, and the exploratory nature of the
trial, we have also included a variety of self-constructed
qualitative/quantitative interviews. These measures explore
topics such as individual definitions of recovery (the Recovery
Interview), changes in embodied core beliefs [the (Relaxed)
Embodied Beliefs Questionnaire ((R)EB-Q)], and experience of
psilocybin therapy (6-month interview).

Finally, given the role of the acute experience in predicting
psychological outcome following a psychedelic experience (40,
143), various measures of the acute experience have been
included (Table 2). While there is a current lack of validated
measures of integration, a mixture of validated and self-
constructed measures of integration have also been included.
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Neuroimaging
We will perform brain imaging (MRI) at baseline (visit 2), and 6-
week follow-up (visit 9). Our primary imaging outcomemeasures
will reflect functional (fMRI) brain changes and will include a
change in task-based BOLD response and a change in resting-
state activity and connectivity. As secondary measures, we will
also assess structural changes (morphometry, cortical thickness
and diffusion imaging).

Electroencephalography (EEG) will be collected at baseline
(visit 2), integration 1 (visit 4), integration 2 (visit 6), integration
3 (visit 8), and 6-week follow-up (visit 9). Resting-state data
will be collected at all time points. As a key index of induced
changes in neuroplasticity, we will include the visual Long-Term
Potentiation (LTP) paradigm (144) on integration days. The
roving Mismatch Negativity (MMN) paradigm will also act to
supplement neuroplasticity findings (145, 146).

Behavioural and Other Additional Measures
The Wisconsin Card Sorting Task [WCST, (121)] and Trail
Making Test [TMT, (120)] will be conducted as measures
of cognitive flexibility at baseline (visit 2), 6-week follow-up
(visit 9) and during the 6-month follow-up. Interoceptive
accuracy and precision will be assessed using the Heartrate
Discrimination Task [HRD, (123)] at baseline (visit 2) and
follow-up (visit 9). The Leeds-Oxford Food Preference
Task [LO-FPT, (122)] will be employed to detect changes
in preference for low-fat, high-fat, low-energy, and high-
energy foods at baseline (visit 2), preparation days 2 and
3 (visits 4 and 6), follow-up (visit 9), and at the 3- and
6-month remote follow-ups. Physiological measurements (e.g.,
respiratory rate, heartrate variability, and accelerometery)
may be collected from consenting participants throughout
the study.

Data Management
Data will be managed as per the Imperial College Data
Management Standard Operating Procedures and a study-
specific data management plan (authored by MS). Data
management will be overseen by the trial co-ordinator (MS).

The GDPR-compliant Psychedelic Survey platform
(psychedelicsurvey.com) is an external software that was
created for our centre and will be used to deliver remote survey
measures. Participants will receive links to the surveys via
email, to be completed on the separate survey hosting platform
Alchemer, where we will store our data (to GDPR standards). In
previous studies, this was found to be an efficient way to optimise
collection and safe storage of questionnaire data, while also
reducing human error, and so this procedure will be repeated for
this trial. The WCST, TMT and LO-FPT will be hosted on the
online behavioural task platform Cognitron, developed by the
Imperial Computational, Cognitive, and Clinical Neuroimaging
Laboratory. Participants will be delivered remote links to these
tasks via the same Psychedelic Survey emails.

The study will be monitored internally by the Centre for
Psychedelic Research, by Imperial College Healthcare NHS Trust,
by Imperial College RGIT (sponsors) and it may also be audited
by the MHRA. Any trial-related regulatory inspections will be

permitted and direct access to source data and documents will
be provided.

Participant Safety and Monitoring
Participants’ mood and eating habits will be monitored weekly
from enrolment until the end of the 6-week active study phase
using self-report measures administered via the remote survey
platform. On weeks where no study visits are scheduled during
the active study period, phone or video calls will allow the study
team to check-in with the participant. Halfway through the trial,
we will report back to the care team on any changes in the
participants well-being or changes that are deemed clinically
significant. Additionally, we will contact the participant’s
identified support person at set timepoints throughout the study.
The study team will be contactable by the participant’s care team
and support person throughout the active study phase.

We will record participant’s weight on five occasions
throughout the study: screening (visit 1), baseline (visit 2), dosing
day 2 (visit 5), dosing day 3 (visit 7), and 6-week follow-up
(visit 9). This will be discussed with participants during the
screening and preparation process to best manage any anxiety
with weight checks. If rapid weight loss occurs (>2 kg in amonth)
participants will be withdrawn due to medical instability, and
this will be reported to the relevant healthcare professional(s).
Specific consent is obtained for weight information to be shared
between the study team and the participants eating disorder team
should this be required. Should there be any other significant
deterioration in the participant’s physical or mental health we will
liaise with the relevant health professionals to determine whether
is it safe, and in the participants best interests, to continue in the
study. This will occur in discussion with the participant and the
extended research team, if relevant.

IMP Management
A Schedule 1 licence has been obtained from the UK Home
Office. Psilocybin has been supplied by Compass Pathways.
Manufacture was performed by Onyx and encapsulation was
performed by Catalent (formerly Juniper) pharmaceuticals.
Bottling and labelling were performed by Fisher pharmaceuticals.
Good Manufacturing Practise (GMP) has been maintained at all
stages of manufacture. The IMP will be stored and dispended
by Invicro LLC.

Dissemination
The results of this study will be published in academic journals
and presented in both the academic and public domain, including
at scientific conferences and in the media in public engagement
forums. Patient confidentiality will be maintained in all of
the above.

Ethics Statement and Trial Registration
This is an investigator-initiated, university-sponsored trial.
This trial has received a favourable opinion from Brent
National Research Ethics Service (NRES) and is sponsored by
Imperial College London’s Research Governance and Integrity
Team (RGIT, formerly the Joint Research Compliance Office;
JRCO). It has been reviewed and approved by the Health
Research Authority (HRA) and Medicines and Healthcare
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products Regulatory Agency (MHRA). All staff have undergone
Good Clinical Practise (GCP) training. The study has been
adopted by the National Institute of Health Research (NIHR)
Clinical Research Network (CRN) and has been registered
on clinicaltrials.gov (NCT04505189). All study sessions will
take place at the NIHR-funded Imperial College Research
Facility (ICRF).

CONCLUSIONS

Here we have presented a trial protocol for an innovative
pilot study assessing psilocybin-assisted therapy as a treatment
component for AN. While this trial is one of many exploring
psychedelics in mental health treatment, we wish to emphasise
how incorporating the voices of those with lived experience
has not been beneficial for adapting the psychedelic-therapy
approach to this population, but has also been a rewarding
experience for researchers and focus group attendees alike.
We encourage the integration of PPI initiatives into future
psychedelic research, and guidance for doing so has been
presented by Close et al. (59).

It is hoped that by presenting our protocol in this format, we
will improve the transparency and methodological rigour of the
trial which, in turn, will enhance its impact. The insight gained
from this pilot study will not only shed light on the potential of
psilocybin-assisted therapy in the treatment of AN but will also
provide a framework for a more efficient, ethical, and efficacious
RCT in the future.
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Research exploring the potential of psychedelic-assisted therapies to treat a range of

mental illnesses is flourishing, after the problematic sociopolitical history of psychedelics

led to the shutdown of clinical research for almost 40 years. Encouraged by positive

results, clinicians and patients are now hopeful that further interruptions to research

will be avoided, so that the early promise of these therapies might be fulfilled. At this

early stage of renewed interest, researchers are understandably focusing more on clinical

trials to investigate safety and efficacy, than on longer-term goals such as progression

to community practice. Looking to identify and avoid potential pitfalls on the path to

community clinics, the authors, a group of Australian clinicians and researchers, met

to discuss possible obstacles. Five broad categories of challenge were identified: 1)

inherent risks; 2) poor clinical practice; 3) inadequate infrastructure; 4) problematic

perceptions; and 5) divisive relationships and fractionation of the field. Our analysis

led us to propose some strategies, including public sector support of research and

training to establish best practice and optimize translation, and funding to address

issues of equitable access to treatment. Above all, we believe that strategic planning and

professional cohesion will be crucial for success. Accordingly, our key recommendation is

the establishment of amultidisciplinary advisory body, broadly endorsed and representing

all major stakeholders, to guide policy and implementation of psychedelic-assisted

therapies in Australia. Although these challenges and strategies are framed within the
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Australian context, we sense that they may generalize to other parts of the world.

Wherever they apply, we believe that anticipation of potential difficulties, and creative

responses to address them, will be important to avoid roadblocks in the future and keep

the “psychedelic renaissance” on track.

Keywords: psychedelics, mental health, clinical research, translation, community clinics, psilocybin, trauma,

depression

INTRODUCTION

Half a century after a range of sociopolitical factors rendered
psychedelic clinical research and practice untenable, a widely
touted “psychedelic renaissance” is well-underway (1, 2).
Research has accelerated to the extent that psychedelic science
is now one of the fastest-growing disciplines in medical
research (3).

Reflecting the primary role of research in medical innovation,
much of the recent literature on psychedelic-assisted therapies
(PAT) has focused on clinical trials (4). In this paper, we
define PAT as the administration of classic psychedelic drugs
- and empathogens such as MDMA – in combination with
psychotherapeutic intervention administered by appropriately
trained and accredited clinicians for the treatment of a
range of mood disorders and mental health issues including
anxiety, depression post-traumatic stress disorder, substance
use disorders and a range of obsessive-compulsive disorders.
Recognizing that the next step toward implementation of
innovative approaches is translation, we look beyond research to
anticipate potential issues and possible solutions in moving from
clinical trials to community clinics.

Two contextual factors have emerged to frame our
analysis. The first is that psychedelics are “disruptive
psychopharmacologies” (5), often having powerful impacts
beyond those of any pharmacological agents in current use. They
can open an individual to strong emotions - among them fear,
rage, joy, sorrow, and shame - commonly experienced during
psychedelic therapy sessions, along with vivid visual images, deep
memories, and powerful insights. Indeed, the phenomenological
and emotional effects of psychedelics appear central to the
therapeutic process (6–8).

A second consideration is that community and media
interest in PAT are unlike anything we have seen before in
psychopharmacology or psychotherapy. In the face of worsening
mental health statistics, and given a promising therapeutic
modality that has been outlawed for almost fifty years, there
is strong pressure from some advocacy groups to fast-track, or
even bypass, clinical research and rapidly implement PAT in
community settings.

However, undue haste in translation to community clinics
could compromise essential aspects of efficacy, safety, and equity,
ultimately threatening the sustainability of PAT. Issues ranging
from training and accreditation to regulation and economics are
all emerging as the approach is being explored anew.

Given these concerns, it is critical to avoid the pitfalls of the
past. Thus, the authors of this paper - all involved as researchers,
trainers, or clinicians in Australian clinical trials of psychedelic-
assisted psychotherapy - met to consider possible pathways from

clinical trials to community clinics, which are defined in this
paper as mental health clinics outside large hospitals and other
institutions, and generally represent the first line of treatment in
the local community setting.

We identified five broad categories of challenge, encompassing
1) inherent risks; 2) potential for poor clinical practice; 3)
issues surrounding training and infrastructure; 4) problematic
positions; and 5) professional and therapeutic relationships, and
the potential for divisiveness and fractionation.

We proceed in this Perspective to frame and elaborate on
those challenges, then recommend some strategies to address
them in hopes of navigating a smooth path ahead. Although
we approach the subject from an Australian perspective,
we expect that some of our observations, conclusions and
recommendations may apply to other contexts worldwide,
notably in the USA, Canada, Europe and Israel, as the potential
of psychedelic therapies continues to be explored (9, 10).

Inherent Risks Associated With Treatment
Renewed research is lending support to findings from historical
studies that psychedelics do not pose significant risk when
administered to suitable individuals with due care, at therapeutic
doses, in clinical settings (4). However, careful screening and
clinical care are key to minimizing the possibility of adverse
events and negative outcomes (11). If requisite measures are not
taken, patients may be exposed to undue personal risk.

Medical Risks
Adverse physiological effects of psychedelics are rare, relating
mainly to cardiovascular and other peripheral responses to their
serotonergic and adrenergic actions. All are transient and, given
appropriate precautions, no serious adverse events have been
recorded in recent clinical trials of PAT (12, 13).

More significant risks are posed by interactions between
psychedelics and concomitant medications. A comprehensive list
of medications that pose significant medical risks to participants
in clinical trials has been compiled over time (11, 14). Lack
of adherence to these guidelines in community clinics, due for
example to lack of appropriate training, could have significant
health consequences for patients.

Psychological Risks
Psychological risks (15–17) include susceptibility to psychotic or
manic episodes, trauma associated with difficult experiences, and
rebound reactions of depression or anxiety. Negative emotional
responses generally resolve with appropriate preparation and
post-session support. When these effects persist, however,
intervention may be required to address them and minimize risk
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of more serious consequences such as despair, existential crisis,
and self-harm.

Negative outcomes such as delusions and othermanifestations
of incipient psychosis, though rare, also constitute serious
conditions that could deteriorate without active intervention in
the community setting.

Potential for Poor Clinical Practice
Successful translation of PAT to community settings will depend
on adequate expertise, procedures, and ethical standards (12).
The potential for poor clinical practice is significant, as are the
consequences. Ultimately, poor practice could prove to be the
greatest hurdle to successful translation of PAT.

Translation From Research
Research protocols may not translate well to community clinics
(12, 18, 19), which can face particular operational challenges
including inconsistent referrals, high patient throughput, limited
scope for follow-up, and cost pressures (20).

In clinical trials, risks are minimized using strict exclusion
criteria to screen for a range of pre-existing medical and
psychiatric conditions. Such careful measures may not survive
translation, due for example to lack of skills and training, or
financial constraints.

Manualized or otherwise narrowly specified research methods
may translate poorly to clinical settings, where the therapeutic
needs of individual patients can vary markedly. Comorbid
conditions may be underestimated or overlooked. Misdiagnosis
could lead to unnecessary treatment, as could unjustified off-
label use, or enthusiastic but inappropriate administration of
PAT. Finally, handover back to a referring doctor, or any form
of ongoing care, may not take place following treatment.

Consequences in any of these situations could be grave,
extending for example to risks of medical emergency, self-
harm, or even suicide, in cases of inadequate screening for
comorbid physiological or psychiatric conditions, inappropriate
application of psychedelic therapies, or relapse of long-term,
treatment-resistant mood disorders such as depression or post-
traumatic stress.

Regulatory, Medical, and Market Forces
Crucial elements of PAT risk being undermined by various
factors other than clinical capability. Aspects central to clinical
efficacy may be compromised to fit the current norms of
Western medicine, such as directive interactions, professional
distance, short consultation times, manualized treatment, and the
dominant pharmacotherapeuticmodel. Similar concerns apply to
financial considerations, including pressures to maximize profits,
hyped marketing, and dependent consumers.

Inadequate Training
It is commonly noted - particularly by skeptics of PAT - that
research is conducted primarily by clinicians who are particularly
personally committed to the approach. Additionally, they are
carefully trained to support acute altered states of consciousness,
and to guide trial participants through the critical phases of
preparation and integration.

Scaled delivery of psychedelic psychotherapy to the
community may prove difficult if training and accreditation are
inappropriate or insufficient to meet demand – as is the case
with other modalities (20). Key questions include appropriate
candidates, capacity of training providers, educational content,
certification, and ongoing regulation.

Boundary Violation
Transgression of ethical boundaries is an ever-present risk for
clinicians and subjects when working with altered states of
consciousness, given therapist-patient power imbalances and
potentially traumatic states in vulnerable patients (21–24).
Research protocols specify male-female therapist dyads, ongoing
supervision by experienced therapists, transparent practices, and
ultimately oversight by Ethics Committees and Review Boards.

Maintaining appropriate standards of treatment and ethical
practice in community settings may be problematic unless
independent regulatory and supervisory processes can be
assured (25).

Infrastructure Issues
Access to Treatment
PAT is labor-intensive during the clinical intervention, typically
requiring 30–50 h of joint input by two appropriately trained
and accredited clinicians (26). While the short-term costs are
high - particularly if psychiatrists or specialist physicians are
providing care for extended periods - they may be justified
if therapeutic benefits are sustained and produce substantial
functional improvements.

We are deeply concerned, however, that PAT will be
inaccessible to many of the most vulnerable and in-need
patient populations – including Australia’s First Nations people,
whose deep history and culture we respectfully acknowledge,
and in whom we recognize the disproportionate incidence of
intergenerational trauma-related illness experienced by First
Nations peoples worldwide (27).

Training and Accreditation
Australia currently faces a shortage of mental health practitioners
that will probably impact the provision of PAT. Very limited
training options currently exist, so development of training to
meet anticipated demand for appropriately skilled psychedelic
psychotherapists and supervisors will present challenges over the
coming decade.

Setting
One robust finding from decades of PAT research is the
importance of clinical setting for positive therapeutic outcomes
(26, 28, 29). Efficacy of PAT can be compromised by a typical
clinical environment, so modification of existing clinics will
be required to render them fit for purpose. Substantial capital
investment also may be needed to build new clinical facilities
designed specifically for effective PAT. This may place significant
cost pressures on community provision of PAT.
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Problematic Perceptions, Positions and

Expectations
Perceptions
Global media and social commentary relating to psychedelics
until recently followed conservative lines, either promulgating
a pathogenic narrative and highlighting their perceived dangers
(30), or simply dismissing their potential for therapeutic
use. Thus, for some 40 years the main challenges to both
clinical research and translation of PAT were based on
problematic perceptions.

Positions and Expectations
Contemporary perceptions have changed dramatically, however,
and it is now increasingly difficult to find serious opposition
to PAT. It appears instead that a greater threat may be posed
by enthusiastic proponents of accelerated, even immediate,
approval for medical practitioners to prescribe psychedelics and
administer PAT. Australian media are embracing this narrative,
cultivating positive expectations of PAT in a community beset by
mental illness and convinced that current treatments are not only
ineffective, but may be exacerbating harm.

Advocacy is currently focused on Australia’s Special Access
Scheme, to enable prescribers and therapists to administer PAT in
the community setting, outside the normal channels of medicines
approval by the Therapeutic Goods Administration (TGA) (31).
A significant concern is that this could occur with minimal
training or accreditation, supervision or mentorship, and no
independent oversight - with potentially negative outcomes (32).

Nevertheless, several more years of clinical research prior to
rollout – even assuming positive trial outcomes and smooth
approval processes – may not sit well with a community
struggling with mental illness. Frustration and pent-up demand
for effective therapies are expressed through disappointment,
even rage, upon exclusion from clinical trials based on criteria
that some clearly regard as being overly conservative. Countering
this is a strong argument that research needs to be completed
(33), and many therapists will need to be trained before
community needs, let alone expectations, are met.

Divisive Relationships and Fractionated

Field
Public discussion is divided and emotionally charged. Differences
have already emerged between those pushing for rapid
regulatory change and clinical rollout based on limited, even
anecdotal, evidence, and those who favor a more measured
approach ultimately informed by research (33). Another
division has emerged between the psychotherapeutic and
pharmacotherapeutic models of mental health treatment. In this
emotive environment, an otherwise healthy diversity of opinions
can escalate into destructive divisions among interested groups.

Fractionated Field
Professional organizations have only recently acknowledged the
potential of psychedelic therapies after a long silence. Now
that it appears to offer a viable alternative to established
approaches, we sense that tensions may emerge among the
mental health professions as to who might be best suited to

deliver PAT. Effective translation of PAT to community clinics
may be jeopardized if professional divisions prove resistant to
collaboration and consultation.

Commercial Interests
If PAT is rolled out to community clinics over the coming
decade, competition will likely emerge between public health and
corporate interests in the sector. Such a division could favor
patients who are better placed to pay. To balance this disparity,
support of psychedelic therapies through the Pharmaceutical
Benefits Scheme (PBS) and Medicare Benefits Schedule (MBS)
in Australia (34) will be crucial for equitable access through the
community health network.

Meanwhile, the entry of for-profit interests frommore mature
commercial environments such as Canada and the USA has
already commenced (35). Commercial interests seek to control
the supply of psychedelics for research, and there are indications
that future access tomedicinal psychedelics by community clinics
may be contractually bound to global enterprises. Ultimately,
our concern is the compromise of patient priorities, especially
efficacy, safety, and equity, in favor of commercial considerations
(36). The first step toward ensuring a patient-centered future
is a commitment to Open Science and transparent translation
pathways (3).

Discussion and Recommendations
Broad-scale rollout of PAT from research to community clinics
in Australia is conceivable over the coming decade, and the
potential impact of such a move cannot be overstated. However,
ensuring adequate expertise, protocols and standards of care
while scaling to community settings may be challenging. Hence,
the process will require careful planning and navigation to avoid
a range of issues.

Our key recommendation is establishment of a
multidisciplinary Australian Advisory Committee for

Psychedelic Therapies, representing research, clinical,
regulatory, industry, and community interests. Such a peak
body would provide guidance to government, professional
organizations, and other stakeholders in training and
accreditation, infrastructure development, community
education, and regulatory matters. It could also provide
guidance on the most appropriate ways to invest in the critical
area of translation, to ensure adequate focus on the ultimate goal
of successful community access to gold-standard PAT.

Our recommendation is inspired by the recent proposal of a
National Advisory Council and subsidiary Credentialing Council
to undertake strategic oversight of psychedelic therapies in
Canada (37). In the Canadianmodel, those councils would advise
on, inter alia, ethical codes of conduct, education and training,
core clinical competencies, and accreditation of clinicians and
practitioners to provide psychedelic-assisted therapies to clients.

We see very similar issues and challenges facing the Australian
clinical community to those identified in Canada by Rochester
and colleagues (37). Based on these similarities, we see merit
in recommending an Advisory Committee that draws upon the
expertise of the medical colleges and professional associations,
alongside academic institutions, cultural groups, regulators, and
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the broader community. Importantly, consultation must be
undertaken with Australia’s First Nations people to establish
if, how, when, and in what contexts PAT might be offered to
Australia’s Indigenous communities in a collective effort to heal
deep historical traumas (27, 38). Little or no record of any
traditional use of psychedelics by Australia’s Indigenous people –
which would constitute deep knowledge that rightly remains with
those communities – is available to the majority of researchers,
clinicians and regulators. Thus, we are sensitive to the cultural
implications of this recommendation and hope for a respectful
consultative process to ensure the best possible outcomes for
all Australians.

We now discuss how such an Advisory Committee could
contribute in several key areas to optimize the translation of PAT
to the community setting.

Training and Accreditation
Training and accreditation of a large cohort of psychedelic
therapists will be essential to meet anticipated community
demand for PAT. Regardless of formal qualifications and prior
clinical experience, specialized yet non-hierarchical training and
accreditation in PAT will be important for safety, efficacy, and
sustainability. Consequently, all practitioners should be qualified
to administer PAT only after completion of comprehensive
psychedelic therapist training and accreditation.

Therapist training ideally should be incorporated into
teaching curricula at universities and hospitals. For now, most
trainee therapists will be instructed by clinicians working in
clinical research - an approach likely to achieve the greatest
acceptance of PAT among the medical community. We see
this evolving into broader-scale therapist education within the
institutions that have fostered psychedelic research, by trainers
who themselves have gained their knowledge and skills through
that research framework.

One factor specific to clinical practice is that for the
foreseeable future, psychedelic medications, if approved for
clinical use, are most likely to be prescribed by specialists
such as psychiatrists and addiction physicians. However, the
psychotherapeutic needs of PAT may not be met by those
practitioners without specialized training, so one solution could
be to define two levels of psychedelic-relevant training for
psychiatrists – one for PAT therapists and the other for
PAT prescribers. Such a system exists in other countries
(39). Alternatively, licensing to prescribe psychedelics could
be extended to other clinicians such as physicians, palliative
care specialists, and general practitioners, contingent on
suitable accreditation.

Above all, training programs and clinicians themselves should
be accredited through a dedicated professional association to
maintain safety and standards in the translation to community
clinics. We recommend the foundation of a dedicated cross-
disciplinary professional body to oversee the field, given the
broad range of backgrounds from which psychedelic therapists
will be drawn. The Canadian model of a Credentialing Council
(37) would provide a good starting point for our proposed
Accreditation Committee, which we see taking a supporting role
to that of the Advisory Committee on Psychedelic Therapies.

Communication and Consultation
Communication and consultation among clinicians, researchers,
regulators, and other stakeholders will minimize delays and
optimize outcomes in the rollout of PAT to community clinics.
Our sense is that the professional community, not to mention
people who might benefit from PAT, will be best served by
cohesion and common purpose. This will be achieved by
coordinated communication and consultation among sectors of
the professional community, and greater engagement between
mental health professionals and the community.

We see the Advisory Committee being a central node of
communication among a broad range of stakeholders, from
health professionals and researchers to regulators, cultural
representatives, and the community.

Regulatory Oversight
Regulatory oversight applies through the established processes of
drug scheduling, medicines approval, and healthcare regulation
that have been in place in their present form for some 60 years,
and essentially have guided our clinical use of drugs to maximize
benefits while minimizing harms.

While regulation is necessary to ensure safety and ethical
practice, we recommend broad consultation with the community
and, in return, broad community support for regulatory
measures to ensure safety and equity of access to PAT (40).

The proposed Advisory Committee would play an important
role in advising government and statutory bodies, along with
professional organizations and representatives of the legal
profession, to administer PAT in the community setting for
maximum benefit at minimum cost.

Financial Considerations
Financial considerations underpin several themes and associated
recommendations of this paper. Public funding of evidence-
based interventions is needed to ensure universal affordability
and accessibility, and evidence is building for the safety and
efficacy of PAT. We strongly support funding of PAT within
the public health system, reinforced by a robust regulatory
environment to deal equitably with commercial aspects –
including issues related to intellectual property (41) - of
psychedelics and the provision of PAT. Accordingly, our
recommendation is for the translation of PAT to community
clinics to be supported by the public health system in Australia,
based on economic analysis of potential cost savings to the health
system in the long term.

We also recommend government funding of clinical trials
based on statistically meaningful numbers and long-term
follow-up, including post-approval monitoring, to evaluate
safety and sustainability of therapeutic outcomes (42). This
appears imminent in Australia, through the extension of the
Federal Government’s competitive grant scheme, the Medical
Research Future Fund (43, 44) specifically to fund psychedelic
medical research.

Ultimately, we see the proposed Advisory Committee
including expertise in health economics and the social sciences, to
provide financial and social perspectives on successful translation
of PAT to the community setting.
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CONCLUSION

The successful translation of PAT from clinical trials to
community clinics is not guaranteed to be smooth and free from
challenges. While we are cognizant of the limitations of our
Perspective, which largely reflect the small size and professional
orientation of our working group toward research and clinical
practice, and the fact that our analysis focuses primarily on
the current Australian situation, we have endeavored to identify
some of those challenges and offer some solutions that we expect
to be appropriate in Australia and many other parts of the world.

We believe our key recommendation, the establishment of
an Australian Advisory Committee on Psychedelic Therapies
and a supporting Accreditation Committee, will be a critical
step toward the successful translation of PAT from research to
community clinics.

We are heartened by the active and constructive conversation
that has emerged within the public discourse in recent
years. Hitherto, the Australian Government and professional
organizations such as the Royal Australian and New Zealand
College of Psychiatrists (RANZCP), the Australian Psychological
Society (APS), and the Australian Medical Association (AMA),
have been, at best, silent on the subject. Recently, all have
started to engage in respectful and positive consideration of the

potential being shown by these game-changing, even disruptive,
therapeutic approaches. We are encouraged by the apparent
willingness of these stakeholders, along with increasing numbers
among the broader community, to consider the potential of
psychedelic-assisted therapies after many years of exclusion
and neglect.
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N,N-Dimethyltryptamine (DMT) is a classic psychedelic capable of inducing short-lasting

but profound changes in consciousness. As with other psychedelics, the experience

induced by DMT strongly depends upon contextual factors, yet the neurobiological

determinants of this variability remain unknown. The present study investigated

changes in neural oscillations elicited by inhaled DMT, and whether baseline

electroencephalography (EEG) recordings could predict the subjective effects reported

by the participants. Healthy volunteers (N = 35) were measured with EEG before and

during the acute effects of DMT consumed in a natural setting. Source-localized neural

oscillations were correlated with the results of multiple questionnaires employed to

assess the subjective effects of the drug. DMT resulted in a marked reduction of alpha

and beta oscillations, and increased posterior spectral power in the delta, theta and

gamma bands. The power of fronto-temporal theta oscillations was inversely correlated

with scales indexing feelings of unity and transcendence, which are an integral part

of the phenomenology of mystical-type experiences. The robustness of these results

was supported using a machine learning model for regression trained and tested

following a cross-validation procedure. These results are consistent with the observation

that the state of mind prior to consuming a psychedelic drug influences the ensuing

subjective experience of the user. They also suggest that baseline EEG screenings before

administration of a serotonergic psychedelic could be useful to estimate the likelihood

of inducing mystical-type experiences, previously linked to sustained positive effects in

well-being and improved outcome of therapeutic interventions.

Keywords: psychedelics, DMT, EEG, neural oscillations, mystical-type experiences

INTRODUCTION

Serotonergic psychedelics (a subset of 5-HT2A receptor agonists) are capable of inducing
remarkable changes in perception, affect, self-awareness and cognition (1). Some of the
effects elicited by psychedelics are long-lasting, for instance, changes in personality traits and
improvements in the symptoms of certain mental health conditions (2–4). After decades of
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neglect, psychedelics have resurfaced into the mainstream of
human neuroscience and psychiatry, a revolution spearheaded
by neuroimaging studies in healthy volunteers (5) and clinical
research that supports the efficacy of these drugs for the treatment
of depression (6–8), substance abuse (9), and existential
anxiety (10, 11), among other uses. These advances, combined
with the excellent safety profile of all classic psychedelics
[mescaline, psilocybin, lysergic acid diethylamide (LSD) and
N,N-dimethyltryptamine (DMT)] (12), resulted in a surge of
scientific studies aimed to understand how psychedelics exert
their effect on consciousness and how these effects relate to their
therapeutic mechanism of action (13).

The capacity of psychedelics to induce long-lasting
psychological effects is related to the qualities of the subjective
experience during the acute effects of the drug. When
administered in a pleasant and supportive setting, psilocybin is
capable of inducing profoundly meaningful experiences of deep
personal significance, with a sustained positive effect in well-
being and behavior (14, 15). The subjective experience linked to
these transformative properties of psychedelics has substantial
commonalities with other non-ordinary states of consciousness,
known in the previous literature as mystical experiences,
conversion experiences, peak experiences, transcendental
experiences, epiphanies, among other denominations (16, 17).
Because of these similarities, Griffiths and colleagues introduced
the name “mystical-type” to refer to these experiences, and
built upon previous work to create the Mystical Experience
Questionnaire (MEQ30), with a total of 30 items leading to
four subscale scores (mystical, positive mood, transcendence
of time and space, and ineffability) (18). Psilocybin-induced
mystical-type experiences are dose dependent (19) and are
related to the therapeutic effects of the drug when administered
in patients suffering from depression (20), end of life anxiety
(11) and substance abuse disorders (21), thus prompting the
need to understand how these experiences can be predicted
and facilitated.

Considerable variability exists in the percentage of subjects
whose report qualifies as a complete mystical-type experience,
according to the criteria put forward by Griffiths and colleagues.
These percentages range from 60% for multiple studies using
psilocybin (16, 17) to 10% for LSD (22), and between 37
and 73% for intravenous or inhaled DMT (23, 71). This
variability is likely related to contextual factors known as set
and setting, i.e., the state of mind of the participant prior to
the experience and the environment where the experience takes
place, respectively (24). For instance, Haijen et al. conducted
a large online survey to predict the response to psychedelic
drugs, finding that trait absorption and clear intentions are
conducive to mystical-type experiences (25). A recent meta-
analysis identified other predictors of mystical-type experiences,
such as age, apprehension, deservingness, spiritual motivations,
surrender, acceptance and attachment anxiety (26). Most
predictive variables explored to date were obtained from self-
reported measures assessed using standardized questionnaires
and meta-analyses (25–27). However, insofar as the state of
mind of the user is reflected in baseline measurements of
brain activity, these measurements should also present predictive

power about the ensuing psychedelic experience, potentially
informing the neurobiological mechanisms underlying the
repertoire of possible responses to psychedelic drugs. Notably,
the development of predictive models based on brain activity
recordings remains heavily underexplored in comparison to
those based on psychometric data.

We explored baseline EEG oscillations as predictors of self-
reported subjective effects in a cohort of 35 subjects who inhaled
DMT in freebase form in their preferred context of use. DMT
is frequently consumed in ceremonial settings, where it is
crystallized over non-psychoactive plant leaves and then inhaled
after combustion (28, 29), leading to intense but short-lasting
subjective effects (30–32). We chose to investigate DMT under
natural conditions to encompass an ample range of sets and
settings, an advantage when searching for contextual factors that
are linked to specific drug-induced experiences (24, 33). Our
main result is a relationship between mystical-type experiences
and baseline theta oscillations originating from frontal and
temporal brain regions.

MATERIALS AND METHODS

The data included in this manuscript was used in a previous
publication, which can be referenced for further methodological
details (71).

Participants
Thirty-five participants (7 females, 33.1 ± 6 years, 92.2 ±

201.4 previous experiences with ayahuasca, 3.6 ± 5.6 previous
experiences with DMT alone) were recruited by word-of-mouth
and social media advertising between May and December 2019.

Participants were required to have at least two previous
experiences with ayahuasca or DMT, abstain from consuming
psychoactive drugs at least 24 h prior to the study, and be willing
to engage in their preferred use of DMT in the presence of
research team members. Researchers did not provide DMT or
other psychoactive compounds to the subjects, interacted with
their use of the substance, nor promoted the use of DMT or
other psychedelics in any way. They role was only observational, a
requirement for participation in the experiment was that subjects
conducted their use of DMT in their preferred context and as
previously planned. To participate, subjects had to be between
21 and 65 years old.

Subjects were excluded due to reported past difficult
experiences with psychedelics, and based on the results of a
non-diagnostic interview (SCID-CT, First, 2014) conducted with
psychiatrist, according to the guidelines by Johnson et al. (12).
Subjects who fulfilled DSM-IV criteria for the following disorders
were excluded from the experiment: schizophrenia or other
psychotic disorders, and type 1 or 2 bipolar disorder (both also in
first and second degree relatives), substance abuse or dependence
over the last 5 years (excluding nicotine), depressive disorders,
recurrent depressive episodes, obsessive-compulsive disorder,
generalized anxiety disorder, dysthymia, panic disorder, bulimia
or anorexia, as well as subjects with history of neurological
disorders. Subjects who presented one standard deviation above
the mean in the State-Trait Anxiety Inventory (34) were
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excluded, as well as subjects under psychiatric medication of
any kind.

This study was conducted in accordance with the Helsinki
declaration and approved by the Committee for Research Ethics
at the Jose Maria Ramos Mejia General Hospital (Buenos
Aires, Argentina), accredited by the Central Committee of
Ethics, Ministry of Health of the Autonomous City of Buenos
Aires, Argentina.

All research data associated with this manuscript is publicly
available without restrictions (10.5281/zenodo.3992359).

DMT Administration
Subjects consumed DMT in their preferred context of use. After
being fitted with the EEG cap, the subjects were instructed
to keep their eyes closed, relax and maintain an upright
position, avoiding head movement and jaw clenching to prevent
muscle artifacts. Only four subjects self-administered DMT, all
others were assisted by facilitators, who organized the retreats
or ceremonies attended by the participants. After receiving
instructions by the facilitators, subjects inhaled the smoke and
vapor resulting from the combustion of freebase DMT, in all cases
recrystallized over non-psychoactive plant leaves. Facilitators
withdrew the pipe when subjects either stopped inhaling and
leaned back, or exhausted the contents of the pipe. In all cases,
the load of the pipes was estimated by the participants or their
facilitators at around 40mg freebase DMT, and reported to be
extracted from the root ofMimosa hostilis (also known asMimosa
tenuiflora or jurema) (35). The presence of DMT was verified in
all samples by high performance liquid chromatography coupled
to mass spectrometry for profiling and qualitative analysis.

Psychometric Questionnaires
Before the DMT experience, participants completed Spanish
versions of the State Trait Anxiety Inventory (STAI trait) (34),
and questions introduced in Haijen et al. (25) to assess the self-
reported adequateness of set, setting and intentions. After the
DMT experience, participants completed the 5D altered states
of consciousness scale (5D-ASC) (36), the mystical experience
questionnaire (MEQ30) (18), the near-death experience scale
(NDE) (37), and a series of questions to assess the impact of
set, setting and social interactions on the psychedelic experience
(post-experience questionnaire, or “Post”). Immediately before
and after the DMT experience, participants completed Spanish
versions of the Big Five personality (BFI) test (38), STAI state
(34), and Tellegen absorption scale (TAS) (39).

EEG Acquisition and Pre-processing
EEG data were recorded with a 24-channel mobile system
(mBrainTrain LLC, Belgrade, Serbia, http://www.mbraintrain.
com/) attached to an elastic electrode cap (EASYCAP GmbH,
Inning, Germany, www.easycap.de). Twenty-four Ag/AgCl
electrodes were positioned at standard 10– 20 locations (Fp1,
Fp2, Fz, F7, F8, FC1, FC2, Cz, C3, C4, T7, T8, CPz, CP1, CP2,
CP5, CP6, TP9, TP10, Pz, P3, P4, O1, and O2). Reference and
ground electrodes were placed at FCz and AFz sites. The wireless
EEG DC amplifier (weight = 60 g, size = 82 × 51 × 12mm,
resolution= 24 bit, sampling rate= 500Hz, 0–250Hz pass-band)

was attached to the back of the electrode cap (between electrodes
O1 and O2) and sent digitized EEG data via Bluetooth to a
Notebook held by a experimenter sitting behind the participant.
Prior to the administration of DMT, baseline EEG activity was
acquired with eyes open and closed (5min each). After the DMT
was administered, EEG recordings started when subjects exhaled,
and lasted until the subject indicated a return to baseline (6 ±

1.4 min).
EEG data was preprocessed using EEGLAB (https://sccn.

ucsd.edu/eeglab/index.php) (40). Data was divided into 2 s
epochs, then bandpass-filtered (1–90Hz) and notch-filtered
(47.5–52.5Hz). Artifact-laden channels were first detected using
EEGLAB automated methods. All channels were manually
inspected before rejection (mean 30% rejected channels, max. 8
channels) and then interpolated using data from the surrounding
channels. Epochs to be rejected were flagged automatically and
in all cases removed after manual inspection (21.3 ± 13.7
epochs rejected per subject). Infomax independent component
analysis (ICA) was then applied to data from each individual
participant, and used to manually identify and remove artifactual
components (2.7 ± 1.1 components removed). According to
the previously defined criteria, 6 subjects were discarded from
the subsequent EEG analysis due to an excessive number of
rejected epochs and/or channels, resulting in 29 subjects for
subsequent analysis.

Source EEG Power Estimation
Source imaging analysis was performed using Brainstorm
(https://neuroimage.usc.edu/brainstorm/) (41). Pre-processed
EEG epochs were imported and localized to a standard MRI
volume divided by a 4mm 3D grid. A 3-shell sphere model was
used to compute the forward solutions, with adaptive integration
and standard tissue conductivities. Sources were estimated by
minimum norm imaging with unconstrained dipole orientations
and identity noise covariance matrix, yielding a current density
map normalized by the square root of the estimated noise
variance at each location in the map, i.e., a z-score statistical map
(dynamical Statistical Parametric Mapping, dSPM) (42).

Band-specific power spectral density was computed using
the Welch method followed by spectrum normalization and
averaging across epochs. Spectral power was computed for the
following frequency bands: delta (1–4Hz), theta (4–8Hz), alpha
(8–12Hz), beta (12–30Hz), low gamma (30–40Hz), and high
gamma (40–70Hz). Finally, source spectral power estimates
were averaged across all grid locations within the cortical
and subcortical regions defined in the Automated Anatomical
Labeling (AAL) atlas, yielding 90 values per subject and
frequency band (43).

Statistical Analyses
Significant differences in regional mean spectral power between
conditions were assessed using Wilcoxon’s non-parametric
signed-rank test. The predictive power of baseline activity was
evaluated using Spearman’s non-parametric rank correlation
coefficient between regional spectral estimates during the eyes
closed condition and the results of questionnaires (5D-ASC,
NDE, and MEQ30) obtained after the DMT condition.
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FIGURE 1 | Significant differences in band-specific source EEG power

between the eyes closed baseline and the DMT condition. Red-yellow and

blue-green color scales indicate increased and decreased spectral power

under DMT compared to the baseline, respectively.

The Benjamini-Hochberg procedure was followed to control
for the false discovery rate, setting a rate of α = 0.05
(44). Correlation p-values obtained for all frequency bands
and questionnaire subscales were pooled together before the
application of this procedure.

Machine Learning Regression Model
A random forest regressor (45) with 1,000 estimators
(implemented in scikit-learn, https://scikit-learn.org/) (46)
was trained using 50% of the samples to estimate the 5D-ASC
Unity, MEQ30 Mystical and MEQ30 Transcendence scores in
the remaining 50% (randomly selected for each independent
instance of the classifier). Each sample consisted of the theta
power source values at the 90 AAL regions for a participant
during the eyes closed baseline. This procedure was repeated
1,000 times for each questionnaire subscale with and without
shuffling of the target scores. Finally, a p-value was constructed
by counting the number of times the mean squared error of the
randomized classifier was lower than that of the classifier trained
using the non-shuffled scores, divided by the total number
of iterations.

RESULTS

Differences in Source EEG Power Between

DMT and Baseline
We first compared the EEG source estimates for all frequency
bands between the eyes closed and DMT conditions, with
the purpose of estimating the validity of the source imaging
procedure by comparing the results with analyses previously
conducted at the scalp level (71). The results of this analysis
are shown in Figure 1. We observed posterior increases in delta
power under the acute effects of DMT, with similar (but less
marked) changes for the theta band. For the alpha band we

observed changes similar to those seen in the delta band, but of
opposite sign (i.e., alpha power decreases in occipito-temporal
regions under DMT). Beta power increased in posterior regions
and decreased in prefrontal regions, while occipital, parietal and
temporal gamma increases appeared under DMT. These results
are consistent with those previously reported at the scalp level
(71), but with some additional significant differences in theta and
beta bands.

Correlations Between Baseline Activity and

Questionnaire Subscales
We computed all correlations between regional spectral power
estimates and questionnaire subscales. We first conducted this
analysis at the scalp level, finding significant negative correlations
between theta power and the subscales 5D-ASC Experience of
unity (“Unity”), MEQ30 Mystical experience (“Mystical”) (in
both cases electrodes Fp1, Fp2, F7, F8, Fz, T7, T8), and MEQ30
Transcendence of time and space (“Transcendence”) (electrodes
Fp1, Fp2, F7, F8, Fz, FC1, FC2).

Next, we applied the same analysis to the source theta power,
with the objective of visualizing these changes overlaid on brain
anatomy. After FDR-correction for multiple comparisons, we
only identified significant correlations for the theta band (see
Figure 2 for a matrix summarizing all correlations for this
frequency band). These significant correlations corresponded to
the following three subscales: 5D-ASC Unity (“Unity”), MEQ30
Mystical, and MEQ30 Transcendence (i.e., the same subscales
that presented significant results at the scalp level).

Figure 3 presents the anatomical rendering and volumetric
display of the AAL regions whose baseline theta power presented
significant correlations with 5D-ASC Unity, MEQ30 Mystical,
and MEQ30 Transcendence. Consistent with the analysis at
the scalp electrodes, 5D-ASC Unity was inversely correlated
with theta power at fronto-temporal regions, and a similar
pattern of significant correlations was observed for MEQ30
Mystical, while negative correlations between theta power and
MEQ30 Transcendence were distributed frontally and bilaterally,
spanning the prefrontal cortex, the orbital part of the frontal lobe
and the anterior cingulate cortex.

Prediction Using a Cross-Validated

Machine Learning Regression Model
Figure 4 shows the prediction of individual questionnaire
subscale values based on the theta power localized at the 90
AAL regions, with the y-axis representing the predicted values
(obtained using a random forest regression model) and the
x-axis representing the actual values. In both cases, values
were standardized to z-scores before visualization. As shown in
the insets, the predicted values presented a medium to large
correlation with the actual values, however, the model tended to
underestimate the scores that were significantly smaller than the
mean (i.e., largest negative values after conversion to z-scores).

Prediction Based on Psychometric Data
We computed the correlation between 5D-ASC Unity, MEQ30
Mystical and MEQ30 Transcendence subitem scores, and
baseline psychometric scores including personality traits (BFI),
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FIGURE 2 | Matrix with all correlations between questionnaire subscales (y-axis) and source theta power computed for all AAL regions (x-axis). Significant correlations

were in all cases negative and are indicated by colored entries.

FIGURE 3 | Anatomical rendering (top) and volumetric display (bottom) of AAL regions where significant negative correlations between theta power and

questionnaire subscales (5D-ASC Unity, MEQ30 Mystical and MEQ30 Transcendental) were found.

FIGURE 4 | Predicted (random forest regression model) vs. actual questionnaire subscale values (in both cases standardized to z-scores) with the linear correlation

coefficient between both included as an inset.

trait anxiety (STAI), and trait absorption (TAS). Consistent with a
previous survey study (25), we only found significant correlations
with trait absorption (R = 0.43 for 5D-ASC Unity and R = 0.51
for MEQ30 Mystical).

DISCUSSION

We investigated how the acute effects of DMT modified

source-localized EEG spectral power, as well as the relationship
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between baseline spectral power fluctuations and the conscious
experience reported by the subjects. Our recordings were
obtained in natural settings, i.e., the contexts preferred by the
participants for their use of DMT. While this approach is
limited in many ways compared to a double-blind placebo-
controlled design, it also presents distinct advantages, mainly
related to an ample range of settings. These advantages are
especially important when attempting to predict the response to
DMT from baseline brain activity measurements (24, 33). We
followed a novel approach, diverging from previous efforts to
predict the effects of psychedelics from questionnaires or from
natural language descriptions of set and setting (25–27). Since
the mindset of the participants should be reflected on their
baseline neural oscillations, we hypothesized that band-specific
EEG power could predict some of the subjective effects reported
by them after the DMT experience.

Our results at the source level are consistent with a previous
analysis of this data (71) and with an independent report of
EEG changes elicited by intravenous DMT administration (47).
The most salient results obtained from the contrast of DMT
vs. eyes closed comprise increased delta power and decreased
alpha power, in both cases localized to posterior brain regions,
replicating previous analyses. Also, we found that DMT increased
the power of gamma oscillations in occipital and temporal
regions, a similar increase of oscillations in the gamma range
was previously reported by our group, as well as by others
investigating orally administered DMT in the form of ayahuasca
(48). However, we also found new significant changes in the
theta and beta frequency bands, suggesting that mixed sources
registered at the scalp could hinder the level of significance in the
comparison of DMT vs. eyes closed.

Theta oscillations have been linked to multiple cognitive and
perceptual processes in the healthy human brain, some of them
subserving mind-wandering (49–52). We speculate that these
functions could be detrimental for a state of mind conducive
to mystical-type experiences, an observation supported by the
facilitation of these experiences by mindfulness training (53).
Increased theta power has been reported duringmind-wandering
episodes, especially when divided by beta power to form the
beta/theta ratio (54, 55). Theta oscillations have been linked to
episodes of self-assessed (i.e., subjective) drifts of attention during
a breath counting task (56), as well as to behaviorally indexed
mind-wandering (57). Dissociative absorption, a trait predictive
of psychedelic-induced mystical-type experiences, correlates
inversely with the power of theta rhythms originating within the
temporal lobes (58). A combined EEG-fMRI study established
that intrusions of self-generated and internally-oriented thought
processes are characterized by reduced default mode network
activity and increased power of theta oscillations, among other
frequency bands (59). Anxiety prior to the DMT experience could
hinder the likelihood of undergoing a mystical-type experience,
which is consistent with the reported link between anxious
rumination and increased theta power localized to the anterior
cingulate cortex (60).

Oscillations in the theta band are thought to reflect top-down
influences related to working memory and memory retrieval
(49–52), and are linked to the activation of autobiographical

memories (61) as well as to mental time travel (62) and,
more generally, to the level of mental workload (63). While
these aspects of theta oscillations could be related to mind-
wandering, multiple reports show enhanced theta power in
mindfulness meditators, as well as in meditators following other
contemplative traditions (64–67). Furthermore, frontal theta
oscillations are inversely correlated with default mode activity,
suggesting that these oscillations signal episodes of sustained
attention (68). These apparent contradictions could stem from
the lack of a unique source for the theta rhythm, with different
sources reflecting equally distinct cognitive roles, and from
the possibility of rhythms of the same frequency but different
functional roles emerging from the same cortical regions (69).
Since we did not assess the prevalence of mind-wandering
episodes prior to the DMT experience, we lack subjective or
behavioral validation for the proposed disruptive role of theta
oscillations concerning mystical-type experiences. However, we
note that high absorption is predictive of these experiences (as
previously shown and also confirmed by our analysis) and at the
same time indicative of deep and effortless concentration (70)
and inversely correlated with EEG theta power (58), thus lending
indirect support to the hypothesized origin of our main results.

Our analysis failed to predict other aspects of the psychedelic
experience, such as perceptual, affective or cognitive alterations.
Haijen et al. showed that the intensity of visual effects could be
predicted by absorption, dose, and by having clear intentions
for the experience (25). However, other studies suggest that
predicting perceptual modifications from non-pharmacological
variables is more difficult than predicting mystical-type
experiences (27). A recent meta-analysis established that
baseline psychometric questionnaires are mostly predictive
of affective or mystical-type experiences, with only sparse
significant associations of baseline variables with perceptual or
cognitive modifications (26). We can speculate that individual
characteristics that are beyond the spatial resolution of EEG
could underlie the variability in other dimensions of the
psychedelic experience, for instance, differences in the cortical
density of serotonin 5-HT2A receptors. Future studies should
attempt to predict the response to psychedelics from more
exhaustive neuroimaging recordings, including functional,
anatomical, and neurochemical data.

The spatial accuracy of source imaging is very limited for
the number of electrodes used in our recordings. However, we
did not draw conclusions based on individual AAL regions,
but only at the coarser level of brain lobes and hemispheres,
which were in all cases consistent with results obtained at the
scalp level. In this sense, source imaging is useful to present
findings overlaid on brain anatomy, which facilitates direct
visual identification of the involved cortical regions, but should
not be overinterpreted in terms of spatial localization. Another
limitation of our study is the lack of a placebo condition to
control for expectancy effects, as well as the limited information
concerning the administered doses of DMT. These limitations are
inherent to studies conducted in natural settings and thus future
research should attempt to reproduce our findings following a
randomized double-blind placebo-controlled design. However,
we note that predicting how contextual factors influence the acute
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effects of psychedelics might be difficult if variables related to
set and setting are uniform across participants. In this sense,
a certain degree of contextual heterogeneity (as in the case of
naturalistic studies) could represent an advantage instead of
a limitation.

In summary, our study represents a first step in the
direction of predicting the acute effects of psychedelics from
baseline neurophysiological recordings. Although debated, the
therapeutic properties of psychedelics seem to depend upon
the state of consciousness manifested during the experience
itself. As more clinical research is conducted and more data
becomes available, we expect that certain profiles of subjective
effects will be associated with the improvement of patients after
treatment with psychedelics. Ultimately, the field will face the
problem of how to engineer these desirable subjective effects,
a problem that will require a systematic exploration of the
response to psychedelic drugs from baseline psychological and
neurophysiological measurements.
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Leor Roseman 1

1Centre for Psychedelic Research, Division of Brain Sciences, Imperial College London, London, United Kingdom,
2 Psychedelics Division, Neurology, Psychiatry and Behavioral Sciences Weill Institute for Neurosciences, University of
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Background: Chronic Pain is among the leading causes of disability worldwide with up

to 60% of patients suffering from comorbid depression. Psychedelic-assisted therapy

has recently been found effective in treating a host of mental health issues including

depression and has historically been found to be useful in treating pain. Reports of

self-medication for chronic pain using psychedelic drugs have been widely documented,

with anecdotal evidence indicating widespread success in a range of pathologies.

Aims: In preparation for an upcoming trial, to better understand how those with lived

experience of chronic pain self-medicate with psychedelic drugs, and to establish, in

detail, their therapeutic protocols and practices for success.

Methods: As part of patient-involvement (PI) for an upcoming trial in this population,

11 individuals who reported self-medicating with psychedelic drugs took part in a 1-h

semi-structured discussion, which was then transcribed and thematically analyzed.

Results: Across a range of psychedelic substances and doses, reported pain scores

improved substantially during and after psychedelic experiences. Two processes,

Positive Reframing and Somatic Presence, were reliably identified as playing a role in

improvements in mental wellbeing, relationship with pain, and physical (dis)comfort.

Inclusion of other strategies such as mindfulness, breathwork, and movement were also

widely reported. Due to the data’s subjective nature, this paper is vulnerable to bias and

makes no claims on causality or generalisability. Together, these results have been used

to inform study design for a forthcoming trial.

Conclusion: This pre-trial PI work gives us confidence to test psychedelic therapy

for chronic pain in a forthcoming controlled trial. The results presented here will be

instrumental in improving our ability to meet the needs of future study participants.

Keywords: psychedelic, chronic pain, self-medication, Patient and Public Involvement (PPI), thematic analysis
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INTRODUCTION

Public and Patient Involvement (PPI) aims to produce research
“by” and “with,” rather than “to” or “for” people with lived
experience (NIHR). PPI is effective across health research (1,
2), particularly in mental health research (3, 4), and is an
emerging topic in the psychedelic field (5). By incorporating
non-researcher, e.g., patient and public input into various parts
of the research cycle, PPI produces relevant, transparent, and
accountable research (6, 7). This PPI venture was undertaken
to involve people with lived experience (“contributor”) in
the design phase of a future trial investigating the effects
of psilocybin in people with fibromyalgia. The fibromyalgia
population was chosen for potential psychedelic application
because of its relatively common occurrence, central nervous
system involvement, and high rates of mental health co-
morbidities.

Those living with chronic pain report feeling misunderstood

and invalidated (8, 9). This highlights the need for intentional
communication at early stages of research to ensure thoughtful
design that prioritizes the specific needs of people with chronic

pain. The accordingly selected methods of in-depth, open-
ended discussions (10, 11) and the thematic analysis thereof
(1, 12–14) are widely used in PPI. Further, such conversations
effectively facilitate early involvement at the design stage of
research (10, 15). The product is a nuanced exploration of the
chronic pain experience and warrants the following background

to adequately contextualize.
Roughly 20% of the global population live with chronic pain

(16), and it is considered one of the global leading causes of
disability (17). Chronic pain is defined as pain lasting over three
months and may remain even if the original injury has formally
healed (18, 19). Common chronic pain conditions include
Chronic Low Back Pain, Headache, and Chronic Widespread
Pain e.g. Fibromyalgia Syndrome. Living with chronic pain
significantly impacts a person’s ability to work, resulting in high
levels of lost productivity, reportedly costing the UK economy
£10.7 billion annually (20). The social implications of chronic
pain are also considerable; over half of pain patients report
that their condition has prevented them from seeing family and
friends and that their pain contributes to significant social anxiety
(21). Such increases in social isolation, as well as the general
stress from constant pain, directly impact patients’ psychological
wellbeing; it is estimated that 20% of people with chronic pain
experience comorbid depression (22), with rates up to 60%
in conditions such as Fibromyalgia Syndrome (23). This well
observed bidirectional relationship links stress to an increased
likelihood of developing chronic pain (24, 25).

Current guidelines recommend education, physical
therapy and pharmacological interventions, such as non-
steroidal anti-inflammatory drugs (NSAIDs), weak opioids,
and antidepressants or anticonvulsants off-label (26, 27).
Second line treatments graduate to invasive procedures
such as neurosurgery, neuromodulation, nerve blocks and
radiofrequency denervation (27, 28). However, several problems
with the current strategies for treatment of chronic pain remain.
Firstly, existing medications carry a number of unwanted side

effects and can be habit forming, for example long-term opioid
use is linked to dependence and has directly contributed to the
ongoing international opioid crisis (29). Secondly, conventional
interventions, both pharmacological and invasive, have high
Number-Needed-to-Treat values and are only effective in up
to 80%, leaving ∼1 in 5 sufferers without pain relief (30).
Finally, these treatments either neglect or fail to adequately
address the psychological impact of chronic pain conditions,
leading to growing numbers seeking alternative treatments
and experiment with self-treatment (31, 32). In cases where
pain persists, patients can be referred to multidisciplinary
pain management programmes (PMPs), which aim to support
individuals to effectively manage and live with their pain through
education, physical therapy and psychological therapies such
as Cognitive Behavioral Therapy (CBT) (33) or Acceptance
and Commitment Therapy (ACT) (34). CBT and ACT are
well-established trans-diagnostic behavior-based psychological
therapies which aim to improve awareness and reduce harm
caused by negative thought patterns. Their shared foundation
focuses upon Cognitive Reframing/Restructuring, a process in
which thoughts and beliefs are identified, examined, their relative
importance is reviewed, and maladaptive beliefs are updated
with therapeutically useful, often positive, ones (35). Evidence
suggests such cognitive reframing is transdiagnostically useful,
resulting in improved outcomes in healthy populations (36),
depression (37), Post-Traumatic Stress Disorder (PTSD) (35),
and chronic pain (38). While PMPs are the sole treatment option
to directly address the prevalent mental health comorbidities
associated with chronic pain, their efficacy is largely limited to
the short term (39–42) and attrition/relapse rates remain high
(43, 44).

Used in combination with psychological support, psychedelic
drugs [e.g., Lysergic Acid Diethylamide (LSD), Psilocybin
(the psychoactive component of magic mushrooms), and
dimethyltryptamine (DMT)] appear to exhibit promising
therapeutic effects in conditions such as depression (45–
47), addiction (48, 49), and end-of-life anxiety (50–53). The
safety profile of psychedelics is well-established as largely
physiologically benign (54), though psychologically challenging
periods are common during acute experiences (55). Case
reports of persisting perceptual changes exist, though these
are rare (54, 55). Historically, there has been interest in using
psychedelics to treat chronic pain; preliminary studies from
the 1960s and 70s suggest that psychedelic drugs may be
therapeutically useful, specifically for cancer pain and phantom
limb pain (56–61). Although the results of these historical trials
all show promising results, they lacked the methodological rigor
of modern trials making it difficult to draw strong inferences on
their findings. Contemporary studies suggest that psychedelics
may be therapeutically useful in treating intractable headaches
such as migraine and cluster headaches (62–64), and two recent
reviews hypothesize potential mechanisms and applications
for psychedelics in chronic pain (65, 66). Pharmacologically,
this concept is plausible. The primary mechanism of action of
classic psychedelics is via the 5-HT2A serotonin receptor, which
is integral to inflammatory pain (67, 68). Data suggests that
psychedelics reduce inflammation (69–71) via the downstream
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effects of 5-HT2A agonism such as TNF regulation (72),
and may result in desensitized central pain responses (66).
The acute effects of psychedelics may also contribute toward
an analgesic response by reorienting attention away from
unpleasant sensations toward altered perceptions, e.g., visual
hallucinations (73).

While research has stalled for decades due to the legal status
of psychedelic drugs, public interest has not. Psychedelic self-
medication has grown in popularity in recent years, reportedly
making up 14.8% of self-reported psychedelic substance use (74)
and first time LSD-use having increased ten-fold in 10 years in
adults over 26 (75). Methods of use range from the semi-regular
taking of sub-perceptible doses (known as “microdosing”) to
isolated high dose sessions emulating clinical contexts to address
mental health concerns (76). Notably, anecdotal reports of
effective management of chronic pain have been prevalent;
online forums such as Erowid and Reddit contain hundreds
of reports of effective treatment for chronic pain conditions
such as Fibromyalgia (ErowidFMS) (77, 78), Chronic Back
Pain (ErowidCBP), and Rheumatoid pain (RedditEDS) (79).
The largest group of reports concern chronic cluster headaches
and migraines (80), with over 10,000 people participating in
the organization “Clusterbusters,” dedicated to the treatment of
headaches with psychedelics (81). This has given rise to a cache
of largely untapped knowledge held by psychedelic users who,
through self-experimentation and extensive online publishing
of “trip reports,” have independently attempted to develop a
public library detailing the effects of different substances. This
PPI initiative takes advantage of existing public interest and
knowledge with the objective of infusing context and input
from people with lived experience into various aspects of trial
development, and directly influence study design, therapeutic
protocols, and outcome measures.

For this PPI investigation, 11 public contributors were invited
for 1-to-1 open ended discussions with one of the researchers
developing the upcoming trial. The aim of these discussions was
to explore (i) how people with chronic pain self-medicate with
psychedelic drugs, (ii) whether people have found psychedelics
to be effective, and (iii) to gain some insight on specific practices
that contributors feel are important for treatment success. While
safeguards against bias were employed (see section Materials and
Methods), we do not claim that the following work is free of bias
or generalisable to the larger population.

MATERIALS AND METHODS

Public Contributors
Contributors with lived experience of chronic pain and alleged
personal use of psychedelics as a self-medication attempt
were recruited through online pain forums, e.g., Reddit,
psychedelic retreats, and word-of-mouth. Online posts asked
about experiences with psychedelic self-medication for chronic
pain and whether people would be open to a discussion about this
topic. In total, 44 people responded, and 11 agreed to a 1-h video
conversation. The remaining 33 respondents did not contribute
to this project because they either failed to reply to messages

requesting a conversation, or did not appear at the agreed-
uponmeetings (3). Eight contributors were recruited from online
forums, one was recruited through word-of-mouth, and twowere
recruited from psychedelic retreats via advertisements sent to
retreat alumni email lists.

Discussions
Discussions took place between April and June of 2020 and lasted
between 55 and 90min. Consent was given to record, analyse, and
use data obtained from discussions in analysis. Discussions were
semi-structured and spanned three major topics: a background
of their pain, their psychedelic use, and whether and how
psychedelic use may have been effective for their chronic pain.
This open-ended approach was chosen to capture a range of
responses and reduce interviewer bias. All contributors were
asked to rate their pain at various timepoints according to
a Numerical Pain Rating Scale (NPRS) from 0 (No Pain) to
10 (Worst Imaginable Pain) (82). The common interpretation
of this rating scale is that pain scores of 1–3 are considered
to be mild, 4–6 moderate, and 7–10 severe. If contributors
reported multiple experiences, their most impactful experience
was selected. Contributors were asked to rate the pain that they
experience (1) on an everyday basis, before they began self-
medicating with psychedelics, (2) their pain during the acute
experience, and (3) after they self-medicated with psychedelics
(see Figure 2). Discussions were recorded and transcribed.

Ethical Approval
The Imperial Research Governance and Integrity Team (RGIT)
was informed of all planned activities of the following project
involving human PPI contributors. This project was undertaken
as PPI and RGIT confirmed that ethical approval was not
required. During conversations, PPI contributors provided
verbal informed consent to participate in this study.

Data Analysis
We used qualitative methods to derive major trends across
contributors. To obtain an unbiased view of the data, thematic
analysis followed an inductive coding approach (83), allowing
themes to arise from the transcriptions themselves, and
minimizing confirmation bias. Analysis was undertaken on each
data set and created initial codes. Once a first set of codes
was established, the sample set was re-analyzed, updated codes
were produced, and themes were determined. Subjectivity was
addressed by cross-referencing for inter-coder reliability and
the final set of themes was confirmed. From this, the themes
were categorized into Pain Disability/Debilitation, Acute, and
Enduring Change categories and configured into a hierarchical
coding frame to establish the relative importance of each
theme. This produced major and minor themes. Themes were
considered major if they appeared in at least four discussions.
There were several major themes which contained several sub-
themes.

To establish the relationships between themes, one matrix
was created for all contributors and themes, and the presence
of each theme was detailed. The relative strength of connection
between themes was established through the co-occurrence of
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FIGURE 1 | An example of how relative connection strengths were mapped on a network graph, in this case regarding pain reduction. The full, interactive graph is

available here: https://public.flourish.studio/visualization/6283835/.

themes, which were coded by frequency. These connections were
noted and mapped onto a network graph using open access
software (Figure 1) (84). No quantitative, statistical analyses
were undertaken as the values reported were retrospective, and
the main aim was to explore relationships between themes.
Therefore, the following serves as a commentary on how themes
were interrelated and makes no inferences about causation.

Reporting
This investigation followed GRIPP2 guidelines for reporting PPI
(85). PPI was undertaken at the planning stage to influence
the design of our study. Contributors were not paid for
their involvement.

RESULTS

Demographics of the six women and five men (range = 21
and 52, mean = 34, SD = 9.7) years of age) who took part
in these conversations can be found in Table 1. Ethnicities
were slightly over-represented when compared to the UK
national population. Contributors had mixed chronic pain,
six of which reported more than one contributing condition.
Contributors had been living with their pain for between two
and 25 years (mean = 10.7, SD = 9) and tried between
two and 14 pain treatments (mean = 6.6, SD = 4.4)
with largely unsatisfactory rates of success. All contributors
had previously received pharmacological treatment, and three
pursuedmore invasive treatment such as radiofrequency ablation
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FIGURE 2 | Retrospective Numerical Pain Rating Scores from each contributor before, during, and after the psychedelic experience. The perceived intensity of pain

was considerably lowered during the acute psychedelic state and slowly increased to the normal level over a period of hours to days. We make no inferences on

causality from these retrospective subjective data.

and surgery. All contributors reported co-morbid depression
that was perceived to be closely linked to the intensity
of their pain. Histories of psychological treatments were
not provided.

Substances, Doses, and Frequency-of-Use
There was considerable variation in substances, doses,
frequency-of-use, and the longevity of effects reported (see
Table 2). This is likely due to the lack of research on the
subject, as well as the absence of any guidelines due to
legal status, leading contributors to experiment and create
unique “treatment plans.” These plans were largely the
product of trial-and-error, especially in regard to substance
and dose.

As shown in Table 2, the substances used ranged, the most
reported being psilocybin-containing mushrooms. Although not
a serotonergic psychedelic and therefore not included in the
analysis of this project, three people also reported using ketamine.
There was also a wide range in precision, dose, frequency, and
lifetime use; all reported taking at least one “high” dose of
psilocybin, the estimated mean of which was 2.6g (SD = 0.5).
High doses were largely taken on an as-needed basis, typically
separating doses by several months. Some (5) also reported
microdosing, on average twice weekly, with psilocybin (n = 3;
mean dose = 225mg; SD = 127.5) and LSD (n = 2; mean
dose = 10 µg; SD = 5). Lifetime use ranged from 1 to
>50 experiences.

Pain and Effect of Self-Medication on Pain
Retrospective baseline pain severity (NPRS) scores ranged from
4.5 to 10/10 with amean score of 7.25/10, implying severe chronic
pain. All contributors reported a change in pain scores during
the acute experience; nine reported pronounced reductions while
two reported a short-term amplification of pain. Of those who
reported a reduction in pain, the mean was 0.33/10. Finally,
contributors were asked to rate their everyday pain after starting
to self-medicate with psychedelics, focusing on the immediate
period after the acute psychedelic effects had subsided, i.e., the
following 48 h. Scores ranged from 0 to 8, with a mean of 2.73/10,
implying mild pain. For most (7), this was followed by a gradual
return toward baseline pain scores over a 2–5 days. The two
who reported an increase during the acute experience reported a
return to baseline pain scores following the experience. Given the
exploratory nature of these data, it is not possible to determine
the impact of different substances or dosing regimens to the
changes in pain score.

The period of direct pain relief ranged from none (2) to 6+
months (2) (mean= 36, median= 7 days, SD= 67.9). Following
thematic analysis, effects were split into somatic, i.e., analgesic,
and psychological relief. In most cases, perceived longevity of
“analgesia-like” pain relief was much more homogenous and
ranged from 3 to 7 (mean= 5.4, median= 7, and SD= 2.9) days.
Psychological effects were longer lasting, with four contributors
reporting changes lasting for several months. One contributor
was “not certain” of longevity, and six contributors reported that
psychological changes had endured indefinitely after beginning

Frontiers in Psychiatry | www.frontiersin.org 5 November 2021 | Volume 12 | Article 735427182

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Bornemann et al. Psychedelic Self-Medication for Chronic Pain

TABLE 1 | Summary of contributor demographics.

Frequency (n) %

Sex

Female 6 55%

Male 5 45%

Ethnicity

White 7 64%

Black 2 18%

Hispanic 1 9%

Mixed Race 1 9%

Employment status

Employed Full-Time 5 45%

Unemployed 2 18%

Student 3 27%

Unable to work 2 18%

Nature of pain

Traumatic injury, e.g., whiplash 6 55%

Congenital condition, e.g., Femoral acetabular impingement 3 27%

Connective tissue condition, e.g., Ehler’s Danlos syndrome 3 27%

Chronic back pain 3 27%

Fibromyalgia syndrome 2 18%

Autoimmune disorders, e.g., Hashimoto’s disease 2 18%

Past prescribed treatments

Opioids, e.g., Hydromorphone 6 55%

Anti-inflammatory agents, e.g., Meloxicam 7 64%

Neuropathic agents, e.g., Gabapentin 4 36%

Ketamine 4 36%

Muscle relaxants 2 18%

Surgery 2 18%

Radiofrequency ablation 1 9%

Past self-directed treatments

Cannabis 6 55%

Kratom 2 18%

Acupressure 2 18%

their self-medication. Most (8) contributors spontaneously
reported that they hoped that psychedelic-assisted therapy be
included in the future canon of pain treatments.

Thematic Analysis
Thematic Analysis revealed three major categories of themes
relating to Pain Disability/Debilitation, Acute experience, and
Enduring changes. Each category contained major and minor
themes. Larger major themes were split into several sub-themes.
Themes are reported by major category of change, either
“Positive Reframing,” or “Somatic Presence.” The final categories
and contained themes and sub-themes are outlined below
(Table 3). Interactive network graphs detail the relationships
between all major themes are available here: https://public.
flourish.studio/visualization/6283835/ (see Figure 1). Themes
are described below with quotes from discussions:

1 Positive Reframing: This category describes contributors’
psychological journey from depression, hopelessness,

TABLE 2 | Summary of substances, dose, supplementary treatments, and pain

responses.

Frequency %

Substance

LSD 5 45%

Psilocybin-containing mushrooms 9 82%

Psilocybin-containing truffles 2 18%

DMT 3 27%

Ayahuasca 1 9%

Dose

Microdose (≤20 µg LSD, ≤400mg psilocybin) 5 45%

“Full” dose 11 100%

Supplementary treatment

Breathwork 4 36%

Meditation and mindfulness 7 64%

Movement, e.g., Yoga, Qi Gong, and physical therapy exercises 5 45%

Expressive outlets, e.g., art, journaling, dance 4 36%

Acute pain response

Complete analgesia 9 82%

Partial analgesia 5 45%

Pain amplification 3 27%

Lifetime use

Once 1 9%

2–10 3 27%

11–20 2 18%

21–50 4 36%

50+ 1 9%

and pain catastrophising toward subjective experiences
of acceptance and empowerment. Shifts toward perceived
optimism and mental wellbeing were reported after
psychedelic use and contributors described viewing
often-unchanged situations, e.g., their life and pain, from
hopeful and compassionate perspectives.

1.1 Pre-dose Impact of Pain: This category encompasses
themes that contributed toward the burden caused by
pain before psychedelic self-medication and provides
context for the changes observed afterwards. While
the physical and mental aspects of this category are
invariably intertwined, this section will focus on the latter
only. The quality of life of contributors was severely
compromised by pain-related pessimism which affected
their motivation and perceived ability to regain health.
The following quotes suggest that the psychological strain
of chronic pain was at least as impactful as the pain itself.

1.1.1 Depression: All contributors reported feelings of
depression as part of their everyday life. While some
contributors reported feelings of depression preceding
their pain (5), all reported that their mental wellbeing
and subsequent depression were impacted by the
chronification of their pain. Several contributors (3)
reported feeling suicidal due to their pain. Contributors
reported feelings of hopelessness (7), frustration (7),
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TABLE 3 | Summary of categories, themes, sub-themes, and frequencies.

Category Theme Sub-theme Frequency %

POSITIVE REFRAMING

Pre-self-

medication

Pain debilitation

Depression 11 100%

Interference with

lives

11 100%

Career 7 64%

Relationships 3 27%

Psychological

disposition

10 91%

Loss of identity 7 64%

Desire for escape 3 27%

Self-punishing 1 9%

Enduring

change

Mental wellbeing 11 100%

Positive reframing 11 100%

Acceptance 7 64%

Agency 7 64%

Committed action 4 36%

Compassion 8 73%

Hope 4 36%

Empowerment 7 64%

Connection 11 100%

Self 11 100%

Others 8 100%

Nature 4 73%

Spirituality 4 36%

SOMATIC PRESENCE

Pain disability

Severe pain 11 100%

Physical

impairment

11 100%

Sleep 7 64%

Function 11 100%

Failure of previous

treatments

7 64%

Acute

Acutely forgetting

pain

9 82%

Feeling of health 11 100%

Pain amplification 3 27%

Physical release 11 100%

Somatic discharge 2 18%

Working with the

body

8 73%

Breathwork 4 36%

Enduring

change

Pain reduction 9 82%

Embodiment 9 82%

Quality of life 11 100%

distress (4), anxiety (9), defeat (4), anger (7), pain feeling
all-encompassing (6), and lack of control (9).

“It’s easy to feel super defeated when you can’t do

anything. . . It feels like my life is a candle and I’m just

watching the best part of my life burn away in front of my

face and I can’t really do anything about it”—C7.

“[After diagnosis, I thought] I’m going to die a painful

death and my life is going to suck. Woe is me, I’m not

going to make it to 60... I was overloaded with sadness”—

C3.

“I just remember feeling really frustrated that I was in

this situation. ‘When will it end, when will I feel normal

again?’. . . I felt like I was my pain was controlling my

life. There’s some hopelessness in that. . . (I) legitimately

thought I was probably never going to get better, or that I

would never feel true happiness again, or comfort, or any

of those things”—C11.

1.1.2 Interference with Lives: Pain interfered with the
progression of the lives of all contributors, in the realms
of career (7), relationships (3), and mood (10). This
contributed to perceptions of hopelessness and a lack of
control described above.

1.1.2.1 Psychological Disposition. Ten contributors reported a
link between their pain intensity and their psychological
disposition and mood. Of these, seven reported that
specifically stress, both chronic and acute, contributed
to pain severity. Acute stress worsened pain for six
contributors and contributed to feelings of overwhelm.
Five contributors reported that they felt chronic stress
contributed to the development of their pain.

“When I’ve had breakthroughs in my therapy, the pain has

gone down. That’s probably the biggest correlation between

my trauma and my pain”—C1.

“There was, and still is, a very clear correlation between

my stress and emotional state and my level of pain”—C11.

“I notice (the pain) more in the times when I’m really

stressed out”—C4.

1.1.3 Loss of Identity: Seven contributors reported, to varying
extents, feeling as though they lost part of their identity
due to their pain. Contributors reported a change in
personality due to medication (2), feelings of dissociation
(4), and inability to perform activities, e.g., sports that
were previously integral to their life and identity (3).

“(Diagnosis) was really challenging. I worked closely with

my therapist, and it was like navigating the different stages

of grief. . . When I was diagnosed, to me it felt initially like

my whole life was over. I didn’t knowwhatmy identity was

anymore. . . I wasn’t sure if I was going to be wheelchair

bound, if I was going to lose the use of my legs, what my

life was going to look like”—C3.
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1.1.4 Desire for Escape: Three contributors reported feeling a
desire to escape from their pain and their body, ranging
from desperation for relief to dissociation.

“I just want a break; I just want to be happy. I’m so

depressed. I don’t want to be like this. How do I get out

of this?”—C3.

1.1.5 Self-Punishing: One contributor used pain as a form of
self-punishing by intentionally exposing themselves to
known triggers.

“If I feel like I haven’t been my best self, if I feel like I’m not

following my truth on some level. I think it can flare up in

that context as a reminder, as a punisher in a way”—C5.

1.2 Post-dose Enduring Change: All contributors reported
enduring changes in perspective, specifically positively
reframing their relationship to themselves and their
pain. Agency, acceptance, hope, and confidence were
recurring factors in improved pain management and
general wellbeing.

1.2.1 Mental Wellbeing: All contributors reported an
increase in mental wellbeing. Consistent with literature
(47), they particularly reported antidepressant and
anxiolytic effects.

“I legitimately considered killing myself a few weeks ago. I

feel like my life has been saved. . . I have more of a will to

exist now”—C7.

“Every time I’ve done (mushrooms), it’s always reminded

me that there’s a light at the end of the tunnel, that

(the pain) might suck, but it’s not that bad. It’s totally

manageable, I can be happy while all of this is going on”—

C3.

“Trying to focus on the positive and being grateful and

being aware of all the wonderful things that are going

on in their life. That really does make a huge difference

for me”—C2.

1.2.2 Acceptance of Pain: Seven contributors reported
increased acceptance of their situation and found this to
be helpful in their general experience of pain.

“I do feel differently about it. I also think differently about

it. . . I’m able to say, yes, (pain) is something that I deal

with. And yes, it sucks. And yes, I don’t have the resource

to do anything about it right now, but I’m doing what I

can, and I’m still here, and I’m still alive. And it’s not really

that bad. I’m able to look at it differently, and that has a

big effect”—C4.

1.2.3 Increased Agency: Seven contributors reported feeling
more in control over their pain and life.

“I still experience pain, but I experience it differently. . .

Since I startedmicrodosingmushrooms, I feel like it almost

slows me down. I still have the same life stimuli coming at

me, that hasn’t changed, but it’s allowed me to slow down

and analyse the stimuli and then really think about how I

want to react to it. That’s the same with my pain. When I

have a flare up of my pain, I really do feel like it’s allowed

me to have a little more time, or maybe thought space

to process. I think, “Okay, you’re hurting. What are the

reasons? Is it because you did too much exercise or you sat

down too long or is it emotional or stress based? How are

we going to deal with this?”—C11.

1.2.4 Committed Action: Four contributors reported feeling
increased motivation and dedication to take care of
themselves and their health.

“That experience inspiredme to do things that wouldmake

me feel better and in turn feel less pain”—C6.

“There are things in life that are also contributing to your

experience of life. If you are dealing with issues that add to

your emotional pain, those things don’t lead you to go to

the right state of mind. . . I use the psychedelic experience

to cultivate more of the thoughts and feelings that I want

in my life. . . If you are in the right state of mind, you

do the things that help with your pain, like eating well,

like practicing yoga every day. It impacts a lot of things

in your life that will help in the long run with your battle

with pain”—C8.

1.2.5 Increased Compassion: Eight contributors felt more
compassion toward themselves (6) and others (5).

“I think the biggest take-away for me was the knowing that

I am good. . . I think that insight turned into compassion

for myself ”—C9.

“Now we’ve had this huge stress with COVID, I think I’ve

been able to cope a great deal better. Having started the

year with the psychedelic experience makes you incredibly

more compassionate and connected to others, which is a

huge resource in a time like this to tap into”—C5.

1.2.6 Increased Hope: Four contributors reported feeling
more hopeful.

“Forme, it was really about hope. Trying to trust that what

my brain was telling me wasn’t permanent—the depressive

thoughts, the awful feelings, how uncomfortable I am.

There are ways for my brain to decipher that in a different

way. The psychedelics are the hope of that things might

be different, they might be better, and my brain might not

interpret such awful discomfort. It’s that moment of hope,

of thinking I might be able to get my abilities back”—C3.

1.2.7 Connection: Psychedelically induced connectedness has
been described extensively in existing literature as an
essential mediator of wellbeing (86, 87). All contributors
claimed feeling more connected, particularly to
themselves. Many also felt connected to others (8),
nature (4), and spirituality (4). All feelings of connections
began in the acute experience and endured beyond.

1.2.7.1 Self: All contributors claimed feeling more connected
to their sense of self. This included connection to
emotions (4), intuition (3), inner child (1), a sense of
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identity (5). This self-connectedness contributed toward
overall reframing by nurturing perceived self-belief and
empowerment (see above), which improved their ability
to manage their pain.

“The experience allowed me to sure up a little bit my own

personal view of myself... The truth rained down that I’m

a good person... I just wasn’t convinced of that before. . . I

was able to undo that sense of being a curse”—C5.

“(Psychedelics) always change my perception of myself.

And my self-esteem. Always. I don’t think it’s inflated, but

it goes to normal”—C9.

2 Somatic Presence: This category explores contributors’
physical experiences, and mindfulness thereof. There
emerged a repeated narrative from disability toward
reduced pain and increased function. The process
remains unclear but acute reports of perceptions of
both embodiment and physical catharsis are repeatedly
implied as possible contributors to change.

2.1 Pain Disability: This category describes the severity of
day-to-day impairment contributors experienced due
to their pain and serves as a counterpart to the
previously described psychological measures. Again, this
section provides a useful background for the striking
outcomes reported.

2.1.1 Severe Pain: All contributors experienced severe day-
to-day pain which felt “overwhelming” and generally
remained “no matter what” contributors did.

“It feels like someone is holding (a branding iron) on my

body for the duration of my life”—C7.

“It’s the kind of pain where you’re rocking back and forth,

unable to handle it. . . (It) feels like my body is on fire...It

feels like every cell is burning, but at the same time is

dehydrated and going through radiation... It kind of feels

like a sunburn, but not just on the skin level”—C10.

2.1.2 Physical Impairment: All contributors claimed physical
impairment in the form of general functioning (11), sleep
(7), or through the failure of previous treatments (7).
Contributors claimed feeling disembodied and exhausted
by their pain, both physically and emotionally, and felt
“desperate” for relief.

2.1.2.1 Sleep: Seven contributors reported their pain affecting
their sleep with severity ranging from difficulty sleeping
(5) to not sleeping for several days (2). Beyond sleep,
most contributors (10) reported feeling fatigued from
the pain.

“I was going for days without really sleeping and trying to

find a comfortable way to sleep”—C11.

“I couldn’t even sleep, I literally could not sleep. . . I could

handle the pain for the most part. It’s just pain. But when

I can’t sleep at all, that’s just something else entirely”—C7.

“The fatigue was to a point where I needed help getting out

of bed”—C10.

2.1.2.2 Function: General functioning was impaired for
all contributors. This encompassed several realms,
including eating (2), ability to do household work (3),
moving around (7), getting easily triggered from the
environment (1), memory loss (3), developing tics as
coping mechanisms (2), and loss of independence (2).

“I didn’t cook dinner for my children for over a year. I

couldn’t run errands or drive. The pain is debilitating”—

C11.

“I can’t walk and can’t move... It gets to the point where

I can’t move an inch. . . it just feels like I’m on fire. It

just won’t stop no matter what I do. Recently, even just

laying there hurts, everything hurts: walking, going to the

bathroom. . . I can’t even go to the grocery store”—C7.

2.1.2.3 Failure of Previous Treatments: For many contributors
(7), treatment added considerable strain to their
lives. Out of six contributors who had previously
been prescribed opioid medication, two reported
fear of treatment due to addiction potential and
therefore abstained, and two reported developing an
opioid dependency which had serious negative impact
on their life. For other medications, contributors
reported medication impacting cognition (1), worsening
symptoms (4), and ability to stay awake (1). Five
contributors reported medication either never working
(3), or reducing in efficacy over time (2), effectively
leaving them without options. Five contributors either
underwent (2), or were expecting (3) surgery, with one
contributor reporting considerable side effects thereafter.

“I think over timemy pain increased with the more opioids

I took. . . I had no idea that I had become dependent...

After taking myself off opioids and making it through

the withdrawal symptoms... I was suffering from acute

depression and anxiety in addition to my pain condition

It spiraled me into a depressive state. . . I feel like (opioids)

fucked with my head, made me a different person”—C11.

“(On Prednisone) I was literally screaming myself into

headaches and grinding my teeth smooth all night for

weeks trying to sleep and (it) did not help (the pain) at

all. Life was getting worse every day”—C7.

“(Gabapentin and Lyrica) make me flighty, and I forget

things—that’s not my personality at all. . . (They) made my

mind go. It was like I was a dementia patient”—C3.

2.2 Acute: During the psychedelic experience itself,
contributors reported changed perceptions of pain
mostly through analgesia (9), though two contributors
reported subjective pain amplification. The process by
which this occurred is not clear, though both active and
passive processes were implicated in outcome. Varying
degrees of physical catharsis (11) were observed, which
were often (8) induced or enhanced through intentional
focus on the body and breath.
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2.2.1 Acutely Forgetting Pain: Most contributors (9) reported
reduced pain during the psychedelic experience that took
form as complete (9) or partial (5) analgesia.

“(Acutely,) I don’t think of my pain any longer...I don’t

focus into pain because it’s not there”—C8.

“I felt zero discomfort in my body. I really didn’t even

think about my pain throughout my experience, which was

really remarkable”—C11.

“I remember getting up. . . and just being absolutely

painless. . . I was standing up, perfectly upright, straight.

Normally I can’t put any pressure whatsoever on the right

side of my body. . . I use crutches and canes most of the

time, but I haven’t for a few days”—C7.

2.2.2 Feeling of Health: Nine contributors reported a restored
perception of health in their body. While descriptions
largely related to the body, 10 contributors also claimed
to feel mentally healthy. As with previous themes, the
distinction is not clear as many contributors viewed
health as including both body and mind (a continuous
theme—see “Embodiment”).

“My body felt amazing. It felt normal, it felt healthy. . .

Like taking a deep breath and just letting it out and this

full body feeling of euphoria”—C3.

“My back was starting to feel like my other muscles, which

is a huge difference for me. . . That’s like when I’m on

DMT—it feels normal, which is such a foreign word to my

mouth to just feel normal”—C4.

2.2.3 Pain Amplification: Pain was amplified acutely for
three contributors who all found the experience to be
distressing. Contributors reported increases in pain and
sensitivity at moderate and high doses (2), benefitting in
spite of the pain (2), and that this amplification was only
experienced at an extremely high dose and was contrary
to previous experiences (1).

“I was focused on my pain and I realized that there’s

nothing I can do. I was going in there deeper and deeper,

and I was just feeling it more and more and it was really

painful but I couldn’t actually get to the source of it for

some reason. So that’s when I realized that ‘okay, this is

serious, I have to seek help.’ That was my actual reason for

seeking help”—C1.

2.2.4 Physical Release: All contributors reported some form
of perceived physical release through crying (3), tingling
(5), vocalization (2), change in temperature (1), and
release of muscular tension (5).

“I noticed that while on mushrooms, I could actively feel

where there’s tension in the body. In yoga, or any practice

for healing, they talk about breathing into that space,

relaxing that space. I felt I was actually able to do that on

the mushrooms”—C9.

2.2.4.1 Somatic Discharge: More violent expressions of physical
release were considered as somatic discharge (2), defined
as the process by which trapped emotions are discharged
from the body in a cathartic expulsion (88).

“I felt this intense welling of energy starting from the core

of my body and it started to overtake me. . . (I) started

crying, breaking down, just letting it all go, howling in

agony and all this suffering I was just letting it out. . . I

allowed it to take over, my body was moving, writhing and

squirming. . . My entire body was tingling and felt really

light and I felt so relaxed and completely pain free. . . It

was the biggest release of my life. . . I got to let go of so

much grief, fear, and even some anger. It’s like every single

cell in my body is just experiencing bliss, all at once. I really

felt healed”—C6.

2.2.5 Working with the body: Eight contributors reported
actively working with their body through focused
attention (4), breathing (4), visualization (5), and
movement (4).

“I was laying on the floor and just breathing in different

spots and feeling the energy in my body. I had more access

to breath and (was) able to breathe into the spot and to

actively feel the muscle, almost visualizing the muscle, and

watching it release”—C9.

2.2.6 Breathwork: Four contributors reported using a form of
breathwork alongside their psychedelic use.

“When I’m breathing, I can feel my whole body is vibrating

everywhere except for that one spot. . . when it lets go, it

releases any kind of pain that I have”—C2.

2.3 Enduring Change: All contributors perceived lasting
improvements in their overall quality of life. Most
contributors also felt reduced pain (9) beyond the
acute psychedelic experience, and persistent increases in
embodiment (9), both contributing toward effective pain
management and overall comfort.

2.3.1 Pain reduction: The majority of contributors (9)
experienced a lasting pain reduction, though the length
of this varied considerably.

“Every time that I have taken LSD, I have experienced

relief the next day. Every single time. . . it helps with my

state of mind the following days, but the pain specifically,

I feel it always. I always get some relief. Always”—C8.

“I was waiting for (the neuralgia) to show up and it

didn’t. A month later, I literally fell flat on my face and

had a concussion, but I did not have the neuralgia. . .

Any kind of small accident that could affect this sphere

would usually trigger the [chronic] pain and here I

had a major accident and no [chronic] pain. . . Having

a concussion and not having 3 months of neuralgia

afterwards was unthinkable”—C5.

“I think the (hydromorphone) was the most effective

painkiller, but even when I took that, I remember it
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hurting a lot the next day, and needing another one just to

get out of bed. It was a sacrifice. I equate (hydromorphone)

to putting your phone on vibrate—it’s still ringing, it

doesn’t mean it’s off. But the mushrooms turned the phone

off. It’s not masking my pain in any way. It took (the pain)

out back and shot it, and I’m good now”—C7.

2.3.2 Quality of Life: All contributors claimed improvements
in their quality of life. This presented itself through
increased function (5), independence (1), energy (5),
and ability to move (4). Two contributors also reported
perceived enhancements in cognitive performance
(2). This contrasted with the extent of disability
initially claimed and affected contributors’ overall
perceived wellbeing.

“I am able to sleep, move, cook, use the bathroom, etc. I

have regained mobility I have not had for years and am

still in complete disbelief. . . I’ve had full mobility. . . I felt

unusually fine ever since. . . It feels like my body time-

machine-reverted all the way back to (when I was healthy)

. . . I thought, maybe I can have a life again, and I laid there

for maybe an hour just thinking about all the stuff I could

potentially be able to do again”—C7.

“It’s made me more creative and able to respond and get

out of my comfort zone. . . I’ve been able to read two books

a week, so I definitely feel like it’s boosted my brain”—C5.

2.3.3 Embodiment: The psychological construct of
embodiment highlights mind-body connection and
suggests subjective phenomena including feelings and
behaviors are foundationally somatically informed
(89). Here, the term specifically refers to this perceived
connection. Both acute and enduring increases in
embodiment were felt by nine contributors, departing
from the dissociation and avoidance previously
claimed (3). Acutely, contributors noticed this through
intentional focus (4), newfound ability to move (5), and
internal awareness (3). Enduring changes manifested as
feelings of physical presence (7) and internal awareness
(3). One person reported somatic discharge during the
process of integration.

“(I am) becoming present to my body, becoming present to

the moment. . . becoming more aware of the relationship

between how I feel and the pain that I feel”—C6.

“I’d say that the way I could feel my body was heightened.

It was the presence in my body. I feel like these drugs put

me in my body. I think the only way you can feel your body

is when you’re in it. Then you actually can feel your pain

and then release it, rather than being out of the body. I

think they’ve made me more present and in being present

I was able to pinpoint exactly where the pain is”—C9.

“(I felt) the tissue memory percolating out... It really

allowed this mobilization of trapped memories, the tissue

memory of these trapped experiences to come out, but it

did not come out during the trip, it came out as part of the

processing and integration afterwards”—C5.

DISCUSSION

This project was undertaken as a PPI venture for an upcoming
trial, aimed at learning from the lived experiences of people with
chronic pain and leveraging these data toward the development
of trial design and procedures. To our knowledge, this is the first
work detailing PPI for chronic pain in the context of psychedelics.
Using thematic analysis, we highlight some common factors that
contributors referred to as being linked to perceived successful
outcomes from their self-medication. These were: positively
reframed perspectives and strengthened sense of embodiment, as
well as incorporating adjunct approaches. In interpreting these
results however, we recognize that this work is subjective in
two respects: (i) qualitative analysis is inherently subjective (90)
which (ii) rests upon the subjective reports of, in this case, highly
motivated contributors.

Broadly, the following are recommendations that can be
taken forward from these reports into the development of
the upcoming trial. Adequate preparation was highlighted as
essential and included understanding the potential intensity of
the experience, both physically and emotionally. All contributors
in some way underscored the importance of trust, surrender, or
openness for a beneficial outcome [see (91, 92)]. This included
openness to the experience itself and contributors especially
emphasized developing rapport and trust with their “guides”
if used clinically (93–97). Using additional modalities (see
below) was also viewed as a key component of the experience.
Although the specific choice(s) varied between each contributor,
intentionally engaging with the body through movement and/or
breath was frequently highlighted. Physical catharsis, whether
through physical movement, somatic discharge (see below), or
even through art was also valued. This will be incorporated
into the trial (details below). Finally, integration and aftercare,
while not reported by everyone, were viewed as essential to the
perceived longevity of therapeutic benefit.

A common psychological component seen in those with
chronic pain is pain catastrophising (98). Core aspects of
this phenomenon were widely expressed by contributors
and include a tendency toward pessimism, helplessness, and
fear (99), the result being exaggerated experience of overall
discomfort. Individuals with chronic pain judge the potential
threat of pain through magnification and rumination, eventually
compromising their perceived agency over their situation (100).
Evidence supports a causal relationship between catastrophising
and pain, to varying degrees (101–105). There is also a known
relationship between catastrophising and depression (104, 106)
and tolerance of uncertainty (107, 108), and negative mental
affect has widely been linked to worsened pain outcomes (25,
106). There can develop a self-potentiating or self-fulfilling cycle,
in which the continuing experience of pain seemingly verifies the
negative expectations that contribute to its maintenance. This
is diametrically opposed to the tenets of optimism (109), hope
(110), and openness (111) that characterize mental wellbeing,
as well as improved core pain outcomes (112–114). This trend,
as well as the above recommendations concerning rapport,
informed our preparation process which will now include added
time and additional resources.
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In addition, many contributors suggested some degree of
cognitive reframing, with perceived psychological states shifting
from overwhelming depression, disempowerment, anxiety, and
hopelessness, toward connection, acceptance, agency, and hope.
This transition from catastrophising toward clarity, and in most
cases, perceived optimism, reportedly ameliorated contributors’
perceived ability to effectively manage their pain; they described
feeling more “prepared” and no longer overwhelmed. These
results speak toward cognitive, specifically positive, reframing
as a driving mechanism of outcomes following psychedelic self-
medication for chronic pain and bear relevance to previously
discussed change mechanisms in the context of psilocybin
therapy for depression research (86). Even though many
contributors reported still experiencing chronic pain following
their experiences, they claimed feeling a newfound sense of
agency and optimism regarding their pain. The perceived
relevance of these trends further put into question the mind-
body dichotomy of current pain treatments, where psychological
interventions are largely considered as secondary, if at all.

Changes in perspective described by contributors were often
galvanized during the acute psychedelic experience, and often
persisted for 2+ months. This is consistent with existing
psychedelic data suggesting transdiagnostically significant long-
term outcomes in openness (115), attitude (116), personality
(117), depression and anxiety (86, 118) reported for months
to years (119) following treatment. PPI discussions did not
include assessment of specific personality traits. Therefore, no
generalizations linking specific personality or psychological traits
to outcomes can be made. The acute psychedelic experiences
conformed to previous findings (86) and generally centered
around feelings of connection, love, compassion, and trust. As
with previous studies (86, 87), these sentiments, particularly
connection with the self and body, endured and precipitate
the development of larger shifts in perspectives. Feelings of
compassion, empowerment, and hope were closely linked and
contributed to a growing sense of agency and control over their
pain, and life more generally. Increased subjective acceptance
of pain was also claimed, specifically shifting from a defeated
resignation to an active acceptance and served as an impetus
to impact other aspects of life. A noteworthy minority of
contributors (5) were reportedly more committed to taking an
active stance in their recovery in various ways, from seeking
professional help to cultivating new behaviors conducive to
general health and wellbeing [see (120)]. Overall, the subjective
reclamation of identity, agency, and hope emerged as drivers
in the perceived efficacy of pain management. Fostering this
process has consequently developed into a central aspect of
our therapeutic approach spanning the duration of the study.
Reinforced integration support will aim to support the longevity
of changes by providing tools for independent support and
additional follow-ups.

Such outcomes are the goal of numerous treatment strategies,
particularly PMPs using CBT and ACT, which aim to reframe
thought processes and encourage independence. While fairly
widespread, PMPs are moderately effective at best, particularly
at long-term follow-ups (39–42, 121). In contrast, contributors
perceived a “profound shift” in perspective, which they felt

contributed to the longevity of outcomes. Such claims of insight
are well-supported in the psychedelic field, particularly in the
context of psychological flexibility (122, 123) and further, relaxed
beliefs (124) and may account for the effects reported here.
Psychological flexibility facilitates well-adjusted individuals to
adapt their mindset to life’s ever-evolving situations, regardless
of social, emotional, or stress factors (125). Existing literature
points toward prodigious upregulations of neural plasticity
following psychedelic experiences, translated experientially to
changed perspectives (124). This is particularly relevant in
populations with maladaptive, entrenched thought patterns
such as depression (126), and indeed chronic pain (99).
Consistent with this PPI project, therapeutically useful changes
in outlook are linked to certain noetic experiences (127),
allowing individuals to move “above” themselves toward a
more equanimous state free of unwarranted pessimism. The
cumulative results are an amalgam of self-confidence, inspiration,
and acceptance (123) and directly counter the effects of
pain catastrophisation.

Contributors’ physical experiences of their body and pain
were another point often referred to. Initially, contributors
reported severe day-to-day pain, described as “burning,”
“exhausting,” “looming,” “tight,” “stabbing,” and “blinding,” which
left all contributors with impaired general function. Therefore,
contributors were “shocked” and “in disbelief” at the perceived
efficacy; 9 out of 11 contributors claimed partial or complete
analgesia in the acute psychedelic stage [see (128) for similar
findings]. Most contributors regained function, e.g., the ability
to walk unencumbered, and described experiencing their body
as “healthy.” This was reported with both high (macro) and
microdoses. Effect duration varied and ranged from no relief
beyond the acute experience to over a year—most contributors
(8), regardless of dose taken, reported feeling reductions in pain
for at least 3–5 days following their experience, with pain levels
gradually increasing over time. Other changes were longer lasting
though; most contributors (9) reported enduring increases in
positive embodiment and interoception, which inspired a desire
to treat the body better in the future.

The process toward pain relief often involves an improved
sense of Somatic Presence, or “mindfulness of body.” Theories
exist about the impact of trauma on somatic symptoms, e.g.,
chronic fatigue and chronic pain (129, 130). According to
these theories, an act of intense physical expression/release,
such as through shaking, vocalizing, or unconscious movement
(also termed “somatic discharge”) can be profoundly cathartic
and processing/working through associated symptoms (88,
131). Preliminary evidence suggests that somatic discharge
may be effective not only for trauma therapy (132), but
also in the context of chronic pain (32). Something akin
to somatic discharge was described by two contributors in
our group, who were interestingly also the only contributors
who reported total analgesia indefinitely after their experience.
The remaining contributors reported more subdued physical
release, often associated with self-imposed elements of body-
and breathwork. This largely resulted in muscular relaxation
translating to subjective pain relief and heightened embodiment.
These reports inspired the inclusion of behavioral investigations
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on interoception and body awareness in future studies Further,
optional movement elements aimed at an embodied experience
may be incorporated in dosing and integration sessions.
Finally, references to potential elements of somatic discharge
stimulated the development and implementation of a physical
catharsis measure.

Importantly, not all contributors reported acute pain
relief; three contributors reported amplified pain during
the acute psychedelic experience. Pain reportedly grew in
intensity and became “distressing” and “overpowering” before
returning to baseline after the experience. While unpleasant,
two contributors reported that this was a useful learning
experience for them. One contributor branded this experience
an outlier attributed to a “recklessly” high dose taken “rashly”
and without proper consideration regarding attitude and
intention. Other contributors echoed that taking very high
doses in sub-optimal contexts (inadequate preparation,
negative mental state, stressful environment) contributed
to unfavorable experiences, although this did not necessary
result in perceived pain amplification. We have therefore
developed preparation sessions specifically tailored for chronic
pain populations and will emphasize trust, transparency,
and intention.

Due to the clandestine nature of illicit substance use, there
is no standard protocol for self-medication. Interestingly, many
contributors intentionally recreated a clinical setting in an effort
to facilitate a therapeutic experience; they set specific intentions,
laid back comfortably with their eyes closed, listened to especially
chosen music, and focused on the internal journey, though this
was largely without an accompanying “guide” or “sitter.”

Psychedelics were routinely combined with other adjunct
practices. Supplementary modalities included breathwork,
mindfulness, meditation, and movement, e.g., Yoga, Qi Gong,
physical therapy exercises, and using expressive outlets such as
art, journaling, and dance to manifest and process emotional
content during and after the experience. These suggestions
were incorporated into our therapeutic model with particular
emphasis on mindfulness and movement.

The goal of this PPI project was not to produce formal
research; it did not test hypotheses or draw any confirmatory
claims. However, the most pertinent limitation of this
project concerns both contributor and investigator bias.
We invited collaborators through targeted advertisements which
disproportionally attract people with positive experiences,
causing selection bias. This was reinforced by lack of financial
compensation and the time commitment of the project,
ultimately resulting in a small, self-selected, and highly motivated
cohort that was almost definitely biased by compelling personal
outcomes. Further, recency, recall, response, and confirmation
bias may have affected perceived efficacy and accuracy of
reports. While we attempted to minimize researcher bias
during analysis by cross-referencing for inter-coder-reliability,
the inherently subjective process cannot eliminate potential
confirmation bias. Equally, though discussions followed a
consistent structure, unintentional interviewer bias (e.g., via
body language) cannot be excluded. We reiterate therefore,

that these reports are best viewed as a collection of discussions
used to inform our upcoming trial and do not imply causation,
generalizability of results, viability of treatment, or future
study outcomes.

Beyond bias, most contributors approximated doses,
challenging the accuracy of self-report quantities. Even
if contributors accurately reported, there are distribution
inconsistencies in both organic and synthetic materials.
Additionally, evaluating the differences between microdosing
and macrodosing is difficult due to potentially discrete
processes (133). Duration between self-medication and
discussion necessarily varied, contributing to differences
in follow-up times reported and the perceived duration
and efficacy of therapeutic effects. Finally, psychedelics
were used in concert with other modalities, which likely
confounded outcomes. If undertaken as formal research,
future improvements may include more rigorous contributor
selection criteria, further standardized discussion formats, and
including additional cross-referencing techniques to address
subjectivity concerns.

CONCLUSION

In conclusion, this qualitative exploration of 11 open-ended
discussions addressed perceived effects of psychedelic self-
medication on aspects of chronic pain. Analysis suggested
two possible processes at play during psychedelic self-
medication for chronic pain: (1) Positive Reframing of
contributors’ relationships with their chronic pain toward
perspectives of hope, empowerment, and optimism. (2)
Somatic Presence fostered increased embodiment and was
associated with lasting analgesia. Psychedelics were not
used in isolation and were regularly combined with various
other modalities including meditation, breathwork, and
movement, which contributors felt impacted the success
of their self-medication. Information concerning processes
and complementary modalities provided useful additions
to our protocol and should be considered when designing
future trials.
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Introduction: Psychedelic-assisted psychotherapy is a promising approach in

psychiatry; evidence is growing and it may not be long before mainstream services are

expected to offer it to selected patients. This pilot study examined the attitudes and

knowledge of NHS psychiatrists of all levels towards psychedelic-assisted psychotherapy

and explored potential barriers and facilitators to its implementation.

Methods: A mixed-methods approach was adopted, using a cross-sectional survey

and focus groups. All psychiatrists in one NHS mental health trust were approached by

email to participate. The survey was analysed using a simple descriptive approach and

thematic analysis was used for the focus groups.

Results: Eighty-three (25.7%) psychiatrists participated in the survey. All psychiatrists

were familiar with one or more psychedelic substances. Although 77.2% felt that there

should be a role for controlled or therapeutic use of psychedelics, trainees appeared

better informed than non-training grade psychiatrists. Psychiatrists of all grades did

not feel prepared to participate in the delivery of psychedelic-assisted psychotherapy.

Thematic analysis of the focus groups identified three main themes in relation to

psychedelic-assisted psychotherapy: “need for knowledge,” “openness to change,”

and “uncertainty.”

Discussion: NHS psychiatrists are positive about the potential for psychedelic-assisted

therapy to advance psychiatric practise. However, psychiatrists are lacking in confidence

or preparedness to implement this treatment should it become a mainstream option

and significant training needs were identified. Thematic analysis highlighted the need for

societal shifts as well as professional ones.

Keywords: psychedelic-assisted psychotherapy, psychiatrists, attitudes, implementation, knowledge, mixed-

methods, cross-sectional survey

INTRODUCTION

Psychedelic-Assisted Psychotherapy (PAP) offers a potentially promising and novel therapeutic
approach in psychiatry (1–3). The evidence base for the use of PAP in mental disorders is growing
(4–6) against a backdrop of considerable public interest https://www.bbc.co.uk/mediacentre/
proginfo/2021/19/the-psychedelic-drug-trial. There is particular interest in the use of PAP in

195

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2021.743599
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2021.743599&domain=pdf&date_stamp=2021-11-26
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:lisa.page@spft.nhs.uk
https://doi.org/10.3389/fpsyt.2021.743599
https://www.frontiersin.org/articles/10.3389/fpsyt.2021.743599/full
https://www.bbc.co.uk/mediacentre/proginfo/2021/19/the-psychedelic-drug-trial
https://www.bbc.co.uk/mediacentre/proginfo/2021/19/the-psychedelic-drug-trial


Page et al. Psychiatrists and Psychedelic-Assisted Psychotherapy

depressive disorders (7, 8), cancer-related anxiety (9) and
alcohol dependence (10). Trials are ongoing in these and other
mental disorders and psilocybin was designated a “breakthrough
therapy” by the US Food and Drug Administration (FDA)
in 2019.

Psychedelics are potent serotonergic hallucinogens that
induce perceptual changes and elicit altered states of
consciousness; they are understood to act via the full or
partial agonism of cortical 5-hydroxy tryptamine 2A receptors
(3, 11–13). Increasingly psychedelics are seen as safe medicines,
with limited abuse potential, and a rapid yet novel action (3).

What Is Psychedelic-Assisted
Psychotherapy?
PAP typically entails a series of psychotherapeutic sessions with
three distinct phases: induction, psychedelic and integrative
phases (14, 15). The induction sessions focus on the therapeutic
relationship and the patient is prepared for the psychedelic
session to come. The psychedelic session, of which there is
usually one but sometimes more, involves the patient ingesting
a psychedelic substance in the presence of therapist guides.
The therapist guides are typically mental health professionals—
psychologists, psychotherapists or psychiatrists—who monitor
and if necessary, guide the patient through the experience. The
number of psychedelic sessions and the psychedelic dose varies
depending on the research design and the type of psychedelic
used. During the subsequent integrative sessions, the therapists
help facilitate patient understanding and interpretation of the
psychedelic experience with aim of achieving long-term change
(14). To date, psychiatrists have played several important
roles in the (research) deployment of PAP, including: research
leadership, patient selection, risk management, prescriber and
therapist guide.

Why Might PAP Be Offered Within
Mainstream Services?
PAP offers an alternative and novel approach compared to
existing pharmacological or psychological approaches (3). As
the evidence builds for the effectiveness of PAP in differing
mental disorders, health services may soon be routinely expected
to offer it—especially for patients who have not responded to
existing treatments and remain functionally impaired. Despite
this possibility, it is not known whether the workforce who would
provide PAP, including psychiatrists, is prepared to do so.

Are Psychiatrists Ready for PAP?
To our knowledge, there has been only one previous study
looking at the psychiatrists’ attitudes towards the use of
psychedelics (16). In 2018, Barnett et al. surveyed members of
the American Psychiatric Association about their views on the
use of hallucinogens; they found that 80.5% of respondents felt
there should be more research in relation to hallucinogens and
psychiatric disorder, but less than a third felt that hallucinogens
were likely to improve outcomes when used with psychotherapy.
A substantial minority (24.5%) felt that hallucinogens were
unsafe even under medical supervision. This study also showed
that trainee psychiatrists and male psychiatrists tended to be less

concerned about the risk of hallucinogens and more optimistic
about their potential.

Since 2018, the evidence for PAP has strengthened and we
were keen to build on the work of Barnett et al. to find
out whether British psychiatrists held similar attitudes to US
psychiatrists. Most British psychiatrists work in a nationalised
healthcare system (the NHS), unlike their US counterparts.
Furthermore, we sought to understand what psychiatrists saw as
the potential difficulties of implementing PAP, which represents a
considerable paradigm shift compared to current practise.

The primary objective of this pilotstudy was to investigate
the awareness, knowledge and attitudes of NHS Psychiatrists
towards the possible introduction of PAP within a nationalised
healthcare system. Secondary objectives included identifying
potential barriers and facilitators to the adoption of PAP within
psychiatric practise.

METHODS

A mixed methods approach was adopted by using both a
(quantitative) cross-sectional survey and (qualitative) focus
groups. We restricted our study to questions about classic
hallucinogens, such as LSD, psilocybin, mescaline, and
deliberately did not include questions about related drugs
such as MDMA or ketamine.

Cross-Sectional Survey
First, an invitation to participate in an e-survey was sent by email
to all Psychiatrists within oneNHSmental health trust in England
in January 2021. The mental health trust provides mental health
and learning disability services across all ages to a population of
nearly 1.7 million people from a large and geographically diverse
area. A reminder email was sent ∼2 weeks after the first invite
to maximise response. The survey was developed, refined and
piloted by the research teamwith the aim of eliciting psychiatrists’
views on key aspects of PAP. Specifically, the survey examined
awareness, knowledge and attitudes towards PAP and elicited
psychiatrists’ views as to how confident they would feel to refer
patients for PAP or provide PAPwithin their practise. In addition,
the survey elicited psychiatrists’ opinions on current effectiveness
of psychotherapeutic and pharmacological approaches in the
treatment of depression, anxiety and substance use disorders.

In order to include a representative sample of psychiatrists
from different sub-specialties and with varying levels of
experience and seniority, all psychiatrists from one NHS mental
health trust were invited to participate. Therefore, psychiatrists
in training, as well as those working permanently in specialty
doctor and consultant posts were included in the sampling
frame. The survey was hosted on Qualtrics and all responses
were anonymous.

Basic descriptive statistics were used to analyse the survey
data. An a-priori decision was taken to investigate whether age
was a contributing factor in psychiatrists’ decision to be more
or less prepared to get involved with PAP, we therefore divided
psychiatrists into three age groups (i.e., ≤34, 35–54, and ≥55
years) and used the chi-squared test to compare their responses.
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Focus Groups
Second, we convened two focus groups for psychiatrists from
the same NHS trust. The invitation to participate in the focus
groups was embedded in the survey invite and again at the end
of the survey—the sample was therefore purposive. The focus
groups were facilitated by two members of the research team (KF
and HS) and were hosted on a virtual platform due to Covid-
19 restrictions. No previous knowledge of PAP was required and
the facilitators spent a short period at the beginning of each
focus group describing PAP and how PAP was being used in
research settings. The research team developed a schedule for use
with the focus groups, which ensured that psychiatrists’ attitudes
about PAP were explored in depth as were potential barriers and
facilitators to the adoption of PAP in psychiatric practise.

The focus groups were audio-recorded and then transcribed
before the audio files were destroyed. All contributions were
anonymised and no personally identifiable information was
stored. The transcripts were analysed using Thematic Analysis
by two members of the research team (KF & LP). The analytic
approach was based on the work of Braun and Clarke (17).

Ethical Approval and Sponsorship
NHS ethical approval was not required for the study, but good
ethical procedures were followed throughout. The study was
sponsored by Sussex Partnership NHS Foundation Trust.

RESULTS

Cross-Sectional Survey
The questionnaire was sent out to a total of 323 psychiatrists,
of whom 48 were trainees (i.e., they were rotating through
core training or higher specialist trainee posts in psychiatry)
and 275 were consultants or specialty doctors (i.e., they were
working in permanent, non-training grade posts). In total, 83
(25.7%) responses were received, of which 63 (75.9%) were either
consultants or specialty doctors and 20 (24.1%) were trainees. A
greater proportion of trainees responded to the survey than non-
training grade doctors (41.7 vs. 22.9%). Just over half of survey
participants were aged between 35 and 54 years (n = 48; 57.8%),
whilst 17 (20.5%) were aged over 54 years and 14 (16.9%) were
aged 34 or younger.

Most sub-specialties were represented. Participants’ most
common specialty area was Community General Adult
Psychiatry (43.4%) followed by Old Age Psychiatry (21.7%) and
Inpatient General Adult Psychiatry (14.4%). The majority of
participants identified as being from White British/White other
ethnic backgrounds (82.0%), with 7.2% identifying as being from
Asian backgrounds and 3.6% from Black African/Caribbean
or Black British backgrounds. There were slightly more male
participants than female (55.4 vs. 43.4%).

Views on Existing Treatments for
Non-psychotic Mental Illness
Participants overwhelmingly indicated that they felt existing
psychotherapeutic and pharmacological treatments for anxiety
and depression were either extremely or moderately effective.
There was less certainty that existing treatments were effective

TABLE 1 | Psychiatrists’ familiarity with psychedelics substances.

Name of psychedelic No. of psychiatrists that had

heard of psychedelic

Total n = 83 %

LSD 83 100.0

Magic Mushrooms 79 95.2

Psilocybin 78 93.9

Mescaline 71 85.6

Ayahuasca 53 63.9

DMT 49 59.0

Peyote 41 49.4

2c-B 22 26.5

Ibogaine 18 21.7

5-Meo-DMT 11 13.3

DPT 9 10.8

Others 2 2.4

I have not heard of any of these 0 0.0

Table showing the frequency with which Psychiatrists had heard of various

psychedelic substances.

for substance use disorders, with 49.4% of participants viewing
psychotherapeutic treatments for these disorders as only slightly
effective or ineffective; and 77.1% viewing pharmacological
treatments as slightly effective or ineffective.

Familiarity With Psychedelics and PAP
All Psychiatrists had heard of at least one psychedelic substance.
The most recognised psychedelics were LSD, magic mushrooms,
psilocybin (the active component of magic mushrooms) and
mescaline. See Table 1 for details.

Around a third of participants (33.7%) believed that
psychedelic substances should be decriminalised in the UK, with
a fifth (20.5%) believing that the benefits outweighed the harms.
Most participants (77.2%) believed that there was a role for
controlled or therapeutic use of psychedelics in society.

Regarding the therapeutic use of psychedelics, 60.2% were not
familiar or only slightly familiar with the use of psychedelics
for this purpose, and only 9.6% felt very familiar with
this type of use. Only two respondents, who were both
trainees, had direct experience of participating in PAP. Overall,
trainees demonstrated better knowledge of PAP than non-
training grade doctors, with a greater proportion having
read journal articles or attended academic lectures. The
popular press was also endorsed as a medium by which
trainees, in particular, had gained information about PAP.
See Figure 1 for how participants gained knowledge about
PAP and how this differed between trainees and non-
training psychiatrists.

Involvement With PAP
Overall, psychiatrists felt unprepared to participate
in the practise of PAP; specifically, most did not feel
prepared to prescribe psychedelics, act as a PAP guide or
support psychologists in the delivery of PAP. Participants
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FIGURE 1 | Exposure of psychiatrists to Psychedelic-Assisted Psychotherapy. This figure shows the proportion (%) of psychiatrists who have been exposed to PAP

and through which mediums. Total number of responses = 83; Training grade psychiatrists = 20; Non-training grade psychiatrists = 63.

indicated a little more confidence to discuss PAP with
patients or refer them for PAP treatment. There was
little difference between trainees and non-training grade
psychiatrists in terms of preparedness. See Figure 2 for how
confident and prepared psychiatrists felt to get involved
with PAP.

Psychiatrists’ Age Did Not Predict
Preparedness or Confidence to Deliver
PAP
We had an a-priori hypothesis that younger Psychiatrists would
express more confidence in getting involved in the practise of
PAP. However, this was not borne out as there was no difference
(p= 0.78) in the proportion of older (i.e.,≥ 55 years) vs. middle-
aged (i.e., 35–54 years) vs. younger (i.e., ≤34 years) psychiatrists

who felt confident to discuss or refer patients for PAP; to
prescribe psychedelics or to support psychology colleagues in the
delivery of PAP.

Focus Groups
The focus groups consisted of 3 or 4 participants in each group—
more were expected but there were drop outs on the day. There
was a mixture of male and female participants. Participants
were from a range of sub-specialties and had differing levels
of experience.

Thematic analysis of the focus group transcripts led to the
development of codes and sub-codes. These were iteratively
organised and re-organised, from which three overarching
themes eventually emerged and were felt to adequately represent
the issues that had arisen during the focus groups. Each theme
was reviewed and revised until an agreed theme definition
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FIGURE 2 | Psychiatrists’ confidence and preparedness to be involved with Psychedelic- Assisted Psychotherapy. This figure outlines how confident and prepared

Psychiatrists felt to participate in various aspects of PAP. Total number of responses = 83; Training grade psychiatrists = 20; Non-training grade psychiatrists = 63.

was arrived at. The first theme addressed the “Need for
knowledge” that psychiatrists identified when thinking about
the use of PAP; the second theme recognised “Openness to
change” both within the profession and wider society; and
the third theme was one of “Uncertainty” for themselves as

practitioners, their patients and the frameworks in which they
practised. The themes are described in more detail below.
A thematic map was developed, which illustrated how each
theme was related to its underlying codes—see Figure 3. A table
detailing the themes, codes, sub-codes and exemplar extracts
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FIGURE 3 | Thematic map detailing the main themes and codes from the thematic analysis of focus groups held with Psychiatrists.

is provided in the Supplementary Material accompanying
this paper.

Theme 1: Need for Knowledge
Psychiatrists were seeking a firmer evidence base for PAP
and identified a need for well-conducted, funded research
on the topic. Much of their own knowledge about PAP
had come from their informal networks, rather than from
formal sources. Psychiatrists also felt there was a need for
better knowledge amongst the general public about psychedelic
substances specifically, and psychoactive drugs more generally.

Theme 2: Openness to Change
Considerable hope and openness towards PAP was expressed.
Psychiatrists felt optimistic that PAP had the potential to offer
therapeutic benefit to patients for whom little else had worked.
They identified PAP as a novel treatment, which could work
quickly in the right circumstances. Psychiatrists also wondered
about the openness of society to accept or tolerate the therapeutic
use of psychedelics.

Theme 3: Uncertainty
Much uncertainty was expressed. Psychiatrists were unsure how
their specific skills might be used in the provision of PAP and
there was a range of opinion about how involved psychiatrists
should be. There was concern about the potential risks of
PAP for some patients, whilst simultaneously recognising the

benefits for others. There was scepticism that the structures that
support psychiatric practise (i.e., legislative, NHS, professional
governance) were ready to support psychiatrists in the delivery
of PAP.

DISCUSSION

Psychedelic-assisted Psychotherapy (PAP) is not yet a treatment
that is available beyond the confines of research trials, but interest
in its use is growing amongst psychiatric researchers (2, 3) and
the public. Assuming the evidence for PAP continues to grow,
there will be increasing pressure for PAP to be offered within
NHS services. This mixed-methods study was a first attempt to
explore knowledge and preparedness amongst practising NHS
Psychiatrists about the potential for them to deliver PAP. By using
both quantitative and qualitative approaches we were able gain a
richness of understanding that would not have been possible had
we used only one of these approaches.

The large cross-sectional survey of NHS Psychiatrists of all
grades from one large provider mental health trust demonstrated
that most psychiatrists are familiar with psychedelic substances
and, to some extent, PAP. However, psychiatrists in training
appeared better informed about PAP than non-training grade
colleagues. Trainees had used a wide range of media to gain
knowledge on the topic; this, perhaps, reflects their need to
inform themselves generally about advances in psychiatry in
preparation for exams—albeit that PAP does not yet feature
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in their post-graduate curriculum in the UK. The finding that
trainees were more familiar with the emerging research was
consistent with findings from a previous US study (16), although
we did not find an effect of age as they did. Our findings suggested
that stigma towards psychedelics was perhaps lower amongst UK
psychiatrists, as 77.2% of our study participants felt there was a
role for controlled or therapeutic use of psychedelics, whereas
around half of the US participants felt that psychedelics were
unsafe even in this context.

The survey showed that a substantial minority of NHS
psychiatrists felt confident to discuss PAP with their patients
or refer them to others for treatment. However, there was a
lack of confidence and preparedness amongst psychiatrists to
actually deliver or participate in PAP themselves. This is perhaps
not surprising given the relatively few modern era clinical trials
that have emerged and the legal restrictions that work with
psychedelics involves. Our study has highlighted significant
training needs for psychiatrists if PAP were to be implemented in
NHS practise. Our prediction that younger psychiatrists would
feel more confident in the use of PAP was not borne out and
training needs are likely to be common across psychiatrists of all
seniority and experience.

The thematic analysis of the focus groups enabled a more
nuanced exploration of the factors that might be important
in providing PAP within NHS settings. The uncertainty
surrounding PAP was an important theme and showed that
Psychiatrists are not just uncertain about their own role in
PAP, but also the uncertain risks and benefits for patients.
Recent research from Ireland suggested that just over a half
of mental health service users would accept treatment with
PAP if a doctor recommended it (18). It seems likely that
psychiatrists will be increasingly asked about PAP by patients and
be expected to have a working knowledge or who it benefits and
how to access it. There was additional uncertainty about how
supporting structures around psychiatrists would respond to the
introduction of PAP.

The need for more knowledge at multiple levels was
emphasised and the need for the public to be educated about
the topic prior to its widespread adoption. However, beyond
these concerns about how PAP would be conducted and for
whom it would be suitable, there was a strong theme of openness
to change and excitement at PAP’s potential to benefit patients
for whom existing treatments have failed. The energy and
optimism that (some) psychiatrists identified in relation to PAP
would be helpful for services to harness should PAP become a
treatment option in NHS clinical practise. PAP is not a straight-
forward intervention and to deploy it within existing services
will require a focus on implementation and the involvement of
enthusiastic psychiatrists.

Study Strengths and Weaknesses
Strengths of the study included the surveying of all psychiatrists
across an entire NHS mental health trust and the involvement
of all sub-specialties and levels of experience. The response
rate (25.7%) was lower than ideal, although not unusual for
a survey of this type. It therefore remains possible that there
was response bias, such that psychiatrists who were already

more knowledgeable about PAP differentially responded to the
survey and were more likely to participate in the focus groups.
Certainly, proportionally more trainees participated in the survey
than non-training grade doctors, which may have been due to
a greater enthusiasm amongst trainees for this topic or may
have reflected the greater time pressures on non-training grade
doctors. Furthermore, although the sample was likely to be
relatively representative of UK psychiatrists—particularly those
practising in England—it is not clear that this would hold true for
psychiatrists practising in other countries. The mixed-methods
approach was an advantage, which is likely to have facilitated
richer insights by utilising quantitative and qualitative methods.
Nevertheless, more focus groups with more attendees may have
elicited additional or different themes, as we could not be certain
that saturation of themes was achieved.

The findings of this pilot study suggest that for psychiatrists
to develop the necessary expertise and confidence in PAP, they
will need support to train and accredit in this new approach.
In addition, our findings suggest that getting the support and
training structures right for psychiatrists will likely be insufficient
unless there is public education about PAP and some degree of
societal shift. Formal guidelines, curricula and training—devised
in conjunction with regulators and organisations that educate
and support psychiatrists—will be needed before psychiatrists
will feel ready to participate in the delivery of this promising
new treatment paradigm. For example, a multi-disciplinary
group from Canada recently recommended that a National
Advisory Council be created to make recommendations and
around training and accreditation for clinicians involved in
the provision of PAP there (19). In summary, however strong
the research evidence for the efficacy of PAP in psychiatric
disorders, our findings suggest this will be insufficient for
PAP to be implemented within NHS mental health services
without considerable attention on the workforce needed to
deliver it.
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Psychedelic-assisted therapy research for depression and PTSD has been fast tracked

in the United States with the Food and Drugs Administration (FDA) granting breakthrough

designations for MDMA (post-traumatic stress disorder) and psilocybin (major depressive

disorder). The psychotherapeutic treatments accompanying these psychedelics have

not been well-studied and remain controversial. This article reviews the challenges

unique to psychedelic-assisted therapy and introduces a newly optimised psychological

flexibility model that adapts Contextual Behavioural Science (CBS)/Acceptance and

Commitment Therapy (ACT) to those multiple challenges, including ego inflation,

traumatic memories, and the perceived presence of entities. A methodology aligned

with biological mechanisms, psychological processes and therapeutic contexts may be

advantageous for improving outcomes. This model expands ACT by integrating practices

and data from psychedelic-assisted therapy research into a Contextual Behavioural

Science framework, allowing both fields to inform each other. Psychological flexibility

processes are questioned and adapted to a psychedelic context, and interventions that

operationalise these processes are considered. The principle through-line of the paper

is to consider varied constructs of Self, as understood by these fields, and integrates

respective elements of varied self-models, interventions and data into a Spectrum of

Selves model for psychedelic-assisted therapy. Secondly the paper examines how to

select and retain new self-perspectives and their corresponding behaviours systemically,

drawing from evolutionary science principles. A case example of such behavioural

reinforcement is provided, as well as a psychedelic integration checklist to guide the

practical implementation of such an approach. This method can enable a coherent

therapeutic framework with clear operational relationships between (1) problematic

behaviour patterns that an individual wishes to address (2) the guided psychedelic

experiences of that individual, and (3) the barriers to maintaining any changes, thus

increasing theoretical-practical coherence, broadening treatment benefits and reducing

relapse in psychedelic-assisted therapy. Research questions for further developing a

CBS-consistent psychedelic-assisted therapy are offered.

Keywords: psilocybin-assisted psychotherapy, acceptance and commitment therapy, psychological flexibility,

self-perspective taking, psychedelic, internal family systems, relapse prevention, integration
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No one can whistle a symphony. It takes a whole orchestra to play it.

—H.E. Luccock

INTRODUCTION

Psychedelic-assisted therapy is a psychopharmacological
intervention combining a psychedelic compound with
a therapeutic context (1). Unlike purely psychological
interventions, psychedelic-assisted therapy is usually considered
to have three distinct phases of treatment: (1) psychotherapeutic
preparation before medication session, (2) a guided psychedelic
medication session with psychological support, and (3) a
psychotherapeutic integration therapy to help consolidate gains
(2). Randomised control trials have demonstrated effect sizes
generally greater than those of current treatments, for depressive
disorders (3, 4), addictions (5), distressed cancer patients
(6, 7), and PTSD (8). These latter researchers concur that
the psychotherapeutic component is of particular importance
for safety and maximising therapeutic gains. Psychedelics are
not recommended as purely pharmacological interventions.
However, integrated psychotherapeutic frameworks grounded
in empirically supported processes throughout the three phases
of psychedelic-assisted therapy, are only just beginning to
emerge, and mainly focus on the preparation and integration
phases (9–11).

Consensus and Debate in

Psychedelic-Assisted Therapy
There is some consensus regarding the preparation needed
before administering a psychedelic for therapeutic purposes.
Psychoeducation and experiential exercises are often employed
to help the participant trust and enter the process with an open
attitude (7, 11, 12). A lack of feeling safe during the psychedelic
experience could either block the therapeutic process or even
result in a paranoid experience of negative-therapeutic value
[(13), p. 95].

Regarding the guided medication and integration (phases
2 and 3), there is more debate. For example when during
a medication session should a psychedelic therapist be
directive rather than the commonly recommended approach
of trusting a person’s “Inner healing intelligence” [(14), p.
10]. An ACT-informed psychedelic study protocol also leant
towards “supportive” and “non-directive” guide-therapists with
emotional direction coming mainly from a musical playlist
during the medication phase [(15), p. 10]. The same study
favoured an “open, flexible, humanistic approach” over a
“structured, directive approach” more generally [(11), p. 99].
Similarly, another ACT-informed psychedelic study, employed
“supportive stance” with “no significant ACT interventions or
feedback provided” during the medication phase [(10), p. 16], in
spite of ACT-based approaches actively used during preparation
and integration sessions. Whilst such pharmacological
randomised control trials have pressures for eliminating
confounding variables during the medication phase, this may
sometimes be at odds with developing a psychedelic therapy
if and when therapeutic context manipulation is critical to
therapeutic progress (16). A more dynamic relationship between

the psychedelic experience and accompanying psychotherapeutic
interventions could be helpful throughout all three phases of
psychedelic therapy. Recently developed Psychedelic Somatic
Interactional Psychotherapy (PSIP) advocates for both directive
and non-directive modalities during the medication phase, and
suggest that the skill is knowing which is appropriate when [(17),
p. 13]. CBS would concur that greater precision and context
sensitivity is possible, and adds that a contextual awareness of
therapeutic intentions and effects can clarify when and how
to be directive. Flexible humanistic approaches have long had
structured and directive elements [(18), p. 53, (19), p. 20] so
that therapists can “make interaction happen where it isn’t”
[(20), p. 172]. Furthermore, context sensitive interventions
during the medication phase are probably important for
certain situations, i.e., if new perspectives are not experienced
during the medication phase, the post medication sessions will
have very little to integrate [(11), p. 98].

During the integration phase, there is also some consensus
that psychological barriers such as ingrained thinking patterns,
can undermine the gains of psychedelic-assisted therapy [(11),
p. 98, (10), p. 13, (21)]. With data showing that half of
participants relapse within 6 months [(3, 22), p. 27] a framework
that addresses these barriers may be important. Unfortunately,
research is lacking regarding the role of therapeutic interventions
in preventing relapse.

Some important work has already been done regarding how
to integrate approaches, modalities and competencies (9, 23, 24)
for psychedelic therapy. This paper contributes to that thread by
specifically considering what CBS can offer psychedelic-assisted
therapy, how it can offer a framework for integrating different
modalities already used, and how its empirically supported
processes can be adapted into a new model for addressing known
challenges of psychedelic-assisted therapy, applicable throughout
its three phases.

Why Is Acceptance and Commitment

Therapy Appropriate to a Psychedelic

Context?
As a purely psychological intervention, Acceptance and
Commitment Therapy (ACT) and its model of Psychological
Flexibility offers empirically supported treatments for anxiety
disorders, depression, addiction, somatic health (25). Luoma
et al. (24) highlight in detail the unique position of CBS to cater
to many psychedelic-therapy aspects such as: (1) the crucial
importance of context (16) when CBS is a study of the effects
and manipulation of context, (2) accommodating spiritual and
religious perspectives, widespread in psychedelic experiences
(13), when these can be understood behaviourally (26), (3) a
spectrum of increasingly flexible cognitive states, measured
neurobiologically (27), CBS may measure and manipulate
these behaviourally in terms of Psychological Flexibility (28),
(5) Self-transcendence, measured routinely in Psychedelic
research (29, 30) is central to the Psychological Flexibility
model (31, 32). For a more detailed conceptual treatment of
these overlaps and others see (24). Consiliently, a more recent
empirical review of qualitative data suggests that psychedelic
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therapy processes include: an expanded emotional spectrum
(involving acceptance), connectedness (to self and others),
insights, transcendence and shifts in perspectives of self (33).

A deeper exploration of how ACT might be configured to
enhance psychedelic therapy process therefore seems warranted,
as these align well and especially for facilitating changes in
self-perspective, a major area of research in CBS (32, 34).

The Importance of Somatic, Non-cognitive

Approaches
Another important process in psychedelic-assisted therapy is
implemented with the use of somatic, non-cognitive techniques
designed to access the implicit, automatic or subconscious
aspects of self. There is notable critique of the dominance
of cognitive, self-reflective understandings of self in cognitive
neuroscience (35). Buddhist psychology has long differentiated
between the continuous implicit vs. the momentary explicit.
That is, an experience needs to stand out from its context
before it can be perceptible: a spark in the dark is noticed, a
continuous hum of a fan is not (36). Gerrans (37), highlights that
much of thinking may not even be coded linguistically and that
only inputs and outputs of thinking maybe explicit enough to
prehended by language. Holotropic Breathwork (38), Psychedelic
Somatic Interactional Psychotherapy (PSIP) (17), Focusing (39,
40), and Hakomi (41) are examples of therapies often used with
psychedelics to help access non-cognitive experiences of self,
inviting the implicit to become more explicit.

Whilst “second wave” cognitive approaches such Cognitive
Therapy (42) have been criticised for their focus on cognitive,
reflective awareness, and even attempting to manage bodily
experiences such as anxiety, with cognitive responses [see
(17), p. 5], “thirdwave” approaches such as ACT employ
mindfulness processes to allow the body and its emotions
to “speak” and open participants up to inner experiencing,
rather than controlling or changing it. What is more, ACT’s
behavioural processes provide a framework for noticing any
bodily behaviours including those that a participant may not
be aware of. From a behavioural perspective, the “implicit”
may be observed and even detected in terms of the behaviour
that relates to it, much like how an invisible black hole in
astronomy is primarily observed by the way things move around
it. Involuntary bodily behaviours and sensations point to the
unacknowledged or “subconscious”.

Debating the Self Within CBS Research
Beyond compatibilities between ACT and Psychedelics, another
factor to consider is that ACT and its model of psychological
flexibility are also in a process of development, particularly
regarding the Self (32, 43, 44). Even specifically in a psychedelic
research context, Hayes et al. [(31), p. 35] have criticised the
ACT Hexagon model (see Figure 1) for oversimplifying and
underrepresenting the ACT core processes of Self.

Six processes presented as dichotomies of psychological
flexibility/inflexibility. Figure 1 illustrates interrelating core
processes of psychological flexibility as six dichotomies: (1)
Contact with the present moment vs. rigid past or future
attention, (2) acceptance of inner experiencing vs. avoiding such

inner experience, (3) awareness of thoughts as thoughts vs.
thoughts taken literally (cognitive fusion), (4) self as context
vs. self as a conceptualised story, (5) committed action vs.
ineffective or avoidant action, and (6) consciously chosen values
vs. unclear values.

Since this dichotomous representation of the six psychological
flexibility processes became widespread in ACT clinical trainings
and research, more CBS research has been done into how
Self processes are measured and understood. Figure 1 does not
represent these newer CBS understandings of Self and neglects
“self as process” [(31), p. 35]: the present moment experiencing
self that interconnects the conceptualised self with self-as context,
a more transpersonal and linguistically-indefinable self that
contains all our experience. For the extensive empirical support
for the clinical usefulness of a self as a hierarchical container,
see Supplementary Material S1.1) Moving through these three
selves from content, to process, to context, a person’s perspective
(see Table 1) is decreasingly influenced by the content it contains
[(43), p. 145]. As many leading CBS researchers suggest that
experiences of the self is such a central process to psychological
functioning [(49), p. 5] it appears to be moving to a more central
place in the ACT model (31, 32).

Furthermore, CBS researchers (24) have suggested there is
a point of convergence between Psychological Flexibility and
a spectrum of cognitive states known as the Entropic Brain
Theory, suggesting different degrees of cognitive flexibility (27).
This might suggest Psychological flexibility can be viewed as a
spectrum of selves.

THE PSYCHEDELIC SELF AND ITS

THERAPEUTIC IMPLICATIONS

Having considered the importance of the self in the Psychological
Flexibility model (see also Supplementary Material S1.0 for
more details), let us next consider psychedelic research findings
relevant to variation in self-perspective:

Experiences of Changing Sense of Identity
Qualitative analyses of participants in psychedelic-assisted
therapy for cancer diagnosis distress (50) and smoking cessation
(51), often experienced a vivid change in their sense of
identity. An Interpretative Phenomenological Analysis, found
nine out of thirteen participants experienced “Alterations to
Identity During Psilocybin Experience” and six experienced
“Lasting Changes to Sense of Identity” (43, p. 9). Such
changes in identity increased one participant’s ability to live
the life she wanted (43, p. 22). A changing “sense of identity”
leading to behaviour change may overlap with the transition
exampled in Table 1: an older identity loses its hold over
its corresponding rigid behavioural choices, allowing for new
choices to be made.

Increases in the Personality Trait of

Openness to Experience
Using the NEO Personality Inventory (NEO-PI) measure of the
five factor personality traits, MacLean et al. (52) found lasting
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FIGURE 1 | Prevedini et al. (45). Reprinted with permission.

TABLE 1 | Example of content moving therapeutically through the three selves of ACT.

The three selves in CBS Neurobiological equivalent Example of corresponding cognition

Self-as-content/story Damasio’s Autobiographical

memory-based self [see (46)]

I just know I’m broken and therefore I can’t love

Self-as process Damasio’s Core consciousness self (47) In this moment, I am aware of feeling broken, and am having thoughts about my

capacity to love

Self-as perspective

(also described as “Self-as context”)

Less clear yet we can consider the

E-Network in Legrand and Ruby (48)

I see that this “I’m broken” self doesn’t help me to love the way I want to and I know I

can act independently of it. My self that is observing is independent from and

contains the self that feels broken

increases in openness to experience after administering Psilocybin.
The same measure during an MDMA for PTSD study also
detected lasting openness and decreasing neuroticism (53). A
cross sectional study of recreational MDMA also measured an
significant increase in openness (54). This raises the question
of whether this openness to experience could be harnessed
for therapeutic behaviour change, and may align with the
psychotherapeutic coaching that ACT provides for opening a
person up to embracing challenging experiences [(55), p. 276,
(56),Willingness].

“Ego-Dissolution” —A Dissolving Self
Another well-documented concept in psychedelic research that
overlaps with self is that of ego, which are terms often used
interchangeably [(27), p. 2]. Many researchers have suggested
that distortions in the subjective experience self or ego are
“central” to the psychedelic experience [(29), p. 2, (57)].
Moreover, psychedelics can occasion a change in sense of self so
radical that it appears to dissolve: perceived boundaries between
self and other are lost. “Ego-dissolution” is so common that an
Ego Dissolution Inventory (29) has also been validated expressly
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for a psychedelic neuroscience context, measuring phenomena
with items such as “I experienced a disintegration of my “self ”
or ego,” and “All notion of self and identity dissolved away” [(29),
p. 3]. Clinically we will need to consider how such an experience
can help or hinder therapeutic variations in self-perspective.

Millière (58) highlights that such experiences of ego-
dissolution have been documented to occur with three different
types of psychedelics, each acting on different brain receptors:
Classic serotonergic psychedelics, such as psilocybin, dissociative
anaesthetics such as Ketamine and Kappa Opioid Receptor
Agonists such as Salvia Divinorum. Another complication for the
psychedelic therapist is that such experiences can be considered
positive (often in terms of a mystical unity with something
greater than self ) or negative (in terms of a fearful resistance to
losing self, or an experience of dying [(58), p. 4]. A person can
experience this as traumatic and may need further psychological
support to accommodate the experience.

Mystical Experience Beyond the Self
Often an experience of a dissolving-self can lead to what is termed
a Mystical Experience, an experience of unity perceived to be
ultimate and basic to the world [(59), p. 132]. Such experiences
are so well-established in psychedelics that a Mystical Experience
Questionnaire (MEQ) has been validated for measuring such
experiences in a psychedelic context (30). This 30 item measure
explicitly monitors participants” experiences in four subscales:
positive mood, transcendence of space/time, ineffability and
mystical. Multiple items in the “mystical” domain relate to self.
For example “Freedom from the limitations of your personal self,
and “Feeling a unity or bond with what was felt to be greater
than your personal self ” [(30), p. 1186]. Mystical experiences
may also include experiences of rebirth or perinatal memories,
which are documented and explored in Grof ’s work (60). These
mystical experiences exemplify the more extreme examples of a
changing self, and can be very challenging for the participant.
A psychedelic therapist will need to prepared to help patients
accommodate such experiences, being open to them as they occur
during medication sessions, and then making sense of them
during the integration phase.

Confusion Around a Multiplicity of “Selves”
In the context of MDMA as a treatment for PTSD, Schwartz and
Mithoefer (61) measured that 68% of participants spontaneously
reported experiencing different “parts” of themselves, using a
non-validated measure that asked whether the participant or
therapist had brought up the notion of parts. Such parts are often
childlike or highly critical. An implication for the psychedelic
therapist is whether this experience of varied selves fosters a
self-perspective that can make choices independent from old
self-stories. Will senses of self that are activated by emerging
fears become more influential or less influential? Furthermore,
multiple selves can lead to confusion and inner conflict regarding
who the patient actually is? The absence of a familiar sense
of self can be confusing. In the context of Ketamine-assisted
therapy for depression, Katzman (21) calls this “. . . the distress
that comes from the loss of a habituated identity,” with patients
making comments such as “I don’t even know who I am

anymore, without my old buddy, Depression.” Clinically, this has
implications of (1) normalising multiple selves, (2) which self-
repertoires to reinforce or attend to, and (3) whether to address
inner conflict between the varied selves that a person perceives
they have.

Inflated “Ego” and the Narcissistic Self
The Ego Dissolution Inventory (EDI) also includes a subscale for
measuring Ego-inflation, employing items such as “I felt more
important or special than others” and “I felt my viewpoint was
worth more than other peoples”. Whilst such an inflation was
much more marked in users of cocaine, an inflation was also
associated with psilocybin [(29), p. 8]. Moreover, there are many
anecdotal reports of narcissism being more pronounced after
psychedelic experiences than would be expected, considering that
the immediate effect of psychedelics is commonly a reduced
sense of “ego” (rigid conceptualised self). A person can interpret
intense psychedelic healing as suggesting they are somehow
special or chosen [(62), p. 10]. Clinically this suggests it might
be helpful to monitor a person’s relationship with any emerging
positive self-stories during the integration period, noticing any
inflexibility around their relationship to that story. This is
standard practise in ACT but it may be particularly helpful to
emphasise for the psychedelic therapist, as new positive self-
stories may commonly emerge during the integration phase.

Othered Selves: Meeting Entities Which

Can Be Considered Hallucinations or

Actual “Sentient” Beings From Another

Realm
Participants in psychedelic studies of various substances [and
especially DMT (63, 64)], often report the phenomenon of
meeting what appear to be autonomous “beings” [(50, 65,
66), p. (2, 67)] offering guidance or other communication.
The participant may consider this guidance to come from
another part of themselves [(68), p. 531]. Such entities can
also be experienced as a malevolent or demonic encounter
[(67, 69, 70), p. 7], and can example many Jungian archetypes,
considered universal tomany human cultures such as themother,
the mentor, the monster, some of which may function as a
personification of the mind’s dissociative defences (71). An
awareness of such archetypes may help inform what content is
avoided, valued or unhealthily attached to. The model below
treats these common experiences as aspects of self. For a
fuller treatment of how and why such entities can function as
projections of self, see Winkelman (72), and for how this relates
to trauma see Kalsched (73). A psychedelic-therapist will need to
address such encounters and the self-perspectives they represent,
whether considered real, imagined, desirable or frightening. Such
perspectives will be clinically relevant to the extent they help or
hinder the process i.e., they may point to neglected values, new
behaviours or inner avoided experiences.

Unresolved Trauma Informs Self-Story
It is remarkably common for traumatic memories to surface
during psychedelic treatment [(74), p. 5, (60), p. 116], perhaps
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due to the enhanced psychological flexibility or lowering of
psychological defences to enable an “unconstrained cognition”
occasioned by psychedelics [(75), p. 2142]. In a study of
psilocybin for treatment-resistant depression 10 out of 20
subjects attempted to avoid memories of childhood trauma,
whilst eight succeeded in confronting such memories [(68), p.
525]. Note that this often happens without any explicit direction
to face trauma. The recently validated Emotional Breakthrough
Inventory (EBI) (76), designed as a state predictor for long term
outcomes of psychedelic therapeutic process, employs the item
“I experienced a resolution of a personal conflict/trauma” which
scored highest in the factor analysis at 0.896, out of the measures’
eight items, thus signifying it was the strongest predictor of
emotional breakthrough, which predicted well-being at 2 weeks
post treatment [(76), p. 14].

In trauma research, the Centrality of Events Scale (77)
has measured how central a traumatic event is to a person’s
identity and life-story, identifying correlations not only with
PTSD symptom severity (0.38) but also with depression (0.23),
and irrespectively of whether the reported event matched the
current diagnostic criteria for post-traumatic stress. This article
will also extend use of the word trauma to include negative
experiences that have a lasting effect on person’s identity
or self-story, and not restrict it to PTSD symptoms or life
threatening events. A consilient finding in the psychedelic
literature was during an MDMA-assisted therapy for PTSD
study: the NEO-PI-R measured that those who had the
greatest personality change following treatment (increased
openness and decreased neuroticism) also had significantly
greater decreases in PTSD symptoms (53). The studies above
suggest facing traumatic memories can be an important
component of psychedelic therapy process, and not only with
PTSD cases.

A clinical implication is the possibility that such traumatic
memories may not be fully processed at the time of the
psychedelic medication session. Experienced psilocybin
mushroom therapists have warned that participants who don’t
integrate their traumatic memories can actually get worse if they
don’t continue working therapeutically during the integration
phase [(78), p. 209]. If additional support is not received at
such a critical point, a patient could regard the psychedelic
experience as traumatic in itself. Psychedelic treatments can
access traumatic memories that were unexpected to both patient
and clinician, including preverbal trauma that may be difficult to
access without psychedelics [(78), p. 209]. Psychedelic therapists
will therefore ideally to be prepared to help participants
open up to traumatic memories during the medication phase
(should they arise), and to continue trauma work during the
integration phase.

In sum, these phenomena (selected due to their relevance to
self-perspective) suggest a responsiveness to trauma and rapidly
changing senses of self will be pertinent in psychedelic-assisted-
therapy models. Furthermore, complications arising from a
widely varying sense of self include: (1) confusion about one’s
identity, (2) narcissism or an unhelpful inflexible relationship to
a positive conceptualised self, and (3) mystical experiences that
can include a loss of self or unity beyond the self.

A PSYCHOLOGICALLY FLEXIBLE SELF

MODEL, OPTIMISED FOR

PSYCHEDELIC-ASSISTED VARIATIONS OF

SELF

The next section of this paper presents an expanded continuum
of seven selves, as a psychedelic-appropriate alternative model to
the six dichotomous ACT processes of psychological flexibility.
The Spectrum of Selves model is designed to accommodate the
demands of a psychedelic context, as well as increasing precision
and context sensitivity of psychological flexibility processes
during the three phases of psychedelic-assisted therapy.

The Spectrum of Selves (SoS) model in Figure 2 is a new
psychological flexibility model proposed to accommodate a
wide range of self-experiences, as encountered in a psychedelic
context, packaged as a memorable user-friendly heuristic. This
accommodates a trauma-influenced self-story, multiple selves
that appear to be of varied ages or attitudes, narcissistic-
self stories, a compassionate self, “othered” identities such as
benevolent or malevolent entities, a dissolving self and mystical
experiences of unity or no self. Such a spectrum places self-
perspective as the central uniting process whilst emphasising self-
as-process as the first container of self-content. All permutations
of the other five processes throughout the seven selves can be
framed as behavioural tendencies that constitute an experience of
a particular self (SeeTable 2). This configuration of psychological
flexibility processes intends to render them easier to apply and
more able to cope with the high variation in self-experience and
intensity inherent in psychedelic therapy. Note that Figure 2 does
not pretend to be a complete map of psychedelic experience, it
simply offers helpful ways to respond to a wide range of common
psychedelic experiences.

As well as a response to Hayes’ critique (discussed in
Supplementary Material S2.0), psychological flexibility
processes recast as scales may be more responsive to varied
individuals than binary dichotomy processes as in Figure 1. An
assumption here is that a scale is more precise to calibrate to an
individual than a binary.

The extensive empirical support for self-as-hierarchy (detailed
in Supplementary Material S1.1) also informs the model and
features throughout. Selves of increasing psychological flexibility
are considered to contain each other, and not as a literal fact but
as a helpful way to relate to them. This hierarchical continuum of
selves ranges from the most rigid fears inherent in unprocessed
trauma, broadening through critical voices that have broader
behavioural repertoires than a traumatised self, opening to more
compassionate values-aware perspectives. At the top extreme of
the continuum we experience the peak transcendental states, as
measured by the EDI and MEQ, in which participants glimpse
an all-containing perspective of unity, beyond any sense of
separation, time, space and even language.

Self as Traumatised
At the lower extreme of the continuum is the traumatised self.
Like the Centrality of Events scale, this model interconnects
trauma and conceptualised-self work as an important factor
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FIGURE 2 | First presented at Association of Contextual Behavioural Science

conference, New Orleans (Online) 2020. Reprinted with permission. These

multiple selves are framed as concentric circles like Russian dolls. The varying

selves are arranged according to how psychologically flexible they are. The

blurred edges of each self represent the fact that self-experiences are never

fully captured by language or explicit cognition, and that implicit, unseen

aspects are always part of the equation. For an expanded version of this

model’s axes, see Table 2.

to consider generally. Unresolved Trauma Informs Self-Story
(p. 5) highlighted the prominence of traumatic memories in
psychedelic studies. In the most fear-ridden, traumatised states,
a person may be least psychologically flexible and may be
locked in involuntary dissociative responding, to knowingly
or unknowingly avoid such experience. The Dissociative
Experiences Scale (79) has detected such dissociative behaviour
in a wide range of clinical problems [(80), p. 513], as well as non-
clinical anxiety and neuroticism (81). From a CBS perspective,
any behaviour can be assessed in terms of whether it is
moving away from a trauma-related experience, or other aversive
experience. When such aversive content is encountered, the
participants opening up (or exposure) to it could be encouraged
whether during the preparation, medication, or integration
phase. As discussed in Unresolved Trauma Informs Self-Story,
it may be important to assess whether any traumatic material
contacted has been integrated, or if it needs further attention via
a trauma-focussed exposure therapy during phase three.

Self as Child—Self as Critic
Confusion Around a Multiplicity of “Selves” (p. 5) highlighted
the prominence of a multiplicity of selves often emerging in

a psychedelic context, and the challenges and confusion that
can result. Many different experiences of self can potentially
emerge, yet a child and critic protector seem to be particularly
common. Internal Family Systems (IFS), a psychotherapy
commonly used with psychedelics (especially MDMA), offers
perspectives and therapeutic tasks, to highlight common
functions and relationships between such parts (82). Validating
and normalising the motivations of these usual suspects can
facilitate a self-compassion andmore nuanced perspective of self-
as-content-driven behaviours. This serves cognitive defusion,
acceptance and enables more choice beyond old habits. The
SoS model places such parts work within a CBS framework
of hierarchical, containing perspectives with varied degrees of
distance from psychological content and/or varying degrees
of psychological flexibility. The purpose of this integration of
approaches is that the nuanced empirical support of CBS self-
processes may inform what elements of IFS and ACT are
most important.

ACT therapists are already very familiar with inner “parts”
or “voices”, and use a metaphor of bus passengers who are
distinctly not drivers (active choice makers) of the person’s bus
(chosen life behaviours) [(55), p. 250]. An extension of this
with Internal Family Systems (IFS) highlights common functions
and relationships between the bus passengers or parts, in order
to enable a deeper acceptance, more self-compassion and less
conflict between the parts. Dialogue with and acceptance of
such parts may also help access key content such as shame or
traumatic memories.

If an inner critic contains the child, it does so in the sense
that it sees the child’s behaviours as optional, and suggests
alternatives. If the child (or critic) contains a trauma it is in
the sense of a self-concept wound, around which some of its
personality serves to deny or make up for. The intervention of
having a person discern and respond to younger child parts,
has some empirical support for treating borderline personality
disorder in the form of Schema Therapy (83), with outcomes of
decreased depression, reduction in early maladaptive schemas,
and increased quality of life. Parts work also has some support
in the IFS data for an MDMA-assisted treatment for post-
traumatic stress [((61), 71), p. 257], with outcomes of reducing
PTSD symptoms and increasing openness to experience (53). IFS
parts work without psychedelics has some promising empirical
support for treating Rheumatoid Arthritis (84) and depression
(85). Van der Kolk [(86), p. 278] concurs on a connexion
between trauma and warring parts of self, and suggests that
exploring and befriending such parts is an important component
of healing.

In sum, these categories of Trauma, Child and Critic
help to explore self-as-content from multiple self-perspectives.
Participants and clinicians can consider which contextual cues
invite these different parts to act out. Any number of inner
parts (including entities) can be assessed in terms of the
degree they influence the person’s behaviour and any new
perspectives they offer about that person’s life that can inform
the therapy. For an entity as part example see Malevolent Parts
in Supplementary Material 3.1).
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TABLE 2 | Non-self processes of psychological flexibility integrated as elements of different self-perspectives, and related to psychedelic phenomena.

Types of self: the 3 selves

expanded to a 7 point scale

(plotted against the other 5 core

processes)

Cognitive

Defusion-

Cognitive

Fusion

Values-

Unclear values

Present moment-

Automatic

Open acceptance-

Closed/control

Committed Action-

Avoidant action

Psychedelic-therapy

relevance

SELF AS CONTEXT As Unity Awareness unfiltered

by language.

All is love All “is” —and beyond

past and future

Surrender to all that is Allowing

transformation, through

death and rebirth

Mystical Experiences to allow

and make sense of

As Pure Perspective Language is thin and

generally less

interesting

Feeling what is

important moment to

moment

Seeing the world from

beyond the habituated

perspectives

Listening to all

emotions as

messengers

I always have the

option to choose my

response

New self-perspectives emerging

as Entities (Othered selves).

Challenging existential fears

nearing ego-dissolution

SELF AS PROCESS As Experiencing

container

My thoughts are just

thoughts/don’t define

me

I can choose

independently of my

old patterns

I see through my ways

of not being present

I’m allowing myself to

feel these challenging

emotions

Choosing to grow

through discomfort Increased capacity for felt-sense

(Somatic work)

As Compassionate

adult

I notice that’s a harsh

thought

I value kindness I’m aware of what I’m

doing

What does this feeling

really feel like

I’m taking steps in

self-care

Self-compassion and Openness

to experience shame

SELF AS CONTENT As Inner critic I am pathetic I must/mustn’t do X to

be OK.

Rigid rule following to

improve sense of self

Don’t get upset again Staying busy will make

me feel less Parts work to loosen dominance

As fearful child Another must save me Neediness Automatic reactions to

feeling insecure

I’m at war with these

feelings

Demanding or

inactively hoping to be

saved

habitual/historical self behaviours

(c.f. IFS)

As Traumatised There is something

wrong with me

I only care about

making it stop

Dissociation/can’t be

aware of it

Frozen, Can’t bear to

feel

Inactivity, Giving up More accessible Traumatic

memory (also addressing

psychological crisis PiMS

experiences)

Many of the language examples here would be post hoc, especially for the Self-as context section where language would have lost its dominance during the experience. Such post hoc language can still be useful for recalling some

sense of these experiences.
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Self as Compassionate Adult
Containing the self-trauma-wound, the child and the critic, a
person might next assume a Compassionate Adult perspective.
Stepping into Self-as-Process, and bridging towards self-as-
perspective, this mode of self is aware of the ever changing
momentary impulses of the conceptualised selves without
automatically acting on them. This compassionate part and
is more in contact with a longer term view of a life and is
more capable of values-driven behaviour (rather than avoidance-
driven). It compassionately contains self-story with more
metaphorical distance, and without taking it so literally. It is
may also use self-story healthily: i.e., I am someone who likes
to be kind, In addition, this awareness and acceptance of less
flexible modes of self, not only brings self-perspective-taking
into the heart of an ACT-consistent model, but also make self-
compassion a centre-piece. To see our warring impulses as upset
younger partswho just want their needsmet is helpful in bringing
acceptance at the level of identity. Active self-soothing and self-
care can be formulated as the acceptance of specific emotional
parts with particular perspectives. For some time the lack of
explicit focus on self-compassion in ACT processes has been
questioned. Luoma and Platt (87) suggest that a greater emphasis
on self-compassion during ACT work may increase effect sizes,
especially when self-stigma and shame are relevant across many
diagnostic categories.

Self-As-Experiencer—I Here Now
Less identified with any particular view of self, the self-as-
experiencer holds the compassionate adult lightly and keeps
track of when compassionate and positive self-story behaviour is
appropriate, inwardly and outwardly. In certain contexts it will
be appropriate to let the child cry, or the stern critic to hold their
ground with appropriate anger. Any new (positive or negative)
sense of self can easily lock into a new inflexible story with a
new set of trappings e.g., “I am a good compassionate person so I
must never express anger.” This mode of self is more aware of
the filters of cognitive evaluations and maintains awareness of
the function of any part or any self-story. It is also increasingly
open to experiencing bodily feeling, without recourse to cognitive
descriptions. The experience of an “I” looking from a particular
here and now is still very present.

Self as Pure Perspective
As psychological flexibility increases further still and the
verbal/cognitive influence of the mind-brain over present
moment experiencing reduces accordingly, a sense of self-
as-perspective is more easily accessed. That is, anything the
person does, sees, feels is only a part of the perspective and
ultimately does not define who they are. The sense of “I” softens.
Cognitive-emotive content is experienced more as there – then.
Whether achieved pharmacologically, thoughmeditative practise
or therapeutic intervention, much greater shifts in perspective are
possible which may reduce the overriding dominance of habitual
perspectives. This greater capacity for self-perspectivemay enable
radically new views of past, present and future containing new
possibilities not previously conceived, as well as increasing the
ability to understand the perspectives of other people, and even

Nature as a collective. Entities and archetypes are also more
likely to be experienced as the brain’s top down control of
reality becomes less rigid, and the habitually supressed parts of
a person’s psyche are allowed to emerge in one form or another.
Like the inner critic and child these can also be responded to
with parts work, as they may also have protective functions. For
example a threatening God is an archetype that can embody
both malevolent and benevolent protection at once. When
such protective functions are recognised and validated other
important content such as traumatic memories may become
more accessible [Kalsched (73) in Hill (71)].

Self as Unity
At the top of Self-as-Context (the hierarchical containing self)
and the top extreme of the spectrum, we find Self as Unity:
the ultimate all-containing perspective in which experience is
least influenced by syntactic language. As detailed in section
Mystical Experience Beyond the Self, peak mystical experiences
are an important component of psychedelic-assisted therapy. An
experience of ego-dissolution (see section “Ego-Dissolution” —
a Dissolving Self) may be a close precursor to what participants
describe as an experience of absolute unity in which there is
no time, space or division of any kind. This suggests that the
I-You, here-there and now-then relational frames of syntactic
language have largely dissolved. Whilst participants may only
remember non-verbal ineffable aspects of such an experience, the
journey there and back may offer a new experience regarding
the psychological flexibility possible for a person’s self-repertoires
in emotive (acceptance/openness to feeling), spatial (here-there)
and temporal (now-then) experience, as the influence of syntactic
language fades and returns. During mystical experiences that
may closely precede or follow moments of unity, entities offering
new perspectives on the person’s life may also occur. After the
experience it may be helpful to try and encode something of
what happened in syntactic language to bookmark any new self
perspectives attained that could inform how the person wishes to
live their life going forward.

fMRI imaging has already detected increases in brain activity
in both spatial and temporal domains (88), suggesting changes
in here-there and now-then perceptions occur even at medium
doses (75 µg of LSD).

Clinical implications will include assessing whether such an
experience could be too destabilising for some populations, and
when lower doses that are less disruptive to a person’s sense
of self may be more appropriate. These are still helpful for
expanding awareness of the autobiographical self-as-content but
without experiencing the challenges of unity and the narcissistic
ways the self-as-story parts might respond (see section Inflated
“Ego” and the Narcissistic Self). Also, irrespective of whether a
mystical unity was experienced as something positive or negative,
it is likely be fruitful to revisit and unpack such experiences.
Doing so may help a participant appreciate different perspectives
of self that in turn could increase experiential contact with
neglected values or fears that are important to address during the
integration phase.

Table 2 Illustrates in more detail how the five non-self
core processes can be mapped as axes of different selves
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across the spectrum. The exercise of tracking any thought,
emotion or behavioural responding as belonging to a particular
self-repertoire, serves to foster awareness of self-perspective
throughout a person’s experience. Note that they are generic
examples in Table 2, and are not to be taken as universal. These
five spectra are not intended as a measure of where a person is
at, but offered as a process that fosters perspective. For example
a person could have a feeling of “worthlessness”, notice that
the feeling has a long history with a child part and choose a
valued behaviour in spite of the feeling, from a compassionate
self-perspective. A person can be in touch with two or more
self-perspectives at once. Conversely a person could feel they are
“one with the universe” and destroy things that matter to them,
unawares. In such a situation the feeling of oneness could be
assessed as having the function of bypassing other feelings, and
may be recast as a conceptualised higher-self that the child or
critic inflexibly identifies with [c.f. Spiritual Bypass in (9), p. 10].
Parts work extends a containing perspective for accommodating
multiple selves, whether that part is a recognisable historical self,
or a seemingly foreign or alien archetype.

Finding Hidden Barriers to Growth
This heuristic “spectrum” can be presented like a the notes of a
musical scale to explore up and down, without defence or bias.
Chasing positive “high” notes and avoiding negative “low” notes
can be addressed with the reverse compass metaphor (89). That
is, what do thoughts, feelings, personality structures tell a person
to do or not do? If there is an urge to not feel or experience
something, then this “advice” can be reversed as advice to feel
something. If an inner part is particularly attached to having a
positive experience, again the “advice” can be reversed to allow
experience to unfold as it is, remaining in the present. This
approaches aligns with a classic psychedelic therapy technique
of in and through in which a participant is instructed to look a
demon in the eye [(13), p. 86], rather than to avoid it because
it is fear-provoking. The reverse compass expands this to all
behaviour including subtle thought or bodily tensions that can
block feeling with stealth. Thus, a path of noticing increasingly
rigid selves/behaviours could also signpost a way to more deeply
avoided inner experiences such as trauma-related content or fear-
preceded opportunities for Pivotal Mental States [PiMS; (90)]—
transient hyper-plastic states of the mind-brain that may be
important for deeper and more lasting therapeutic progress.
Encouraging an awareness of the function of any mode of self
may help to increase psychological flexibility throughout the
spectrum. For example, with permission a clinician could ask “Is
there something that critical part of you doesn’t want you to feel?”
or somatically, “What do you feel in your body?—Is that tension
in your belly trying to stop something?—What is that?”

In sum, this spectrum of selves both addresses recognised
shortcomings in the dichotomous ACT Hexagon model (see
Supplementary Materials S1.0–S2.0) and is prepared for a wide
range of psychedelic phenomena [see The Psychedelic Self and
it’s Therapeutic Implications (pp. 3–6)]. That is, it is configured
to (1) assess for and respond to self-story events that contain
traumatic (memories), (2) normalise and respond to multiple
selves, (3) place self-perspective taking as the central process (4)

is ready to track the function of any new self-stories emerging
after a psychedelic experience, (5) places compassion as a central
response to variation in self, and (6) is prepared for altered-states
of consciousness. For further applications of the SoS model (see
Supplementary Material 3.0–3.2).

Having considered a spectrum of selves for facilitating
psychological flexibility during psychedelic-assisted therapy
phenomena, this article will next address how to sustain
behaviour change that has coincided with temporary increases in
neuroplasticity, and may be harder to maintain over time.

REINFORCING BEHAVIOUR CHANGE

SYSTEMICALLY IN PSYCHEDELIC

CONTEXT

“As one individual changes, the system changes.” – RamDass

Consensus and Debate in Psychedelic-Assisted Therapy (p. 2)
highlighted the issue that half of study participants often relapse
within 6 months. This could be a reflection that variability in
neurobiology and behaviour is not enough for stable change
and that methods for retention of new behaviour are important
[(24), p. 143, (91)]. How might newly emergent self-perspectives
be reinforced or retained in a psychedelic-therapy context?
On leaving the therapeutic container of a psychedelic-assisted
session, a participant may have gained new self-perspectives
and have greater psychological flexibility with neurobiological
support, and yet returns to a life containing contexts that
likely reinforce pre-treatment self-perspectives. Unless the new
perspectives and corresponding behaviour are reinforced, the
benefits may be short-lived. Ram Dass’ quote above may
seem doubtable when a system resists that change. How
therefore might new self-perspectives and their corresponding
new behaviours be successfully reinforced or even amplified
during integration?

A Temporary Window of Acute

Psychological Flexibility
There is preclinical neurobiological evidence for increased
neuroplasticity following medication of psilocybin (92). This
also has some clinical neuroimaging support (33) that suggest a
dynamic and neuroplastic process can be initiated by psilocybin,
then sustained for at least a number of weeks before rebounding
[(33), p. 8]. A cross sectional study also links psychological
flexibility as a mediator of the acute effects of psychedelics (93).
In addition, clinical opinion [(94), p. 243, (11), p. 98, (78),
p. 253] also suggests that the timing of the integration phase
can be optimised to take advantage of a temporary “afterglow”,
during which psychotherapeutic interventions maybe more
impactful. Clinically this raises the question of how the
pharmacological benefits of the psychedelic “afterglow” phase
might be extended or deepened psychotherapeutically. As well
as aligning a conceptual model to respond to the phenomena of
psychedelic experience (as suggested above), these data suggest
interventions for reinforcing new behavioural repertoires be
administered in a timely fashion—can one intervene too soon or
too late? Hypothetically, varying, selecting and reinforcing new
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behaviour when it is easier to do so may reduce relapse and
even realise new therapeutic potentials that may not have been
accessed without integration therapy. The following behaviour
reinforcementmodel is therefore designed to be applicable within
a short timeframe.

Barriers to Sustaining Rapid

Psychedelic-Assisted Behaviour Change
A recent meta-analysis concluded that psychedelic-assisted
psychotherapy effect sizes were greater than known
psychotherapy or pharmacological interventions to date
for: PTSD, anxiety/depression associated with a life-threatening
illness, unipolar depression, and social anxiety among autistic
adults (95). A greater increase in psychological flexibility
(if corresponding to these larger effect sizes) may invite a
higher degree of behaviour change. This assumes a new self-
perspective that can make choices more independently of old
cognitive content may potentially make a greater number of new
choices during the afterglow, compared to smaller effect size
therapies. Changes in behaviour are anecdotally so pronounced
after psychedelics that retreat centres routinely advise their
participants during integration, not to make radical decisions too
quickly [(62), p. 171]. However, a person’s old circumstances may
not support (or even discourage) the behaviour change that they
wish to sustain. In proportion to this increased psychological
flexibility, higher degrees of behaviour change may be met
with more systemic barriers to sustaining that change. For
example, what if a participant’s partner is disapproving when
their partner engages in new projects, disrupting a previously
comfortable system?

This article will consider how to adapt contextual behavioural
reinforcement to respond to any complications arising from
larger degrees of self-variation, corresponding systemic barriers
to such behaviour change, within a temporary window of
increased psychological flexibility.

A more systemic “Extended Evolutionary Meta-Model” of
processes of change, has already emerged in CBS (31) integrating
the evolutionary meta-processes of variation, selection and
retention through multiple levels of behaviour: physiological,
social and cultural. That is, behaviour change can be understood
as a three stage process beginning with variation, instances of
which are selected for their helpfulness and are retained by
some form of reinforcement (96). The multilevel perspective is
an extension of the view that context influences behaviour, in
that most human behaviour is influenced by the relationships
and sociocultural contingencies that surround that individual.
For example, the frequency and type of dissociation a person
experiences is very likely influenced by how that person’s
culture relates to dissociative episodes (97): what one culture
pathologizes as “psychotic” another could value as “spiritual”.
Either of these responses could increase or decrease psychological
flexibility depending on the context. The approach described
in this article will also consider what systemic, sociocultural
barriers to change may need to be addressed, as well as what
social opportunities may be harnessed to support ongoing
behaviour change?

In psychedelic literature the importance of socio-cultural
support, or community during integration is commonly
emphasised [(62), p. 167, (78), p. 233]. There is even data that the
intersubjective experience of a psychedelic therapy community
predicts enduring changes in psychological well-being and social
connectedness (98). Let us next consider how to systematically
foster helpful behaviour change onmultiple levels of cooperation.

Reinforcing New Self Repertoires Through

Multiple Levels of Cooperation
Bourzat and Hunter (78) routinely explore and encourage change
broadly, through four domains of (1) Self-care (2) Relationships
(4) Community, and (5) Environment. Note that these also
contain each other in concentric circles and provide multiple
perspectives for a more penetrating view of a person’s world.
Such a concentric and hierarchical view of life is far from new
and has even been called a “fundamental structural principle”
[Jacobson in Wilber (99), p. 57], and has previously been used
for coaching behaviour change [(100), p. 245]. The needs of
an individual, a relationship, a community are often different
and yet interact. The immediate and natural environment also
contain and influence the other three levels. For new life choices
to be sustainable long-term it will be helpful if the various
interacting parts of an individual’s life are not in conflict with
each other (e.g., an abusive relationship that prevents self-care).
The bigger the change, the more rearranging of the parts of a
person’s life may be necessary. Any lasting behaviour change
will ultimately influence situations in more than one of these
domains. It can be a considerable undertaking to keep track of
the new self-perspectives and the barriers they meet. Some useful
perspectives may otherwise be forgotten, or actively neglected if
they conflict with other forces in a person’s life.

Themultilevel grid (Figure 3) offers a framework for detecting
and tracking any barriers to sustaining change, as well as
interconnecting motivations and effects that reinforce such
change. Figure 3 displays an anonymized example of a complex
trauma case withmoderate depression and severe anxiety (DASS-
21 score of 66). Such a visual tool can help both participant
and clinician to keep track of and connect new perspectives to
new behaviours. Its purpose is also to identify systemic barriers
to change and find self-sustaining behavioural paths to long
term change.

Coherence as a Reinforcer for Change
Coherence is a powerful reinforcer and incoherence, a powerful
punisher [(32), p. 106]. The power of a functional coherence
therefore could be harnessed to cultivate contexts that reinforce
the desired behaviours. Any incoherence can be assessed as
to whether it punishes the desired behaviours. The participant
detailed in Figure 3 received four integration session during
which the content of Figure 3 was collected and formulated.
This visual representation tracks the flow of behaviour change
from inner self-perspectives to outer world interactions across
personal, relational, communal and environmental situations.
The green boxes, represent inner to outer behaviours/events
that this participant wished to cultivate through the integration
phase: moving through potential inner barriers of emotions and
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FIGURE 3 | First presented at the European Behavioural Pharmacology Society preconference Workshop, 2021. Reprinted with permission.

thoughts (e.g., the yellow “I don’t have time and it hurts too
much” may try to block the green selfcare practises such as
“Meditation”), to outer behaviours and the outside situations
these behaviours will meet and hopefully influence (far right).
The red, orange and yellow boxes map behavioural paths of
self-as-story patterns that may have become clearer during
the psychedelic medication or integration sessions. This is not
to label them as bad, but to increase awareness, acceptance
and choice around them. Supplementary Material 3.2 highlights

how even a rigid narcissistic self can attain a healthy effect in the
right context.

As well as mapping behaviours from left to right, it also
allows for mapping behavioural coherence between levels (up
and down). For example a small daily act such as meditation
(see Figure 3, bottom left) may be augmented with the appetitive
functions of strengthening helpful behaviours (both inwardly
and outwardly) across the four domains. This meditation
can serve maintaining a compassionate self-perspective with
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increased psychological flexibility and compassion towards a
partner, increasing openness to community involvement, thus
contributing to motivations, reinforcers and desired effects with
a single behaviour. Thus, reinforcement can come from multiple
domains of a person’s life.

Conversely this approach also suggests we routinely look for
behaviours out of alignment with a person’s most important
values across these four domains as well as reinforcing behaviours
that increase harmony between domains. Relationally,
community members could support an individual’s self-
care and vice versa. The curved green bidirectional arrows
represent how such valued action on one level could align
with and contribute to valued action on another level. Whilst
behaviours and values do not technically “conflict” in that it is
often appropriate to make different choices in different contexts,
competing behaviours (e.g., smoking vs. not smoking) can be
out of balance, be experienced as incoherent, and use up limited
resources that could be used elsewhere. A consciously chosen
cross-domain functional coherence can increase a person’s
awareness of reinforcing contexts to cultivate, and reduce the
effects of punishing contexts that need to be addressed. Such
a detailed, coherent perspective is intended to be more robust
in times of stress, post treatment. If situations that challenge
a person’s therapeutic progress are addressed or pre-empted,
stressors maybe better accommodated and long term change
more likely. An example of a systemic incoherence to address
in a treatment plan could be: an abusive relationship and an
absence of community. The abusive relationship would likely
counteract self-care practises. An addition of community could
help reinforce self-care. Typical ACT interventions would then
suggest an exploration of new relational values, consider a critical
decision such as leaving a relationship and contemplate options
for connecting to a community.

In this case example, a woman with a history of years
of childhood sexual abuse contributing to hypervigilance and
difficulties with relational boundaries, saw that the value of
breaking the mould could inform behaviour throughout all four
domains, and thus she had values to unite her life simply.
Responses to the “situations to address” (far right) could be
prepared and related to the emergent new self-perspectives (far
left), including increased acceptance of when older (self-as-
content) selves re-emerge in times of stress.

Cultivating Contexts to Reinforce New

Selves
In addition, note that the blue arrow from the bottom right
green box (“Meditation, journal on therapy changes, Do trauma
therapy) loops back to the Selfcare “Self as compassionate adult”
(far left). This is to highlight another intended function of the
newly emerging behaviours. Not only do behaviours influence
the outside world, they may also influence the person’s inner
sense of self. This bottom right green (Compassionate adult—
Self-care) box may be of particular importance if it can have the
multiple functions of: (1) Increasing the ability to remain present
and potentially extend the afterglow, (2) Increase the ability to
follow the (green) compassionate adult pathways throughout

all four domains, which (3) increases likelihood of addressing
the situations (white boxes—right side) to the extent that
compassionate self-as-perspective behaviour can be readied for
these and therefore become more habitual. Such coherence and
multiple functions of behaviour aim to cultivate a new context
(or life situation) that continues to promote desired behaviours
long term. The change process can become self-reinforcing.

Action Implications
This grid can either guide case formulation with a supervisor
or be actively shared with the participant as an interactive
spreadsheet. A visual of increasing alignment and coherence in a
person’s life can be motivating. However, this plan for a coherent
multilevel reinforcement for behaviour is not a replacement for
more somatic or experiential work that can also serve integration.
The participant in Figure 3 spent most of her integration sessions
engaged in intense imaginal re-experiencing of early childhood
events, and emotional conversations with inner parts. Thus, her
integration therapy enabled further exploration of the implicit
felt-sense in her body, a process seemingly enhanced by the
increased psychological flexibility (measured on a daily basis with
the Brief Acceptance Measure (101). This visual reframing of
her new and old behaviours may have increased her willingness
to face traumatic memories, a process that could in turn help
maintain her capacity for self-compassion. The checklist in
Supplementary Material 4.0, offers example questions of how
the principles behind this grid can be operationalised in practise.
See also Supplementary Multilevel Integration of Self-perspectives
Worksheet for an editable version of this grid.

In summary, section A Temporary Window of Acute
Psychological Flexibility emphasised the relevance of timing of
the integration phase of the therapy. Then sections: Barriers
to sustaining rapid psychedelic-assisted behaviour change,
Reinforcing new self-repertoires through multiple levels of
cooperation, Coherence as a reinforcer for change, Cultivating
contexts to reinforce new selves, Action Implications explored
practicalities of increasing and maintaining behavioural
reinforcement.

Enacting and reinforcing such behaviour changes when
neuroplasticity and psychological flexibility are heightened, could
be considered as a metaphorical striking while the iron is hot.
If the psychedelic compound metaphorically heats the iron, new
behaviours and their reinforcers can intentionally shape the iron
in the light of the participant’s new perspectives (before the iron
cools). If the new habits then achieve a contextual change that
provides new contingencies to retain the new self-perspective
repertoires, relapse may be less common. Thus, pharmacological
and behavioural approaches can work more closely together.

DISCUSSION

This paper has considered how to adapt recent contextual
behavioural science research to the challenges and particularities
of psychedelic-assisted psychotherapy, hopefully clarifying a
middle ground between the two fields. The approach presented
attempts an integration not only in the sense of assimilating
and consolidating the perspectives gained from a psychedelic
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journey, but also in terms of living a better integrated life
in which the many parts of a person’s life can be more in
harmony with each other, both inwardly and outwardly. An
assumption is that larger therapeutic changes may sometimes
require such a multi-level integration to be sustainable, and
those that do not require it can still benefit. This model also
aims to dovetail with both ends of a psychedelic experience
in view of deepening and extending the therapeutic processes
as seamlessly and effectively as possible. For example shame
work during the preparation phase could facilitate access to
more challenging self-as-traumatised content during the other
two phases. Section Action Implications also gave the example
that experiential exposure work might be enhanced during the
afterglow phase. The integration phase could therefore also be
about accessing new implicit therapeutic thresholds that were
inaccessible previously and thus maximising efficiency of the
therapy before the opportunity is lost. In sum, each therapy phase
forms part of the context for the next, and so a deeper preparation
could contribute to a deeper therapeutic process during the
medication phase, which can be continued and consolidated
during the integration phase systemically. For a visual summary
of these phases see Supplementary Figure 4.

The introduction to this paper touched on the debate
regarding whether, when or not it is appropriate to be directive,
and how to do so whilst respecting the participants experience.
This model may make such directive decisions easier, if the
participant is acquainted with their inner critic (see section
Self as Child—Self as Critic) and reverse compass (see section
Finding Hidden Barriers to Growth) during the preparation
phase. A functional awareness of inner parts/urges in terms of
whether they move a person towards a value/personal growth or
away from a pain, can be part of the participant’s mind- “set”
as the psychedelic medication session begins. If a participant
that is stuck in a critical attitude towards his/her psychedelic
experience, they could be “unhooked” (cognitively defused)
from their attitude with the simple question, “Might that be
your inner critic?”. This has been used successfully in this way
by Lucyne Pearson (personal communication, 2020). Such an
intervention could be important during the medication session
when a lack of progress at that point may prevent a participant
reaching the integration phase. Ways of facilitating an openness
to new self-perspectives and any barriers to this are likely
to be useful throughout the three phases. During the (often
costly) medication session there is a brief and critical window of
opportunity which otherwise might be missed.

The functional view of positive self-perspectives
(that may become new self-stories; see sections Inflated
“Ego” and the Narcissistic Self, Self-as-Experiencer and
Supplementary Material S3.2 Healthy Subclinical Narcissism,
for examples) could also contribute to the debate in psychedelic
therapy research regarding whether acute positive mystical
experience is a key mediator of long-term success in
psychedelic therapy (102), or conversely might willingness
to face emotionally difficult feelings/trauma be essential to
therapeutic progress? (76). Agin-Liebes et al. (6) suggest that
mystical experiences may be less important according to their
long term follow up data for cancer-related distress. Richards

[(103), pp. 329–330] suggests either extreme can help to access
the other. Carbonaro et al. (104), in a survey of 1,339 people who
experienced “challenging” experiences with psilocybin found
that 84% endorsed benefitting from their “bad trip” and that
difficulty of experience was positively associated with enduring
increases in well-being. Through a functional analytic lens it
seems likely that either end of the continuum can increase or
decrease psychological flexibility in different ways, and that
is it not the form of the experience (mystical or challenging)
that predicts its effect, but whether or not a person relates to
it with an ongoing awareness of self-perspective and function.
The necessity of facing difficult inner experiencing is considered
pivotal in the majority of psychotherapies and it is unlikely that
psychodynamic issues of the conceptualised self will fully resolve
without addressing the content that maintains them.

Another question this Spectrum of Selves model raises
is whether psychedelics will facilitate a broader view of
psychological flexibility. Is it possible to be too psychologically
flexible? i.e., to operate one’s body (during a mystical experience
for instance), or is it unhelpful to consider the mystical
experience as an extreme of psychological flexibility? Heuschkel
and Kuypers [(105), p. 15] highlight that the effect of
psilocybin is not unidimensional: whilst it improves openness
to feeling, it also impairs executive functioning such as
control over thoughts, which may be therapeutically useful,
but unhelpful for manual tasks such as driving a car. This
suggests that different dimensions of psychological flexibility
could relate to different faculties of neurobiological functioning,
and that investigating these could inform a more nuanced
understanding of variation in psychological flexibility. Optimum
degrees of such flexibilities could be determined for individuals,
perhaps in the service of enabling better support through
pivotal mental states (PiMS). Thus, psychedelic neuroscience
could inform definitions of psychological flexibility in CBS.
Earlier section Why Is Acceptance and Commitment Therapy
Appropriate to a Psychedelic Context? (p. 2) touched on
Entropic Brain Theory that suggests a spectrum of cognitive
flexibility has different properties at different points, like
criticality in complex systems, the combined effect of multiple
forces reach a balance that enables distinct properties, only at
particular points in the spectrum. This could potentially inform
future studies that attempt to discern the less common, yet
therapeutically useful properties contained in a fuller spectrum
of psychological flexibility.

There are many therapeutic modalities that can aid the
development of psychedelic-assisted therapy and this article has
just touched on some of them. Perhaps the unique offering of
CBS is its package of precise lab-tested definitions of self, its
understanding of how context influences and sustains behaviour
change (essential for lasting integration) and its functional
analytic framework for integrating therapeutic modalities, not
based on their form (their traits and attributes) but on their
function or actual effects in context moment to moment.
For example the form of labelling inner experiencing with
cognitive reflective language could have the effect of taking
a person away from their on-going inner experience as they
take refuge in a new abstraction, or such labelling could be
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used as a shortcut to experientially reactivate that specific inner
experience [(106), p. 105, (39)] thus opening the door to new
behaviours that could be selected and retained. Thus, cognitive
and somatic approaches may work hand in hand, perhaps
united in the task of enabling helpful variation and subsequent
selection of new behaviours that lead to a more consciously
chosen life.

Finally, even though ACT core processes already include
mindfulness processes to open up to experiencing emotion
in the body, the author recommends CBS research and
interventions consider more explicitly how somatic approaches
can functionally deepen self-as-process work.

LIMITATIONS

The objective of this article is to set a coherent theoretical
foundation for a CBS-consistent psychedelic-assisted therapy,
that draws from process data and theory from both CBS and
psychedelic research. However, whilst the author attempted a
thorough review of the literature, it is not feasible for it to
be exhaustive, particularly regarding models of self, one of the
oldest subjects of study known. It is also normal that cherry-
picking will have occurred in favour of data and models that
align with CBS principles. This functional model invites further
revisions as more critique is received. It is very likely the seven
modes of self (see pp. 6–9) can be better defined and more
closely aligned with neurobiology, Relational Frame Theory
(See Supplementary Material 1.0) and mystical experiences of
self [see (107)]. It is also beyond the scope of this paper
to treat in detail all the relevant neuroscience that could
inform this model, and the author particularly invites such
critique that could improve our understanding of psychological
flexibility mechanisms.

Finally, the new approach here described has only been test
run and developed in a Psilocybin context with most participants
without a formally diagnosed clinical disorder. The process and
outcome data collected are still under evaluation. As different
psychedelic compounds have different effects it is also likely
to be less helpful with psychedelics that have a significantly
different neuroreceptor profile such as Ketamine. However, it
can function as a CBS-consistent psychedelic-optimised starting
point for psilocybin-assisted psychotherapy.

FUTURE DIRECTIONS

Longitudinal, high-density idionomic series data could help
clarify how different elements of this model perform in different
contexts and populations, and not only tailored to DSM
categories but also to individual antecedents and consequences
of presenting symptoms. Group Iterative Multiple Model
Estimation [GIMME—(108)] analysis of such data could help
to differentiate how changes in psychological flexibility occur
differently for different people in different contexts, with different
mind- “sets,” at different stages of psychedelic therapy, finding
subgroup processes based on functional data rather than the
form of their symptoms. Such data collection could be coupled

with randomised double-blind placebo-controlled trials in which
the different elements of this model are isolated, to investigate
specific hypotheses such as:

1) Do new behaviours that cultivate increased coherence
and alignment between personal, relational and communal
domains predict lasting changes in behaviour and well-
being? If so, with what clinical populations/subgroups is
this most necessary or helpful? Participants at 6 months
follow up could have their behaviour change examined with
such a multilevel grid to see if and how behaviour change
was reinforced, and whether systemic behaviour change
negatively correlates with relapse.

2) Do preparative self-perspective taking exercises during the
preparation phase increase the extent of perspective taking
during the psychedelic experience? If so, do these in turn
lead to more opportunities for behaviour change and better
outcomes during the integration phase? This could be
done with daily process measures throughout the three
phases, seeing if self-perspective, in one phase predicts self-
perspective in the next phase, and whether this ultimately
predicts behaviour change post therapy.

3) What self-perspective exercises could help those who
struggle with the psychedelic experience during medication
session? Simple perspective taking exercises or lack thereof
could be applied to different cohorts/conditions, with
participant permission and titrated directiveness.

4) Does psilocybin increase the effectiveness of trauma-
focussed imaginal exposure during the afterglow period?
Such a study could focus on a population with a trauma
history. Measures of process and outcome could collect
data to compare between randomly assigned conditions
that receive imaginal exposure and at different time points.
This might elucidate whether and when new thresholds of
therapeutic possibility are available.

5) Does a trauma-ready model increase access of aversive
memories during the medication session and/or integration
phases? If so, does this improve outcomes for non-PTSD
symptoms such as anxiety and depression?

6) Does the addition of extended parts work to self-as-
content improve therapeutic outcomes (vs. the standard
ACT Bus metaphor)? This could be examined with
randomised conditions.

7) Does a tracking of the function of positive self-stories during
integration reduce narcissism, as measured by the Ego-
dissolution Inventory (EDI)?

8) When exercising varied self-perspectives, to what degree
(intensity and duration) can Psychological Flexibility be
increased and extended during the integration phase of
psychedelic-assisted therapy? This could be examined with
a multiple-baseline approach.

9) Does variation in the three (or seven) different selves during
the therapeutic process, followed by selection and retention
of new self-repertoires predict outcomes? Measures such as
the 3-dimentional Reno Inventory of Self Perspective (3d-
RISP) (109) are already demonstrating the three selves can
be measured for such a purpose. Qualitative interviewing of
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the participants could also capture data regarding whether
such processes were helpful for initiating and sustaining
therapeutic gains.

10) Does somatic work (such is in a modalities like PSIP or
Focusing) applicable in all three phases, improve outcomes.
This could be measured quantitively, qualitatively and
longitudinally throughout the three phases to determine
how and when this is useful.

CONCLUSION

This article aimed to integrate psychedelic science and contextual
behavioural science (CBS), and in a way that can inform
therapeutic interventions for multiple psychedelic therapy
challenges. This trans-diagnostic, Spectrum of Selves (SoS)
model offers a workable approach for fostering variation in
self-perspective throughout the three phases of psychedelic-
assisted therapy. Such change can be reinforced systemically
with a functional coherence across multiple domains of life,
in the hope of preventing the common problem of relapse.
A strength is that it aligns with a range of psychedelic
phenomenological data, RFT hierarchical responding research,
contextual behavioural reinforcement data (important for
sustaining benefits), archetypes that personify the mind’s
dissociative defences, parts work and psychedelic neuroscience
reviews such as Entropic Brain Theory. A weakness is that it
is just the beginning and could not feasibly be based on an
exhaustive review of all relevant fields.

More specifically CBS does suggest an awareness of
behavioural function is particularly helpful, relevant and
can likely increase precision with multiple challenges in
psychedelic therapy, from helpful and unhelpful narcissism
during the integration phase, to determining when and when
not to intervene during the medication phase. Person-centred
approaches can serve the function of allowing a participant
to connect more deeply with the implicit subtleties of their
inner experiencing, active-directive interventions can enable a
participant to reconnect with the inner experiences that they
unwittingly avoided, hopefully enabling more participants to
transcend the barriers to reaching the integration phase. Thus, a
containing awareness of behavioural function can also serve as a
workable way to integrate coherently and context sensitively an
array of psychedelic therapies (somatic or cognitive) that were
previously separated on the level of form, but can be united on
the level of function.

Ongoing psychedelic neuroscience findings may suggest
an investigation into a broader spectrum of psychological
flexibility. This could be useful to find more precise parameters
for optimising functional psychological (and correspondingly
behavioural) flexibility throughout the peaks and troughs of the
three phases of psychedelic therapy.

Finally, high density, longitudinal idionomic data could
elucidate how different contexts, interventions or processes can
transfer helpful effects between the three phases of psychedelic-
assisted therapy for improved and sustained outcomes.
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Accumulating clinical evidence shows that psychedelic therapy, by synergistically

combining psychopharmacology and psychological support, offers a promising

transdiagnostic treatment strategy for a range of disorders with restricted and/or

maladaptive habitual patterns of emotion, cognition and behavior, notably, depression

(MDD), treatment resistant depression (TRD) and addiction disorders, but perhaps also

anxiety disorders, obsessive-compulsive disorder (OCD), Post-Traumatic Stress Disorder

(PTSD) and eating disorders. Despite the emergent transdiagnostic evidence, the specific

clinical dimensions that psychedelics are efficacious for, and associated underlying

neurobiological pathways, remain to be well-characterized. To this end, this review

focuses on pre-clinical and clinical evidence of the acute and sustained therapeutic

potential of psychedelic therapy in the context of a transdiagnostic dimensional systems

framework. Focusing on the Research Domain Criteria (RDoC) as a template, we will

describe the multimodal mechanisms underlying the transdiagnostic therapeutic effects

of psychedelic therapy, traversing molecular, cellular and network levels. These levels will

be mapped to the RDoC constructs of negative and positive valence systems, arousal

regulation, social processing, cognitive and sensorimotor systems. In summarizing

this literature and framing it transdiagnostically, we hope we can assist the field in

moving toward a mechanistic understanding of how psychedelics work for patients and

eventually toward a precise-personalized psychedelic therapy paradigm.

Keywords: psychedelics, hallucinogens, psilocybin, research domain criteria (RDoC), lysergic acid diethylamide

(LSD), dimethyltryptamine (DMT), psychiatry

INTRODUCTION

Translational Psychedelic science is evolving rapidly (1–3). Initial data suggests that the dose
dependent, transient, altered state of information processing induced by psychedelics can be
harnessed by the psychotherapeutic process to lead to clinical benefits across a range of disorders.
Accumulating preliminary clinical studies have shown that this synergistic combination of
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psychopharmacology and psychotherapy may improve outcomes
in depression (4, 5), treatment resistant depression (TRD) (6–8)
and addiction disorders (9, 10).

While results from ongoing well-powered double-blind
randomized controlled trials (RCTs) will determine whether
psychedelic therapy translates into clinical benefits for non-
psychotic disorders in clinical psychiatry (11, 12), it has been
proposed that psychedelic therapy may have broad therapeutic
benefits via the attenuation of overly-restricted and maladaptive
patterns of cognition and behavior (13, 14). Exploratory
studies suggest potential benefits of psilocybin therapy in OCD
(15), eating disorders (16) and migraine suppression (17),
with ongoing RCTs of psilocybin therapy in MDD, bipolar
disorder type II depression, alcohol use disorder, smoking
cessation, cocaine addiction, opioid addiction, anorexia nervosa,
depression in Mild Cognitive Impairment, OCD and various
types of headaches (18).

A precise mechanistic understanding of psychedelics is
challenging because of the synergistic action of pharmacotherapy
and psychotherapy, together with the induction of a wide range of
complex subjective experiences with marked individual variation
(19). The primary initial pharmacological target of the classical
psychedelics appears to be activation of 5-HT2A receptors
(Box 1) particularly in cortical layer 5 pyramidal cells (20–
27). A contemporary explanatory model—the Relaxed Beliefs
under Psychedelics and the Anarchic Brain (REBUS)—proposes
that psychedelics via action at 5-HT2A receptors in higher-
order cortical regions (27) relax the typical constraints that
higher order brain systems impose on emotions, cognitions,
and sensory perceptions. This amounts to a decrease in the
weight on (or precision of) prior beliefs, which in some
disorders may be pathological (e.g., negative self-evaluations).
This model proposes that psychedelics may facilitate an increase
of information flow from bottom up signaling systems, opening
the individual to information that they are otherwise biased to
ignore or discount (13).

The belief-recalibration process proposed by the REBUS
model illustrates one mechanism through which psychedelic
therapy may operate as a transdiagnostic therapeutic option
for a broad range of disorders, particularly those with overly
constrained beliefs or behaviors, such as major depression,
anxiety and addiction disorders (13, 28). This model provides a
framework for understanding their lack of efficacy in conditions
such as psychosis spectrum disorders, where some have
hypothesized there is insufficient constraint imposed on lower-
level perceptions and cognitions. It follows that these disorders
are exacerbated by psychedelics (29–31). Other overlapping
models, focus on 5-HT2A receptor induced altered thalamic
gating in cortico-striato-thalamo-cortical (CSTC) feedback
loops (32–34).

As we accumulate more knowledge about the precise
mechanisms of action, and how this might vary across
individuals, we can begin to refine personalized treatment
strategies. Currently available strategies to refine therapeutic
outcomes include dose (and interval) optimization, modification
of psychological interventions (perhaps dependent on the level
of complexity or severity) and optimization of environmental

BOX 1 | Classical psychedelics.

Class Primary

receptor

activation

Onset and

duration of

action

Indoleamines (aka tryptamines)

Psilocybin

(phosphoryloxy-

N,N-

dimethyltryptamine)

Psilocin (active

metabolite of

psilocybin,

4-hydroxy-DMT)

5-HT1,

5-HT2,

5-HT6 and

5-HT7

partial

agonists

Onset 10–40min

po, peak

90–100min,

duration 4–6 h

(most effects

abate 6–8 h)

Half-life: 2–3 h

N,N-

dimethyltryptamine

(DMT)

5-methoxy-DMT

(5-MeO-DMT)

Ayahuasca (aya)

(DMT from

Psychotria viridis

plants and

Banisteriopsis

caapi, containing

the potent MAO

inhibitors

beta-carboline

alkaloids)

5-HT1, 5-

HT2,

5-HT6,

and 5-HT7

partial

agonists

DMT IM onset

within 2–5min

and can last

30–60 min

DMT smoked or

inhaled

free-base <30

min

DMT IV peak

5min, abate by

30 min

Aya: effects

within 60min,

peak 90min,

can last 6 h

Phenylalkylamines (synthetic “amphetamines”)

2,5-dimethoxy-4-

iodoamphetamine

(DOI)

2,5-dimethoxy-4-

bromoamphetamine

(DOB)

5-HT2A,

5-HT2B,

5-HT2C

agonists

onset 1-2 h,

duration 16–24 h

Mescaline Peak within 2 h

po, duration up

to 8 h

Semi-synthetic Ergolines

Lysergic acid

diethylamide (LSD)

5-HT1,

5-HT2,

5-HT6 and

5-HT7

partial agonists

D1 and D2

dopamine

receptors

and

adrenergic receptors

po onset

30–45min, peak

1–2.5 h, duration

9–12 h

IV onset 3–5min,

peak 1 h,

duration 9–10 h

ambiances/cues (setting) (35–38). Precise-personalized-
predictive psychobiological markers are at an early stage of
development, with exploratory clinical studies suggesting
baseline Autonomic Nervous System activity (39), functional
connectivity patterns (40–42) and cingulate cortical thickness
(43), together with psychological factors such as absorption and
openness (44–46) and language analysis (47) as potentially useful
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predictors of therapeutic outcomes. This research is reflective
of a much broader advance toward individualized treatment
approaches across all aspects of psychiatry, where the mantra is
to move beyond one-size-fits-all toward more personalized care
plans. In order to develop and build on these precision medicine
approaches, there is growing consensus that research needs to
traverse multiple levels of analysis.

In this review, we aim to anchor the accumulation of basic
and applied research in psychedelics to the National Institute
of Mental Health’s Research Domain Criteria (RDoC), thereby
adding structure to a fast-growing field. The transdiagnostic
dimensional RDoC constructs are negative and positive valence
systems, arousal regulation, social processing, cognitive and
sensorimotor systems (Figure 1). In each section we will discuss,
where available, research that spans multiple levels of analysis
from genes, molecules, proteins, cells, circuits, physiology,
behavior, self-report, and paradigms (Figure 2) (48–50). This
review complements existing meta-analyses on the effects of
psychedelic therapy (51–55) and recent reviews on the topic (18,
33). But in contrast, by framing and organizing the empirical data
on psychedelics around the RDoC criteria, we aim to advance
the field specifically toward a systems based precise-personalized
psychedelic therapy paradigm.

INTEGRATING PSYCHEDELIC THERAPY

AND THE RESEARCH DOMAIN CRITERIA

Personalized-precision psychiatry is impeded by two major
issues that are partially related— (i) the reliance on categorical
diagnostic systems and high levels of comorbidity and
heterogeneity (56–60) and (ii) an over-reliance on small
scale studies that cannot capture the complexity of mental
health and illness, and as a result have failed to generate robust
prediction/decision models needed for personalization. To
the former point, there is broad consensus that categorical
diagnostic labels, while necessary for pragmatic treatments in
clinical settings, do not signify unitary, biologically credible,
or informative markers of mental health and for example the
overlap of previously presumed distinct psychiatric diagnoses,
in terms of genes and brain networks, have been demonstrated
by large neuroimaging (60–63) and genetic data sets (64–66).
To the latter, there is increasing awareness that effect sizes in
mental health science are generally small, regardless of whether
variables are biological (67) or psychosocial (68). Thus, for
personalization to occur, studies must move toward integrating
multiple variables that have individually low predictive power—
such approaches require large samples for accurate model
development (69). Absent large datasets, a transdiagnostic and
dimensional approach (compared to a categorical one) may do
something to resolve both issues; if we can more accurately,
validly and reliably capture mental health phenomena and the
underlying biosignatures, then the effect sizes we observe will
increase (59).

There are emerging signals that deconstructing categorical
diagnoses into dimensional constructs may facilitate enhanced
treatment precision. A recent clinical trial adopting an RDoC

approach to the investigation of a selective κ-opioid receptor
blocker for anhedonia across mood and anxiety disorders
showed that this compound increased fMRI ventral striatum
activation during reward anticipation compared to placebo
(70). A study dividing MDD disorder symptoms into positive
valence symptoms (impaired motivation, impaired energy,
and anhedonia) and negative valence symptoms (anxiety and
interpersonal sensitivity) showed that antidepressants were more
effective for positive valence symptoms (71).

The evolving neuroscientific framework of the RDoC aims
to integrate developmental processes and environmental inputs
over the trajectory of the life course to determine themechanisms
underlying normal-range functioning and then how disruptions
correspond to psychopathology. It is anticipated that the
identification of targetable biosignatures that either cut across
traditional disorder categories or that are unique to specific
clinical phenomenon will improve outcomes for people with
mental health disorders.

In the sections that follow, we will consider if and how
psychedelic therapy operates across the RDoC domains in the
hope that harnessing an integrative neuroscience systems model,
encompassing environmental information exchange processes,
may add the precision we need to transition to personalized
psychedelic therapy practices that are transdiagnostic and
evidence based. Although well-powered longitudinal clinical
studies will be required to determine whether transdiagnostic
dimensional biotypes or psycho-biotypes will optimize
therapeutic response rates to psychedelic therapy (40, 41, 72), it
is hoped that this review will lay a foundation for future research.

MODULATION OF NEGATIVE VALENCE

SYSTEMS

NVS are primarily responsible for responses to aversive (threat)
situations or context, such as fear, anxiety, and loss (73, 74).
Specifically, RDoC breaks NVS into acute threat (fear), potential
threat (anxiety), sustained threat, loss and frustrative non-
reward constructs. As we will outline in the next sections,
psychedelic therapy may recalibrate NVS hyper-responsivity
and positive valence systems (PVS) deficits across a range of
psychiatric disorders.

Loss
At the behavioral unit of analysis, the loss construct
includes attentional biases to negative information, loss of
motivation/drive, sadness, shame and rumination and is a
component of several disorders but shares most features with
depressive disorders (75). Some of the most important evidence
for the operation of psychedelics on the NVS unsurprisingly
comes from studies in depression. Pre-modern studies conducted
during the 1950-60’s first indicated a role of psychedelic therapy
for depression and anxiety symptoms (76), which aligns
with modern-era studies (77–79). The initial double-blind,
randomized, placebo-controlled clinical studies in the modern-
era of psychedelic therapy (psilocybin) showed an immediate
and sustained antidepressant and anxiolytic effect in people
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FIGURE 1 | Transdiagnostic psychedelic therapy and domains of the research domain criteria (RDoC).

FIGURE 2 | Transdiagnostic psychedelic therapy and units of analysis of the research domain criteria (RDoC).
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with depressive symptoms associated with life-threatening
cancer (80–82) (Table 1). In subgroups, these antidepressant
and anxiolytic effects were sustained for several years (97), as
were reductions in suicidal ideation and loss of meaning (98).
Similarly, recent data suggest efficacy for another group with high
levels of loss, those who survived Acquired immunodeficiency
syndrome (AIDS) (101).

An open-label feasibility study of psilocybin therapy (10mg)
then 7 days later 25mg, of 12 people diagnosed with treatment-
resistant depression (TRD) showed that 67% of participants
had significantly reduced depression symptoms (measured by
MADRS) at 1 week, with 40% of participants showing a sustained
response at 3 months post-dose (6). Measures of anhedonia,
which overlap with reward dysfunction (see below) and anxiety,
which overlap with threat processing (as discussed above) also
improved (Table 1). Furthermore, in some participants these
antidepressant and anxiolytic effects were sustained at 6 month
follow up (7).

A randomized, waiting list-controlled clinical trial, though
still without a placebo control, confirmed the immediate and
sustained antidepressant effects of psilocybin therapy in (non-
treatment resistant) MDD (4). This study also comprised two
psilocybin sessions but at higher doses (20 mg/70 kg and 30
mg/70 kg) than the previous study. This study showed that
16 participants (67%) at week 1 and 17 (71%) at week 4
had a clinically significant response (GRID-HAMD), whereas
14 participants (58%) at week 1 and 13 participants (54%)
at week 4 were in remission (4). A phase 2, double-blind,
randomized, controlled trial (n = 59) showed that psilocybin
therapy was at least as effective as escitalopram in reducing
depressive symptoms in MDD (5). Preliminary data from a
phase 2b TRD trial (n = 233) demonstrated that psilocybin
25mg resulted in a statistically significant treatment difference
of −6.6 points on change from baseline in MADRS total
scores compared to 1mg dose at week 3 (8) (Table 1). Whereas
exploratory studies are underway to determine the safety and
efficacy of psilocybin therapy in conjunction with SSRI’s (102).
Interestingly, a recent double-blind, placebo-controlled, cross-
over study in 23 in healthy controls (HCs) who received 14
days of escitalopram or placebo prior to psilocybin (25mg),
suggested that escitalopram had minimal effects on subjective,
pharmacokinetic, or physiological readouts (103).

It is established that the limbic system and specifically the
amygdala (104, 105) are important transdiagnostic nodes in
the therapeutic modulation of negative-positive valence systems.
Hyper-reactivity of the amygdala is associated with negative
processing/affectivity and an attentional bias to negative valenced
information, which can occur across a range of stress related
disorders, such as depression and various anxiety disorders (106–
109). Increased access to information flow from the limbic
system during psychedelic therapy is one of the mechanisms
thought to underlie therapeutic change (13). In keeping with a
recalibration of NVS and PVS responsivity, several studies inHCs
have demonstrated attenuation of amygdala reactivity, associated
with predilection toward positive compared to negative stimuli
in the acute phase post-psilocybin (110–112). This effect may
be sustained for up to 1 month (113). Overlapping effects have

also been demonstrated for LSD in HCs, which impaired the
recognition of sad and fearful faces (114) and reduced reactivity
of the left amygdala and the right medial prefrontal cortex
(mPFC) relative to placebo during the presentation of fearful
faces (115). Very low dose LSD (13 mcg) decreased amygdala
connectivity with the left and right postcentral gyrus and the
superior temporal gyrus, and increased amygdala seed-based
connectivity with the right angular gyrus, right middle frontal
gyrus, and the cerebellum in 20 young HCs, though there
were “weak and variable effects on mood” (116). While not
investigating the amygdala, a recent pilot randomized trial in
HCs, perhaps limited by a small sample size of 22, did not show
acute or protracted alterations in the recognition of emotional
facial expressions after a single dose of ayahuasca (117).

In contrast to the above studies in HCs, which generally
show decreases in amygdala reactivity, an open label study of
19 antidepressant free TRD subjects, found increased amygdala
responses to emotional faces 1 day after psilocybin (84). In the
same cohort of TRD participants, decreased cerebral blood flow
in the amygdala correlated with reduced depressive symptoms
1-day post-psilocybin (40). While the loss construct encompasses
several transdiagnostic components, rumination and increased
self-focus may be particularly important transdiagnostic
psychedelic therapy targets. Rumination refers to recursive
self-focused negative thinking and is a component of a variety of
disorders across mood, anxiety, addiction, and some personality
disorders (118–120). The aforementioned TRD study showed
that decreased ventromedial prefrontal cortex-right amygdala
functional connectivity during face processing was associated
with reduced ruminative thinking at 1 week (85).

The corticolimbic system and the immuno-endocrine
system are intrinsically linked. However, at this point limited
conclusions can be drawn about the loss construct and immuno-
endocrine mechanisms. An 8-week social isolation model in
juvenile marmosets, resulted in decreased fecal cortisol levels in
both ayahuasca and saline treated groups, though in the male
animals, ayahuasca reduced scratching behavior and increased
feeding (121). In humans, a single dose of ayahuasca acutely
increased salivary cortisol levels in both TRD patients and in HCs
in a parallel arm, randomized double-blinded placebo-controlled
trial (92). Before ayahuasca the TRD group had a blunted salivary
cortisol awakening response and hypocortisolemia compared
to HCs, though 48 h after ayahuasca there were no differences
in the cortisol awakening response or plasma cortisol levels
between the groups (92). In the same cohort ayahuasca reduced
C-reactive protein (CRP) levels in both TRD (which were higher
at baseline) and HCs compared to placebo, though this may
be related to the increases in cortisol (89, 93). The TRD group
treated with ayahuasca showed a significant correlation between
larger reductions of CRP and lower depressive symptoms 48 h
after ayahuasca (93). However, there were no significant changes
in IL-6 levels (93).

A non-controlled study of 11 HCs, that analyzed salivary
cortisol and immune markers 30min before after 90min after
inhaled 5-methoxy-N,N-dimethyltryptamine (5-MeO-DMT)
found a significant increase in cortisol levels and decrease in
IL-6 concentrations, whereas there were no changes in CRP and
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TABLE 1 | Negative valence systems.

Condition/Measures Design N, age Psychedelic/dose Clinical/neurobiological outcomes References

Treatment-resistant depression

(TRD)

MADRS, 5D-ASC, ASRS, EBI;

EQ-5D-3L, GAD-7, HAM-D-17,

MGH-ATRQ, MINI, MSI-BPD,

PANAS, QIDS, QIDS-SR-16, SDS,

STAR-C, STAR-P, WSAS

Randomized,

double-blind

n = 233

94% no

prior psilocybin

experience

Psilocybin 1mg (n =

79), or 10mg (n =

75) or 25mg (n =

79)

−6.6 points on change from baseline in MADRS total scores in 25mg vs. the 1mg dose at

week 3 (p < 0.001)

25mg group: 36.7% showed response at week 3, 29.1% were in remission at week 3,

24.1% were sustained responders at week 12

Serious treatment emergent adverse events: 6.3% in 25mg, 8.0% in 10mg, 1.3% in 1mg.

12 patients reported suicidal behavior, intentional self-injury, and suicidal ideation (≥1

month post-psilocybin)

(8),

unpublished

Major depressive disorder (MDD)

QIDS-SR-16, BDI-1A, HAM-D-17,

MADRS, FS, STAI, BEAQ, WSAS,

SHAPS, WEMWBS, SIDAS,

PRSexDQ, EBI, LEIS, PTCS

Double-blind,

randomized,

controlled

59 MDD (20F)

41 yrs

(30 psilocybin,

29

escitalopram group)

Two psilocybin

25mg po 3 weeks

apart plus 6 weeks

of daily placebo

(psilocybin group)

Or two psilocybin

1mg 3 weeks apart

plus 6 weeks of daily

escitalopram po

No significant difference between groups in QIDS, mean (±SE) changes in the scores from

baseline to week 6 were −8.0 ± 1.0 points in the psilocybin group and −6.0 ± 1.0 in

escitalopram group

Psilocybin decreased network modularity, or increased flexibility, of executive networks

compared to the escitalopram group

(5, 42)

MDD

GRID-HAMD, QIDS-SR, BDI, PHQ,

C-SSRS, HAM-A, STAI

Randomized

waitlist control

trial

(randomized

immediately or

after an 8-week

delay)

Antidepressant free

24 MDD (16F)

39.8 yrs (12.2)

Psilocybin (20

mg/70 kg and 30

mg/70 kg)

Separated by 1.6

(mean) weeks

Significant decrease in GRID-HAMD and QIDS-SR scores at weeks 1 and 4 in the

immediate treatment group compared to delayed treatment group

Psilocybin increased cognitive flexibility for at least 4 weeks post-treatment (not correlated

with antidepressant effects)

Glutamate and N-acetylaspartate were decreased in the ACC at 1 week

Greater increases in dFC between the ACC and PCC were associated with less

improvement in cognitive flexibility

Baseline dFC from the ACC predicted improvements in cognitive flexibility

Greater baseline dFC was associated with better baseline cognitive flexibility but less

improvement in cognitive flexibility

(4, 83)

Treatment-resistant depression

(TRD)

QIDS, BDI, STAI-T, SHAPS, MADRS,

GAF, 11D-ASC, RRS

BOLD fMRI Emotional Faces Images

Task

Cerebral blood flow (CBF)

Open label

Antidepressant free

12 TRD (6F)

42.6 yrs

(8 additional

males at

6-month follow-

up)

Psilocybin (10 and

25mg 7 days later)

Significant reduction in depressive and anxiety symptoms and improvement in anhedonia

scores from baseline to 1 week and 3 months

3-months: seven (58%) met criteria for response (BDI)

6-months: significant reductions in depression and anxiety symptoms (QIDS, BDI, STAI-T)

Increased amygdala responses to emotional stimuli 1 day post-psilocybin, increased

responses to fearful and happy faces in the right amygdala post-treatment. Right amygdala

increases to fearful vs. neutral faces were predictive of clinical improvements at 1-week

Decreases in CBF in the temporal cortex, including the amygdala (decreased amygdala CBF

correlated with reduced depressive symptoms)

Increase in FC between the amygdala and vPFC to occipital-parietal cortices during face

processing

Decreased vPFC-right amygdala FC in response to fearful and neutral (but not happy) faces

associated with levels of rumination at 1 week (RRS)

Emotional face recognition faster at follow-up in TRD but not controls and significantly

correlated with a reduction in anhedonia

Reduction of depressive symptoms at 5 weeks associated with high scores of acutely

experienced pleasurable self-dissolution and by low scores for dread of ego dissolution

Qualitative; change from disconnection to connection, and from emotional avoidance

to acceptance

(6, 7, 40,

84–88)

(Continued)
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TABLE 1 | Continued

Condition/Measures Design N, age Psychedelic/dose Clinical/neurobiological outcomes References

TRD

MADRS, HAM-D, MEQ30, BPRS+,

CADSS, HRS at baseline, Day 1

(D1), D2 and D7 after dosing

Serum BDNF and cortisol at D0

and D2

Randomized

placebo-

controlled trial

Antidepressant free

29 TRD

Aya = 14 (11F)

39.71 yrs

(±1.26)

Placebo = 15

(10F)

44.2 yrs

(±11.98)

45 HCs (25F)

31.56

yrs (±9.90)

Ayahuasca

0.36 ± 0.01 mg/ml

of N, N-DMT (mean

± S.D)

Significant reduction in depressive symptoms (MADRS) at D1, D2, and D7 vs. placebo

Response rates significantly higher in the aya group at D7 (64 vs. 27%)

Aya increased BDNF at D2 vs. placebo in both HCs and TRD but no significant differences

between HC and MDD

No significant differences in suicidality between aya vs. placebo

Aya acutely increased salivary cortisol levels in both TRD and in HCs.

48 h after aya no difference in the cortisol awakening response between TRD and HCs

Aya reduced CRP levels in both TRD (higher at baseline) and HCs compared to placebo

TRD group treated with aya showed a significant correlation between larger reductions of

CRP and lower depressive symptoms 48 h after aya.

No significant changes in IL-6 levels

(89–93)

MDD

SPECT (8 h post-dose)

MADRS, HAM-D, BPRS

(Anxious-Depression subscale)

YMRS, CADSS

Scales at 10min before (baseline),

40, 80, 140, 180min post-dosing

and 1, 7, 14, 21 days

Open label

Antidepressant free

17 MDD (14F)

(3: mild,

13:moderate,

1:severe)

42.71

yrs (12.11)

Ayahuasca

(2.2 mL/kg)

Significant decrease in MADRS and HAM-D (and subscales of the BPRS) across all time

points

No significant changes in YMRS scores

Significant increases in the CADSS from 40 to 80min

Increased blood perfusion in the left nucleus accumbens, right insula and left subgenual area

Significant acute (40, 80, 140, 180min) and post-acute (1, 7, 14, 21 days) decreases in

suicidality in secondary analysis using MADRS subscale among participants with baseline

suicidality (n = 15)

(94, 95)

MDD

HAM-D, MADRS, BPRS

(Anxious-Depression subscale),

YMRS

Scales at 10min before (baseline),

40, 80, 140, 180min post-dosing

and 1, 7, 14, 21 days

Open label

Antidepressant free

6 MDD (4F)

(2:mild,

3:moderate,

1:severe)

44.16

yrs (±13.55)

Ayahuasca

(0.8 mg/mL DMT)

HAMD: significant decrease at D1, D7, D21 vs. baseline

MADRS: significant decrease at 180min, D1, D7, D21 vs. baseline

BPRS-AD subscales: decrease at 140, 180min, D1, D7, D14, D21 vs. baseline

No significant changes in YMRS scores

(96)

Depression and anxiety

symptoms in cancer

GRID-HAM-D, HAM-A, BDI, STAI,

POMS, HRS, 5D-ASC, PEQ MEQ30,

M scale, BSI, MQOL, LAP-R, LOT-R,

PIL, DTS, PEQ, FACIT-Sp,

SROS, FMS

Randomized,

double-blind,

cross-over trial,

counterbalanced

51 (25F)

56.3 yrs (1.4)

Psilocybin (1 or 3

mg/70 kg) and

high dose (22 or 30

mg/70 kg)

5 weeks apart

Significant antidepressant and anxiolytic effects (HAMA, GRID-HAM-D)

At 6 months; 83% (HAM-A) and 79% (GRID-HAM-D) met the criteria for response

Significant improvements in BDI, STAI-state scale (STAI-S), STAI-T and POMS

Mystical-type psilocybin experience on session day mediated therapeutic effect of psilocybin

(81)

Adjustment disorder and/or

generalized anxiety in cancer

HADS, BDI, STAI-S and STAI-T, BDI

Outcomes assessed prior to

crossover at 7 weeks, and up to 26

weeks after dosing session 2

Double-blind,

placebo-

controlled,

crossover

29 (18F)

56.28

yrs (12.93)

Psilocybin (0.3

mg/kg)

Or niacin (250mg)

Immediate and sustained reductions in anxiety and depression symptoms (HADS, BDI,

STAI-S and STAI-T) that remained significant until final follow-up.

At 6.5-months: anti-depressant (BDI) or anxiolytic response rates (HAD-A) 60–80%

At 4.5 yrs follow-up (16 alive, 15 participated);

∼60–80% met criteria for clinically significant antidepressant or anxiolytic responses

71–100% attributed positive life changes to the psilocybin-assisted therapy and rated it

among the most personally meaningful and spiritually significant experiences of their lives

Reductions in suicidal ideation and loss of meaning

(82, 97, 98)

(Continued)
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TABLE 1 | Continued

Condition/Measures Design N, age Psychedelic/dose Clinical/neurobiological outcomes References

Anxiety symptoms in cancer

patients

EORTC-QLQ-30, STAI, HADS,

Visual Analog Pain Scale, SCL-90-R

Outcomes at baseline, 1-week,

2-months, 12-months

Double-blind,

randomized,

active placebo-

controlled pilot,

then into

open-label

crossover

12 (4F)

51.7 yrs

LSD (200 mcg) (n =

8)

Or 20 mcg with

an open-label

crossover to 200

mcg after initial

blinded treatment (n

= 4)

2–3 weeks apart

2-months: significant reductions in STAI, sustained at 12 months

Qualitative follow up at 12-months: insightful, cathartic, and interpersonal experiences,

accompanied by a reduction in anxiety (77.8%), increase in quality of life (66.7%)

(99, 100)

Anxiety/adjustment disorder in

advanced stage cancer

5D-ASC, STAI, BDI, POMS regularly

up to 6 months

Double-blind

placebo-

controlled

cross-over trial

12 (11F)

36–58

yrs (range)

Psilocybin (0.2

mg/kg) or niacin

(250mg)

2 separate

dosing sessions

Significant decreases were observed in STAI scores at 3-months follow-up, and BDI scores

at 6-months

All 12 participants completed the 3-month follow-up

8 completed the 6-month follow-up (two subjects died and two became too ill to continue)

(80)

Obsessive compulsive disorder

(OCD)

YBOCS, VAL at 0, 4, 8, and 24 h,

HRS at 8 h

Open label

proof-of-

concept pilot

Antidepressant

free (failed to

respond to at

least 1 SSRI for

12 weeks)

9 (2F)

40.9 yrs (±13.2)

Psilocybin po (25,

100, 200, and 300

mcg/kg at 1-week

intervals)

23–100% decrease in YBOCS score (no dose response) (15)

PHQ, Patient Health Questionnaire; QIDS, Quick Inventory of Depressive Symptoms; SHAPS, Snaith-Hamilton Pleasure Scale; STAI, The State-Trait Anxiety Inventory (STAI) trait scale (STAI-T); POMS, Profile of Mood States; HAM-A,

Hamilton Anxiety Rating Scale; GRID-HAM-D; HADS, Hospital Anxiety and Depression Scale; POMS, Profile of Mood States; HAM-D, Hamilton Rating Scale for Depression; MADRS, Montgomery-Asberg Depression Rating Scale; BPRS,

Brief Psychiatric Rating Scale; YMRS, Young Mania Rating Scale; BHS, Beck hopelessness scale; SPECT, single photon emission tomography; CADSS, Clinician Administered Dissociative States Scale; DASS, Depression, Anxiety, and

Stress Scale; DPES, Dispositional Positive Emotion Scale; PANAS-X, Positive and Negative Affect Schedule - X; 5D-ASC, 5-Dimensions Altered States of Consciousness questionnaire; CADSS, Clinician Administered Dissociative States

Scale; SPECT, single photon emission tomography; HRS, Hallucinogenic Rating Scale; MEQ, Mystical Experience Questionnaire; F, female; HC, healthy controls; FC, functional connectivity; C-SSRS, Columbia-suicide severity rating

scale; PFC, prefrontal cortex; vPFC, ventromedial prefrontal cortex; GAF, Global Assessment of Functioning; aya, ayahuasca; BDNF, Brain-derived neurotrophic factor; TRD, treatment-resistant depression; DMT, Dimethyltryptamine;

YBOCS, Yale-Brown Obsessive Compulsive Scale; HRS, Hallucinogen Rating Scale; BPD, borderline personality disorder; BEAQ, Brief Experiential Avoidance Questionnaire; vs., versus; CRP, C-reactive protein; 11D ASC, 11 dimension

altered states of consciousness questionnaire; M scale, Mysticism Scale; BSI, Brief Symptom Inventory; MQOL, The McGill Quality of Life Questionnaire; LAP-R, The Life Attitude Profile-Revised; LOT-R, Life Orientation Test-Revised;

PIL, Purpose in Life test; DTS, Death Transcendence Scale; PEQ, Persisting Effects Questionnaire; FACIT-Sp, Functional Assessment of Chronic Illness Therapy; SROS, Spiritual-Religious Outcome Scale; FMS, Faith Maturity Scale;

EORTC-QLQ-30, European Cancer Quality of Life Questionnaire; FS, Flourishing Scale; WSAS, Work and Social Adjustment Scale; WEMWBS, Warwick-Edinburgh Mental Well-being Scale; SIDAS, Suicidal Ideation Attributes Scale;

PRSexDQ, Psychotropic-Related Sexual Dysfunction Questionnaire; LEIS, Laukes Emotional Intensity Scale; EBI, Emotional Breakthrough Inventory; PTCS, Post-Treatment Changes Scale; RRS, Ruminative Response Scale; VAL, visual

analog scale; dFC, dynamics of functional connectivity; STAR-C, Scale to Assess Therapeutic Relationship – Clinician version; STAR-P, Scale to Assess Therapeutic Relationship – Patient version; MGH-ATRQ, Massachusetts General

Hospital Antidepressant Treatment History Questionnaire; MINI, Mini International Neuropsychiatric Interview; MSI-BPD, McLean Screening Instrument for Borderline Personality Disorder; ASRS, Adult Self-Report Scale; EQ-5D-3L, Euro

QoL-5 dimension-3 level.
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IL-1β (122). Although this was an exploratory study, neither
the cortisol nor the immune markers correlated with subjective
experiences (122). The precise impact of psychedelic induced
acute cortisol activation and whether this is a therapeutic
component is not fully clear, nor is the predictive implications
of baseline cortisol or hormonal levels on the response to
psychedelic therapy or on sustained effects. Similarly, the clinical
relevance of the immune-modulatory effects is not yet clear.

Fear and Threat Systems
When threat systems become excessively or repeated activated,
which then exceeds an organism’s ability to meet the demands
(allostatic overload), psychopathology may ensue (123, 124).
Psychedelics modulate acute and sustained fear/threat responses.
A study in mice injected with low doses of psilocybin resulted
in extinguished cued fear conditioning significantly more rapidly
than high-dose psilocybin or saline-treated mice (125). A
previous study in rats showed that N,N-DMT initially resulted
in anxiogenic responses, but the long-lasting effects tended
to reduce anxiety by facilitating the extinction of cued fear
memory (126). Similarly, chronic, intermittent, low doses of
DMT produced enhanced fear extinction learning without
impacting working memory or social interaction and exhibited
an antidepressant-like effect in the forced swim test (FST) in
rats (127).

A recent study in male mice using the relatively selective
5-HT2A/2C receptor agonist DOI (1-(2,5-Dimethoxy-4-
iodophenyl)-2-aminopropane) showed that it accelerated fear
extinction, reduced immobility time in the FST, increased the
density of transitional dendritic spines in the frontal cortex, and
for the first time showed epigenetic changes in enhancer regions
of genes involved in synaptic assembly which lasted for 7 days, in
conjunction with more transient transcriptomic changes (128).
The clinical relevance of putative epigenetic changes in humans
are not yet clear (129).

From the neuroendocrine mechanistic perspective, a study
of psilocybin treatment in male mice, showed that psilocybin
acutely increased plasma corticosterone and anxiety like
behaviors in the open field test (OFT) (130). The acute anxiogenic
effects correlated with the post-acute anxiolytic effects and
chronic corticosterone administration suppressed the psilocybin
induced acute corticosterone and behavioral changes (130). The
authors postulated that psilocybin may act as an initial stressor
that provides resilience to subsequent stress (130). Indeed, this
transient acute anxiety and subsequent attenuation of anxiety can
occur in some individuals who undergo psychedelic therapy. It is
important to note that not all pre-clinical studies are consistent,
in part due to strain andmodel effects. The aforementioned study
did not find significant changes in the sucrose preference test
or the FST following psilocybin in C57BL/6J male mice (130),
echoing a previous study which did not show effects of psilocin
or psilocybin on the FST or in the OFT in Flinders Sensitive Line
rats (131).

Another rodent study comparing psilocybin to the N-methyl-
D-aspartate receptor antagonist—ketamine—showed that rats
that received psilocybin and 5-min weekly arena exposure for
the first 3 weeks exhibited significantly less anxiety-like behavior

in the elevated plus-maze (EPM) compared to controls, whereas
rats that received the ketamine and weekly arena exposure
did not display a significant decrease in anxiety in the EPM
(132). Rats that received psilocybin or ketamine and no arena
exposure did not display a significant decrease in anxiety in the
EPM (132). The authors postulated that psilocybin facilitates
a period of “behavioral flexibility” in which exploration of a
non-home-cage environment reduces their anxiety during future
exploration of a novel environment (132). In the same study,
psilocybin decreased immobility in the FST for up to 5 weeks
after administration compared to control rats, whereas ketamine
injected rats displayed decreased immobility up to 2 weeks,
suggesting a longer lasting therapeutic effect of psilocybin over
ketamine (132). It will be intriguing to see if clinical trials
comparing psilocybin to ketamine reproduce the putative longer
lasting therapeutic effect of psilocybin (NCT03380442).

In humans, dysregulated fear and threat responses underlie a
range of psychiatric disorders and psychedelic therapymay revise
dysregulated or maladaptive fear/threat responses. A review of 20
human studies of psychedelics in ICD-10 anxiety disorders from
1940 to 2000, albeit of sub-optimal methodological rigor (e.g.,
lack of control groups, blinding and standardization), indicated
improvements in anxiety levels (133). The subsequent clinical
trials in people diagnosed with cancer (80–82, 134) and the
studies in depression (4, 6) also suggest anxiolytic effects of
psychedelic therapy.

One of the notable conditions associated with dysregulated
fear conditioning (and avoidance of conditioned contextual
cues), together with emotional regulation, and dysfunctional
neural activity in cortico-amygdala circuits, involving
exaggerated amygdala and attenuated mPFC activity, is
Post-Traumatic Stress Disorder (PTSD) (109, 135–139). Other
anxiety disorders share overlapping neurobiological pathways
linked to fear/threat circuitry and attentional bias of negative
valenced information, though there is variability in the fear
evoking stimuli (106, 140, 141).

While PTSD overlaps with other conditions in the domains
of hypervigilance, avoidance and altered emotional valance,
the vivid re-experiencing of the trauma is perhaps a
point of divergence from many other conditions. Memory
reconsolidation dysregulation is a cardinal clinical feature of
PTSD andmemories can be strengthened or weakened according
to new experiences. Classical psychedelics have the capacity to
acutely enhance the vividness and recall of autobiographical
memories (142) which in the context of psychedelic therapy
requires great care and attention. These autobiographical
memories are highly influenced by environmental inputs such
as music (143), which is linked to increased parahippocampal
cortex-visual cortex enhanced visual imagery, including imagery
of an autobiographical nature (144). In terms of therapeutic
utility, it is noteworthy that psilocybin leads to more vivid
and visual recollections, associated with enhanced activation
of visual and sensory cortical regions after viewing positive
autobiographical memory cues (145). In terms of advancing
the mechanistic understanding, undoubtedly future preclinical
studies will delve into the impact of psychedelics on memory
engram storage and retrieval (146, 147).
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It is not known whether psychedelic therapy has the
potential to augment therapies, such as cognitive processing
therapy or prolonged exposure therapy in PTSD or indeed
in any other anxiety disorder. However, there are preliminary
indicators that psychedelic therapy may be useful in PTSD
(148, 149). A retrospective, self-report survey of Veterans 30
days before and 30 days after participation in a psychedelic
clinical program utilizing ibogaine and 5-MeO-DMT reported
significant reductions in symptoms of PTSD, depression, anxiety,
suicidal ideation and cognitive impairment (148). Increases in
psychological flexibility (discussed below) were associated with
the improvements in self-reported PTSD symptoms, depression,
and anxiety (148). It will be interesting to ascertain whether
the same psychedelic therapy induced modulation of cortico-
limbic circuits (as discussed in section Loss construct above)
will underpin therapeutic changes in PTSD and other anxiety
disorders. As with all these studies, future challenges include
precisely disentangling the contribution of psychedelics from
psychotherapy, with some suggesting that the only way to
definitively achieve this would be via the rather challenging
process of administering psychedelic compounds under general
anesthesia or sleep (150).

Excessive fear/anxiety may lead to maladaptive patterns
of avoidance. Some of the potential therapeutic subjective
experiences induced by psychedelics involve the transition
from experiential (151, 152) and emotional (88) avoidance
to acceptance. Interestingly, attachment avoidance at
baseline may be linked with psilocybin-related challenging
experiences (153). Similarly, high neuroticism has been
associated with unpleasant/anxious reactions in 3,4-
ethylenedioxymethamphetamine (MDMA) therapy (154).
This again highlights the vital importance of preparation
sessions, particularly pertinent in those with marked
threat sensitivity/anxiety.

Frustrative Non-reward
The neural circuitry underling aggressive reactions (in the
context of negative emotions) involve amygdala hyper-
responsivity coupled with hypoactivity of prefrontal regions,
which overlaps with threat processing circuitry (155, 156). The
frustrative non-reward construct refers to “reactions elicited
in response to withdrawal/prevention of reward, i.e., by the
inability to obtain positive rewards following repeated or
sustained efforts.” This could potentially be associated with
some aspects of depression or aggression (157). Sensitivity to
frustration, particularly in relation to interpersonal rejection and
negative emotions focused on others (158) are components of
emotionally unstable personality (disorder) (EUPD) (borderline
personality disorder). It has been proposed that psychedelic
therapy could assist with emotion regulation, mindfulness,
and self-compassion in people with EUPD (159). There are
tentative indicators of potential utility. For example, a non-
controlled observational study of 45 HCs who participated
in an ayahuasca session reported significant improvements
in mindfulness capabilities and emotional regulation in the
subgroup with borderline-personality traits (Table 1) (160).
However, it is premature to draw any conclusions about the

utility of psychedelic therapy in EUPD or other maladaptive
personality traits/disorders (161).

In terms of other personality traits, data suggests that
psychedelics may increase openness (44, 162–164). Moreover,
higher baseline scores in the personality trait of absorption
(focused attention) (45, 46) and openness may be useful
predictors of a therapeutic psychedelic experience, reportedly
linked to increases in brain entropy as measured by fMRI
(and experiences of “ego-dissolution”) (165), though 5-HT2AR
binding did not appear to correlate with variations in openness
(166, 167), highlighting the individual variability in 5-HT2AR
levels after psilocybin and the complex relationship with
subjective changes.

Modulation of Neuroplasticity as a

Transdiagnostic Mechanism
In terms of RDoC, structural and functional neuroplasticity
broadly falls under molecular and cellular units of analysis
and probably applies, at least some degree, to all domains.
The ability of psychedelics to rapidly rewire neural circuitry by
engaging plasticity mechanisms has given rise to the term—
“psychoplastogens” (168–173). While, it is generally accepted
that the quality of the subjective experience, dependent on the
optimization of set and setting (context) is a critical component
of the therapeutic mechanism of action of psychedelic therapy
(87, 174), some propose that the subjective effects may not
be necessary to produce long-lasting changes in mood and
behavior (171).

The classical psychedelics may share glutamatergic activity-
dependent neuroplastic effects with ketamine (175) and
on a longer timescale, with some types of conventional
antidepressants (176). A study in rats utilized fluorescence
microscopy and electrophysiology techniques to show that
changes in neuronal structure are accompanied by increased
synapse number and function, and the structural changes in
the PFC and increase in glutamate induced by serotonergic
psychedelics appear to lead to BDNF secretion, neurotrophin
receptor tyrosine kinase (TrkB) stimulation, and ultimately
mammalian target of rapamycin (mTOR) activation (177).
Furthermore, both LSD and ketamine activated cortical
neuron growth mechanisms after <1 h, an effect which
lasted for several days (178) and could be divided into an
initial stimulation phase requiring TrkB activation and a
growth period involving sustained mTOR and AMPA receptor
activation (178).

In mice, a single dose of psilocybin resulted in a 10% increase
in spine size and density in the medial frontal cortex, which
occurred within 24 h and persisted for 1 month (179). In pigs,
a single dose of psilocybin compared to saline resulted in 4%
higher levels of hippocampal synaptic vesicle protein 2A (SV2A)
and lowered hippocampal and PFC 5-HT2AR density (180).
Seven days post-psilocybin, there was still significantly higher
SV2A density in the hippocampus and the PFC, whereas there
were no longer any differences in 5-HT2AR density (180).
Previous studies showed psychedelics increase early response
genes in the PFC (181, 182) and this was further confirmed by
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a rapid dose dependent preferential modulation of plasticity-
related genes in the PFC compared to the hippocampus
in rats (183).

A recent pre-clinical study compared ketamine to
Tabernanthalog (TBG)—a water-soluble, non-hallucinogenic,
non-toxic analog of ibogaine (184). Both TBG (50 mg/kg) and
ketamine reduced immobility in mice in the FST, though the
effects of ketamine weremore durable and ketanserin blocked the
effect of TBG (184). TBG promoted structural neural plasticity,
produced antidepressant-like effects and in keeping with the
transdiagnostic effects, also reduced alcohol and heroin-seeking
behavior in rodents (184). A single lower dose of TBG (10
mg/kg) administered to mice after unpredictable mild stress,
rescued deficits in anxiety like behavior and cognitive flexibility,
associated with restoration of excitatory neuron dendritic spines
(185), thus echoing the effects of ketamine (186), albeit via
different primary pathways.

Notwithstanding the gap between animal and human studies
in demonstrating molecular changes in plasticity, there are
indicators of alignment with the pre-clinical data. For example,
a magnetic resonance spectroscopy (MRS) imaging study in HCs
showed psilocybin modulated glutamate levels in the medial PFC
(187). In blood, one small preliminary clinical trial showed that 2
days after ayahuasca BDNF levels increased in both the TRD and
the HC groups (90), whereas other studies in HCs showed that
LSD increased blood BDNF levels (188, 189). However, BDNF
levels did not increase in a recent randomized pilot study in 22
HCs after a single dose of ayahuasca (117).

MODULATION OF POSITIVE VALENCE

SYSTEMS

PVS are primarily responsible for responses to positive
motivational situations or contexts, such as reward seeking,
consummatory behavior, and reward/habit learning.

Reward System
Reward-pathway dysfunction is associated with a range of
disorders (190, 191), including but not limited to mood (192,
193), anxiety (194, 195), addiction disorders (196, 197) and eating
disorders (198, 199). Psychedelic therapy induced attenuation of
maladaptive reward signaling, or a recalibration of reward/fear
systems (PVS/NVS) may be useful targets across the various
disorders. Psychedelics may alter maladaptive signaling in the
mesolimbic reward circuitry, either indirectly via 5-HT signaling
in the case of psilocybin or directly via activation of dopamine
receptors (D1 and D2) like LSD (200, 201). A microdialysis
study in awake rats found that intraperitoneal administration of
psilocin significantly increased extracellular dopamine but not
serotonin in the nucleus accumbens, increased serotonin and
decreased dopamine in the mPFC, but neither were altered in
the ventral tegmental area (202). An electrophysiological study
in male mice showed that LSD altered neuronal activity in both
the reticular andmediodorsal thalamus, partially mediated by the
D2 receptor (34). Another recent study in chronically stressed
male mice suggested that 5-HT2A independent mechanisms

may be of importance in psilocybin induced anti-hedonic
responses and associated cortico-mesolimbic reward circuit
modulation (203).

The functional interaction between 5-HT and dopamine
systems across molecular and neural networks was further
expounded by a recent study in mice showing psilocybin
increased FC between 5-HT-associated networks and resting-
state networks of the murine DMN, thalamus, and midbrain,
whereas it decreased FC within dopamine-associated striatal
networks (204). It should be noted that this contrasts with
the majority of human studies in HCs (as discussed below)
that report acute decreases in DMN FC, thus highlighting the
challenges of translation (32, 205–208).

In healthy humans, a structural MRI study showed a positive
correlation between psilocybin induced feelings of unity,
bliss, spiritual experience, and insightfulness subscales of the
5-Dimensional Altered States of Consciousness Rating Scale
(5D-ASC) and right hemisphere rostral anterior cingulate
thickness in HCs after controlling for sex and age (43).
Whereas, a double-blind placebo-controlled study of 38 healthy
experienced mediators that received psilocybin, reported
positive changes in appreciation for life, self-acceptance, quest
for meaning/sense of purpose at 4 months post-psilocybin
(209). A pooled sample of HCs (n = 110) who had received
between 1 and 4 oral doses of psilocybin (45–315 µg/kg)
from eight double-blind placebo-controlled experimental
studies (1999–2008), reported that the majority of subjects
described the experience as pleasurable, enriching, and
non-threatening (210).

A Positron emission tomography (PET) study in healthy
humans showed that psilocybin increased striatal dopamine
concentrations, and this increase correlated with euphoria
and depersonalization phenomena (211), whereas the mixed
5-HT2/D2 antagonist risperidone attenuated the effects of
psilocybin (212). This again re-enforces the divergence between
the potential therapeutic benefit of psychedelic therapy in some
reward dysregulated conditions, like depression, anxiety, and
addiction, while exacerbating conditions like psychosis spectrum
and manic disorders.

Addiction
The multi-layered complexities underlying addiction disorders
are not only limited to reward and habit dysregulation but may
include other constructs such as impulsivity and compulsivity
(213). Compared to other recreational substances, psychedelics
exhibit minimal reinforcing effects and are among the least
harmful, with minor physiological side effects (24, 214, 215).
Furthermore, preliminary clinical studies indicate a therapeutic
use in alcohol use disorder, and for smoking cessation (216, 217).
An open label pilot study of oral psilocybin in one or two
supervised sessions in addition to Motivational Enhancement
Therapy reduced alcohol consumption, which was maintained at
36 weeks, in a group of 10 participants with alcohol dependence
disorder (10, 218). Although the mechanisms have yet to be
fully elucidated, changes in alcohol consumption were associated
with what is described as the “mystical” quality of the psilocybin
experience (10).
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Consistent with this, a subsequent online survey (n = 343)
of people with prior alcohol use disorder, reported that insight,
mystical-type effects, and personal meaning of experiences,
together with higher psychedelic dose, were associated with a
greater reduction in alcohol consumption (219). However, the
potential mediating influence of negative and positive valence
system modulation should also be acknowledged. Interestingly,
neither psilocybin nor LSD administered in a high dosage
regimen or chronic microdosing regime had long-lasting effects
on relapse-like drinking in an alcohol deprivation effect rat model
(220). Only sub-chronic treatment with psilocybin produced a
short-lasting anti-relapse effect (220). A recent study showed that
psilocybin restored alcohol dependence–induced metabotropic
glutamate receptor (mGluR2) down-regulation and reduced
alcohol-seeking behavior in rats (221). Interestingly, in a rodent
food reward model, low dose psilocybin and ketamine failed
to positively affect motivation or attention, though subtle
improvements in attention and impulsive behavior were noted
in “low performing” rats (222).

A pilot study of psilocybin and cognitive-behavioral therapy in
people with tobacco addiction reported that 12 of 15 participants
(80%) showed 7-day point prevalence abstinence at 6-month
follow-up (9). Smoking cessation outcomes were significantly
correlated with measures of mystical experience, of whom
9 of the 15 participants (60%) met criteria for “complete”
mystical experience, defined as a score of ≥60% on each of
the following subscales: unity, transcendence of time and space,
ineffability, sacredness, noetic quality, and positive mood (223).
A follow up qualitative study of participants (n = 12) reported
vivid insights into self-identity, together with experiences of
interconnectedness, awe, and curiosity which persisted beyond
the duration of acute dosing (224). Clinical trials across a range of
addiction disorders are currently underway to determine whether
these promising preliminary studies progress to clinical utility
(Table 3).

Depression
Reward hyposensitivity and decreased approach motivation is
related to anhedonia, a cardinal feature of the Depression
(192, 225). There are several psychological constructs by which
psychedelic therapy may re-ignite reward deficits in states of
anhedonia, including potential experiences of awe, curiosity,
(explorative search), novelty, intrinsic motivation, psychological
insight, and enhanced meaning/purpose (226). Conversely,
reward hypersensitivity and elevated approach motivation is
related to a subgroup of hypo/manic symptoms characterized by
excessive approach motivation and psychomotor hyperactivation
in the context of bipolar disorder (192). This reward hypo-
hypersensitivity divergence maps onto the contra-indication
of psychedelic therapy in bipolar type 1 disorders (BPAD I)
(226, 227) and caution will be required in the treatment of the
depressive phase of BPAD II (228). We await with interest the
results of an open label safety and efficacy psilocybin (25mg)
therapy study in depressed participants with BPAD II and the
future integration of dimensional approaches, such as reward-
related reactivity assessments (Table 3).

MODULATION OF AROUSAL AND

REGULATORY SYSTEMS

RDoC’s Arousal/Regulatory Systems are responsible for
generating activation of neural systems as appropriate for
various contexts and providing appropriate homeostatic
regulation of such systems as energy balance and sleep (74).

Arousal
Arousal is a continuum of sensitivity of the organism to
stimuli, both external and internal. Several interacting systems
are involved in arousal regulation, including but not limited
to, the sympathomedullary and the immuno-endocrine system,
which act as mediators to alter neural circuitry and function,
particularly in the corticolimbic system. Psychedelics are highly
context sensitive, “non-specific amplifiers” (229) of internal
and/or external signals (immediate environment), in part due
to the effects of 5-HT2AR signaling (230, 231). Psychedelics
acutely modulate the Autonomic Nervous System (ANS) (39),
neuroendocrine (232), and immune systems (233).

Psychedelics activate the sympathetic nervous system,
including blood pressure, heart rate, body temperature, and
pupillary dilation, probably via 5-HT2A and/or α1-adrenergic
receptor-mediated mechanisms (114, 234–236). A recent
randomized, placebo-controlled crossover trial in 25 HCs using
electrocardiographic recordings showed that LSD increased
sympathetic activity, which was positively associated with
a range of subjective effects, measured by 5D-ASC (39).
However, it should be noted that similar correlations were found
for the placebo condition. In contrast, ketanserin increased
parasympathetic tone and negatively associated with the
subjective effects of LSD (39).

As discussed above, psychedelics also acutely stimulate the
neuroendocrine system. In a seminal randomized placebo-
controlled study of healthy experienced psychedelic users, IV
DMT acutely and dose dependently increased blood cortisol,
corticotropin, and other hormones such as prolactin and
growth hormone (and ß-endorphin) (237). By 5 h post-dose,
all endocrine markers returned to baseline values (237, 238).
A double-blind, placebo-controlled study showed high dose
psilocybin (315 µg/kg) acutely increased plasma ACTH and
cortisol (and prolactin and thyroid stimulating hormone) in HCs
(239). LSD (200 µg) increased plasma concentrations of the
cortisol, cortisone, corticosterone, and 11-dehydrocorticosterone
compared with placebo in 16 HCs using a randomized, double-
blind, placebo-controlled cross-over study design (240). Other
studies have also shown acutely increased plasma levels of
cortisol, prolactin, oxytocin, and epinephrine due to LSD
administration (234).

Psychedelics modulate the immune system via 5-HT1, 5-
HT2, and sigma-1 receptor activity (18, 233, 241–248). Altered
immune system function, mainly characterized by chronic low-
grade inflammation is associated with a range of psychiatric
disorders (57, 249–251) and it remains an open question whether
the potential anti-inflammatory activity of psychedelics will play
a role in autoimmune disorders (252) or chronic pain (253, 254).
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Sleep-Wakefulness
Sleep interference is almost ubiquitous across psychiatric
disorders (255). Psilocybin (0.26 mg/kg) increased REM sleep
latency in a randomized, double-blind placebo controlled cross
over study of 20 HCs (256). Psilocybin suppressed slow-wave
activity in the first sleep cycle but did not affect NREM sleep,
EEG power spectra in NREM or REM sleep across the whole
night (256).

MODULATION OF SOCIAL PROCESSING

SYSTEMS

RDoC broadly defines systems for social processes as mediating
responses in interpersonal settings of various types, including
perception and interpretation of others’ actions (74). The
biologically encoded time-lagged personal narrative is
constantly under the influence of bidirectional information
exchange processes with the wider socio-environmental system.
The multifaceted neural circuitry and molecular signaling
pathways underlying social cognition, under the influence
of environmental cues, are of fundamental importance to
social species (257–259). A complex intertwined relationship
exists between social isolation, disconnectedness, perceived
disconnection, and poor mental health (158, 260). Psychedelic
compounds alter social cognitive processes (Table 2) and studies
in rodents are beginning to elucidate the underlying mechanistic
pathways. A study in male mice showed that repeated doses
of LSD (30 µg/kg, daily for 7 days), but not a single dose,
resulted in more time interacting with a stranger mouse in
the direct social interaction test, associated with potentiation
of mPFC excitatory transmission via 5-HT2A and AMPA
receptors and via an increasing phosphorylation of the mTORC1
protein (269). Moreover, the inactivation of mPFC glutamate
neurotransmission impaired social behavior and negated the
prosocial effects of LSD (269). Another study suggested that
psilocybin attenuated some of the sociability deficits in a prenatal
valproic acid mouse model of autism (270).

Affiliation and Attachment
Experiences of disconnection or exclusion are common across
psychiatric disorders and can manifest as social withdrawal,
apathy, and anhedonia (260). Using a paradigm designed to
induce feelings of social exclusion, a double-blind, randomized,
counterbalanced, cross-over study of healthy participants (n
= 21) reported that psilocybin induced reduced feelings of
social exclusion (267) (Table 2). A placebo-controlled, double-
blind, random-order, crossover study conducted using LSD (100
µg) in 24 HCs and LSD (200 µg) in 16 HCs, enhanced the
participants’ desire to be with other people and increased their
prosocial behavior on the Social Value Orientation test (114,
234). In addition to significant positive changes in gratitude,
life meaning/purpose, forgiveness and death transcendence, a
double-blind study comparing low and high dose psilocybin
therapy in HCs reported sustained increases in experiences of
interpersonal closeness at 6 month follow up, associated with
mystical-type experiences (266). It is interesting to note that

psychedelics can increase oxytocin plasma levels (234), though
the therapeutic relevance is not yet clear.

In keeping with possible increases in openness (210) and
connectedness (88, 271, 272), studies have shown that psychedelic
use may be associated with increases in nature relatedness
(273–275), pro-environmental behaviors (276) and more broadly
experiences of personal meaning (81, 148, 209, 219, 277).
Taken together, psychedelic therapy induced changes in social
processing systems and specifically social reward processing
and behavior and enhanced experiences of connectedness (88)
has potential therapeutic implications not only for depressive,
anxiety, addiction, some personality disorders, but perhaps for
social deficits in subtypes of adult autism spectrum disorders.

Perception and Understanding of Others
There are preliminary indictors that classical psychedelics may
enhance certain types of empathy (Table 2). LSD (114, 234) and
psilocybin (268) acutely increased explicit and implicit emotional
empathy, using the multifaceted empathy test and moral
dilemma task in HCs, compared to placebo (268). Psilocybin did
not affect the ability to take another person’s perspective or affect
the understanding of another person’s mental state (cognitive
empathy), nor did it affectmoral decision-making (268). Using an
aesthetic judgment task involving social feedback, LSD increased
social adaptation to group opinions that were relatively similar to
the individuals own opinions, associated with 5-HT2A activation
and increased activity of the mPFC (263). Comparisons of
psychedelic therapy delivered in individual settings compared
to group settings offers an intriguing avenue to further explore
how social processing domains and constructs such as perception
and understanding of others may be shaped by the context in
which the therapy is delivered. Non-controlled group studies
have suggested that shared experiences, including acute relational
experiences of perceived togetherness, may facilitate enhanced
perception and understanding of others (272, 278). Controlled
transdiagnostic studies directly comparing group to individual
psychedelic therapy could decipher the relative therapeutic
contribution of a group setting either before, during or after
psychedelic administration.

Perception and Understanding of Self
Notwithstanding the challenges of disentangling self from
self-as social agent, current thinking implicates altered self-
processing as the primary mode of action of psychedelic therapy
with downstream implications for social processing systems
(33). However, elucidating the precise temporal dynamics of
altered self and self-as social agent, whilst also considering the
pervasive emotional background is challenging. Nonetheless, the
experience of a transient attenuation of the demarcation between
self and other/environment or “ego dissolution” appears to be a
pivotal transdiagnostic therapeutic mechanism (Table 2). This is
especially relevant for excessive self-referential processes, which
often manifest with negative valence. For example, ruminative
or obsessional thoughts, which are components across a range of
disorders, such as depression, anxiety disorders, eating disorders,
addiction disorders and some types of personality disorders.
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TABLE 2 | Systems for social processes.

Condition/measures Design N, Age Psychedelic/dose Clinical/neurobiological outcomes References

Health controls

5D-ASC, EDI

rs-FC

MRS

Double-blind,

placebo-

controlled,

parallel group

60 HCs

30 psilocybin,

F12, age 22.73

(2.90)

30 placebo,

F13, age 23.20

yrs (3.65)

Psilocybin (0.17 mg/kg) Psilocybin associated with acutely elevated medial PFC glutamate, correlated with

negatively experienced ego dissolution

Lower glutamate levels in hippocampal glutamate correlated with positively

experienced ego dissolution

Significantly less co-activation under the psilocybin vs. placebo in visual networks,

both subcomponents of the DMN (anterior and posterior) and the auditory network

Widespread increases in between-network FC observed under psilocybin vs. placebo

(187)

Health controls

MEQ30, 11D-ASC, EDI

PET: 5-HT2AR agonist

radioligand [11C]Cimbi-36

Psilocin plasma concentration

Participants

blind to dose

8 HCs

(3F)

Mean age 33.0

± 7.1 yrs

Psilocybin between 3 and 30mg Subjective intensity ratings positively correlated with neocortical 5-HT2AR occupancy

and plasma psilocin levels

Positive associations mean intensity ratings and MEQ30, global 11-D- ASC score,

and EDI score, and intensity ratings correlated also with both occupancy and with

psilocin levels

(261)

Health controls

5D-ASC, PEQ

Double-blind

placebo

controlled

5-day

silent retreat

39 HCs

(experienced

meditators)

(15F)

51.66 yrs

(± 8.32)

Psilocybin 315 mcg/kg Psilocybin associated with increased meditation depth and positively experienced

ego-dissolution

Alterations in the DMN network, particularly a decoupling of medial PFC and PCC

associated with subjective ego dissolution

At 4 months post-psilocybin; positive changes in appreciation for life,

self-acceptance, quest for meaning/sense of purpose

(208, 209)

Health controls

5D-ASC

PANAS

Social interaction task

Social Influence paradigm

fMRI and eye tracking

Double blind,

randomized,

counterbalanced,

crossover

24 HCs (6F)

25.42 yrs (3.69)

(1) Placebo + placebo (179mg

mannitol/1mg aerosil, po)

(2) Placebo + LSD; 100 mcg po)

(3) Ketanserin (40mg po) + LSD

(100mcg, po) Aesthetic

judgment task

LSD decreased the response to participation in self-initiated compared with

other-initiated social interaction in the posterior cingulate cortex (PCC) and the

temporal gyrus, more precisely the angular gyrus

LSD decreased the efficiency of establishing joint attention

ketanserin blocked effects

LSD increased social adaptation but only if the opinions of others were similar to the

individual’s own

Increases were associated with increased activity in mPFC while participants received

social feedback

Ketanserin blocked effects

(262, 263)

Health controls

FFMQ, EQ, SC

2 MRIs (24 h pre and 24 h

post-dosing)
1H-MRspectroscopy and

resting-state BOLD

Open-label

uncontrolled

16 HCs (6F)

38.9 yrs (±7.8)

Ayahuasca

0.3 mg/mL DMT

Equivalent to 0.64mg DMT/kg

for 70 kg person

Reductions in glutamate + glutamine, creatine, and

N-acetylaspartate+N-acetylaspartylglutamate in the PCC

Glutamate + glutamine reductions correlated with increases in the “non-judging”

subscale of FFMQ

Increased connectivity between the PCC and the ACC, and between the ACC and

limbic structures in the right medial temporal lobe

Increased ACC-medial temporal lobe connectivity correlated with increased scores

on the SC questionnaire

Post-acute neural changes predicted sustained elevations in non-judging 2

months later

(264)

Health controls

VAS

2 fMRIs

Within-subjects,

counterbalanced

Placebo-

controlled

15 HCs (2F)

32 yrs (±8.9)

(1) receiving saline injection

(“placebo,” PCB-session),

12 min task-free fMRI scan,

eyes closed

(2) 2 mg psilocybin infusion

(“psilocybin,” PSI-session),

midway through 12 min fMRI

Psilocybin-induced ego-dissolution was associated with decreased FC between the

medial temporal lobe and high-level cortical regions and with a “disintegration” of the

salience network and reduced interhemispheric communication

Individuals with lower diversity of executive network nodes were more likely to

experience ego-dissolution under psilocybin

(265)

(Continued)
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TABLE 2 | Continued

Condition/measures Design N, Age Psychedelic/dose Clinical/neurobiological outcomes References

Health controls

HRS, 5DASC, M-scale,

MEQ30, SOCQ, FMS, PEQ,

DSES, DTS, GQ-6

Spiritual practices

questionnaire

Brief RCOPE

Double-blind,

randomized

75 HCs (25

each group)

(45F)

42 yrs

(range 22–69)

(1) 1 mg/70 kg on sessions 1 and

2) with moderate-level

(“standard”) support for

spiritual-practice (LD-SS)

(2) 20 and 30 mg/70 kg on

sessions 1 and 2, respectively)

with standard support (HD-SS)

(3) 20 and 30 mg/70 kg on

sessions 1 and 2, with high

support for spiritual

practice (HD-HS)

High-dose psilocybin produced greater acute and persisting effects vs. low dose

At 6 months, compared with LD-SS, both high-dose groups showed large significant

positive changes on longitudinal measures of interpersonal closeness, gratitude, life

meaning/purpose, forgiveness, death transcendence, daily spiritual experiences,

religious faith and coping and community observer ratings

(266)

Health controls

Interactive virtual ball-tossing

game (Cyberball)

MRI, MRS

Double-blind,

randomized,

counterbalanced,

cross-over study

HCs (n = 21)

26.48 yrs (SD =

4.76), range

20–37 yrs

(9F)

Psilocybin 0.215 mg/kg po Reduced feeling of social exclusion

Reduced neural response in the dACC and the middle frontal gyrus compared to

placebo

Reduced neural response in the dACC significantly correlated with psilocybin induced

changes in self-processing and decreased aspartate (Asp) content

(267)

Health controls

Multifaceted empathy test and

the moral dilemma task

Double-blind,

randomized,

placebo,

controlled,

within-subject

design with 2

sessions

(separated by

10 days)

HCs (n = 32)

(5F)

26.72 ± 5.34

yrs, range

20–38 yrs

Psilocybin 0.215 mg/kg po Increased explicit and implicit emotional empathy, compared with placebo

No effect on cognitive empathy nor moral decision-making

(268)

Health controls

5D-ASC, AMRS, ARCI

multifaceted empathy test

Face emotion recognition task

social value orientation test

Acoustic startle

response measurement

Double-blind,

randomized,

placebo-

controlled,

crossover

40 HCs (20F)

28.6 ± 6.2 yrs;

range

25–51 yrs)

LSD (200 µg po) in 16 HCs

and 100 µg LSD in 24 HCs

Subjective closeness to others, openness, and trust increased by LSD, enhanced

explicit and implicit emotional empathy and impaired the recognition of sad and

fearful faces, enhanced the participants’ desire to be with other people and increased

their prosocial behavior

(114, 234)

F, female; QIDS, Quick Inventory of Depressive Symptoms; SHAPS, Snaith-Hamilton Pleasure Scale; STAI, The State-Trait Anxiety Inventory (STAI) trait scale (STAI-T); POMS, Profile of Mood States; HAMA, Hamilton Anxiety Rating

Scale; GRID-HAM-D; HADS, Hospital Anxiety and Depression Scale; POMS, Profile of Mood States; HAM-D, Hamilton Rating Scale for Depression; MADRS, Montgomery-Asberg Depression Rating Scale; BPRS, Brief Psychiatric Rating

Scale; YMRS, Young Mania Rating Scale; BHS, Beck hopelessness scale; SPECT, single photon emission tomography; CADSS, Clinician Administered Dissociative States Scale; PFC, prefrontal cortex; MRS, Magnetic Resonance

Spectroscopy; EDI, Ego Dissolution Inventory; PEQ, Persisting Effects Questionnaire; FFMQ, Five Facet Mindfulness Questionnaire; EQ, Experiences Questionnaire; SC, short version of the Self-Compassion questionnaire; ACC,

anterior cingulate cortex; 5D-ASC, 5-Dimensional Altered States of Consciousness Rating Scale; 11D-ASC, 11-Dimensional Altered States of Consciousness Rating Scale; EDI, Ego Dissolution Inventory; FFMQ, Five Facet Mindfulness

Questionnaire; EQ, Experiences Questionnaire; SC, Self-Compassion questionnaire; PEQ, Persisting Effects Questionnaire; LSD, lysergic acid diethylamide; VAS, visual analog scale; M-scale, Hood’s Mysticism Scale; SOCQ, States

of Consciousness Questionnaire; FMS, Faith Maturity Scale; PEQ, Persisting effects questionnaire; DSES, Daily Spiritual Experience Scale; DTS, Death Transcendence Scale; GQ-6, Gratitude Questionnaire; MEQ, Mystical Experience

Questionnaire; dACC, dorsal anterior cingulate cortex; HRS, Hallucinogen Rating Scale; AMRS, Adjective Mood Rating Scale; ARCI, Addiction Research Center Inventory.
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In contrast to disorders of constrained “self-focus,” which
may benefit from a “broader spectrum of thought patterns
and emotions” induced by psychedelic therapy (13, 33, 279),
psychosis spectrum disorders appear not to benefit. This may
be due to baseline features which include aberrant stability
between intrinsic and extrinsic self-processing networks (280),
aberrant salience attribution (281) and a loosening of higher-level
priors (13). Some of these experiences are attenuated by second
generation antipsychotics (e.g., clozapine, olanzapine, quetiapine,
and risperidone), which block 5-HT2A and dopamine receptors
(282). A previous study in HCs showed that risperidone
attenuated the effects of psilocybin (212).

The intensity of psilocybin induced subjective experiences,
including ego dissolution are dose dependent and appear
to correlate with cerebral 5-HT2ARs occupancy and plasma
psilocin levels (261). While the molecular cascade initiated
by 5-HT2AR activation and downstream cortical glutamate
modulation (24, 177) are key neurobiological substrates of self-
processing alterations, the full molecular pathways and how
they map onto the self-concept have yet to be fully determined,
and at least in this regard, only partial assistance can be
derived from preclinical models. From the perspective of refining
personalized-precision psychedelic therapy, a PET study in 16
HCs showed that lower neocortical 5-HT2AR binding before
psilocybin was associated with longer peak effects, a more rapid
decrease in subjective drug intensity effects and higher scores on
the Mystical Experience Questionnaire (283).

An MRS study in HCs showed that psilocybin acutely
elevated mPFC glutamate, which was associated with negatively
experienced ego dissolution, whereas lower levels in hippocampal
glutamate secondary to psilocybin, were associated with
positively experienced ego dissolution (187). A previous MRS
study of 16 HCs 1 day after consuming ayahuasca showed
reductions in glutamate and glutamine in the posterior cingulate
cortex (PCC), which correlated with increases in the “non-
judging” subscale of the Five Facets Mindfulness Questionnaire
(264). Similarly, one week after psilocybin therapy, glutamate and
N-acetylaspartate concentrations were decreased in the Anterior
Cingulate Cortex (ACC) in an open-label study of 24 patients
with MDD (83). A double blind, randomized, counterbalanced,
crossover study of 24 HCs utilizingMRI and eye tracking showed
that LSD decreased the response to participation in self-initiated
compared with other-initiated social interaction in the PCC
and the temporal gyrus, more precisely the angular gyrus (262)
(Table 2).

Neural Circuitry
One of the higher-order brain networks modulated by
psychedelics that has gained attention in recent years is the
DMN, associated with a range of experiences and conditions
(284), including but not limited to self-reflection and rumination
(13, 120, 265, 285, 286) and meta-cognitive processes (287).
Alterations in DMN rsFC have been demonstrated across a range
of disorders. However, a clear and consistent DMN signature
specific to any disorder has yet to emerge, underscoring the
complexities of mapping correlates of subjective experiences,

but also the limitations of biosignature exploration utilizing
categorical diagnoses.

Psychedelics reliably alter DMN circuitry and studies in
HCs reported decreases in rsFC within the DMN induced
by psilocybin (205), LSD (32, 207) and ayahuasca (206). In
fifteen HCs intravenous psilocybin resulted in a significant
decrease in the positive coupling between the mPFC and PCC
(205). LSD (75 µg) 100min after IV administration decreased
connectivity between the parahippocampus and retrosplenial
cortex and correlated strongly with ratings of ego-dissolution
and altered meaning in 20 HCs (207). Notwithstanding the
differences between experienced users who may be more
receptive to psychedelic therapy compared to people with mental
health disorders, ayahuasca resulted in a significant decrease in
activity through most parts of the DMN, including the PCC
and the medial mPFC in a group of ten experienced users
(206). A decoupling of the mPFC and PCC was associated
with positively experienced ego dissolution in a psilocybin
double-blind placebo controlled study of 38 healthy experienced
mediators (208). Furthermore, the meditators in the psilocybin
group reported increased meditation depth and positively
experienced ego-dissolution, while at 4 months post-psilocybin
they reported positive changes in appreciation for life, self-
acceptance, quest for meaning and sense of purpose (209).
Interestingly, alteration of the DMN is not limited to classical
psychedelics. Oral administration of MDMA (125mg) to 45 HCs
in a randomized, placebo-controlled, double-blind, crossover
design showed decreased connectivity within the DMN, two
visual networks, and the sensorimotor network (288). Another
recent placebo controlled study of 12 healthy males using
vaporized salvinorin A, acutely attenuated the DMN during peak
effects (first half of 20min scan) (289), highlighting the overlap
with classical psychedelics.

Unsurprisingly given the complex multi-modal nature of self-
processing, a single neural correlate such as the DMN may
not fully capture the complexities of the self-processing concept
(33, 290). Psychedelics alter global brain connectivity, of which
the DMN is but one. For example, increased global FC correlated
with ego dissolution in an LSD study of 15 HCs (291) and more
recently the subjective effects of LSD have been shown to be
non-uniform in time, depending on the particular state of the
brain at a given point in time (290, 292), with multi-modal
imaging techniques (fMRI, diffusion MRI, PET) highlighting the
importance of 5-HT2A receptors (27). Previous studies in HCs
showed that psilocybin (2mg) IV destabilized a frontoparietal
subsystem (293), whereas IV LSD (75 µg) and IV psilocybin
increased the fractal dimension of bold blood oxygen level
dependent (BOLD) time-series from regions assigned to the
dorsal-attention network (294). Furthermore, a recent rsFC fMRI
study in 10 healthy volunteers showed that the executive control
network was decreased at 1-week, which was associated with
increased mindfulness at 3 months, but there were no other
significant changes in other networks (295).

From a personalized point of view, a study suggested that
baseline brain connectivity may be a useful predictive marker
(41). This double-blind, placebo controlled, randomized, cross-
over study of 23 HCs who received oral psilocybin (0.2
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mg/kg) and underwent resting-state functional connectivity
fMRI scans at three time points (41) showed that psilocybin
reduced associative, and concurrently increased sensory brain-
wide connectivity over time from administration to peak-effects
(41). Furthermore, the participants who had the lowest values
in hyper-connected areas and had the highest values in hypo-
connected regions displayed the strongest psilocybin induced
changes in global brain connectivity (41).

In contrast to the aforementioned psychedelic induced acute
decreases in DMN integrity in HCs, an open-labeled study
in TRD (n = 20) reported an increase in DMN rsFC 1-day
post-psilocybin (40). The reduction of depressive symptoms at
5 weeks was predicted by high scores of acutely experienced
pleasurable self-dissolution and by low scores for dread of
ego dissolution (87). Furthermore, the increased ventromedial
prefrontal cortex-bilateral inferior lateral parietal cortex rsFC,
1-day post-dose, predicted treatment response at 5 weeks post-
dose (40). Data from this study (n = 16) (40) combined with
the psilocybin therapy vs. escitalopram study (n = 43) indicated
that psilocybin was associated with a global decrease in network
modularity, indicative of enhanced flexibility (as high modularity
scores indicate a greater degree of separation between brain
networks) (42). This decrease in modularity was associated with
improvements in depression scores at 6-weeks as measured by
the Beck Depression inventory (42). In contrast, no changes
in modularity were observed with escitalopram, suggesting a
tentative biomarker of response to psilocybin therapy.

MODULATION OF COGNITIVE SYSTEMS

The RDoC organizes cognitive systems into attention, working
memory, perception, memory (declarative), language, and
cognitive control constructs.

Cognitive Control
Cognitive control refers to a “system that modulates the
operation of other cognitive and emotional systems, in the service
of goal-directed behavior, when prepotent modes of responding
are not adequate to meet the demands of the current context.
Additionally, control processes are engaged in the case of novel
contexts, where appropriate responses need to be selected from
among competing alternatives” (74). This collection of executive
control processes include goal-selection, maintenance, updating,
as well as response selection and inhibition denotes the ability to
switch between different mental sets, tasks, or strategies and plays
a vital role in an individual’s ability to adapt to environmental
changes (296). The underlying neural circuitry involves the
default mode, salience, and executive networks, with 5-HT2ARs
playing an important role (297–299).

Psychedelics transiently impair certain aspects of cognition
in a dose-dependent manner (142, 300–302). For example, a
study in HCs showed that LSD (100 µg) compared to placebo
acutely impaired executive functions, cognitive flexibility, and
working memory on the Intra/Extra-Dimensional shift task, and
Spatial Working Memory task, but did not influence the quality
of decision-making and risk taking on the Cambridge Gambling
Task (302). Similarly, psilocybin decreased attentional tracking

ability in HCs, which the authors speculated was due to the
inability to inhibit distracting stimuli (303). More recently, re-
treatment with ketanserin (40mg) normalized all LSD-induced
cognitive deficits (302). Psychedelic induced impairment of
aspects of cognitive flexibility was also observed in a probabilistic
reversal learning paradigm in 19 HCs who received IV LSD
(75µg) or placebo at two sessions, two weeks apart (Kanen 2021).
In this study LSD resulted in more perseverative responding,
though the reward learning rate and to a lesser degree the
punishment learning rate were enhanced (304).

The complex relationship between cognitive flexibility, neural
flexibility, and emotion has recently been highlighted by an
open-label study of 24 patients with MDD (83). This study
showed that psilocybin therapy decreased perseverative errors
in a set-shifting task but did not impact response inhibition,
selective attention, or abstract reasoning (83). The improvements
in selective aspects of cognitive flexibility did not correlate with
improvements in depression. Unexpectedly, greater increases in
neural flexibility as measured by dynamics of FC (dFC) between
the ACC and PCC, and greater baseline dFC from the ACC were
associated with less improvement in cognitive flexibility (83).
The practical inferences for the precise-personalized psychedelic
therapy paradigm are not fully clear.

A retrospective survey self-report survey of U.S. Veterans in
a psychedelic clinical program, reported significant reductions
in cognitive impairment as measured by the Medical Outcomes
Study—Cognitive Functioning subscale (148). However, changes
in the negative valence domain may have led to secondary
subjective improvements in the self-reported cognitive domains
in this study. Similarly, limited conclusions can be drawn
from a non-controlled study in self-selected HCs showing
improvements in Cognitive flexibility and the Wisconsin Picture
Card Sorting Task 24 h after ayahuasca, which the authors
acknowledge could be attributed to practice effects (305).

The acute impairment in some executive domains
induced by psychedelic compounds is especially relevant to
neurodevelopmental disorders such as schizophrenia, which
notwithstanding the inter-individual variability are associated
with deficits in cognitive flexibility (306). The further acute
impairment in cognitive control induced by psychedelics may in
part explain the detrimental negative effects of these substances
in psychosis or in those with predispositions to psychosis.
Indeed, LSD induced “cognitive bizarreness” associated with
loss of self-boundaries and cognitive control as measured by the
5D-ASC in 25 HCs (307) and “mind-wandering” (308) may be
counterproductive for those at risk of developing psychosis.

A recent study focused on the claustrum, a thin sheet of gray
matter, embedded in the whitematter of the cerebral hemispheres
and situated between the putamen and the insular cortex, with a
rich supply of 5-HT2A receptors and glutamatergic connectivity
to the cerebral cortex. The claustrum is thought to be associated
with cognitive task switching (309, 310) and salience processing
(311), known to be dysfunctional in psychosis (312). Psilocybin
acutely reduced claustrum activity and altered its connectivity
with the DMN and frontoparietal task control network (FPTC)
in a study involving 15 HCs, thus implicating this region as a
potential mediator in psilocybin therapy (310).
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Obsessive Compulsive Disorder
OCD, frequently comorbid with anxiety and depression, involves
deficits in cognitive control, goal-directed planning habit, reward
processing (313–315) and negative valence system dysregulation,
including abnormal fear extinction (316). Rodent studies have
shown that psilocybin reduced digging in the marble burying
test—a surrogate for compulsive behavior (317, 318). However,
a recent rodent study showed that blockade of 5-HT2A or 5-
HT2CRs did not attenuate the effect of psilocybin on digging,
suggesting that a differentmechanism dominates this effect (318).
A psilocybin therapy proof of concept study of antidepressant
free people diagnosed with OCD (n = 9) that had failed to
respond to at least one SSRI, reported a 23–100% decrease in
the Yale-Brown Obsessive Compulsive Scale in the 24 h following
ingestion (YBOCS) (15) (Table 1). Limited conclusions can be
drawn from this study due to lack of a control group and lack
of a clear dose-response relationship to changes in the YBOCS.
Results from ongoing clinical trials in OCD will give a clearer
picture and it will be interesting to parse potential therapeutic
effects of psychedelic therapy according to cognitive control, and
negative and positive valence processing systems (Table 3).

Eating Disorders
Eating disorders also involve elements of altered cognitive
control/reward processing (319, 320), together with aberrant
fear/threat encoding processes or threat sensitivity associated
with body/food/weight gain/body perception. Enhanced
psychological flexibility induced by psychedelic therapy has been
proposed as a potential therapeutic mechanism of psychedelic
therapy in eating disorders (321). While a preliminary study
suggested a benefit of psychedelic therapy in improving
depression and well-being scores in people with a self-reported
lifetime diagnosis of an eating disorder (16), we await results
from ongoing clinical trials (Table 3) to determine whether
psychedelic therapy will lead to clinically meaningful benefits
in those with eating disorders (322). It is worth noting the
possibility that psychedelic therapy may be of utility for disorders
related to compulsive overeating, perhaps better categorized as
food addiction.

Psychological Flexibility
The “psychological flexibility” concept lacks precise definition,
but broadly refers to the ability to recognize and adapt to
various situational demands and shift mind-sets/behavioral
repertoires (323). It is associated with divergent thinking (DT), a
spontaneous and free-flowing pattern where many solutions are
possible, with the prospect of novel idea generation. Convergent
thinking (CT), in contrast, focuses on the delivery of a single
solution. Deficits in psychological flexibility underlie a broad
spectrum of psychopathologies. Excessively constrained thought
may occur in depression, PTSD/anxiety, OCD, addiction and
eating disorders, whereas excessively variable thought may occur
in ADHD or some personality disorders (324) and unconstrained
thought may occur in psychosis (31). Psychological flexibility
has been proposed as a potential transdiagnostic mediator
of psychedelic therapy (148, 325, 326). However, the precise
impact of psychedelics on psychological flexibility or on DT

and CT are not fully clear. For example, a recent double
blind, placebo-controlled study of sixty HCs, all of whom had
previous psychedelic experiences, found that psilocybin (0.17
mg/kg) acutely decreased CT, which remained decreased for 7
days, whereas measures of DT including fluency and originality
decreased, and scores of novelty increased compared to placebo,
which were associated with alterations in the DMN (187, 327).

Attention/Working Memory and Memory

(Declarative)
Psychedelics acutely and dose dependently impair attention (328,
329), memory task performance (142, 300, 302) and spatial
working memory (212). On the other hand, it appears that other
domains such as the recall and vividness of autobiographical
memory may be accentuated (142–145).

Language and Perception
A computational analysis of semantic and non-semantic
language in HCs who received IV LSD (75 µg) and placebo
reported that LSD was associated with unconstrained speech
(increased verbosity and a reduced lexicon) which was noted
to be similar to speech changes during manic psychoses
(330). Automated natural language processing methods (331,
332) or digital text analysis (333) may have the potential
to improve prediction of psychosis outcomes and there are
early indicators that quantitative descriptions of psychedelic
experiences derived using Natural Language Processing may
play a role in predicting therapeutic outcomes or trajectory in
psychedelic therapy (47).

Psychedelicsmay induce visual imagery (334–336), distortions
in the perception of time and space (337, 338) and synaesthesia
(339, 340). Auditory and tactile perceptual changes occur less
frequently but can occur at higher doses (210, 341). The
implications of alterations in these systems for personalized
psychedelic therapy are not fully clear, though it is interesting
to note the recent proof of concept study showing a role for
psilocybin therapy in migraine suppression (17), a condition
known to be associated with aberrant connections from the
somatosensory cortex to the frontal lobe (342).

Psychedelics over-engage primary sensory cortices and
mostly encompasses visual hallucinations (often geometric)
with preserved insight monitoring whereas hallucinations in
psychosis, are mostly related to overactivation of associative
networks, mainly include auditory hallucinations and poor
reality monitoring (341). Electrophysiological correlates of
IV DMT induced complex visionary experiences during
“breakthrough” periods in 13 HCs were associated with a
delta/theta rhythmicity (343). A further analysis of the same EEG
data with eyes closed reported an EEG wave signal similar to
those observed during eyes-open visual stimulation (344). The
changes in resting state EEG, which included decreased spectral
power in the alpha/beta bands, accompanied by widespread
increases in signal diversity, were not specific to the visual system,
but also correlated with somatic and metacognitive/affective
domains (343, 344). Interestingly, a recent EEG study in
freely moving rats showed some overlap with human studies,
with a time-dependent global decrease and desynchronization
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TABLE 3 | Currently registered clinical trials with psychedelics: potential for future integration of outcomes with RDoC.

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

Alcohol Addiction

Alcohol use

disorder

phase 2,

randomized,

double blind,

placebo

controlled, parallel

n = 60

NCT04141501

Psilocybin 25mg,

po, once (3-and

6-mo follow-up)

Mannitol

TLFB, MET

fMRI; rsFC

cue-reactivity &

Autobiographic

memory bloods;

genome-wide

epigenetic markers

ethylglucuronid, AST,

ALT, GGT, Cortisol

blood cells

differentiated into

cortical neurons

Potential

threat (anxiety)

Sustained threat

Reward

responsiveness:

anticipation,

initial response,

satiation

Reward learning:

probabilistic and

reinforcement

learning,

habit

Reward valuation:

ambiguity/risk,

delay, effort

Attention working

and

Declarative memory

Cognitive control:

goal

selection, updating,

response

selection; inhibition/suppression

Affiliation and

attachment

Perception and

understanding of

self and others

Circadian

rhythms sleep

and

wakefulnessarousal

Alcohol

dependence

phase 2

n = 180

NCT02061293

Psilocybin

25mg/70 kg po at

week 4, 25-40

mg/70 kg po at

week 8 Psilocybin

25-40mg/70 kg at

38 weeks

Diphenhydramine

50mg po at week

4, 50-100mg po at

week 8

PACS, AASE,

Readiness rulers,

TLFB, SIP

Motivational

Enhancement and

Taking Action (META)

Alcohol use

disorder

n = 10

Open label

Phase 2

NCT04718792

Psilocybin 25mg po

once Blood psilocin

levels

11-DASC, MEQ,

AWE-S, EDI, PACS,

AASE, MAAS

Other Addiction

Nicotine

dependence

n = 80

40 psilocybin

40 nicotine patch

NCT01943994

Psilocybin

(30mg/70kg)

13-week CBT for

smoking cessation

Subgroup; 50 (25 per

group) MRI week 2

before Target Quit Date

& week 5 (if abstinent

3rd MRI at 3

months)urinary

cotinine, Breath

Carbon Monoxide (CO)

Potential

threat (anxiety)

Sustained threat

Reward

responsiveness:

anticipation,

initial response,

satiation

Reward learning:

Probabilistic and

reinforcement

learning,

habit

Reward valuation:

ambiguity/risk,

delay, effort

Attention Working

and

declarative memory

Cognitive control:

goal

selection, updating,

response

selection; inhibition/suppression

Affiliation and

attachment

perception and

understanding of

self and others

Circadian

rhythms sleep

and

wakefulness

arousal

(Continued)
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TABLE 3 | Continued

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

Cocaine use

disorder

n = 40

phase 2

randomized pilot

NCT02037126

Psilocybin 0.36

mg/kg po

Diphenhydramine

100mg po

fMRI: DMN rsFC

Glutamate-Glutamine

(Glx)in the anterior

cingulate cortex and

hippocampus urine

cocaine metabolites

criminal involvement

outcomes

Opioid use

disorder

phase 1

open-label

NCT04161066

Psilocybin two

doses po 4

weeks apart

augmentation

buprenorphine/

naloxone, plus

guided counselling

OCS, MEQ, TLFB,

GSES, MLQ, BPI, GQ,

COWS

Methamphetamine

use disorder

n = 30

single blind,

randomized,

parallel

phase 1 & 2

NCT04982796

Psilocybin twice

(25mg & 30mg two

weeks apart) plus

6-week

psychotherapy

during residential

rehabilitation

program

Self-report

methamphetamine use

and urine Stimulant

Craving

Questionnaire-Brief,

BDI, SDS, GAD-7,

Experiences in Close

Relationships-Short

form CRP, IL-6, TNF-a,

IL-8, IL-10

Reward

responsiveness

Reward learning

Reward valuation

Affiliation and

attachment

perception and

understanding of

self and others

Habit

Eating Disorders

Anorexia

nervosa

open-label pilot

phase 1

n = 18

NCT04052568

Four moderate to

high doses

psilocybin, 20mg at

the first session,

then remain at

previous dose, or

increase by 5mg up

to a max 30mg

HADS, EDQLS,

EDE-Q, ANSOCQ

BMI

Acute

threat (fear)

Potential

threat (anxiety)

Sustained threat

Reward

responsiveness:

anticipation,

initial response,

satiation

Reward learning:

probabilistic and

reinforcement

learning,

habit

Reward valuation:

ambiguity/risk,

delay, effort

Attention working

and

declarative memory

Cognitive control:

goal

selection, updating,

response

selection; inhibition/suppression

Perception:

somatosensory

and visual

Perception and

understanding of

self & others

Circadian

rhythms sleep

and

wakefulnessarousal

Sensorimotor

dynamics

Habit

Anorexia

nervosa

open label

phase 2

n = 20

NCT04505189

3 doses of

psilocybin, max

25mg po

RMQ, EDE, EDE-Q

fMRI (2)

EEG (up to 5)

(Continued)
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TABLE 3 | Continued

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

Anorexia

Nervosa

open label

phase 2

n = 20

NCT04661514

Psilocybin 25mg po

once

EDE, PASTAS, BISS,

YBC-EDS-SRQ, EDI,

EDE-QS, QIDS, CIA,

ED-RR, 5D-ASC

Depression and Neurological Conditions

Mild Cognitive

Impairment

or early

Alzheimer’s

Disease

and clinical

depression

symptoms

open-label, phase

1, n = 20

NCT04123314

Psilocybin

(15mg/70 kg week

4 and 15 or

25mg/70kg

week 6)

CSDD, QOL-AD Loss Potential

threat (anxiety)

Sustained threat

Reward

responsiveness:

anticipation, initial

response

Attention working

and

declarative memory

Cognitive control

Language

Affiliation and

attachment

Perception and

understanding of

self

Circadian

rhythms sleep

andwakefulness

arousal

Depression and

anxiety in

Parkinson’s

Disease

n = 10

open-label

single-arm pilot

NCT04932434

Psilocybin 10mg if

tolerated 25mg 2

weeks later

MADRS, HAM-A,

PROMIS apathy &

Positive Affect and

Well-Being scales

neuro-qol (depression

& lower extremity

function, cognitive

function, fatigue,

concern with death and

dying, social roles and

activities scales

Loss Potential

threat (anxiety)

Sustained threat

Reward

responsiveness

Reward learning

Reward valuation

Attention Working

and

declarative memory

Cognitive control

Language

Affiliation and

attachment

perception and

understanding of

self

Circadian rhythms

sleep

andwakefulness

arousal

Sensorimotor

dynamics

Depression and Alcohol Addiction

MDD with

co-occurring

Alcohol use

disorder

double-blind,

placebo-controlled

phase 2

n = 90

NCT04620759

Psilocybin 25mg po

oncbrief

Motivational

Interviewing

intervention

GRID-HAMD, TLFB,

QIDS-SR, STAI blood

GGT, carbohydrate

deficient transferrin,

AST/ALT ratio

Loss Potential

threat (anxiety)

Sustained threat

Reward

responsiveness

Reward learning

Affiliation and

attachment

perception and

understanding of

self

Circadian rhythms

sleep

andwakefulness

arousal

(Continued)
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TABLE 3 | Continued

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

Major Depressive Disorder (MDD)

MDD

randomised,

double-blind,

active-placebo-

controlled

n = 60

NCT03866252

Treatment arm:

100µg LSD (first

session) and 100 or

200µg LSD

(second session)

po control arm

25µg LSD (first

session) and 25µg

LSD (second

session) po

IDS-SR/C, BDI,

SCL-90, EAQ, EHS,

JHS, TAS, VAS, SCQ,

5D-ASC, MS,

HAQ-T/P, AMRS-C/P,

NEO-FFI, Religiosity

Scale (Z-Scale), PEQ

sleep; actigraphy

blood BDNF

salivary cortisol

awakening responses

macrophage migration

inhibitory factor and

interleukin-1 beta

fMRI; DTI, ASL

Loss Potential

threat (anxiety)

Sustained threat

Reward

responsiveness

Affiliation and

attachment

perception and

understanding of

self

Circadian

rhythms sleep

andwakefulness

arousal

MDD

n = 60

randomized,

double blind,

placebo

controlled, parallel

phase 2

NCT03715127

Psilocybin 0.215

mg/kg, po, once

mannitol

po (placebo)

BDI, MADRS, 5D-ASC

fMRI

MDD

n = 80

randomized,

double-blind,

parallel

phase 2

NCT03866174

NCT04353921

Psilocybin 25mg

po once or niacin

100mg

po (placebo)

MADRS, SDS web

surveys & telephone

interviews at months 2,

3, 4, 5 and 6, 8, 10, 12,

14, 16, 18, 20, 22 and

24

MDD

n = 18

placebo-

controlled, blinded

phase 1

NCT03554174

2 experimental

sessions 4

weeks apart two of

the following three:

1) placebo 2)

psilocybin (0.1mg/kg)

3)

psilocybin (0.3mg/kg)

GRID-HAM-D,

QIDS-SR16

EEG:

auditory Long-Term

Potentiation (LTP) task

Rey Auditory Verbal

Learning Test (RAVLT)

(modified computer

version)

affective go/no task

(Continued)
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TABLE 3 | Continued

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

MDD

double-blind

placebo-controlled

design

n = 60

NCT03380442

Psilocybin 25mg

po once

Comparator: single

intranasal

125mg ketamine/saline

QIDS, HAMD, MADRS

fMRI before and one

week after drug

(self-referential

processing)

blood peripheral gene

expression and

molecules

MDD

& Healthy

phase 1

n = 6

NCT04711915

open label,

non-randomized,

crossover,

fixed order; 0.1

mg/kg DMT IV 0.3

mg/kg DMT IV

ASC, VAS (anxiety,

tolerability), reinforcing

effects

EEG

HR, BP

MDD

& Healthy

n = 68

NCT04673383

Double-blind,

randomised, placebo-

controlled N,N-

DMT fumarate

IV (SPL026)

Safety and tolerability

data

MADRS

Treatment Resistant Depression (TRD)

TRD

open label

n = 20

NCT04739865

Psilocybin 25mg po

once as adjuvant to

SSRI

MADRS, CGI Loss Potential

threat (anxiety)

Sustained threat

Reward

responsiveness

Affiliation and

attachment

perception and

understanding of

self

Circadian rhythms

sleep

andwakefulness

arousal

TRD

n = 15

open-label

phase 2

NCT04433858

Psilocybin 25mg po

once

MADRS

TRD

n = 16

NCT04698603

Open label, non-

randomized,

5-MeO-DMT

(GH001), inhalation

Safety and tolerability

HR, BP, RR, O2 (%),

temp, bloods;

biochemistry,

hematology, urinalysis,

ECG

MADRS, BPRS,

CADSS, C-SSRS, PVT,

DSST

(Continued)
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TABLE 3 | Continued

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

Bipolar Depression

Type 2 Bipolar

Disorder (BP-II)

Depression

open-label,

n = 12

phase 2

NCT04433845

Psilocybin 25mg po MADRS Loss Potential

threat (anxiety)

Sustained threat

Reward

responsiveness

Reward learning

Obsessive Compulsive and Related Disorders

OCD

phase 1

n = 30 (15 each

group)

NCT03356483

Psilocybin

0.25mg/kg,

po, once niacin

250mg

Y-BOCS, A-YBOCS,

MADRS, BDI, OBQ-44,

OCI-R, OC-TCDQ,

STAI, Q-LESQ-SF,

MEQ, BABS, COM-R,

SMiLE, CEQ, 5D-ASC,

PANAS-X, PEQ, NRS,

PEBS, IDAQ, MBDS,

IOS, EPQ, AUDIT,

UFEC, DUDIT, SRNU,

PSQI, URICA, CGI,

SDS, LOT-R, PI-R

fMRI: rsFC

cortisol, CRP, ACTH,

IL-4, IL-6, IL-10, IL-12,

INF-gamma, TNF-alpha

Acute

threat (fear)

Potential

threat (anxiety)

Others;

uncertainty

intolerance

reward learning &

responsiveness to

reward

hypervigilant to

reward feedback

and opt immediate

relief (reduction of

anxiety)

habit

Cognitive control

goal selection,

updating,

representation, and

maintenanceresponse

selection, inhibition,

or suppression,

performancemonitoring

Affiliation and

attachment

perception and

understanding of

self

Circadian rhythms

sleep

andwakefulness

arousal

Motor actions

action planning

and selection,

initiation,

inhibition and

termination,

execution

sensorimotor

dynamics,

habit

OCD

n =15

phase 1

NCT03300947

3 groups;

psilocybin

100mcg/kg

psilocybin

300mcg/kg

lorazepam 1mg po,

once weekly for

8 weeks

YBOCS, MADRSEEG;

Error Related Negative

Potential (ERN)

fMRI: functional

connectivity between

the Caudate Nucleus

(CN) and Orbital Frontal

Cortex (OFC)

Body

Dysmorphic

Disorder

n = 12

open-label

phase 2

NCT04656301

Psilocybin 25mg po

once

BDD-YBOCS Acute

threat (fear)

Potential

threat (anxiety)

Cognitive control Perception;

somatosensory

& visual

(Continued)
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TABLE 3 | Continued

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

Trauma/PTSD

PTSD, chronic

Depression, MS,

HIV, and

SARS-CoV-2-

Long Haulers

Syndrome

n = 30

non-randomized

phase 1

NCT05042466

Psilocybin plant

medicinemicrodosing

1gm to 1/5 gm

every 2nd day for

8 weeks

GAF, BAM, PTSD

Checklist for DSM-5

(PCL-5)

Sustained threat

Loss

Attention working

and

declarative memory

Cognitive control

Affiliation and

attachment

perception and

understanding of

self

Circadian

rhythms sleep

andwakefulness

arousal

PTSD

phase 2,

multicentre,

fixed-dose open

label

n = 20

COMP201

Psilocybin 25mg Sustained threat

Loss

Attention working

and

declarative memory

Cognitive control

Affiliation and

attachment

perception and

understanding of

self

Circadian rhythms

sleep

andwakefulness

arousal

Generalized Anxiety Disorder (GAD)

GAD

(Psi-GAD-1) n =

72

randomised

triple-blinded

active-placebo-

controlled

ACTRN

12621001358831

Two dosing

sessions 3 weeks

apart dose 1: 25mg

psilocybin dose 2:

25 or 30mg (if dose

1 exhibits limited

acute

subjective response)

comparator:

diphenhydramine

75mg (or 100mg)

HAM-A, GAD-7,

QIDS-SR, Mini-SPIN,

AG-D, PDSS-SR, SDS,

PWI, UBCS, AUDIT,

DUDIT, self-reported

number of cigarettes

smoked, AIM, IAM, FIM

Potential

threat (anxiety)

Sustained threat

Reward

responsiveness

Reward learning

Reward valuation

Attention working

and

declarative memory

Cognitive control

Affiliation and

attachment

perception and

understanding of

self

Circadian rhythms

sleep

andwakefulness

arousal

Pain/Headaches

Fibromyalgia

n = 30

double-blind,

placebo-

controlled

phase 2

NCT05068791

Psilocybin 0.36

mg/kg po or

dextromethorphan

2.6 mg/kg po

Self-reported pain

severity, PGIC, BPI

Loss Reward

responsiveness

Cognitive control

Perception:

somatosensory

Affiliation and

attachment

perception and

understanding of

self

circadian rhythms

sleep

andwakefulness

arousal

Sensorimotor

dynamics

(Continued)
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TABLE 3 | Continued

Categorical

diagnosis

Psychedelic,

dose, therapy

Measures Negative-

valence

system

Positive-valence

system

Cognitive

systems

Social

processing

systems

Arousal/regulatory

systems

Sensorimotor

systems

Migraine

Headache

Post-Traumatic

Headache

n = 24

placebo

controlled,

randomized,

crossover

phase 1

NCT03341689

NCT03806985

Psilocybin 0.0143

mg/kg po,

psilocybin 0.143

mg/kg capsule

placebo:

microcrystalline

cellulose capsule

Migraine headache

days, frequency,

duration, intensity of

pain/photophobia/nausea/vomiting/

phonophobia,

functional disability

Potential threat

(anxiety)

Perception;

somatosensory

& visual

Circadian rhythms

sleep

andwakefulness

arousal

Adult ADHD

ADHD

phase 2a

(MinMed, 2021)

LSD microdosing Reward

anticipation, delay,

receipt

Cognitive control

working memory

verbal fluency,

executive function

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; PO, orally; CBT, cognitive behavioral therapy; rsFC, resting state functional; DMN, default mode network functional; BMI, Body mass

index; MADRS, Montgomery-Asberg Depression Rating Scale; BPAD II, Type 2 bipolar affective disorder; Y-BOCS, Yale-Brown Obsessive; A-YBOCS, Acute Yale-Brown Obsessive-Compulsive Scale; BDD-YBOCS, Yale-Brown Obsessive

Compulsive Scale Modified for Body Dysmorphic Disorder; BDI, Beck Depression Inventory; EAQ90, Symptom Check List; EAQ, Existential Concerns Questionnaire; IDS-SR, IDS-C, Inventory of Depressive Symptomatology (self-rated

and clinician-rated); FFMQ, Five Facet Mindfulness Questionnaire; EHS, Elliot Humility Scale; 5D-ASC, Dimensions-Altered States of consciousness; GRID-HAM-D, GRID-Hamilton Depression Rating Scale; QIDS-SR16, Quick Inventory

of Depressive Symptoms; HAMD, Hamilton Depression Rating Scale; HAM-A, Hamilton Anxiety Ratings Scale; WSAS, Work and Social Adjustment Scale; SDS, Sheehan Disability Scale; OBQ-44, Obsessive Beliefs Questionnaire; OCI-R,

Obsessive-Compulsive Inventory-Revised; OC-TCDQ, Obsessive Compulsive Trait Core Dimensions Questionnaire; STAI, State-Trait Anxiety Inventory; Q-LESQ-SF, Quality of Life Enjoyment & Satisfaction Questionnaire; MEQ, Mystical

Experience Questionnaire; BABS, The Brown Assessment of Beliefs Scale; COM-R, The Community Observer Ratings of Changes in Subjects’ Behaviour and Attitudes; SMiLE, Schedule for Meaning in Life Evaluation; CEQ, Challenging

Experience Questionnaire; 5D-ASC, 5-Dimension - Altered States of Consciousness; 11-DASC, 11-Dimensional Altered State of Consciousness scale; PANAS-X, Positive and Negative Affect Schedule Expanded Form; PEQ, The

Persisting Effects Questionnaire; NRS, Nature Relatedness Scale; PEBS, Pro-Environmental Behavior Scale; IDAQ, Individual Differences in Anthropomorphism Questionnaire; MBDS, Mind-Body Dualism Scale; IOS, Inclusion of Others

in Self Scale; EPQ, Ethical Positions Questionnaire; AUDIT, Alcohol Use Disorders Identification Test; UFEC, Utilization of Facility and Emergent Care; DUDIT, Drug Use Disorders Identification Test; SRNU, Self-reported Nicotine Use;

PSQI, Pittsburgh Sleep Quality Index; URICA, University of Rhode Island Change Assessment; CGI, Clinical Global Impressions; SDS, Sheehan Disability Scale; LOT-R, Life OrientfMEation Test Revised; PI-R, Padua Inventory-Revised;

EDI, Ego Dissolution Inventory; PACS, Penn Alcohol Craving Scale; AASE, Alcohol Abstinence Self-efficacy; MAAS, Mindful Attention Awareness Scale; AWE-S, Awe Experience Scale; TLFB, Time Line Follow Back; MET, Multifaceted

Empathy Test; PACS, Penn Alcohol Craving Scale; AASE, Alcohol Abstinence Self-Efficacy Scale; SIP, Short inventory of problems; CBT, Cognitive behavioural therapy; OCS, Opioid Craving Scale; GSES, Generalized Self-Efficacy Scale;

BPI, Brief Pain Inventory; TGQ, Gratitude Questionnaire; COWS, Clinical Opiate Withdrawal Scale; MLQ, Meaning in Life Questionnaire; GQ, Gratitude Questionnaire; HADS, Hospital Anxiety and Depression Scale; EDQL, Eating Disorder

Quality of Life Scale; EDE-Q, Eating Disorder Examination Questionnaire; ANSOCQ, Anorexia Nervosa Stages of Change Questionnaire; RMQ, Readiness and Motivation Questionnaire; EDE, Eating Disorder Examination; EDE-Q, Eating

Disorder Examination Questionnaire; EDE, Eating Disorder Examination; PASTAS, Physical Appearance State and Trait Anxiety Scale; BISS, Body Image State Scale; YBC-EDS-SRQ, Yale Brown Cornell Eating Disorder Scale; EDI, Eating

Disorder Inventory; EDE-QS, Eating Disorder Examination Questionnaire Short Form; CIA, Clinical Impairment Assessment; ED-RR, Eating Disorder readiness to change and motivation for change; CSDD, Cornell Scale for Depression

in Dementia; QOL-AD, Quality of Life Alzheimer’s Disease; IDS-SR/C; Inventory of Depressive Symptomatology; self-rated and clinician-rated; EHS, Elliot Humility Scale; JHS, Jankowski Humility Scale; TAS, Tellegen Absorption Scale;

VAS, The Visual Analog Scale; SCQ, States of Consciousness Questionnaire; MS, Mysticism Scale; HAQ-T/P, Helping Alliance Questionnaire (therapist version; patient version); AMRS-C/P, Adjective Mood Rating Scale; clinician version;

patient version; NEO-FFI, NEO-Five-Factor-Inventory; PEQ, Persisting Effects Questionnaire; DTI, Diffusion Tensor Imaging; ASL, Arterial Spin Labeling; CGI, Clinical Global Impression; ADHD, Attention deficit hyperactivity disorder;

CADSS, Clinician Administered Dissociative States Scale; C-SSRS, Columbia-Suicide Severity Rating Scale; PVT, Psychomotor Vigilance Test; DSST, Digit Symbol Substitution Test; CRP, C-Reactive Protein; IL-6, Interleukin; TNF, Tumor

Necrosis Factor; PGIC, Patient Global Impression of Change; BPI, Brief Pain Inventory; PROMIS, Patient-Reported Outcomes Measurement Information System; Neuro-QoL, Quality of Life in Neurological Disorders; BAM, Brief Addiction

Monitor; MS, multiple sclerosis; UBCS, Ultra Brief Checklist for Suicidality; GAD-7, Generalized Anxiety Disorder 7-item Scale; PWI, Personal Wellbeing Inventory; Mini-SPIN, Mini-Social Phobia Inventory; AG-D, Agoraphobia Dimensional

Scale; PDSS-SR, Panic Disorder Severity Scale - Self Rated; AIM, Acceptability of Intervention Measure; IAM, Intervention Appropriateness Measure; FIM, Feasibility of Intervention Measure.
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of EEG activity, particularly in the frontal and sensorimotor
cortex (345).

Similar to the previously discussed vulnerability to
adverse effects of psychedelics in people with incoherent
self-concept/aberrant salience in the context of psychosis
spectrum disorder, baseline dysfunction in the some of the
perceptual systems may increase the risk of adverse events in
psychedelic therapy. For example, there is limited high-quality
data on the rare condition—Hallucinogen Persisting Perception
Disorder (HPPD) (346–348), which in most cases is due to a
“subtle over-activation of predominantly neural visual pathways
that worsens anxiety after ingestion of arousal-altering drugs,
including non-hallucinogenic substances” (347). The authors
note that a personal or family history of anxiety and pre-drug use
complaints of tinnitus, eye floaters, and concentration problems
may predict vulnerability for HPPD (347).

SENSORIMOTOR SYSTEMS

Sensorimotor systems are primarily responsible for the control
and execution of motor behaviors, and their refinement
during learning and development (74). The Sensorimotor
Dynamics subconstruct: “processes involved in the specification
or parameterization of an action plan and program based on
integration of internal or external information, such as sensations
and urges and modeling of body dynamics. This process is
continuously and iteratively refined via sensory information and
reward-reinforced information.”

The highly complex Functional neurological disorders
(FNDs), previously known as conversion disorders, involve not
only sensorimotor, but also salience, central executive, and limbic
networks (349–351). There are no modern era clinical studies of
psychedelic therapy in FNDs and systematic reviews of studies
from several decades ago are not able to draw firm conclusions
due to small numbers of low-quality studies, often lacking
control groups and valid outcome measures (352, 353). It is also
worth noting that LSD (100 µg) increased sensory-somatomotor
brain-wide and thalamic connectivity in 24 HCs, while
concurrently reducing associative networks (32). Using a Roving
Somatosensory Oddball Task and simultaneous EEG/fMRI in 15
HCs, the same researcher showed that psilocybin (0.2 mg/kg)
disrupted tactile prediction error processing in the mPFC,
associated with increased salience attribution to non-salient
stimuli (354). It remains an open question whether the complex
and disrupted sensorimotor modeling of body dynamics and the
accompanying emotional processing in conditions such as FNDs
(or indeed eating disorders) can be therapeutically modulated by
psychedelic therapy (Table 3).

Psilocybiome—An Additional Unit of

Analysis?
In keeping with an interconnected systems based psychiatry
paradigm that conceptualizes the individual as a complex
composite of interacting systems across all levels of organization,
it has been proposed that the microbial ecosystem (microbiome)
may serve as an additional transdiagnostic unit of analysis

in the RDoC framework (355, 356). At the interface between
the individual and the environment, the microbiome is
intrinsically linked to human health and may play a contributory
physiological role in some psychiatric disorders (357–359). This
microbial signaling system communicates with the brain through
the gut-brain axis via the immune system (360), tryptophan
metabolism (361), the HPA axis (362), the vagus nerve (363) and
by the production of microbial metabolites, such as short chain
fatty acids (SCFA’s) (364). The microbiota-gut-brain (MGB)
signaling system operates throughout life but is particularly
important during early development when it influences the
development of the neural circuitry underlying social, cognitive,
and emotional brain domains (365, 366). Preclinical research
has revealed that neurotransmission, neurogenesis, myelination,
dendrite formation and blood brain barrier organization are
partially under the influence of this MGB axis signaling
system (367–371). At the behavioral level, MGB axis signaling
modulates cognitive function and patterns related to social
interaction, locomotor activity and stress management (362,
372, 373). The gut microbiome also modulates psychotropic
drug metabolism and absorption, which in turn modifies gut
microbiota composition (374–376). Thus, the gut microbiome
is an unconscious processing system that contributes to
emotional, cognitive, and behavioral regulation (377). Acute and
sustained psychedelic responses are influenced by bidirectional
biofeedback information signals from the periphery and the
environment. Consequently, the interaction of the classical
psychedelics and the microbiome and mycobiome (fungal
community) and associated signaling pathways, together with
the potential mediating influence of the microbiome on the
interaction between psychedelic therapy and acute and sustained
dietary behavioral patterns may have implications for the
optimization of precise-personalized-systems based psychedelic
therapy (378).

Personalized Psychedelic Therapy
The precise-personalized transdiagnostic paradigm is not
without critics and major challenges. As yet, it has not delivered
discernible translational benefits to patients (379). Regrettably,
there are no psychobiological signatures to guide clinical
practice, which still involves clinical assessment and trial and
error treatment approaches (380). It is not yet clear whether
a transdiagnostic paradigm will add translatable precision
to clinical psychiatry, which comprises the severe end of the
dimensions (381, 382). Some argue that the RDoC’s utility may
be limited for the most serious of mental disorders, including
dementia, autism, schizophrenia, and bipolar disorder, and may
be more useful for depression, anxiety disorders (including
PTSD/OCD) and some personality disorders (383, 384).

However, the precise-personalized integrative neuroscience
framework is at an early evolutionary stage (385) and the
divergence between therapeutic utility for some disorders
and exacerbation of others, indicates a role for the RDoC
constructs and associated underlying units of analysis, to
enhance the understanding and application of psychedelic
therapy. While transdiagnostic treatments are not unique
to psychedelic compounds, the potential for psychedelics to
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induce profound transient changes in emotion, thought and
perception with marked inter-individual variation, together
with the potential to exacerbate underlying pre-dispositions to
psychosis and mania (30, 226, 227) compels a greater emphasis
on a precise-personalized paradigm. Echoing the general lack
of personalized precision in clinical psychiatry, comprehensive
clinical assessments are the only available method to identify and
exclude participants with disorders that may be exacerbated by
psychedelic therapy.

Notwithstanding the reliance on clinical measures, currently
available strategies to optimize therapeutic outcomes involve
refinement of pharmacotherapy and psychotherapy schedules,
though the precise ratio has yet to be determined. It appears
that body weight adjusted dosing, albeit over a narrow
dosing range of 20–30mg, may have limited impact on the
subjective effects of psilocybin (386) and it remains to be seen
whether potential pharmacological modulators such as 5-HT2A
receptor gene polymorphisms influence therapeutic response.
Moreover, the precise interaction of other psychotropics
(SSRI, SNRI, antipsychotics, and mood stabilizers) (387) and
psychedelic therapy has yet to be determined. From the
psychotherapeutic angle, a high-quality systematized foundation
is a vital (388), though there is major scope for the advance
of personalization/individualization in the context of an RDoC
framework. It will also be interesting to consider the implications
of psychedelic therapy for the Neuroscience-based Nomenclature
project, developed to progress a more precise neuroscience based
psychopharmacological nomenclature (389).

There are preliminary indicators that the advances in the
mechanistic understanding of psychedelics may translate into
more precise-personalized approaches (41, 42). As translational
psychedelic science advances, a complete understanding of
the molecular cascades and bidirectional information exchange
processes between internal and environmental systems will
require analysis across genome, transcriptome, proteome,
metabolome, microbiome, epigenome, connectome, physiome
and exposome (environmental) levels (390). Deciphering the
precise interaction between these systemsmay advance treatment
personalization algorithms, perhaps assisted by advances in
technology, such as virtual reality (391, 392), smartphones (393)
and biosensors/biofeedback (394). Yet, it should be noted that
even if the whole endeavor reduces down to an elaborate set of
multi-layered fluctuating ones and zeros or some superposition
thereof, or special molecular configurations and information
processing pathways yet to be discovered, it is the relationship
between the complex configurations underlying our experiences
and the empathetic sharing and compassionate understanding of
those experiences with others and the environment that is the
matter of meaning and the potential of psychedelic therapy.

CONCLUSIONS AND PERSPECTIVES

Psychedelic science and its translational corollary psychedelic
therapy are evolving rapidly. Advances in the mechanistic
understanding of the underlying pathways, which involve
multiple interacting systems may also prompt the development

of novel compounds lacking undesirable properties. Several
large scale RCTs will determine whether psychedelic therapy
translates into the psychiatric clinic for a range of non-psychotic
spectrum disorders. Given the translatable transdiagnostic
antidepressant, anxiolytic, and anti-addictive therapeutic
potential of psychedelic therapy, deconstructing categorical
psychiatric diagnoses according to dimensional systems and
constructs that align with neurobiological systems may advance
more targeted applications, with the possibility of optimizing
therapeutic outcomes. As such, integration of the RDoC
transdiagnostic dimensional framework with psychedelic
therapy as it advances toward the psychiatric clinic has potential
to progress an interconnected systems based precise-personalized
psychedelic therapy paradigm and narrow the translational gap
between neuroscience and psychiatry.

Further insights can be gained from clinical studies in progress
with psychedelic therapy although the extent to which they
have been designed with this in mind may hamper efforts at
integration. Additionally, evolution of multimodal prediction
estimation algorithms based on dimensional psychobiological
signatures may optimize the delivery of psychedelic therapy and
ultimately augment clinical assessments. Apart from the vitally
important context (as broadly defined), exploratory studies have
proposed baseline functional connectivity patterns and cingulate
cortical thickness, autonomic nervous system activity, together
with psychological factors as therapeutic predictors. Further
unraveling the complex and dynamic molecular cascades and
information processing pathways across all levels of analysis
from micro to macro, within and between psychiatric disorders
and how they converge on the acute and sustained therapeutic
subjective trajectory may enhance a more complete systems
level understanding of psychedelic therapy and is an important
objective for translational neuroscience.

LIMITATIONS

This is a narrative review which attempts to conceptualize
psychedelic therapy in the context of an evolving RDoC
framework and primarily focuses on the effects of
psychedelics. The psychotherapy aspect as it relates to RDoC
is underdeveloped. This review does not focus on a systematic
analysis of the potential side-effects/risks of psychedelic therapy.
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T. Serotonergic hallucinogens in the treatment of anxiety and

depression in patients suffering from a life-threatening disease: a

systematic review. Prog Neuro Psychopharmacol Biol Psychiatry. (2018)

81:1–10. doi: 10.1016/j.pnpbp.2017.09.012

135. Stevens JS, Jovanovic T, Fani N, Ely TD, Glover EM, Bradley B, et al.

Disrupted amygdala-prefrontal functional connectivity in civilian women

with posttraumatic stress disorder. J Psychiatr Res. (2013) 47:1469–

78. doi: 10.1016/j.jpsychires.2013.05.031

136. Brown VM, Labar KS, Haswell CC, Gold AL, Mccarthy G, Morey

RA. Altered resting-state functional connectivity of basolateral and

centromedial amygdala complexes in posttraumatic stress disorder.

Neuropsychopharmacology. (2014) 39:351–9. doi: 10.1038/npp.

2013.197

137. Ross DA, Arbuckle MR, Travis MJ, Dwyer JB, Van Schalkwyk GI, Ressler

KJ. An integrated neuroscience perspective on formulation and treatment

planning for posttraumatic stress disorder: an educational review. JAMA

Psychiatry. (2017) 74:407–15. doi: 10.1001/jamapsychiatry.2016.3325

138. Stevens JS, Kim YJ, Galatzer-Levy IR, Reddy R, Ely TD,

Nemeroff CB, et al. Amygdala reactivity and anterior cingulate

habituation predict posttraumatic stress disorder symptom

maintenance after acute civilian trauma. Biol Psychiatry. (2017)

81:1023–9. doi: 10.1016/j.biopsych.2016.11.015

139. Fonzo GA, Goodkind MS, Oathes DJ, Zaiko YV, Harvey M, Peng KK,

et al. Amygdala and insula connectivity changes following psychotherapy

for posttraumatic stress disorder: a randomized clinical trial. Biol Psychiatry.

(2021) 89:857–67. doi: 10.1016/j.biopsych.2020.11.021

140. Etkin A, Egner T, Peraza DM, Kandel ER, Hirsch J. Resolving

emotional conflict: a role for the rostral anterior cingulate

cortex in modulating activity in the amygdala. Neuron. (2006)

51:871–82. doi: 10.1016/j.neuron.2006.07.029

141. Mcteague LM, Laplante M-C, Bulls HW, Shumen JR, Lang PJ, Keil

A. Face perception in social anxiety: visuocortical dynamics reveal

propensities for hypervigilance or avoidance. Biol Psychiatry. (2018) 83:618–

28. doi: 10.1016/j.biopsych.2017.10.004

Frontiers in Psychiatry | www.frontiersin.org 32 December 2021 | Volume 12 | Article 800072254

https://doi.org/10.1016/j.neubiorev.2012.11.015
https://doi.org/10.1038/npp.2013.69
https://doi.org/10.1016/j.bpsc.2021.09.001
https://doi.org/10.1016/j.biopsych.2012.04.005
https://doi.org/10.1016/j.biopsych.2014.04.010
https://doi.org/10.1016/j.euroneuro.2018.03.016
https://doi.org/10.1038/s41598-020-59282-y
https://doi.org/10.1038/npp.2016.82
https://doi.org/10.1038/tp.2017.54
https://doi.org/10.1016/j.bpsc.2019.12.007
https://doi.org/10.1097/JCP.0000000000001396
https://doi.org/10.1111/j.1745-6924.2008.00088.x
https://doi.org/10.3758/CABN.10.4.470
https://doi.org/10.1016/j.biopsych.2015.02.020
https://doi.org/10.1590/1516-4446-2018-0140
https://doi.org/10.1007/s00213-019-05414-w
https://doi.org/10.1001/jamapsychiatry.2017.0270
https://doi.org/10.1016/j.psyneuen.2016.11.036
https://doi.org/10.1007/s00221-013-3579-0
https://doi.org/10.1021/acschemneuro.8b00134
https://doi.org/10.1021/acschemneuro.8b00692
https://doi.org/10.1101/2021.02.24.432725
https://doi.org/10.3389/fpsyt.2021.687615
https://doi.org/10.1101/2020.08.12.248229
https://doi.org/10.1017/neu.2019.15
https://doi.org/10.1021/acschemneuro.9b00493
https://doi.org/10.1002/da.23065
https://doi.org/10.1016/j.pnpbp.2017.09.012
https://doi.org/10.1016/j.jpsychires.2013.05.031
https://doi.org/10.1038/npp.2013.197
https://doi.org/10.1001/jamapsychiatry.2016.3325
https://doi.org/10.1016/j.biopsych.2016.11.015
https://doi.org/10.1016/j.biopsych.2020.11.021
https://doi.org/10.1016/j.neuron.2006.07.029
https://doi.org/10.1016/j.biopsych.2017.10.004
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Kelly et al. Psychedelic Therapy’s Transdiagnostic Effects

142. Healy CJ. The acute effects of classic psychedelics on memory in humans.

Psychopharmacology. (2021) 238:639–53. doi: 10.1007/s00213-020-05756-w

143. Kaelen M, Giribaldi B, Raine J, Evans L, Timmerman C,

Rodriguez N, et al. The hidden therapist: evidence for a central

role of music inpsychedelic therapy. Psychopharmacology. (2018)

235:505–19. doi: 10.1007/s00213-017-4820-5

144. Kaelen M, Roseman L, Kahan J, Santos-Ribeiro A, Orban C, Lorenz

R, et al. LSD modulates music-induced imagery via changes in

parahippocampal connectivity. Eur Neuropsychopharmacol. (2016)

26:1099–109. doi: 10.1016/j.euroneuro.2016.03.018

145. Carhart-Harris RL, Leech R, Williams TM, Erritzoe D, Abbasi N, Bargiotas

T, et al. Implications for psychedelic-assisted psychotherapy: functional

magnetic resonance imaging study with psilocybin. Br J Psychiatry. (2012)

200:238–44. doi: 10.1192/bjp.bp.111.103309

146. Tonegawa S, Pignatelli M, Roy DS, Ryan TJ. Memory engram

storage and retrieval. Curr Opin Neurobiol. (2015) 35:101–

9. doi: 10.1016/j.conb.2015.07.009

147. Ryan TJ, De San Luis CO, Pezzoli M, Sen S. Engram cell connectivity: an

evolving substrate for information storage. Curr Opin Neurobiol. (2021)

67:215–27. doi: 10.1016/j.conb.2021.01.006

148. Davis AK, Averill LA, Sepeda ND, Barsuglia JP, Amoroso T. Psychedelic

treatment for trauma-related psychological and cognitive impairment

among us special operations forces veterans. Chronic Stress. (2020)

4:2470547020939564. doi: 10.1177/2470547020939564

149. Krediet E, Bostoen T, Breeksema J, Van Schagen A, Passie T, Vermetten E.

Reviewing the potential of psychedelics for the treatment of PTSD. Int J

Neuropsychopharmacol. (2020) 23:385–400. doi: 10.1093/ijnp/pyaa018

150. Nutt D, Erritzoe D, Carhart-Harris R. Psychedelic psychiatry’s brave new

world. Cell. (2020) 181:24–8. doi: 10.1016/j.cell.2020.03.020

151. Wolff M, Evens R, Mertens LJ, Koslowski M, Betzler F, Gründer

G, et al. Learning to let go: a cognitive-behavioral model of how

psychedelic therapy promotes acceptance. Front Psychiatry. (2020)

11:5. doi: 10.3389/fpsyt.2020.00005

152. Zeifman RJ, Wagner AC, Watts R, Kettner H, Mertens LJ, Carhart-Harris

RL. Post-psychedelic reductions in experiential avoidance are associated

with decreases in depression severity and suicidal ideation. Front Psychiatry.

(2020) 11:e00782. doi: 10.3389/fpsyt.2020.00782

153. Stauffer CS, Anderson BT, Ortigo KM, Woolley J. Psilocybin-assisted group

therapy and attachment: observed reduction in attachment anxiety and

influences of attachment insecurity on the psilocybin experience. ACS

Pharmacol Transl Sci. (2021) 4:526–32. doi: 10.1021/acsptsci.0c00169

154. Studerus E, Vizeli P, Harder S, Ley L, Liechti ME. Prediction of MDMA

response in healthy humans: a pooled analysis of placebo-controlled studies.

J Psychopharmacol. (2021) 35:556–65. doi: 10.1177/0269881121998322

155. New AS, Hazlett EA, Buchsbaum MS, Goodman M, Mitelman

SA, Newmark R, et al. Amygdala-prefrontal disconnection in

borderline personality disorder. Neuropsychopharmacology. (2007)

32:1629–40. doi: 10.1038/sj.npp.1301283

156. Soloff PH, Abraham K, Burgess A, Ramaseshan K, Chowdury A,

Diwadkar VA. Impulsivity and aggression mediate regional brain responses

in Borderline Personality Disorder: an fMRI study. Psychiatry Res

Neuroimaging. (2017) 260:76–85. doi: 10.1016/j.pscychresns.2016.12.009

157. Michelini G, Palumbo IM, DeYoung CG, Latzman RD, Kotov R.

Linking RDoC and HiTOP: A new interface for advancing psychiatric

nosology and neuroscience. Clin Psychol Rev. (2021) 86:102025.

doi: 10.1016/j.cpr.2021.102025

158. Seidl E, Padberg F, Bauriedl-Schmidt C, Albert A, Daltrozzo T, Hall J,

et al. Response to ostracism in patients with chronic depression, episodic

depression and borderline personality disorder a study using Cyberball. J

Affect Disord. (2020) 260:254–62. doi: 10.1016/j.jad.2019.09.021

159. Zeifman RJ, Wagner AC. Exploring the case for research on incorporating

psychedelics within interventions for borderline personality disorder. J

Context Behav Sci. (2020) 15:1–11. doi: 10.1016/j.jcbs.2019.11.001

160. Domínguez-Clavé E, Soler J, Pascual JC, ElicesM, Franquesa A, ValleM, et al.

Ayahuasca improves emotion dysregulation in a community sample and

in individuals with borderline-like traits. Psychopharmacology (Berl). (2019)

236:573–80. doi: 10.1007/s00213-018-5085-3

161. Van Mulukom V, Patterson RE, Van Elk M. Broadening Your Mind

to Include Others: The relationship between serotonergic psychedelic

experiences and maladaptive narcissism. Psychopharmacology (Berl). (2020)

237:2725–37. doi: 10.1007/s00213-020-05568-y

162. Carhart-Harris RL, Kaelen M, Bolstridge M, Williams TM,

Williams LT, Underwood R, et al. The paradoxical psychological

effects of lysergic acid diethylamide (LSD). Psychol Med. (2016)

46:1379–90. doi: 10.1017/S0033291715002901

163. Bouso JC, Dos Santos RG, Alcázar-Córcoles MÁ, Hallak JEC.

Serotonergic psychedelics and personality: a systematic review

of contemporary research. Neurosci Biobehav Rev. (2018)

87:118–32. doi: 10.1016/j.neubiorev.2018.02.004

164. Erritzoe D, Smith J, Fisher PM, Carhart-Harris R, Frokjaer VG, Knudsen

GM. Recreational use of psychedelics is associated with elevated personality

trait openness: exploration of associations with brain serotonin markers.

J Psychopharmacol. (2019) 33:1068–1075. doi: 10.1177/02698811198

27891

165. Lebedev AV, Kaelen M, Lövdén M, Nilsson J, Feilding A, Nutt DJ, et al. LSD-

induced entropic brain activity predicts subsequent personality change.Hum

Brain Mapp. (2016) 37:3203–13. doi: 10.1002/hbm.23234

166. Stenbaek DS, Kristiansen S, Burmester D, Madsen MK, Frokjaer VG,

Knudsen GM, et al. Trait OPENNESS and serotonin 2A receptors in healthy

volunteers: a positron emission tomography study.Hum Brain Mapp. (2019)

40:2117–24. doi: 10.1002/hbm.24511

167. Madsen MK, Fisher PM, Stenbæk DS, Kristiansen S, Burmester D,

Lehel S, et al. A single psilocybin dose is associated with long-term

increased mindfulness, preceded by a proportional change in neocortical

5-HT2A receptor binding. Eur Neuropsychopharmacol. (2020) 33:71–

80. doi: 10.1016/j.euroneuro.2020.02.001

168. Vaidya VA, Marek GJ, Aghajanian GK, Duman RS. 5-HT2A receptor-

mediated regulation of brain-derived neurotrophic factor mRNA in

the hippocampus and the neocortex. J Neurosci. (1997) 17:2785–

95. doi: 10.1523/JNEUROSCI.17-08-02785.1997

169. Morales-Garcia JA, De La Fuente Revenga M, Alonso-Gil S, Rodriguez-

Franco MI, Feilding A, Perez-Castillo A, et al. The alkaloids of

Banisteriopsis caapi, the plant source of the Amazonian hallucinogen

Ayahuasca, stimulate adult neurogenesis in vitro. Sci Rep. (2017)

7:5309. doi: 10.1038/s41598-017-05407-9

170. Olson DE. Psychoplastogens: a promising class of plasticity-promoting

neurotherapeutics. J Exp Neurosci. (2018) 12:1179069518800508.

doi: 10.1177/1179069518800508

171. Olson DE. The subjective effects of psychedelics may not be necessary for

their enduring therapeutic effects.ACS Pharmacol Transl Sci. (2020) 4:563–7.

doi: 10.1021/acsptsci.0c00192

172. De Vos CMH, Mason NL, Kuypers KPC. Psychedelics and neuroplasticity:

a systematic review unraveling the biological underpinnings of

psychedelics. Front Psychiatry. (2021) 12:1575. doi: 10.3389/fpsyt.2021.

724606

173. Vargas MV, Meyer R, Avanes AA, Rus M, Olson DE. Psychedelics and

other psychoplastogens for treating mental illness. Front Psychiatry. (2021)

12:727117. doi: 10.3389/fpsyt.2021.727117

174. Yaden DB, Griffiths RR. The subjective effects of psychedelics are necessary

for their enduring therapeutic effects. ACS Pharmacol Transl Sci. (2020)

4:568–72. doi: 10.1021/acsptsci.0c00194

175. Kadriu B, Greenwald M, Henter ID, Gilbert JR, Kraus C, Park LT, et al.

Ketamine and serotonergic psychedelics: common mechanisms underlying

the effects of rapid-acting antidepressants. Int J Neuropsychopharmacol.

(2021) 24:8–21. doi: 10.1093/ijnp/pyaa087

176. Pittenger C, Duman RS. Stress, depression, and neuroplasticity: a

convergence of mechanisms. Neuropsychopharmacology. (2008) 33:88–

109. doi: 10.1038/sj.npp.1301574

177. Ly C, Greb AC, Cameron LP, Wong JM, Barragan EV, Wilson PC, et al.

Psychedelics promote structural and functional neural plasticity. Cell Rep.

(2018) 23:3170–82. doi: 10.1016/j.celrep.2018.05.022

178. Ly C, Greb AC, VargasMV, DuimWC,Grodzki ACG, Lein PJ, et al. Transient

stimulation with psychoplastogens is sufficient to initiate neuronal growth.

ACS Pharmacol Transl Sci. (2020). 4:452–60. doi: 10.1021/acsptsci.0c00065

Frontiers in Psychiatry | www.frontiersin.org 33 December 2021 | Volume 12 | Article 800072255

https://doi.org/10.1007/s00213-020-05756-w
https://doi.org/10.1007/s00213-017-4820-5
https://doi.org/10.1016/j.euroneuro.2016.03.018
https://doi.org/10.1192/bjp.bp.111.103309
https://doi.org/10.1016/j.conb.2015.07.009
https://doi.org/10.1016/j.conb.2021.01.006
https://doi.org/10.1177/2470547020939564
https://doi.org/10.1093/ijnp/pyaa018
https://doi.org/10.1016/j.cell.2020.03.020
https://doi.org/10.3389/fpsyt.2020.00005
https://doi.org/10.3389/fpsyt.2020.00782
https://doi.org/10.1021/acsptsci.0c00169
https://doi.org/10.1177/0269881121998322
https://doi.org/10.1038/sj.npp.1301283
https://doi.org/10.1016/j.pscychresns.2016.12.009
https://doi.org/10.1016/j.cpr.2021.102025
https://doi.org/10.1016/j.jad.2019.09.021
https://doi.org/10.1016/j.jcbs.2019.11.001
https://doi.org/10.1007/s00213-018-5085-3
https://doi.org/10.1007/s00213-020-05568-y
https://doi.org/10.1017/S0033291715002901
https://doi.org/10.1016/j.neubiorev.2018.02.004
https://doi.org/10.1177/0269881119827891
https://doi.org/10.1002/hbm.23234
https://doi.org/10.1002/hbm.24511
https://doi.org/10.1016/j.euroneuro.2020.02.001
https://doi.org/10.1523/JNEUROSCI.17-08-02785.1997
https://doi.org/10.1038/s41598-017-05407-9
https://doi.org/10.1177/1179069518800508
https://doi.org/10.1021/acsptsci.0c00192
https://doi.org/10.3389/fpsyt.2021.724606
https://doi.org/10.3389/fpsyt.2021.727117
https://doi.org/10.1021/acsptsci.0c00194
https://doi.org/10.1093/ijnp/pyaa087
https://doi.org/10.1038/sj.npp.1301574
https://doi.org/10.1016/j.celrep.2018.05.022
https://doi.org/10.1021/acsptsci.0c00065
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Kelly et al. Psychedelic Therapy’s Transdiagnostic Effects

179. Shao LX, Liao C, Gregg I, Davoudian PA, Savalia NK, Delagarza

K, et al. Psilocybin induces rapid and persistent growth of

dendritic spines in frontal cortex in vivo. Neuron. (2021)

109:2535–44.e4. doi: 10.1016/j.neuron.2021.06.008

180. Raval NR, Johansen A, Donovan LL, Ros NF, Ozenne B, Hansen HD,

et al. A single dose of psilocybin increases synaptic density and decreases

5-HT(2A) receptor density in the pig brain. Int J Mol Sci. (2021)

22:835. doi: 10.3390/ijms22020835

181. Nichols CD, Sanders-Bush E. A single dose of lysergic acid

diethylamide influences gene expression patterns within the

mammalian brain. Neuropsychopharmacology. (2002) 26:634–

42. doi: 10.1016/S0893-133X(01)00405-5

182. Martin DA, Marona-Lewicka D, Nichols DE, Nichols CD. Chronic LSD

alters gene expression profiles in the mPFC relevant to schizophrenia.

Neuropharmacology. (2014) 83:1–8. doi: 10.1016/j.neuropharm.2014.03.013

183. Jefsen OH, Elfving B, Wegener G, Müller HK. Transcriptional

regulation in the rat prefrontal cortex and hippocampus after

a single administration of psilocybin. J Psychopharmacol. (2021)

35:483–93. doi: 10.1177/0269881120959614

184. Cameron LP, Tombari RJ, Lu J, Pell AJ, Hurley ZQ, Ehinger Y, et al. A

non-hallucinogenic psychedelic analogue with therapeutic potential. Nature.

(2021) 589:474–9. doi: 10.1038/s41586-020-3008-z

185. Lu J, Tjia M, Mullen B, Cao B, Lukasiewicz K, Shah-Morales S, et al.

An analog of psychedelics restores functional neural circuits disrupted

by unpredictable stress. Mol Psychiatry. (2021). doi: 10.1038/s41380-021-

01159-1

186. Moda-Sava RN, Murdock MH, Parekh PK, Fetcho RN, Huang

BS, Huynh TN, et al. Sustained rescue of prefrontal circuit

dysfunction by antidepressant-induced spine formation. Science. (2019)

364:eaat8078. doi: 10.1126/science.aat8078

187. Mason NL, Kuypers KPC, Müller F, Reckweg J, Tse DHY, Toennes SW,

et al. Me, myself, bye: regional alterations in glutamate and the experience of

ego dissolution with psilocybin. Neuropsychopharmacology. (2020) 45:2003–

11. doi: 10.1038/s41386-020-0718-8

188. Hutten N, Mason N, Dolder P, Theunissen E, Holze F, Liechti

ME, et al. Low doses of LSD acutely increase BDNF blood plasma

levels in healthy volunteers. ACS Pharmacol Transl Sci. (2021)

4:431–66. doi: 10.1021/acsptsci.0c00099

189. Holze F, Vizeli P, Ley L, Müller F, Dolder P, Stocker M, et al. Acute dose-

dependent effects of lysergic acid diethylamide in a double-blind placebo-

controlled study in healthy subjects. Neuropsychopharmacology. (2021)

46:537–44. doi: 10.1038/s41386-020-00883-6

190. Dichter GS, Damiano CA, Allen JA. Reward circuitry dysfunction in

psychiatric and neurodevelopmental disorders and genetic syndromes:

animal models and clinical findings. J Neurodev Disord. (2012)

4:19. doi: 10.1186/1866-1955-4-19

191. Hägele C, Schlagenhauf F, Rapp M, Sterzer P, Beck A, Bermpohl F-

U, et al. Dimensional psychiatry: reward dysfunction and depressive

mood across psychiatric disorders. Psychopharmacology. (2015) 232:331–

41. doi: 10.1007/s00213-014-3662-7

192. Nusslock R, Alloy LB. Reward processing and mood-related symptoms: an

RDoC and translational neuroscience perspective. J Affect Disord. (2017)

216:3–16. doi: 10.1016/j.jad.2017.02.001

193. Eckstrand KL, Forbes EE, Bertocci MA, Chase HW, Greenberg

T, Lockovich J, et al. Trauma affects prospective relationships

between reward-related ventral striatal and amygdala activation

and 1-year future hypo/mania trajectories. Biol Psychiatry. (2021)

89:868–77. doi: 10.1016/j.biopsych.2020.11.017

194. Cremers HR, Veer IM, Spinhoven P, Rombouts SRB, Roelofs K. Neural

sensitivity to social reward and punishment anticipation in social

anxiety disorder. Front Behav Neurosci. 8:e00439. doi: 10.3389/fnbeh.2014.

00439

195. Carlton CN, Sullivan-Toole H, Ghane M, Richey JA. Reward

circuitry and motivational deficits in social anxiety disorder:

what can be learned from mouse models? Front Neurosci. (2020)

14:154–154. doi: 10.3389/fnins.2020.00154

196. Baskin-Sommers AR, Foti D. Abnormal reward functioning across

substance use disorders and major depressive disorder: considering reward

as a transdiagnostic mechanism. Int J Psychophysiol. (2015) 98:227–

39. doi: 10.1016/j.ijpsycho.2015.01.011

197. Volkow ND, Michaelides M, Baler R. The neuroscience of drug reward and

addiction. Physiol Rev. (2019) 99:2115–40. doi: 10.1152/physrev.00014.2018

198. Berner LA, Marsh R. Frontostriatal circuits and the development of bulimia

nervosa. Front Behav Neurosci. (2014) 8:395. doi: 10.3389/fnbeh.2014.

00395

199. Steinglass JE, Walsh BT. Neurobiological model of the persistence of

anorexia nervosa. J Eat Disord. (2016) 4:19. doi: 10.1186/s40337-016-0106-2

200. Marona-Lewicka D, Thisted RA, Nichols DE. Distinct temporal phases in the

behavioral pharmacology of LSD: dopamine D2 receptor-mediated effects

in the rat and implications for psychosis. Psychopharmacology (Berl). (2005)

180:427–35. doi: 10.1007/s00213-005-2183-9

201. De Gregorio D, Posa L, Ochoa-Sanchez R, Mclaughlin R, Maione S, Comai

S, et al. The hallucinogen d-lysergic diethylamide (LSD) decreases dopamine

firing activity through 5-HT(1A), D(2) and TAAR(1) receptors. Pharmacol

Res. (2016) 113:81–91. doi: 10.1016/j.phrs.2016.08.022

202. Sakashita Y, Abe K, Katagiri N, Kambe T, Saitoh T, Utsunomiya I, et al.

Effect of psilocin on extracellular dopamine and serotonin levels in the

mesoaccumbens and mesocortical pathway in awake rats. Biol Pharm Bull.

(2015) 38:134–8. doi: 10.1248/bpb.b14-00315

203. Hesselgrave N, Troppoli TA, Wulff AB, Cole AB, Thompson SM. Harnessing

psilocybin: antidepressant-like behavioral and synaptic actions of psilocybin

are independent of 5-HT2R activation in mice. Proc Nat Acad Sci. (2021)

118:e2022489118. doi: 10.1073/pnas.2022489118

204. Grandjean J, Buehlmann D, Buerge M, Sigrist H, Seifritz E, Vollenweider

FX, et al. Psilocybin exerts distinct effects on resting state networks

associated with serotonin and dopamine in mice. Neuroimage. (2021)

225:117456. doi: 10.1016/j.neuroimage.2020.117456

205. 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 Nat Acad Sci. (2012) 109:2138–

43. doi: 10.1073/pnas.1119598109

206. Palhano-Fontes F, Andrade KC, Tofoli LF, Santos AC, Crippa JA, Hallak JE,

Ribeiro S, et al. The psychedelic state induced by ayahuasca modulates the

activity and connectivity of the default mode network. PLoS ONE. (2015)

10:e0118143. doi: 10.1371/journal.pone.0118143

207. Carhart-Harris RL, Muthukumaraswamy S, Roseman L, Kaelen

M, Droog W, Murphy K, et al. Neural correlates of the

LSD experience revealed by multimodal neuroimaging. Proc

Nat Acad Sci. (2016) 113:4853–8. doi: 10.1073/pnas.151837

7113

208. Smigielski L, Scheidegger M, Kometer M, Vollenweider FX. Psilocybin-

assisted mindfulness training modulates self-consciousness and brain default

mode network connectivity with lasting effects.Neuroimage. (2019) 196:207–

15. doi: 10.1016/j.neuroimage.2019.04.009

209. Smigielski L, Kometer M, Scheidegger M, Krähenmann R, Huber T,

Vollenweider FX. Characterization and prediction of acute and sustained

response to psychedelic psilocybin in a mindfulness group retreat. Sci Rep.

(2019) 9:14914. doi: 10.1038/s41598-019-50612-3

210. Studerus E, Kometer M, Hasler F, Vollenweider FX. Acute, subacute and

long-term subjective effects of psilocybin in healthy humans: a pooled

analysis of experimental studies. J Psychopharmacol. (2011) 25:1434–

52. doi: 10.1177/0269881110382466

211. Vollenweider FX, Vontobel P, Hell D, Leenders KL. 5-HT Modulation

of dopamine release in basal ganglia in psilocybin-induced psychosis in

man—A PET study with [11C]raclopride.Neuropsychopharmacology. (1999)

20:424–33. doi: 10.1016/S0893-133X(98)00108-0

212. Vollenweider FX, Vollenweider-Scherpenhuyzen MF, Bäbler A,

Vogel H, Hell D. Psilocybin induces schizophrenia-like psychosis

in humans via a serotonin-2 agonist action. Neuroreport. (1998)

9:3897–902. doi: 10.1097/00001756-199812010-00024

213. Brooks SJ, Lochner C, Shoptaw S, Stein DJ. Using the research

domain criteria (RDoC) to conceptualize impulsivity and

compulsivity in relation to addiction. Prog Brain Res. (2017)

235:177–218. doi: 10.1016/bs.pbr.2017.08.002

214. Krebs TS. Johansen P-Ø. Psychedelics andmental health: a population study.

PLOS ONE. (2013) 8:e63972. doi: 10.1371/journal.pone.0063972

Frontiers in Psychiatry | www.frontiersin.org 34 December 2021 | Volume 12 | Article 800072256

https://doi.org/10.1016/j.neuron.2021.06.008
https://doi.org/10.3390/ijms22020835
https://doi.org/10.1016/S0893-133X(01)00405-5
https://doi.org/10.1016/j.neuropharm.2014.03.013
https://doi.org/10.1177/0269881120959614
https://doi.org/10.1038/s41586-020-3008-z
https://doi.org/10.1038/s41380-021-01159-1
https://doi.org/10.1126/science.aat8078
https://doi.org/10.1038/s41386-020-0718-8
https://doi.org/10.1021/acsptsci.0c00099
https://doi.org/10.1038/s41386-020-00883-6
https://doi.org/10.1186/1866-1955-4-19
https://doi.org/10.1007/s00213-014-3662-7
https://doi.org/10.1016/j.jad.2017.02.001
https://doi.org/10.1016/j.biopsych.2020.11.017
https://doi.org/10.3389/fnbeh.2014.00439
https://doi.org/10.3389/fnins.2020.00154
https://doi.org/10.1016/j.ijpsycho.2015.01.011
https://doi.org/10.1152/physrev.00014.2018
https://doi.org/10.3389/fnbeh.2014.00395
https://doi.org/10.1186/s40337-016-0106-2
https://doi.org/10.1007/s00213-005-2183-9
https://doi.org/10.1016/j.phrs.2016.08.022
https://doi.org/10.1248/bpb.b14-00315
https://doi.org/10.1073/pnas.2022489118
https://doi.org/10.1016/j.neuroimage.2020.117456
https://doi.org/10.1073/pnas.1119598109
https://doi.org/10.1371/journal.pone.0118143
https://doi.org/10.1073/pnas.1518377113
https://doi.org/10.1016/j.neuroimage.2019.04.009
https://doi.org/10.1038/s41598-019-50612-3
https://doi.org/10.1177/0269881110382466
https://doi.org/10.1016/S0893-133X(98)00108-0
https://doi.org/10.1097/00001756-199812010-00024
https://doi.org/10.1016/bs.pbr.2017.08.002
https://doi.org/10.1371/journal.pone.0063972
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Kelly et al. Psychedelic Therapy’s Transdiagnostic Effects

215. Johnson MW, Griffiths RR, Hendricks PS, Henningfield JE. The

abuse potential of medical psilocybin according to the 8 factors

of the controlled substances act. Neuropharmacology. (2018)

142:143–66. doi: 10.1016/j.neuropharm.2018.05.012

216. Krebs TS, Johansen PO. Lysergic acid diethylamide (LSD) for alcoholism:

meta-analysis of randomized controlled trials. J Psychopharmacol. (2012)

26:994–1002. doi: 10.1177/0269881112439253

217. Divito AJ, Leger RF. Psychedelics as an emerging novel intervention in

the treatment of substance use disorder: a review. Mol Biol Rep. (2020)

47:9791–9. doi: 10.1007/s11033-020-06009-x

218. Nielson EM, May DG, Forcehimes AA, Bogenschutz MP. The psychedelic

debriefing in alcohol dependence treatment: illustrating key change

phenomena through qualitative content analysis of clinical sessions. Front

Pharmacol. (2018) 9:132. doi: 10.3389/fphar.2018.00132

219. Garcia-Romeu A, Davis AK, Erowid F, Erowid E, Griffiths RR,

Johnson MW. Cessation and reduction in alcohol consumption

and misuse after psychedelic use. J Psychopharmacol. (2019)

33:1088–101. doi: 10.1177/0269881119845793

220. Meinhardt MW, Güngör C, Skorodumov I, Mertens LJ, Spanagel

R. Psilocybin and LSD have no long-lasting effects in an animal

model of alcohol relapse. Neuropsychopharmacology. (2020) 45:1316–

22. doi: 10.1038/s41386-020-0694-z

221. Meinhardt MW, Pfarr S, Fouquet G, Rohleder C, Meinhardt ML, Barroso-

Flores J, et al. Psilocybin targets a common molecular mechanism for

cognitive impairment and increased craving in alcoholism. Sci Adv. (2021)

7:eabh2399. doi: 10.1126/sciadv.abh2399

222. Higgins GA, Carroll NK, Brown M, Macmillan C, Silenieks LB,

Thevarkunnel S, et al. Low doses of psilocybin and ketamine

enhance motivation and attention in poor performing rats:

evidence for an antidepressant property. Front. Pharmacol. (2021)

12:e640241. doi: 10.3389/fphar.2021.640241

223. Garcia-Romeu A, Griffiths RR, Johnson MW. Psilocybin-occasioned

mystical experiences in the treatment of tobacco addiction. Curr Drug Abuse

Rev. (2014) 7:157–64. doi: 10.2174/1874473708666150107121331

224. Noorani T, Garcia-Romeu A, Swift TC, Griffiths RR, Johnson

MW. Psychedelic therapy for smoking cessation: qualitative

analysis of participant accounts. J Psychopharmacol. (2018)

32:756–69. doi: 10.1177/0269881118780612

225. Nusslock R, Walden K, Harmon-Jones E. Asymmetrical frontal cortical

activity associated with differential risk for mood and anxiety disorder

symptoms: an RDoC perspective. Int J Psychophysiol. (2015) 98:249–

61. doi: 10.1016/j.ijpsycho.2015.06.004

226. Brown T, Shao W, Ayub S, Chong D. Cornelius C. A physician’s

attempt to self-medicate bipolar depression with NN-dimethyltryptamine

(DMT). J Psychoactive Drugs. (2017) 49:294–6. doi: 10.1080/02791072.2017.

1344898

227. Szmulewicz AG, Valerio MP, Smith JM. Switch to mania after ayahuasca

consumption in a man with bipolar disorder: a case report. Int J Bipolar

Disord. (2015) 3:4–4. doi: 10.1186/s40345-014-0020-y

228. Gard DE, Pleet MM, Bradley ER, Penn AD, Gallenstein ML, Riley LS, et al.

Evaluating the risk of psilocybin for the treatment of bipolar depression: a

review of the research literature and published case studies. J Affect Disord

Rep. (2021) 6:100240. doi: 10.1016/j.jadr.2021.100240

229. Grof S. Realms of the Human Unconscious Observations From LSD Research.

New York, NY: Viking Press (1975).

230. Carhart-Harris RL, Kaelen M, Whalley MG, Bolstridge M, Feilding A, Nutt

DJ, et al. enhances suggestibility in healthy volunteers. Psychopharmacology

(Berl). (2015) 232:785–94. doi: 10.1007/s00213-014-3714-z

231. Carhart-Harris RL, Nutt DJ. Serotonin and brain function:

a tale of two receptors. J Psychopharmacol. (2017) 31:1091–

120. doi: 10.1177/0269881117725915

232. Schindler EAD, Wallace RM, Sloshower JA, D’souza DC.

Neuroendocrine associations underlying the persistent therapeutic

effects of classic serotonergic psychedelics. Front Pharmacol. (2018)

9:177. doi: 10.3389/fphar.2018.00177

233. Szabo A. Psychedelics and Immunomodulation: novel approaches

and therapeutic opportunities. Front Immunol. (2015)

6:e00358. doi: 10.3389/fimmu.2015.00358

234. Schmid Y, Enzler F, Gasser P, Grouzmann E, Preller KH, Vollenweider FX,

et al. Acute effects of lysergic acid diethylamide in healthy subjects. Biol

Psychiatry. (2015) 78:544–53. doi: 10.1016/j.biopsych.2014.11.015

235. Dolder PC, Schmid Y, Steuer AE, Kraemer T, Rentsch KM, Hammann

F, et al. Pharmacokinetics and pharmacodynamics of lysergic acid

diethylamide in healthy subjects. Clin Pharmacokinet. (2017) 56:1219–

30. doi: 10.1007/s40262-017-0513-9

236. Holze F, Vizeli P, Müller F, Ley L, Duerig R, Varghese N, et al.

Distinct acute effects of LSD. MDMA, and d-amphetamine

in healthy subjects. Neuropsychopharmacology. (2020) 45:462–

71. doi: 10.1038/s41386-019-0569-3

237. Strassman RJ. Qualls CR. Dose-response study of NN-dimethyltryptamine

in humans I Neuroendocrine, autonomic, cardiovascular effects. Arch Gen

Psychiatry. (1994) 51:85–97. doi: 10.1001/archpsyc.1994.03950020009001

238. Strassman RJ, Qualls CR, Berg LM. Differential tolerance to

biological and subjective effects of four closely spaced doses

of NN-dimethyltryptamine in humans. Biol Psychiatry. (1996)

39:784–95. doi: 10.1016/0006-3223(95)00200-6

239. Hasler F, Grimberg U, Benz MA, Huber T, Vollenweider FX. Acute

psychological and physiological effects of psilocybin in healthy humans:

a double-blind, placebo-controlled dose-effect study. Psychopharmacology

(Berl). (2004) 172:145–56. doi: 10.1007/s00213-003-1640-6

240. Strajhar P, Schmid Y, Liakoni E, Dolder PC, Rentsch KM, Kratschmar DV,

et al. Acute effects of lysergic acid diethylamide on circulating steroid levels in

healthy subjects. J Neuroendocrinol. (2016) 28:12374. doi: 10.1111/jne.12374

241. Yu B, Becnel J, Zerfaoui M, Rohatgi R, Boulares AH, Nichols CD. Serotonin

5-hydroxytryptamine(2A) receptor activation suppresses tumor necrosis

factor-alpha-induced inflammation with extraordinary potency. J Pharmacol

Exp Ther. (2008) 327:316–23. doi: 10.1124/jpet.108.143461

242. Nau F, Jr., Yu B, Martin D, Nichols CD. Serotonin 5-HT2A receptor

activation blocks TNF-α mediated inflammation in vivo. PLoS ONE. (2013)

8:e75426. doi: 10.1371/journal.pone.0075426

243. Dos Santos RG. Immunological effects of ayahuasca in humans. J

Psychoactive Drugs. (2014) 46:383–8. doi: 10.1080/02791072.2014.960113

244. Szabo A, Kovacs A, Frecska E, Rajnavolgyi E. Psychedelic NN-

dimethyltryptamine and 5-methoxy-N,N-dimethyltryptamine modulate

innate and adaptive inflammatory responses through the sigma-1

receptor of human monocyte-derived dendritic cells. PLoS ONE. (2014)

9:e106533. doi: 10.1371/journal.pone.0106533

245. Szabo A, Kovacs A, Riba J, Djurovic S, Rajnavolgyi E, Frecska E. The

endogenous hallucinogen and trace amine N.N-dimethyltryptamine

(DMT) displays potent protective effects against hypoxia via sigma-

1 receptor activation in human primary iPSC-derived cortical

neurons and microglia-like immune cells. Front. Neurosci. (2016)

10:e00423. doi: 10.3389/fnins.2016.00423

246. Flanagan TW, Nichols CD. Psychedelics as anti-inflammatory agents. Int Rev

Psychiatry. (2018) 30:363–75. doi: 10.1080/09540261.2018.1481827

247. Flanagan TW, Sebastian MN, Battaglia DM, Foster TP, Cormier SA,

Nichols CD. 5-HT2 receptor activation alleviates airway inflammation and

structural remodeling in a chronic mouse asthma model. Life Sci. (2019)

236:116790. doi: 10.1016/j.lfs.2019.116790

248. Flanagan TW, Sebastian MN, Battaglia DM, Foster TP, Maillet EL, Nichols

CD. Activation of 5-HT(2) Receptors reduces inflammation in vascular tissue

and cholesterol levels in high-fat diet-fed apolipoprotein e knockoutmice. Sci

Rep. (2019) 9:13444. doi: 10.1038/s41598-019-49987-0

249. Gibney SM, Drexhage HA. Evidence for a dysregulated immune system in

the etiology of psychiatric disorders. J. Neuroimmune Pharmacol. (2013)

8:900–20. doi: 10.1007/s11481-013-9462-8

250. Vogelzangs N, Beekman A, De Jonge P, Penninx B. Anxiety disorders

and inflammation in a large adult cohort. Transl Psychiatry. (2013)

3:e249. doi: 10.1038/tp.2013.27

251. Osimo EF, Baxter LJ, Lewis G, Jones PB, Khandaker GM.

Prevalence of low-grade inflammation in depression: a systematic

review and meta-analysis of CRP levels. Psychol Med. (2019)

49:1958–70. doi: 10.1017/S0033291719001454

252. Thompson C, Szabo A. Psychedelics as a novel approach

to treating autoimmune conditions. Immunol Lett. (2020)

228:45–54. doi: 10.1016/j.imlet.2020.10.001

Frontiers in Psychiatry | www.frontiersin.org 35 December 2021 | Volume 12 | Article 800072257

https://doi.org/10.1016/j.neuropharm.2018.05.012
https://doi.org/10.1177/0269881112439253
https://doi.org/10.1007/s11033-020-06009-x
https://doi.org/10.3389/fphar.2018.00132
https://doi.org/10.1177/0269881119845793
https://doi.org/10.1038/s41386-020-0694-z
https://doi.org/10.1126/sciadv.abh2399
https://doi.org/10.3389/fphar.2021.640241
https://doi.org/10.2174/1874473708666150107121331
https://doi.org/10.1177/0269881118780612
https://doi.org/10.1016/j.ijpsycho.2015.06.004
https://doi.org/10.1080/02791072.2017.1344898
https://doi.org/10.1186/s40345-014-0020-y
https://doi.org/10.1016/j.jadr.2021.100240
https://doi.org/10.1007/s00213-014-3714-z
https://doi.org/10.1177/0269881117725915
https://doi.org/10.3389/fphar.2018.00177
https://doi.org/10.3389/fimmu.2015.00358
https://doi.org/10.1016/j.biopsych.2014.11.015
https://doi.org/10.1007/s40262-017-0513-9
https://doi.org/10.1038/s41386-019-0569-3
https://doi.org/10.1001/archpsyc.1994.03950020009001
https://doi.org/10.1016/0006-3223(95)00200-6
https://doi.org/10.1007/s00213-003-1640-6
https://doi.org/10.1111/jne.12374
https://doi.org/10.1124/jpet.108.143461
https://doi.org/10.1371/journal.pone.0075426
https://doi.org/10.1080/02791072.2014.960113
https://doi.org/10.1371/journal.pone.0106533
https://doi.org/10.3389/fnins.2016.00423
https://doi.org/10.1080/09540261.2018.1481827
https://doi.org/10.1016/j.lfs.2019.116790
https://doi.org/10.1038/s41598-019-49987-0
https://doi.org/10.1007/s11481-013-9462-8
https://doi.org/10.1038/tp.2013.27
https://doi.org/10.1017/S0033291719001454
https://doi.org/10.1016/j.imlet.2020.10.001
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Kelly et al. Psychedelic Therapy’s Transdiagnostic Effects

253. Castellanos JP, Woolley C, Bruno KA, Zeidan F, Halberstadt A, Furnish

T. Chronic pain and psychedelics: a review and proposed mechanism

of action. Regional Anesthesia andamp. Pain Med. (2020) 45:486–

94. doi: 10.1136/rapm-2020-101273

254. Bornemann J, Close JB, Spriggs MJ, Carhart-Harris R, Roseman L. Self-

medication for chronic pain using classic psychedelics: a qualitative

investigation to inform future research. Front Psychiatry. (2021)

12:735427. doi: 10.3389/fpsyt.2021.735427

255. Freeman D, Sheaves B, Waite F, Harvey AG, Harrison PJ. Sleep

disturbance and psychiatric disorders. Lancet Psychiatry. (2020) 7:628–

37. doi: 10.1016/S2215-0366(20)30136-X

256. Dudysová D, Janku K, Šmotek M, Saifutdinova E, Koprivová J,

Bušková J, et al. The effects of daytime psilocybin administration on

sleep: implications for antidepressant action. Front Pharmacol. (2020)

11:e602590. doi: 10.3389/fphar.2020.602590

257. Dunbar RI. The social brain meets neuroimaging. Trends Cogn Sci. (2012)

16:101–2. doi: 10.1016/j.tics.2011.11.013

258. Sliwa J, Freiwald WA. A dedicated network for social interaction

processing in the primate brain. Science. (2017) 356:745–

9. doi: 10.1126/science.aam6383

259. Tomova L, Wang KL, Thompson T, Matthews GA, Takahashi A, Tye KM,

et al. Acute social isolation evokes midbrain craving responses similar to

hunger.Nat Neurosci. (2020) 23:1597–605. doi: 10.1038/s41593-020-00742-z

260. Santini ZI, Jose PE, York Cornwell E, Koyanagi A, Nielsen L,

Hinrichsen C, et al. Social disconnectedness, perceived isolation,

and symptoms of depression and anxiety among older Americans

(NSHAP): a longitudinal mediation analysis. Lancet Public Health. (2020)

5:e62–70. doi: 10.1016/S2468-2667(19)30230-0

261. 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) 44:1328–

34. doi: 10.1038/s41386-019-0324-9

262. Preller KH, Schilbach L, Pokorny T, Flemming J, Seifritz E, Vollenweider

FX. Role of the 5-HT2A receptor in self- and other-initiated social

interaction in lysergic acid diethylamide-induced states: a pharmacological

fMRI study. J Neurosci. (2018) 38:3603–11. doi: 10.1523/JNEUROSCI.1939-

17.2018

263. Duerler P, Schilbach L, Stämpfli P, Vollenweider FX, Preller KH. LSD-

induced increases in social adaptation to opinions similar to one’s own

are associated with stimulation of serotonin receptors. Sci Rep. (2020)

10:12181. doi: 10.1038/s41598-020-68899-y

264. Sampedro F, De La Fuente Revenga M, Valle M, Roberto N, Dominguez-

Clave E, Elices M, et al. Assessing the psychedelic “after-glow” in

ayahuasca users: post-acute neurometabolic and functional connectivity

changes are associated with enhanced mindfulness capacities. Int

J Neuropsychopharmacol. (2017) 20:698–711. doi: 10.1093/ijnp/

pyx036

265. Lebedev AV, Lövdén M, Rosenthal G, Feilding A, Nutt DJ, Carhart-Harris

RL. Finding the self by losing the self: neural correlates of ego-dissolution

under psilocybin. Hum Brain Mapp. (2015) 36:3137–53. doi: 10.1002/hbm.

22833

266. Griffiths RR, Johnson MW, Richards WA, Richards BD, Jesse R,

Maclean KA, et al. Psilocybin-occasioned mystical-type experience in

combination with meditation and other spiritual practices produces

enduring positive changes in psychological functioning and in trait measures

of prosocial attitudes and behaviors. J Psychopharmacol. (2018) 32:49–

69. doi: 10.1177/0269881117731279

267. Preller KH, Pokorny T, Hock A, Kraehenmann R, Stämpfli P, Seifritz

E, et al. Effects of serotonin 2A/1A receptor stimulation on social

exclusion processing. Proc Natl Acad Sci U S A. (2016) 113:5119–

24. doi: 10.1073/pnas.1524187113

268. Pokorny T, Preller KH, Kometer M, Dziobek I, Vollenweider

FX. Effect of psilocybin on empathy and moral decision-making.

Int J Neuropsychopharmacol. (2017) 20:747–57. doi: 10.1093/ijnp/

pyx047

269. De Gregorio D, Popic J, Enns JP, Inserra A, Skalecka A, Markopoulos A,

et al. Lysergic acid diethylamide (LSD) promotes social behavior through

mTORC1 in the excitatory neurotransmission. Proc Nat Acad Sci. (2021)

118:e2020705118. doi: 10.1073/pnas.2020705118

270. Mollinedo-Gajate I, Song C, Sintes-Rodriguez M, Whelan T, Soula A,

Selimbeyoglu A, et al. Psilocybin rescues sociability deficits in an animal

model of autism. bioRxiv. (2020). doi: 10.1101/2020.09.09.289348

271. Carhart-Harris RL, Erritzoe D, Haijen E, Kaelen M, Watts R.

Psychedelics and connectedness. Psychopharmacology (Berl). (2018)

235:547–50. doi: 10.1007/s00213-017-4701-y

272. Kettner H, Rosas FE, Timmermann C, Kärtner L, Charhart-Harris

RL, Roseman L. Psychedelic communitas: intersubjective experience

during psychedelic group sessions predicts enduring changes in

psychological wellbeing and social connectedness. Front Pharmacol.

(2021) 12:e623985. doi: 10.3389/fphar.2021.623985

273. Lyons T, Carhart-Harris RL. Increased nature relatedness

and decreased authoritarian political views after psilocybin

for treatment-resistant depression. J Psychopharmacol. (2018)

32:811–9. doi: 10.1177/0269881117748902

274. Kettner H, Gandy S, Haijen E, Carhart-Harris RL. From egoism to ecoism:

psychedelics increase nature relatedness in a state-mediated and context-

dependent manner. Int J Environ Res Public Health. (2019) 16:5147.

doi: 10.3390/ijerph16245147

275. Gandy S, Forstmann M, Carhart-Harris RL, Timmermann C, Luke D, Watts

R. The potential synergistic effects between psychedelic administration and

nature contact for the improvement of mental health. Health Psychology

Open. (2020) 7:2055102920978123. doi: 10.1177/2055102920978123

276. Forstmann M, Sagioglou C. Lifetime experience with (classic)

psychedelics predicts pro-environmental behavior through

an increase in nature relatedness. J Psychopharmacol. (2017)

31:975–88. doi: 10.1177/0269881117714049

277. 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) 187:268–83; discussion 284–92. doi: 10.1007/s00213-006-

0457-5

278. Roseman L, Ron Y, Saca A, Ginsberg N, Luan L, Karkabi N, et al. Relational

processes in ayahuasca groups of palestinians and israelis. Front Pharmacol.

(2021) 12:e607529. doi: 10.3389/fphar.2021.607529

279. Breeksema JJ, Niemeijer AR, Krediet E, Vermetten E, Schoevers RA.

Psychedelic treatments for psychiatric disorders: a systematic review and

thematic synthesis of patient experiences in qualitative studies. CNS Drugs.

(2020) 34:925–46. doi: 10.1007/s40263-020-00748-y

280. Ebisch SJH, Aleman A. The fragmented self: imbalance between intrinsic

and extrinsic self-networks in psychotic disorders. Lancet Psychiatry. (2016)

3:784–90. doi: 10.1016/S2215-0366(16)00045-6

281. Kapur S. Psychosis as a state of aberrant salience: a framework linking

biology, phenomenology, and pharmacology in schizophrenia. Am J

Psychiatry. (2003) 160:13–23. doi: 10.1176/appi.ajp.160.1.13

282. Li P, Snyder GL, Vanover KE. Dopamine targeting drugs for the treatment

of schizophrenia: past, present and future. Curr Top Med Chem. (2016)

16:3385–403. doi: 10.2174/1568026616666160608084834

283. Stenbæk DS, MadsenMK, Ozenne B, Kristiansen S, Burmester D, Erritzoe D,

et al. Brain serotonin 2A receptor binding predicts subjective temporal and

mystical effects of psilocybin in healthy humans. J Psychopharmacol. (2020)

35:459–68. doi: 10.1177/0269881120959609

284. Buckner RL, Andrews-Hanna JR, Schacter DL. The brain’s default network:

anatomy, function, and relevance to disease. Ann N Y Acad Sci. (2008)

1124:1–38. doi: 10.1196/annals.1440.011

285. Carhart-Harris RL, Friston KJ. The default-mode, ego-functions and free-

energy: a neurobiological account of Freudian ideas. Brain. (2010) 133:1265–

83. doi: 10.1093/brain/awq010

286. Knyazev GG, Savostyanov AN, Bocharov AV, Levin EA, Rudych PD. Intrinsic

connectivity networks in the self- and other-referential processing. Front

Human Neurosci. (2020) 14:e579703. doi: 10.3389/fnhum.2020.579703

287. Soto D, Theodoraki M, Paz-Alonso PM. How the human brain introspects

about one’s own episodes of cognitive control. Cortex. (2018) 107:110–

20. doi: 10.1016/j.cortex.2017.10.016

288. Müller F, Holze F, Dolder P, Ley L, Vizeli P, Soltermann A,

et al. MDMA-induced changes in within-network connectivity

Frontiers in Psychiatry | www.frontiersin.org 36 December 2021 | Volume 12 | Article 800072258

https://doi.org/10.1136/rapm-2020-101273
https://doi.org/10.3389/fpsyt.2021.735427
https://doi.org/10.1016/S2215-0366(20)30136-X
https://doi.org/10.3389/fphar.2020.602590
https://doi.org/10.1016/j.tics.2011.11.013
https://doi.org/10.1126/science.aam6383
https://doi.org/10.1038/s41593-020-00742-z
https://doi.org/10.1016/S2468-2667(19)30230-0
https://doi.org/10.1038/s41386-019-0324-9
https://doi.org/10.1523/JNEUROSCI.1939-17.2018
https://doi.org/10.1038/s41598-020-68899-y
https://doi.org/10.1093/ijnp/pyx036
https://doi.org/10.1002/hbm.22833
https://doi.org/10.1177/0269881117731279
https://doi.org/10.1073/pnas.1524187113
https://doi.org/10.1093/ijnp/pyx047
https://doi.org/10.1073/pnas.2020705118
https://doi.org/10.1101/2020.09.09.289348
https://doi.org/10.1007/s00213-017-4701-y
https://doi.org/10.3389/fphar.2021.623985
https://doi.org/10.1177/0269881117748902
https://doi.org/10.3390/ijerph16245147
https://doi.org/10.1177/2055102920978123
https://doi.org/10.1177/0269881117714049
https://doi.org/10.1007/s00213-006-0457-5
https://doi.org/10.3389/fphar.2021.607529
https://doi.org/10.1007/s40263-020-00748-y
https://doi.org/10.1016/S2215-0366(16)00045-6
https://doi.org/10.1176/appi.ajp.160.1.13
https://doi.org/10.2174/1568026616666160608084834
https://doi.org/10.1177/0269881120959609
https://doi.org/10.1196/annals.1440.011
https://doi.org/10.1093/brain/awq010
https://doi.org/10.3389/fnhum.2020.579703
https://doi.org/10.1016/j.cortex.2017.10.016
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Kelly et al. Psychedelic Therapy’s Transdiagnostic Effects

contradict the specificity of these alterations for the effects of

serotonergic hallucinogens. Neuropsychopharmacology. (2020) 46:545–53.

doi: 10.1038/s41386-020-00906-2

289. Doss MK, May DG, Johnson MW, Clifton JM, Hedrick SL, Prisinzano

TE, et al. The acute effects of the atypical dissociative hallucinogen

salvinorin A on functional connectivity in the human brain. Sci Rep. (2020)

10:16392. doi: 10.1038/s41598-020-73216-8

290. Luppi AI, Carhart-Harris RL, Roseman L, Pappas I, Menon DK, Stamatakis

EA, et al. alters dynamic integration and segregation in the human brain.

Neuroimage. (2021) 227:117653. doi: 10.1016/j.neuroimage.2020.117653

291. Tagliazucchi E, Roseman L, Kaelen M, Orban C, Muthukumaraswamy

SD, Murphy K, et al. Increased global functional connectivity

correlates with LSD-induced ego dissolution. Curr Biol. (2016)

26:1043–50. doi: 10.1016/j.cub.2016.02.010

292. Luppi AI, Craig MM, Pappas I, Finoia P, Williams GB, Allanson

J, et al. Consciousness-specific dynamic interactions of brain

integration and functional diversity. Nat Commun. (2019)

10:4616. doi: 10.1038/s41467-019-12658-9

293. Lord LD, Expert P, Atasoy S, Roseman L, Rapuano K, Lambiotte

R, et al. Dynamical exploration of the repertoire of brain

networks at rest is modulated by psilocybin. Neuroimage. (2019)

199:127–42. doi: 10.1016/j.neuroimage.2019.05.060

294. Varley TF, Carhart-Harris R, Roseman L, Menon DK, Stamatakis EA.

Serotonergic psychedelics LSD and psilocybin increase the fractal dimension

of cortical brain activity in spatial and temporal domains. Neuroimage.

(2020) 220:117049. doi: 10.1016/j.neuroimage.2020.117049

295. Mcculloch DE, Madsen MK, Stenbæk DS, Kristiansen S, Ozenne B, Jensen

PS, et al. Lasting effects of a single psilocybin dose on resting-state

functional connectivity in healthy individuals. J Psychopharmacol. (2021)

2698811211026454. doi: 10.1177/02698811211026454

296. Uddin LQ. Cognitive and behavioural flexibility: neural mechanisms

and clinical considerations. Nature Reviews Neuroscience. (2021) 22:167–

79. doi: 10.1038/s41583-021-00428-w

297. Nichols DE. Hallucinogens. Pharmacol Ther. (2004) 101:131–

81. doi: 10.1016/j.pharmthera.2003.11.002

298. Kim C, Cilles SE, Johnson NF, Gold BT. Domain general and domain

preferential brain regions associated with different types of task switching: a

meta-analysis. Hum Brain Mapp. (2012) 33:130–42. doi: 10.1002/hbm.21199

299. Zhang G, Stackman RW. The role of serotonin 5-HT2A

receptors in memory and cognition. Front Pharmacol. (2015)

6:e00225. doi: 10.3389/fphar.2015.00225

300. Barrett FS, Carbonaro TM, Hurwitz E, Johnson MW, Griffiths RR.

Double-blind comparison of the two hallucinogens psilocybin and

dextromethorphan: effects on cognition. Psychopharmacology. (2018)

235:2915–27. doi: 10.1007/s00213-018-4981-x

301. Bayne T, Carter O. Dimensions of consciousness and the psychedelic state.

Neurosci Consciousness. (2018) 2018:niy008. doi: 10.1093/nc/niy008

302. Pokorny T, Duerler P, Seifritz E, Vollenweider FX, Preller KH. LSD

acutely impairs working memory, executive functions, cognitive flexibility.

but not risk-based decision-making. Psychol Med. (2019) 50:2255–64.

doi: 10.1101/532234

303. Carter OL, Burr DC, Pettigrew JD, Wallis GM, Hasler F, Vollenweider FX.

Using psilocybin to investigate the relationship between attention, working

memory, and the serotonin 1A and 2A receptors. J Cogn Neurosci. (2005)

17:1497–508. doi: 10.1162/089892905774597191

304. Kanen JW, Luo Q, Kandroodi MR, Cardinal RN, Robbins TW, Carhart-

Harris RL, et al. Effect of lysergic acid diethylamide (LSD) on reinforcement

learning in humans. bioRxiv. (2021) 2020.12.04.412189.

305. Murphy-Beiner A, Soar K. Ayahuasca’s ‘afterglow’: improved mindfulness

and cognitive flexibility in ayahuasca drinkers. Psychopharmacology. (2020)

237:1161–9. doi: 10.1007/s00213-019-05445-3

306. Waltz JA. The neural underpinnings of cognitive flexibility

and their disruption in psychotic illness. Neuroscience. (2017)

345:203–17. doi: 10.1016/j.neuroscience.2016.06.005

307. Kraehenmann R, Pokorny D, Vollenweider L, Preller KH, Pokorny T, Seifritz

E, et al. Dreamlike effects of LSD on waking imagery in humans depend

on serotonin 2A receptor activation. Psychopharmacology (Berl). (2017)

234:2031–46. doi: 10.1007/s00213-017-4610-0

308. Wießner I, Falchi M, Palhano-Fontes F, Oliveira Maia L, Feilding A,

Ribeiro S, et al. Low-dose LSD and the stream of thought: increased

discontinuity of mind, deep thoughts and abstract flow. Psychopharmacology.

(2021). doi: 10.1007/s00213-021-06006-3

309. Krimmel SR, White MG, Panicker MH, Barrett FS, Mathur BN,

Seminowicz DA. Resting state functional connectivity and cognitive task-

related activation of the human claustrum. Neuroimage. (2019) 196:59–

67. doi: 10.1016/j.neuroimage.2019.03.075

310. Barrett FS, Krimmel SR, Griffiths R, Seminowicz DA, Mathur BN. Psilocybin

acutely alters the functional connectivity of the claustrum with brain

networks that support perception, memory, and attention. Neuroimage.

(2020) 218:116980. doi: 10.1016/j.neuroimage.2020.116980

311. Smith JB, Watson GDR, Liang Z, Liu Y, Zhang N, Alloway KD. A

role for the claustrum in salience processing? Front Neuroanat. (2019)

13:e00064. doi: 10.3389/fnana.2019.00064

312. Mallikarjun PK, Lalousis PA, Dunne TF, Heinze K. Reniers, RLEP, Broome

MR, et al. Aberrant salience network functional connectivity in auditory

verbal hallucinations: a first episode psychosis sample. Transl Psychiatry.

(2018) 8:69. doi: 10.1038/s41398-018-0118-6

313. Fineberg NA, Menchon JM, Zohar J, Veltman DJ. Compulsivity—

a new trans-diagnostic research domain for the roadmap for

mental health research in Europe (ROAMER) and research domain

criteria (RDoC) initiatives. Eur Neuropsychopharmacol. (2016)

26:797–9. doi: 10.1016/j.euroneuro.2016.04.001

314. Gillan CM, Robbins TW, Sahakian BJ, Van Den Heuvel OA, Van Wingen

G. The role of habit in compulsivity. Eur Neuropsychopharmacol. (2016)

26:828–40. doi: 10.1016/j.euroneuro.2015.12.033

315. Gillan CM, Kalanthroff E, Evans M, Weingarden HM, Jacoby

RJ, Gershkovich M, et al. Comparison of the association

between goal-directed planning and self-reported compulsivity vs.

obsessive-compulsive disorder diagnosis. JAMA Psychiatry. (2019)

77:1–10. doi: 10.1001/jamapsychiatry.2019.2998

316. Dougherty DD, Brennan BP, Stewart SE, Wilhelm S, Widge AS, Rauch

SL. Neuroscientifically informed formulation and treatment planning for

patients with obsessive-compulsive disorder: a review. JAMA Psychiatry.

(2018) 75:1081–7. doi: 10.1001/jamapsychiatry.2018.0930

317. Matsushima Y, Shirota O, Kikura-Hanajiri R, Goda Y, Eguchi F. Effects of

psilocybe argentipes on marble-burying behavior in mice. Biosci Biotechnol

Biochem. (2009) 73:1866–8. doi: 10.1271/bbb.90095

318. Odland AU, Kristensen JL, Andreasen JT. Investigating the role of 5-

HT2A and 5-HT2C receptor activation in the effects of psilocybin, DOI

and citalopram on marble burying in mice. Behav Brain Res. (2021)

401:113093. doi: 10.1016/j.bbr.2020.113093

319. Ehrlich S, Geisler D, Ritschel F, King JA, Seidel M, Boehm I, et al.

Elevated cognitive control over reward processing in recovered female

patients with anorexia nervosa. J Psychiatry Neurosci. (2015) 40:307–

15. doi: 10.1503/jpn.140249

320. Treasure J, Zipfel S, Micali N, Wade T, Stice E, Claudino A, et al. Anorexia

nervosa. Nat Rev Disease Primers. (2015) 1:15074. doi: 10.1038/nrdp.2015.74

321. Foldi CJ, Liknaitzky P, Williams M, Oldfield BJ. Rethinking

therapeutic strategies for anorexia nervosa: insights from

psychedelic medicine and animal models. Front Neurosci. (2020)

14:e00043. doi: 10.3389/fnins.2020.00043

322. Spriggs MJ, Douglass HM, Park RJ, Read T, Danby JL, De Magalhães

FJC, et al. (2021). Study Protocol for “Psilocybin as a Treatment

for Anorexia Nervosa: A Pilot Study”. Frontiers in Psychiatry

12. doi: 10.3389/fpsyt.2021.735523

323. Cherry KM, Hoeven EV, Patterson TS, Lumley MN. Defining and

measuring “psychological flexibility”: a narrative scoping review of diverse

flexibility and rigidity constructs and perspectives. Clin Psychol Rev. (2021)

84:101973. doi: 10.1016/j.cpr.2021.101973

324. Christoff K, Irving ZC, Fox KCR, Spreng RN, Andrews-Hanna JR. Mind-

wandering as spontaneous thought: a dynamic framework.Nat Rev Neurosci.

(2016) 17:718–31. doi: 10.1038/nrn.2016.113

325. Davis AK, Barrett FS, Griffiths RR. Psychological flexibility mediates

the relations between acute psychedelic effects and subjective

decreases in depression and anxiety. J Context Behav Sci. (2020)

15:39–45. doi: 10.1016/j.jcbs.2019.11.004

Frontiers in Psychiatry | www.frontiersin.org 37 December 2021 | Volume 12 | Article 800072259

https://doi.org/10.1038/s41386-020-00906-2
https://doi.org/10.1038/s41598-020-73216-8
https://doi.org/10.1016/j.neuroimage.2020.117653
https://doi.org/10.1016/j.cub.2016.02.010
https://doi.org/10.1038/s41467-019-12658-9
https://doi.org/10.1016/j.neuroimage.2019.05.060
https://doi.org/10.1016/j.neuroimage.2020.117049
https://doi.org/10.1177/02698811211026454
https://doi.org/10.1038/s41583-021-00428-w
https://doi.org/10.1016/j.pharmthera.2003.11.002
https://doi.org/10.1002/hbm.21199
https://doi.org/10.3389/fphar.2015.00225
https://doi.org/10.1007/s00213-018-4981-x
https://doi.org/10.1093/nc/niy008
https://doi.org/10.1101/532234
https://doi.org/10.1162/089892905774597191
https://doi.org/10.1007/s00213-019-05445-3
https://doi.org/10.1016/j.neuroscience.2016.06.005
https://doi.org/10.1007/s00213-017-4610-0
https://doi.org/10.1007/s00213-021-06006-3
https://doi.org/10.1016/j.neuroimage.2019.03.075
https://doi.org/10.1016/j.neuroimage.2020.116980
https://doi.org/10.3389/fnana.2019.00064
https://doi.org/10.1038/s41398-018-0118-6
https://doi.org/10.1016/j.euroneuro.2016.04.001
https://doi.org/10.1016/j.euroneuro.2015.12.033
https://doi.org/10.1001/jamapsychiatry.2019.2998
https://doi.org/10.1001/jamapsychiatry.2018.0930
https://doi.org/10.1271/bbb.90095
https://doi.org/10.1016/j.bbr.2020.113093
https://doi.org/10.1503/jpn.140249
https://doi.org/10.1038/nrdp.2015.74
https://doi.org/10.3389/fnins.2020.00043
https://doi.org/10.3389/fpsyt.2021.735523
https://doi.org/10.1016/j.cpr.2021.101973
https://doi.org/10.1038/nrn.2016.113
https://doi.org/10.1016/j.jcbs.2019.11.004
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Kelly et al. Psychedelic Therapy’s Transdiagnostic Effects

326. Girn M, Mills C, Roseman L, Carhart-Harris RL, Christoff K. Updating the

dynamic framework of thought: creativity and psychedelics. Neuroimage.

(2020) 213:116726. doi: 10.1016/j.neuroimage.2020.116726

327. Mason NL, Kuypers KPC, Reckweg JT, Müller F, Tse DHY, Da Rios B, et al.

Spontaneous and deliberate creative cognition during and after psilocybin

exposure. Transl Psychiatry. (2021) 11:209. doi: 10.1038/s41398-021-01335-5

328. Heekeren K, Neukirch A, Daumann J, Stoll M, Obradovic M,

Kovar KA, et al. Prepulse inhibition of the startle reflex and

its attentional modulation in the human S-ketamine and NN-

dimethyltryptamine (DMT) models of psychosis. J Psychopharmacol.

(2007) 21:312–20. doi: 10.1177/0269881107077734

329. Daumann J, Heekeren K, Neukirch A, Thiel CM, Möller-Hartmann W,

Gouzoulis-Mayfrank E. Pharmacological modulation of the neural basis

underlying inhibition of return (IOR) in the human 5-HT2A agonist and

NMDA antagonist model of psychosis. Psychopharmacology (Berl). (2008)

200:573–83. doi: 10.1007/s00213-008-1237-1

330. Sanz C, Pallavicini C, Carrillo F, Zamberlan F, Sigman M, Mota N, et al. The

entropic tongue: disorganization of natural language under LSConsciousness

D. Cognition. (2021) 87:103070. doi: 10.1016/j.concog.2020.103070

331. Corcoran CM, Carrillo F, Fernández-Slezak D, Bedi G, Klim C, Javitt

DC, et al. Prediction of psychosis across protocols and risk cohorts

using automated language analysis. World Psychiatry. (2018) 17:67–

75. doi: 10.1002/wps.20491

332. Low DM, Bentley KH, Ghosh SS. Automated assessment of psychiatric

disorders using speech: a systematic review. Laryngosc Investig Otolaryngol.

(2020) 5:96–116. doi: 10.1002/lio2.354

333. Birnbaum ML, Ernala SK, Rizvi AF, Arenare ER, Van Meter A, et al.

Detecting relapse in youth with psychotic disorders utilizing patient-

generated and patient-contributed digital data from Facebook npj.

Schizophrenia. (2019) 5:17. doi: 10.1038/s41537-019-0085-9

334. Carbonaro TM, Johnson MW, Hurwitz E, Griffiths RR. Double-blind

comparison of the two hallucinogens psilocybin and dextromethorphan:

similarities and differences in subjective experiences. Psychopharmacology

(Berl). (2018) 235:521–34. doi: 10.1007/s00213-017-4769-4

335. Kometer M, Vollenweider FX. Serotonergic Hallucinogen-Induced

Visual Perceptual Alterations. Curr Top Behav Neurosci. (2018)

36:257–82. doi: 10.1007/7854_2016_461

336. Schartner MM, Timmermann C. Neural network

models for DMT-induced visual hallucinations. Neurosci

Conscious. (2020) 2020:niaa024. doi: 10.1093/nc/nia

a024

337. Wittmann M, Carter O, Hasler F, Cahn BR, Grimberg U, Spring P, et al.

Effects of psilocybin on time perception and temporal control of behaviour

in humans. J Psychopharmacol. (2007) 21:50–64. doi: 10.1177/026988110606

5859

338. Yanakieva S, Polychroni N, Family N, Williams LTJ, Luke

DP, Terhune DB. The effects of microdose LSD on time

perception: a randomised, double-blind, placebo-controlled trial.

Psychopharmacology. (2019) 236:1159–70. doi: 10.1007/s00213-018-5

119-x

339. Sinke C, Halpern JH, Zedler M, Neufeld J, Emrich HM,

Passie T. Genuine and drug-induced synesthesia: a comparison.

Conscious Cogn. (2012) 21:1419–34. doi: 10.1016/j.concog.2012.0

3.009

340. Luke D, Terhune D. The induction of synaesthesia with chemical agents: a

systematic review. Front Psychol. (2013) 4:e00753. doi: 10.3389/fpsyg.2013.0

0753

341. Leptourgos P, Fortier-Davy M, Carhart-Harris R, Corlett PR, Dupuis

D, Halberstadt AL, et al. Hallucinations under psychedelics and in the

schizophrenia spectrum: an interdisciplinary and multiscale comparison.

Schizophr Bull. (2020) 46:1396–408. doi: 10.1093/schbul/sbaa117

342. Ren J, Xiang J, Chen Y, Li F, Wu T, Shi J. Abnormal functional

connectivity under somatosensory stimulation in migraine: a multi-

frequency magnetoencephalography study. J Headache Pain. (2019)

20:3. doi: 10.1186/s10194-019-0958-3

343. Timmermann C, Roseman L, Schartner M,Milliere R,Williams LTJ, Erritzoe

D, et al. Neural correlates of the DMT experience assessed with multivariate

EEG. Sci Rep. (2019) 9:16324. doi: 10.1038/s41598-019-51974-4

344. Alamia A, Timmermann C, Nutt DJ, Vanrullen R, Carhart-

Harris RL. DMT alters cortical travelling waves. Elife. (2020)

9:e59784. doi: 10.7554/eLife.59784.sa2

345. Vejmola C, Tylš F, Piorecká V, Koudelka V, Kaderábek L, Novák T, et al.

Psilocin, LSD mescaline, and DOB all induce broadband desynchronization

of EEG and disconnection in rats with robust translational validity. Transl

Psychiatry. (2021) 11:506. doi: 10.1038/s41398-021-01603-4

346. Orsolini L, Papanti GD, De Berardis D, Guirguis A, Corkery

JM, Schifano F. The “Endless Trip” among the NPS Users:

psychopathology and psychopharmacology in the hallucinogen-persisting

perception disorder. A systematic review. Front Psychiatry. (2017)

8:240. doi: 10.3389/fpsyt.2017.00240

347. Halpern JH, Lerner AG, Passie T. A review of hallucinogen persisting

perception disorder (HPPD) and an exploratory study of subjects

claiming symptoms of HPPD. Curr Top Behav Neurosci. (2018) 36:333–

60. doi: 10.1007/7854_2016_457

348. Martinotti G, Santacroce R, Pettorruso M, Montemitro C, Spano

MC, Lorusso M, et al. Hallucinogen persisting perception disorder:

etiology, clinical features, therapeutic perspectives. Brain Sci. (2018)

8:47. doi: 10.3390/brainsci8030047

349. Edwards MJ, Adams RA, Brown H, Pareés I, Friston KJ. A Bayesian account

of ‘hysteria’. Brain. (2012) 135:3495–512. doi: 10.1093/brain/aws129

350. Boeckle M, Liegl G, Jank R, Pieh C. Neural correlates of conversion disorder:

overview and meta-analysis of neuroimaging studies on motor conversion

disorder. BMC Psychiatry. (2016) 16:195. doi: 10.1186/s12888-016-0890-x

351. Pick S, Goldstein LH, Perez DL, Nicholson TR. Emotional processing

in functional neurological disorder: a review, biopsychosocial model

and research agenda. J Neurol Neurosurg Psychiatry. (2019) 90:704–

11. doi: 10.1136/jnnp-2018-319201

352. Butler M, Seynaeve M, Nicholson TR, Pick S, Kanaan RA,

Lees A, et al. Psychedelic treatment of functional neurological

disorder: a systematic review. Therap Adv Psychopharmacol. (2020)

10:2045125320912125. doi: 10.1177/2045125320912125

353. Stewart B, Dean JG, Koek A, Chua J, Wabl R, Martin K, et al. Psychedelic-

assisted therapy for functional neurological disorders: a theoretical

framework and review of prior reports. Pharmacol Res Perspect. (2020)

8:e00688. doi: 10.1002/prp2.688

354. Preller K. Altered prediction-error processing may underlie

psilocybin-induced changes in self-processing. Biol Psychiatry. (2021)

89:S6. doi: 10.1016/j.biopsych.2021.02.036

355. Kelly JR, Clarke G, Cryan JF, Dinan TG. Dimensional thinking in psychiatry

in the era of the research domain criteria (RDoC). Ir J Psychol Med. (2018)

35:89–94. doi: 10.1017/ipm.2017.7

356. Nikolova VL, Smith MRB, Hall LJ, Cleare AJ, Stone JM, Young

AH. Perturbations in gut microbiota composition in psychiatric

disorders: a review and meta-analysis. JAMA Psychiatry. (2021)

e21573. doi: 10.1001/jamapsychiatry.2021.2573

357. Kelly JR, Kennedy PJ, Cryan JF, Dinan TG, Clarke G, Hyland NP.

Breaking down the barriers: the gut microbiome, intestinal permeability

and stress-related psychiatric disorders. Front Cell Neurosci. (2015)

9:392. doi: 10.3389/fncel.2015.00392

358. Cryan JF. O’riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS, Boehme

M, et al. The microbiota-gut-brain axis. Physiol Rev. (2019) 99:1877–

2013. doi: 10.1152/physrev.00018.2018

359. Kelly JR, Borre YCOB, Patterson E, El Aidy S, Deane J, Kennedy PJ,

et al. Transferring the blues: depression-associated gut microbiota induces

neurobehavioural changes in the rat. J Psychiatr Res. (2016) 82:109–18.

doi: 10.1016/j.jpsychires.2016.07.019

360. Erny D, Hrabe De Angelis AL, Jaitin D, Wieghofer P, Staszewski O, David

E, et al. Host microbiota constantly control maturation and function of

microglia in the CNS. Nat Neurosci. (2015) 18:965–77. doi: 10.1038/nn.4030

361. O’mahony SM, Clarke G, Borre YE, Dinan TG, Cryan JF. Serotonin,

tryptophanmetabolism and the brain-gut-microbiome axis. Behav Brain Res.

(2015) 277:32–48. doi: 10.1016/j.bbr.2014.07.027

362. Sudo N, Chida Y, Aiba Y, Sonoda J, Oyama N, Yu XN, et al.

Postnatal microbial colonization programs the hypothalamic-pituitary-

adrenal system for stress response in mice. J Physiol. (2004) 558:263–

75. doi: 10.1113/jphysiol.2004.063388

Frontiers in Psychiatry | www.frontiersin.org 38 December 2021 | Volume 12 | Article 800072260

https://doi.org/10.1016/j.neuroimage.2020.116726
https://doi.org/10.1038/s41398-021-01335-5
https://doi.org/10.1177/0269881107077734
https://doi.org/10.1007/s00213-008-1237-1
https://doi.org/10.1016/j.concog.2020.103070
https://doi.org/10.1002/wps.20491
https://doi.org/10.1002/lio2.354
https://doi.org/10.1038/s41537-019-0085-9
https://doi.org/10.1007/s00213-017-4769-4
https://doi.org/10.1007/7854_2016_461
https://doi.org/10.1093/nc/niaa024
https://doi.org/10.1177/0269881106065859
https://doi.org/10.1007/s00213-018-5119-x
https://doi.org/10.1016/j.concog.2012.03.009
https://doi.org/10.3389/fpsyg.2013.00753
https://doi.org/10.1093/schbul/sbaa117
https://doi.org/10.1186/s10194-019-0958-3
https://doi.org/10.1038/s41598-019-51974-4
https://doi.org/10.7554/eLife.59784.sa2
https://doi.org/10.1038/s41398-021-01603-4
https://doi.org/10.3389/fpsyt.2017.00240
https://doi.org/10.1007/7854_2016_457
https://doi.org/10.3390/brainsci8030047
https://doi.org/10.1093/brain/aws129
https://doi.org/10.1186/s12888-016-0890-x
https://doi.org/10.1136/jnnp-2018-319201
https://doi.org/10.1177/2045125320912125
https://doi.org/10.1002/prp2.688
https://doi.org/10.1016/j.biopsych.2021.02.036
https://doi.org/10.1017/ipm.2017.7
https://doi.org/10.1001/jamapsychiatry.2021.2573
https://doi.org/10.3389/fncel.2015.00392
https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1016/j.jpsychires.2016.07.019
https://doi.org/10.1038/nn.4030
https://doi.org/10.1016/j.bbr.2014.07.027
https://doi.org/10.1113/jphysiol.2004.063388
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Kelly et al. Psychedelic Therapy’s Transdiagnostic Effects

363. Bravo JA, Forsythe P, ChewMV, Escaravage E, Savignac HM, Dinan TG, et al.

Ingestion of Lactobacillus strain regulates emotional behavior and central

GABA receptor expression in a mouse via the vagus nerve. Proc Natl Acad

Sci USA. (2011) 108:16050–5. doi: 10.1073/pnas.1102999108

364. Stilling RM, Van De Wouw M, Clarke G, Stanton C, Dinan TG,

Cryan JF. The neuropharmacology of butyrate: the bread and

butter of the microbiota-gut-brain axis? Neurochem Int. (2016)

99:110–32. doi: 10.1016/j.neuint.2016.06.011

365. Codagnone MG, Spichak S, O’mahony SM, O’leary OF, Clarke G,

Stanton C, et al. Programming bugs: microbiota and the developmental

origins of brain health and disease. Biol Psychiatry. (2019) 85:150–

63. doi: 10.1016/j.biopsych.2018.06.014

366. Kelly JR, Minuto C, Cryan JF, Clarke G, Dinan TG. The role of the gut

microbiome in the development of schizophrenia. Schizophr Res. (2020)

234:4–23. doi: 10.1016/j.schres.2020.02.010

367. Diaz Heijtz R, Wang S, Anuar F, Qian Y, Bjorkholm B, Samuelsson A, et al.

Normal gut microbiota modulates brain development and behavior. Proc

Natl Acad Sci USA. (2011) 108:3047–52. doi: 10.1073/pnas.1010529108

368. Braniste V, Al-Asmakh M, Kowal C, Anuar F, Abbaspour A, Toth M, et al.

The gut microbiota influences blood-brain barrier permeability in mice. Sci

Transl Med. (2014) 6:263ra158. doi: 10.1126/scitranslmed.3009759

369. Ogbonnaya ES, Clarke G, Shanahan F, Dinan TG, Cryan JF. O’leary OF.

Adult hippocampal neurogenesis is regulated by the microbiome. Biol

Psychiatry. (2015) 78:e7–9. doi: 10.1016/j.biopsych.2014.12.023

370. Hoban AE, Stilling RM, Ryan FJ, Shanahan F, Dinan TG, Claesson MJ,

et al. Regulation of prefrontal cortex myelination by the microbiota. Transl

Psychiatry. (2016) 6:e774. doi: 10.1038/tp.2016.42

371. Luczynski P, Whelan SO, O’sullivan C, Clarke G, Shanahan F, Dinan TG,

et al. Adult microbiota-deficient mice have distinct dendritic morphological

changes: differential effects in the amygdala and hippocampus. Eur J

Neurosci. (2016) 44:2654–66. doi: 10.1111/ejn.13291

372. Desbonnet L, Clarke G, Shanahan F, Dinan TG, Cryan JF. Microbiota

is essential for social development in the mouse. Mol Psychiatry. (2014)

19:146–8. doi: 10.1038/mp.2013.65

373. Desbonnet L, Clarke G, Traplin A, O’sullivan O, Crispie F, Moloney

RD, et al. Gut microbiota depletion from early adolescence in mice:

implications for brain and behaviour. Brain Behav Immun. (2015) 48:165–

73. doi: 10.1016/j.bbi.2015.04.004

374. Clarke G, Sandhu KV, Griffin BT, Dinan TG, Cryan JF, Hyland NP. Gut

reactions: breaking down xenobiotic-microbiome interactions. Pharmacol

Rev. (2019) 71:198–224. doi: 10.1124/pr.118.015768

375. Zimmermann M, Zimmermann-Kogadeeva M, Wegmann R, Goodman

AL. Mapping human microbiome drug metabolism by gut bacteria

and their genes. Nature. (2019) 570:462–7. doi: 10.1038/s41586-019-

1291-3

376. Cussotto S, Walsh J, Golubeva AV, Zhdanov AV, Strain CR, Fouhy F,

et al. The gut microbiome influences the bioavailability of olanzapine

in rats. EBioMedicine. (2021) 66:103307. doi: 10.1016/j.ebiom.2021.10

3307

377. Dinan TG, Stilling RM, Stanton C, Cryan JF. Collective unconscious:

how gut microbes shape human behavior. J Psychiatr Res. (2015) 63:1–

9. doi: 10.1016/j.jpsychires.2015.02.021

378. Kuypers KPC. Psychedelic medicine: the biology underlying

the persisting psychedelic effects. Med Hypotheses. (2019)

125:21–4. doi: 10.1016/j.mehy.2019.02.029

379. Kelly BD. Psychiatry’s future: biology, psychology, legislation,

and “the fierce urgency of now”. Indian J Psychol Med. (2020)

42:189–92. doi: 10.4103/IJPSYM.IJPSYM_492_19

380. Insel TR. Star Neuroscientist Tom Insel Leaves the Google-Spawned Verily for

a Startup. (2017). Available online at: https://www.wired.com/2017/05/star-

neuroscientist-tom-insel-leaves-google-spawned-verily-startup/ (accessed

November 30, 2021).

381. Patrick CJ, Hajcak G. RDoC: translating promise into progress.

Psychophysiology. (2016) 53:415–24. doi: 10.1111/psyp.12612

382. Fusar-Poli P, Solmi M, Brondino N, Davies C, Chae C, Politi P, et al.

Transdiagnostic psychiatry: a systematic review. World Psychiatry. (2019)

18:192–207. doi: 10.1002/wps.20631

383. Ross CA, Margolis RL. Research domain criteria: cutting edge

neuroscience or galen’s humors revisited? Complex Psychiatry. (2018)

4:158–63. doi: 10.1159/000493685

384. Ross CA, Margolis RL. Research domain criteria: strengths, weaknesses, and

potential alternatives for future psychiatric research. Complex Psychiatry.

(2019) 5:218–36. doi: 10.1159/000501797

385. Sanislow CA. RDoC at 10: changing the discourse for psychopathology.

World Psychiatry. (2020) 19:311–2. doi: 10.1002/wps.20800

386. Garcia-Romeu A, Barrett FS, Carbonaro TM, Johnson MW, Griffiths

RR. Optimal dosing for psilocybin pharmacotherapy: considering weight-

adjusted and fixed dosing approaches. J Psychopharmacol. (2021) 35:353–

61. doi: 10.1177/0269881121991822

387. Nayak S, Gukasyan N, Barrett FS, Erowid E, Erowid F, Griffiths RR. Classic

psychedelic coadministration with lithium, but not lamotrigine, is associated

with seizures: an analysis of online psychedelic experience reports. PsyArXiv.

(2021) 54:240–5. doi: 10.1055/a-1524-2794

388. Tai SJ, Nielson EM, Lennard-Jones M, Johanna Ajantaival R-L, Winzer

R, et al. Development and evaluation of a therapist training program for

psilocybin therapy for treatment-resistant depression in clinical research.

Front Psychiatry. (2021) 12:e586682. doi: 10.3389/fpsyt.2021.586682

389. Zohar J, Stahl S, Moller H-J, Blier P, Kupfer D, Yamawaki S, et al. A review

of the current nomenclature for psychotropic agents and an introduction to

the neuroscience-based nomenclature. Eur Neuropsychopharmacol. (2015)

25:2318–25. doi: 10.1016/j.euroneuro.2015.08.019

390. Topol EJ. Individualized medicine from prewomb to tomb. Cell. (2014)

157:241–53. doi: 10.1016/j.cell.2014.02.012

391. ParkMJ, KimDJ, LeeU, Na EJ, JeonHJ. A literature overview of virtual reality

(VR) in treatment of psychiatric disorders: recent advances and limitations.

Front Psychiatry. (2019) 10:505. doi: 10.3389/fpsyt.2019.00505

392. Aday JS, Davoli CC, Bloesch EK. Psychedelics and virtual

reality: parallels and applications. Therap Adv Psychopharmacol.

(2020) 10:2045125320948356. doi: 10.1177/204512532094

8356

393. Gillan CM, Rutledge RB. Smartphones and the neuroscience

of mental health. Annu Rev Neurosci. (2021). 44:129–

51. doi: 10.1146/annurev-neuro-101220-014053

394. Carhart-Harris RL, Wagner AC, Agrawal M, Kettner H, Rosenbaum

JF, Gazzaley A, et al. Can pragmatic research, real-world data and

digital technologies aid the development of psychedelic medicine? J

Psychopharmacol. (2021) 2698811211008567. doi: 10.1177/0269881121100

8567

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Kelly, Gillan, Prenderville, Kelly, Harkin, Clarke and

O’Keane. This is an open-access article distributed under the terms of the

Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s)

and the copyright owner(s) are credited and that the original publication in

this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychiatry | www.frontiersin.org 39 December 2021 | Volume 12 | Article 800072261

https://doi.org/10.1073/pnas.1102999108
https://doi.org/10.1016/j.neuint.2016.06.011
https://doi.org/10.1016/j.biopsych.2018.06.014
https://doi.org/10.1016/j.schres.2020.02.010
https://doi.org/10.1073/pnas.1010529108
https://doi.org/10.1126/scitranslmed.3009759
https://doi.org/10.1016/j.biopsych.2014.12.023
https://doi.org/10.1038/tp.2016.42
https://doi.org/10.1111/ejn.13291
https://doi.org/10.1038/mp.2013.65
https://doi.org/10.1016/j.bbi.2015.04.004
https://doi.org/10.1124/pr.118.015768
https://doi.org/10.1038/s41586-019-1291-3
https://doi.org/10.1016/j.ebiom.2021.103307
https://doi.org/10.1016/j.jpsychires.2015.02.021
https://doi.org/10.1016/j.mehy.2019.02.029
https://doi.org/10.4103/IJPSYM.IJPSYM_492_19
https://www.wired.com/2017/05/star-neuroscientist-tom-insel-leaves-google-spawned-verily-startup/
https://www.wired.com/2017/05/star-neuroscientist-tom-insel-leaves-google-spawned-verily-startup/
https://doi.org/10.1111/psyp.12612
https://doi.org/10.1002/wps.20631
https://doi.org/10.1159/000493685
https://doi.org/10.1159/000501797
https://doi.org/10.1002/wps.20800
https://doi.org/10.1177/0269881121991822
https://doi.org/10.1055/a-1524-2794
https://doi.org/10.3389/fpsyt.2021.586682
https://doi.org/10.1016/j.euroneuro.2015.08.019
https://doi.org/10.1016/j.cell.2014.02.012
https://doi.org/10.3389/fpsyt.2019.00505
https://doi.org/10.1177/2045125320948356
https://doi.org/10.1146/annurev-neuro-101220-014053
https://doi.org/10.1177/02698811211008567
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


HYPOTHESIS AND THEORY

published: 20 January 2022
doi: 10.3389/fpsyt.2021.774736

Frontiers in Psychiatry | www.frontiersin.org 1 January 2022 | Volume 12 | Article 774736

Edited by:

Antonio Metastasio,

Camden and Islington NHS

Foundation Trust, United Kingdom

Reviewed by:

Gregory Fonzo,

The University of Texas at Austin,

United States

Seth Davin Norrholm,

Wayne State University, United States

Rafael Lanza Lancelotta,

The Ohio State University,

United States

*Correspondence:

Darron T. Smith

dsmith47@memphis.edu

Specialty section:

This article was submitted to

Psychopathology,

a section of the journal

Frontiers in Psychiatry

Received: 12 September 2021

Accepted: 14 December 2021

Published: 20 January 2022

Citation:

Smith DT, Faber SC, Buchanan NT,

Foster D and Green L (2022) The

Need for Psychedelic-Assisted

Therapy in the Black Community and

the Burdens of Its Provision.

Front. Psychiatry 12:774736.

doi: 10.3389/fpsyt.2021.774736

The Need for Psychedelic-Assisted
Therapy in the Black Community and
the Burdens of Its Provision

Darron T. Smith 1*, Sonya C. Faber 2, NiCole T. Buchanan 3, Dale Foster 4 and Lilith Green 1

1Department of Sociology, The University of Memphis, Memphis, TN, United States, 2 Bioville GmbH, Leipzig, Germany,
3Department of Psychology, Michigan State University, East Lansing, MI, United States, 4Neuro-Source, Memphis, TN,

United States

Psychedelic medicine is an emerging field that examines entheogens, psychoactive

substances that produce non-ordinary states of consciousness (NOSC).

3,4-methylenedioxymethamphetamine (MDMA) is currently in phase-3 FDA clinical

trials in the United States (US) and Canada to treat the symptoms of posttraumatic

stress disorder (PTSD). MDMA is used in conjunction with manualized therapy, because

of its effectiveness in reducing fear-driven stimuli that contribute to trauma and anxiety

symptoms. In 2017, the FDA designated MDMA as a “breakthrough therapy,” signaling

that it has advantages in safety, efficacy, and compliance over available medication

for the treatment of trauma-, stress-, and anxiety-related disorders such as PTSD.

In the US and Canada, historical and contemporary racial mistreatment is frequently

experienced by Black people via a variety of macro and micro insults. Such experiences

trigger physiological responses of anxiety and fear, which are associated with chronically

elevated stress hormone levels (e.g., cortisol and epinephrine), similar to levels

documented among those diagnosed with an anxiety disorder. This paper will explore

the benefits of entheogens within psychedelic assisted-therapy and their potential

benefits in addressing the sequelae of pervasive and frequent negative race-based

experiences and promoting healing and thriving among Black, Indigenous and other

People of Color (BIPOC). The author(s) discuss the ethical responsibility for providing

psychedelic-assisted therapy within a culturally competent provider framework and

the importance of psychedelic researchers to recruit and retain BIPOC populations in

research and clinical training.

Keywords: African Americans, Black Americans, Black Canadian, racial trauma, race-based harassment and

discrimination, psychedelic research, psychedelic-assisted therapy

INTRODUCTION TO PSYCHEDELIC THERAPIES

Post-traumatic stress disorder (PTSD) can be debilitating for many people, as triggers (thoughts,
visuals, sounds, smells) reproduce the same physiological effect within the body as if the individual
is experiencing the actual trauma again at that moment (1). The current, most successful methods
of treating trauma or disorders caused by trauma can be incredibly harrowing for the patients
involved, as they often require that patients retell and, thereby relive, their traumatic experiences
(1). Though exposure-based therapies are the most effective for PTSD, individuals are asked to
revisit traumatic events dozens of times until they become fully desensitized. These treatments
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often trigger extreme emotional reactions and can reactivate
traumatic memories, which, in turn, may lead to a reluctance
to seek professional mental health care (2). There is, however, a
therapy through which patients have been able to experience past
traumatic events while attenuating the anxious activation often
associated with discussion of past traumas (3). The patient/client
can examine their trauma and their past, explore it from different
vantage points, discuss it without becoming retraumatized,
process it in new ways, and eventually sever the associated
misplaced feelings of guilt or shame. This is the promise of
psychedelic medicine, which multiple studies have show can
accelerate the healing process (4, 5).

These substances, long known in antiquity to provide
therapeutic benefits, have only recently been rehabilitated and
put to test in clinical studies to provide evidence for psychological
distress. Psychedelic medicine is an emerging field of research,
clinical and spiritual practice that examines substances classified
as hallucinogens in the human mind, body, and spirit (6).
Psychedelics, also referred to as entheogens, have been used for
thousands of years worldwide in religious ceremonies, rituals,
and healing (7). The discovery of the psychoactive properties of
substances such as LSD has led to research into other classical
psychedelics including mescaline and psilocybin, which are now
offering a novel avenue for the treatment of patients with an array
of psychiatric disorders that current medications cannot entirely
help (8). However, this space has been largely limited to White
people in the past 150 years for a multitude of reasons from
lack of access to concerns of legality, particularly with the over-
representation of black and brown inmates from drug-related
offenses to the limitation in the racial makeup of research subjects
and scholars (9, 10).

Throughout this paper, we will use PTSD as a model
indication because there is a greater body of literature and
more empirical studies addressing this indication. For people
of color, however, the emotional injury of racial trauma is the
overwhelming psychological harm for which improved tools
are needed. Racial trauma, sometimes resulting in PTSD, has
been neglected as a serious research subject, lacks established
diagnostic criteria, and most alarmingly, suffers from a lack of
clear treatment recommendations (11). Psychedelics are under
observation as a useful tool for the treatment of racial trauma
among a range of psychological disorders. In this paper, the
authors will foreground the racial trauma specifically experienced
by Black1 Americans, but we recognize more broadly the
experiences of Black, Indigenous and people of color (BIPOC),
who all share specific histories with racial oppression.

1Black here refers to a “racial group” defined by theUS government census. A racial

group is often related to, but not equivalent to one’s ethnic group identification

and is not necessarily associated with genetic relatedness ((12)). For the purpose of

this article, Black includes individuals racialized as Black (e.g., Black American,

African American, or Black Canadian). These individuals may be native to or

trace their origins to countries within the African Diaspora and where the native

people typically share darker skin shades; however, settler-colonialism has resulted

in Black people now having a full spectrum of skin shades. Importantly, Black is a

social category, and as such, a person racialized as Black in the US or Canada may

not be considered Black in other nations or societies (13).

This paper will first provide a brief history of and examine
the current status of psychedelic-assisted therapy as it pertains
to BIPOC and the reason why these substances can be so
helpful in treating race-based trauma. This paper also seeks to
illuminate the multi-layered gap between the approval of these
new substances and their use in BIPOC communities. Finally,
the authors will discuss how this gap is being bridged and
offer suggestions in improving greater access with regards to
researchers and participants of color.

It is important to note that psychedelic substances are not
designed to be a panacea of racial healing or trauma healing.
Without a trained specialist in the treatment of trauma, and
specifically race-based trauma, these experiences can leave the
patient vulnerable to their emotions and further add to their
trauma (e.g., (14)). In fact, true healing relies on societal change
within multiple institutions and community support along
with corrective interpersonal experiences of safety. When used
appropriately in conjunction with integrative therapy and self-
reflection processes, psychedelics can act as a powerful adjunct to
psychological healing.

POSITIONALITY STATEMENT

The authors of this manuscript are Black and White2

researchers in mental health and biotechnology, with direct
experience treating patients with psychedelics or research
interests in psychedelics. The authors have experienced or
witnessed racism that has resulted in increased stress, depression,
anger, shock, and trauma. It is the position of this paper
that BIPOC individuals should be able to access approved
psychedelic-assisted therapy treatments (with an experienced
therapist/facilitator) for emotional healing after exposure to
psychological trauma and the psychobiological consequences
that can follow.

The authors have interviewed numerous Black people who
have suffered from racial trauma as a result of large and small
wounds from a lifetime of discrimination. These individuals are
in immediate need of mental health services, yet express a fear
of psychedelic medicine, in particular, the vulnerability that an
altered consciousness brings with it. These concerns are not
unfounded. Psychedelic-assisted therapy can be unsafe when it
is led by an inexperienced provider or a therapist who does not
understand the nuances of racism (14). This paper aims to shine
a light on the situation of those in the BIPOC community who
could benefit from psychedelic treatments and provide a road
map for greater access to psychedelic-assisted treatment.

THE HISTORY AND POLITICS OF

PSYCHEDELIC RESEARCH

The first wave of the modern psychedelic movement in the US
came in the 1950’s and 1960’s, at a time when young people

2It is important to understand “Whiteness” as a construct and not a skin color.

Whiteness describes a privileged social and cultural group that acts as the accepted

and elevated standard to which other racial groups are compared. It is a forced

group membership that originated by oppressing people of color.
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were more openly experimenting with cannabis, heroin, and
magic mushrooms (psilocybin). At the same time, scientists
were studying these compounds, and clinical researchers were
finding positive medicinal effects of psychedelics in the treatment
of psychiatric disorders. These investigations yielded valuable
information, though often from unwitting participants of color
through government-funded research (15). The CIA actively
studied the effects of lysergic acid diethylamide (LSD) and other
mind-altering drugs to assess their use as agents of mind-control
and psychological torture in over a hundred experiments under
a project labeled MK Ultra (15). Often in the setting of prisons
and hospitals, the limits of these substances were explored in
test subjects who were not provided the courtesy of informed
consent nor had the power to decline. Strauss and colleagues (15)
in a recent review have documented the unjust and inhumane
utilization of primarily Black racialized, incarcerated men and
others institutionalized as psychiatric patients in numerous
questionable experiments with shoddy and unethical methods.

Scientific research into psychedelics in the US ground to
a halt in the 1970’s. With ongoing political unrest over Civil
Rights and the Vietnam war, the Nixon administration stoked
fears of lawlessness in efforts to justify punitive action taken on
this growing use into mind altering compounds. Nixon’s “War
on Drugs” campaign commenced in 1971 and would equate
anti-Vietnam war protests along with Blacks and Latinos with
newly designated illegal drugs (16). John Ehrlichman, former
White House counsel and Chief Domestic Advisor under Nixon,
ultimately admitted to Harper Magazine in 2016, “We knew we
couldn’t make it illegal to be either against the war or Black,
but by getting the public to associate the hippies with marijuana
and Blacks with heroin, and then criminalizing both heavily, we
could disrupt those communities. . . Did we know we were lying
about the drugs? Of course, we did” (17). Nixon set in motion
decades of federal policies through the disproportionate arrests
and incarceration of Black and Latino men for the transgression
of experimenting with psychedelics and other healing substances.

The repercussions of the Nixon administration’s heavy-
handed federal drug policy took on a life of its own as each
presidential administration has since continued policies aimed
at the persecution and criminalization of racialized minorities
for the use of these substances (e.g., Nancy Reagan’s “Just Say
No” campaign and Bill Clinton’s 1994 crime bill were part of the
effort to revisit and expand theWar on Drugs; (16)). These unjust
policies were carried forward, as it came to light later that the CIA
was involved in the disbursement of drugs such as crack cocaine
in the 1980’s to Black neighborhoods and even profiting off the
sales (18). This was all occurring despite the equivalent rate of sale
and consumption in White communities (19, 20). For example,
part of the Reagan-era Anti-Drug Abuse Act included a penalty
known as the “100-to-1 sentencing ratio.” for the same amount
of crack cocaine (typically used by Blacks) as powdered cocaine
(typically used by Whites). A minimum penalty of 5 years was
given for 5 grams of crack cocaine but for 500 grams of powdered
cocaine, in a deliberate attempt to keep White Americans out of
the dragnet (e.g., 21, 22). With the stroke of a presidential pen,
Black men would find themselves in shambles, hampered with
a trail of life-long negative consequences associated with having

greater contact with biased law enforcement and the potential of
lethal force (23).

The negative repercussions of this era remain an issue and
have left stigmas in both the affected communities and the
research into substances classified as illicit in the 1970’s and
1980’s. Psychedelic research later regained some traction in
the 1990’s, and its increase up to the current era has been
slow. America is attempting to come full circle. The country
is gradually reckoning with the racial trauma BIPOC have
experienced historically at the hands of a racially biased society
and its institutions (24). These traumas, occurring at the micro
and macro level of society, include police violence and the
explosion of the prison industrial complex sanctioned through
the “War on Drugs.” Meanwhile, society is gradually recognizing
that some of the very drugs at the root of the pathologic
expansion of the modern prison industrial complex, which were
originally intended to facilitate disproportionate incarceration
of Black and Brown Americans to increase racial divisions, can
instead allow for the healing of these traumas.

As this paper will highlight, after decades of scientific research
with organizations such as Multidisciplinary Association for
Psychedelic Studies (MAPS), the use of psychedelics as an
adjunct in the treatment of mental health disorders is on the
verge of gaining legal ground within the medical community.
Communities of color have notoriously been and are still left
out of these spaces. The authors intend to illuminate this
disparity and offer ideas to bridge the gap so that BIPOC
can benefit from these resources and treatment opportunities
as one way to help heal from the ills brought on by
societal oppression.

THE PERSISTENCE OF ANTI-BLACK

RACISM AS A PRECURSOR TO PTSD

Although many minoritized persons in North America
experience discrimination based on their ethnicity, anti-Black
sentiment remains one of the most pervasive types of negative
stereotyping with significant and well-documented health
impacts (25). Being Black in the US still means learning to live
with the persistent threat of race-based stress in the form of
slights, slurs, insults, violence and even death (25). A single
negative racialized event can certainly trigger post-traumatic
stress disorder, but the cumulative effects of racial trauma in
the Black community are often the catalyst for a transformative
traumatic event.

The DSM-5 defines PTSD as first having been exposed
(directly or indirectly) to trauma, followed by symptoms from
that exposure causing disruption in one’s life in a multitude of
ways. Criterion A specifically defines trauma as direct or indirect
exposure to or threat of an experience that includes death, serious
injury or sexual violence (26, p. 271). The indirect exposure
includes witnessing an event, learning of a loved one’s event or
being exposed to “aversive details” of an event (26, p. 271). With
these new guidelines, the DSM-5 provisions are more inclusive
of the detrimental effects of modern forms of Black antipathy
and bias than the previous fourth edition manual. This expanded
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definition of PTSD encompasses what clinicians already see—
African Americans live with higher rates of PTSD, as reported
in the scientific literature (27).

Racial events include a direct physical assault, a traumatic
event (or trauma-inducing experiences) involving close family
members as well as individuals frequently exposed to graphic
details about trauma (28). Racially traumatizing events may
comprise experiences such as relentless microaggressions, police
profiling, and also systemic racism in law enforcement,
healthcare and education. Black people throughout the US
and Canada experience some form of racial microaggression
as a near daily occurrence from the micro to the macro
levels of society, including cultural and historical traumas (29).
According to Sue and colleagues (30), “Almost all interracial
encounters are prone to microaggressions.” Racial mistreatment
or microaggressions are subtle acts of dehumanization that can
range from poor service in restaurants and unsolicited hair
touching to race-based doxxing or swatting, verbal insults and
outright physical violence (25, 31, 32). These can be considered
racially traumatizing experiences as research shows that the
severity and prevalence of PTSD symptoms do not change
as a function of if the experience meets Criterion A (33–
35) as well as findings that demonstrate that such events are
connected to PTSD symptoms above and beyond Criterion
A (36).

Black communities are mentally and emotionally impacted by
public displays of inhumanity (e.g., the epidemic of extrajudicial
police killings; 37–39), as they routinely witness racialized
tragedies committed against people who look similar to them and
inhabit the same social circles. Part of the cycle of trauma for
Black people is the discounting or outright denial of the injury’s
existence and one’s racialized reality by other citizens who do
not experience anti-black sentiment (40).With enough frequency
and unpredictability, such racial stressors can lead to racial
trauma, and the accumulation of these negative occurrences
can have real long-lasting consequences for Black mental health
((41–43)).

THE PHYSIOLOGICAL AND

PSYCHOLOGICAL EFFECTS OF

RACE-BASED PTSD

In an extensive review of the causes of race-based trauma linked
to PTSD in communities of color, Williams and colleagues
(24) described racial trauma as a cumulative psychological
injury caused by hate or fear of an individual due to their
ethnicity or race that overwhelms the individual’s ability to
cope. Racial trauma is associated with severe physiological and
psychological harm across BIPOC populations (44). The harm is
especially pernicious because it is associated with an immutable
characteristic or identity (e.g., one’s race) which can cause the
consequences to further worsen over time, resulting in symptoms
of PTSD and a variety of other psychopathologies (24, 44).
Notably, traumatic experiences and PTSD can initiate a cascade
of consequent psychological, physiological and epigenetic effects
on the body (45).

Ongoing racial dehumanization weathers the brain, mind,
and body, leaving deep intergenerational scars at the molecular
level (46). Those affected by racial trauma frequently report both
psychological and physical symptoms that are associated with
PTSD including trauma-related emotional arousal and reactivity
(e.g., hypervigilance, irritability), labile mood, intrusive thoughts,
exaggerated startle response, flashbacks, and sleep disturbances,
such as insomnia and nightmares (47, 48). These symptoms are
correlated with abnormal hormone and neurotransmitter levels
(e.g., serotonin, GABA, dopamine, cortisol) as well as abnormal
brain wave morphology (49). Such dysregulation of the brain and
body leads to poor physical and psychological health outcomes
(46, 50, 51).

Physiologically, the presence of ongoing arousal from daily
systemic racism triggers a stress response within a feedback
loop system known as the hypothalamic pituitary adrenal axis
(HPA-axis), which is responsible for the proliferation of cortisol,
epinephrine (i.e., adrenaline) and norepinephrine (52). This
system regulates the body’s fight, flight, or freeze response, which
is often associated with increased heart rate, shallow breathing
and fatigue. This process can be activated in as little as a moment
of real or imagined threatening stress (53) and can leave the body
susceptible to illness and disease, particularly when experienced
frequently over time (54). Correspondingly, those subjected to
racialized trauma have persistently elevated stress hormone (e.g.,
cortisol) levels, which is associated with gastrointestinal distress,
hypertension, diabetes, heart disease, stroke, and an overall
lowered immune response (38, 52).

Just as the body reacts poorly under chronic stress, the
brain’s stress response causes a disruption of neurotransmitters,
neural networks and brain communication and signaling (55).
Brain imaging of neurons has demonstrated how dendrites—
tiny projections of branches at the terminal end of neurons—
shrink in a stressful social environment (56). Studies utilizing
quantitative electroencephalography (qEEG) also exhibited
dysregulation of brainwave frequency homeostasis in similar
circumstances (57–59). Brain frequencies function within a very
narrow oscillatory window (60). If they oscillate in frequency
or amplitude outside this normal range, it can signal pathology
within the brain and mind (61). These frequencies can become
dysregulated as a result of childhood trauma—neglect, emotional
abuse, sexual abuse, food scarcity, lack of bond with primary care
giver (i.e., birth mother), incarcerated family member—creating
heightened vulnerability to later psychiatric illness (62). Trauma
has numerous effects within the cortical framework, interfering
with an individual’s capacity to feel, think, and connect with
others. Notably, many diagnosed with a trauma-related disorder
describe a lack of pleasure and a disassociation from those around
them including feelings of depression, difficulties with planning,
thinking, and memory (63, 64).

Historically, psychiatry has underutilized the neuroscience of
the brain and the medical community has been slow to utilize
the newest brain science (65). Furthermore, as has been reported
in other areas of medicine, there are disparities is the quality
of care patients receive, with Black patients being less likely
to receive psychiatric treatment referrals or to be diagnosed
with PTSD by a licensed psychiatrist or psychologist, and PTSD
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secondary to racial trauma is under diagnosed and under treated
(63, 66, 67). Raced-based PTSD results in profound physiological
and psychological damage (63, 64, 68) that can cause permanent
changes in the brain. Fortunately, the brain is plastic and
amenable to change with effective treatment. Neurotransmitters,
brainwaves and brain connectivity have been shown to normalize
with utilization of neurotechnology devices and psychedelic
medicines in conjunction with psychotherapy (61). With these
treatments, patients have reported reduced symptomatology,
limited side effects and an overall improvement in health (61).
In concert, adaptive behavior, positive emotional states, and
supportive relationships with others become more sustainable.

THE POTENTIAL OF PSYCHEDELICS:

NOVEL TREATMENTS AND STUDIES ON

THE HORIZON FOR RACIAL TRAUMA

Despite the clear evidence of ongoing emotional harm to Black
Americans caused by systemic racism, there has been relatively
little research focused on interventions (11). Psychedelics are
one avenue worth exploring for their potential to help alleviate
racial trauma (69). MDMA-assisted psychotherapy has already
been shown to be a highly effective approach for PTSD, with
three administrations ofMDMA substantiallymore effective than
traditional pharmacologic treatment methods such as life-long
prescription of SSRI medication (70, 71). As such, MDMA-
assisted therapy was designated a “breakthrough therapy” by
the FDA in 2017 and is now being made available through the
Expanded Access (compassionate use) program.

Williams and colleagues (72) found significant reductions
in depression, anxiety, and stress following naturalistic use of
psychedelics for racial trauma. These results are consistent with
the increasing evidence that psychedelic substances can catalyze
healing for those suffering from various mental disorders (3).
With the breakthrough designation of MDMA and psilocybin
by the FDA for PTSD and depression (see Table 1) and the
publication of at least 14 well-designed clinical studies on LSD,
MDMA, psilocybin and ayahuasca for a range of mood disorders,
the potential for hallucinogens as therapeutics is now being
realized (73–75).

Other research in this area includes ketamine-assisted therapy.
Halstead and colleagues (76) provided intensive outpatient
treatment for a client with treatment-resistant PTSD due to
racial trauma and childhood sexual abuse. During the 13-
day therapeutic intervention, clinicians administered ketamine
on four occasions, integrated with mindfulness-based cognitive
therapy and functional analytic psychotherapy (FAP). The
treatment providers were therapists of color, using a culturally
informed approach and anti-oppression lens to conceptualize
the client’s trauma. This case study found significant reductions
in symptoms post-treatment and sustained benefits 4 months
after (76).

Under current development is an open-label proposal to
MAPS for a comparative effectiveness study that explores the
potential enhancement of neurofeedback therapy with MDMA

treatment for African Americans in the deep South with race-
based trauma. If funded, this study would be the first to examine
the effectiveness of entheogens and neurofeedback therapy in
concert as a treatment protocol. One of the authors on this paper,
an interdisciplinary scholar, researcher and licensed physician
associate in mental health, has proposed a prospective single-site,
randomized, controlled two-arm, between-subject comparison
open-label study assessing the safety and effectiveness ofMDMA-
assisted therapy in combination with neurofeedback therapy
in participants diagnosed with PTSD whose index trauma is a
racialized event.3

RACIAL DISPARITY IN DIAGNOSIS AND

TREATMENT IS MULTI-LAYERED

Once psychedelics become legal medicines, there are still grave
concerns that they will remain out of reach to Black Americans.
Black researchers have supported the use of entheogens such
as MDMA for the healing of racial wounds with the critical
caveat that providers must be well-equipped to work with clients
of color or risk doing more harm than good (14). "As with
much of medicine, many providers have not received in-depth
and ongoing culturally sensitive training (79, 80). In fact, many
providers harbor implicit biases themselves that have not been
explored, to the detriment of their patients (e.g., (81–83)) and
yet, they are also the gatekeepers to diagnosis and treatment.
Numerous studies show that treatment and prescribing habits
can differ based on patient race (84–88). Racial group affiliation
is particularly influential when it comes to the diagnosis and
management of mental health disorders. When presented with
the same symptoms, physicians were more likely to diagnose
Black patients with schizophrenia or bipolar disease while White
patients were diagnosed with major depression (66, 89). The
data is consistent with other studies and suggest that disparities
in the diagnosis of schizophrenia result in part from clinicians
misperceiving the relevance of mood symptoms among Blacks
compared with other racial or ethnic groups. In addition,
African American subjects have also been shown to be less likely
to receive the most effective antipsychotic medications (89).
Psychotropic prescription-writing habits of practitioners have
been demonstrated to be significantly influenced by the provider’s
perception of the patient’s emotional health only when it comes
to their White patients and not in their Black patients. In all,
these misperceptions lead to misdiagnosis, which in turn, impact
treatment and prescribing patterns and lead to lower standards
of care (90–93).

Specifically in the case of PTSD, publications show
race disparities in the treatment and prescriptions of
pharmacotherapy (94–96). For example, a racial hierarchy
of treatment has been found in US veterans. Compared with
White veterans, Latino veterans were less likely to receive a
minimal trial of pharmacotherapy (96). Furthermore, African
American veterans were the least likely to receive any treatment

3This same researcher is also developing a case study in which ketamine-assisted

neurofeedback therapy is utilized in a transracial adoptee suffering race-based and

abandonment trauma ((77, 78)).
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TABLE 1 | Common psychedelic substances and research.

Class Common name Clinical trials Mechanism of Action Therapeutic potential

Psychedelics LSD I, II, Observational serotonergic agonist Alcoholism

Psilocybin Breakthrough Therapy

Designation

serotonergic agonist depression disorders

Mescaline I, II serotonergic agonist alcoholism, depression

Ayahuasca (DMT) I, II serotonergic agonist depression

Entactogens MDMA I, II, III, Breakthrough

Therapy Designation

monoamine releasers and

reuptake inhibitors

PTSD, Anxiety

Dissociatives Ketamine glutamatergic NMDA

antagonists

Depression

Atypical THC CB1 receptor agonist Anti-nausea, neuropathic pain, spasticity

Cannabidiol (CBD) I, II, III serotonin 5-HT1A receptor

partial agonist, TRPV1,

GPR55 receptor modifier

epilepsy, anti-anxiety

LSD, lysergic acid diethylamide; MDMA, 3,4-methylenedioxy-methamphetamine; NMDA, N-methyl-D-aspartate; CB1, cannabinoid 1; THC, 19-tetrahydrocannabinol; 5HT, Serotonin;

TRPV1, Transient Receptor Potential Vanilloid; GPR55, G-protein receptor 55; DMT, N, N Dimethyltryptamine.

at all in the 6 months post diagnosis. This disparity in treatment
of veterans with PTSD is a well-documented, significant, and
ongoing issue that has been further demonstrated in a recent
analysis of more than 1,500,000 veterans with PTSD (96). Despite
being diagnosed with PTSD at similar rates across categories,
females and Black veterans were less likely to receive PTSD
disability awards, which hindered their ability to even begin
treatment (97).4 It should be noted that the US Department of
Veterans Affairs, who serve as the primary mental healthcare
provider for many in the BIPOC community, are beholden
to Federal restrictions on the use of psychedelics in treatment
(98, 99).

The common and ongoing refrain in these studies is a lack
of understanding of the emotional state of Black people, which
results in habitual overdiagnosis with psychotic disorders, an
underdiagnosis of mood and anxiety disorders, and simultaneous
undertreatment in all areas of medicine (66, 88). Moreover, Black
physicians represent only 2% of all US psychiatrists according
to the American Psychiatric Association, revealing a dearth
of representation (100). This further underscores the need for
culturally informed clinicians training (101, pp. 37-42). What’s
more, there have been no manualized protocols or clinical
trials for people of color with race-based trauma in psychedelic
research. Given these existing disparities, concerns remain as to
whether psychedelics will be appropriately provided to people
of color.

In treating patients with alternative, plant-based medicines,
it is also important to recognize receptiveness as a potential
barrier to treatment within Black communities. Statistics show
that Blacks in the US have the lowest use of any racial group for
psychedelics. In addition, the starting age for psychedelics use
is older than for all other racial groups (102). One explanation

4More alarmingly,White veterans withmisconduct separations weremore likely to

receive these disability awards than their Black counterparts who had no negative

marks.

is simply that Blacks have been socialized to avoid psychedelics
due to the disproportionate consequences of illicit use (9, 102).
For instance, though arrests have dramatically dropped in states
that have legalized cannabis, incarceration and life-consequences
for use of mind-altering substances remain disproportionately
high for communities of color in many states and counties
in the US (103). In addition, Black individuals may, for good
reasons, not perceive psychedelics as safe (9). The cultural stigma
against psychedelic use makes it more difficult to convince
Black individuals that psychedelic-assisted therapy could be a
beneficial intervention. The destigmatization of psychedelics as
a category remains an ongoing process, but the destigmatization
of Blacks using psychotherapeutics remains further out of reach
(74). Legitimizing psychedelics in the eyes of Black Americans
will necessarily be a process in which those who have experienced
successful therapy can convey the benefits to those suffering
from treatable psychological trauma (104). A parallel societal
change must also occur in which law enforcement, psychology
andmedicine becomes accepting and encouraging of seeing Black
people as using these substances and experiencing healing from
trauma. This may be a difficult road to walk, but for many seeking
relief, it will be well worth the travel.

THE CHALLENGES IN EQUIPPING

MENTAL HEALTHCARE PROVIDERS WITH

CULTURALLY SENSITIVE TRAINING FOR

RACE-BASED TRAUMA IN THE USE OF

PSYCHEDELIC THERAPY

Clinical trials testing the safety and effectiveness of psychedelic-
assisted psychotherapy use a protocol in which a psychedelic
compound is combined with a defined sequence of therapy
sessions with the goal of molding and supporting the patient’s
psychedelic experience. These protocols have developed into
a standardized practice which, following FDA approval, will
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be legally required by governmental authorities every time
psychedelic-assisted therapy is initiated. Use of psychedelics
outside of this framework would, therefore, not be clinically or
ethically acceptable. The types of sessions which are required
to prepare patients, engender trust, and successfully establish
a therapeutic relationship with the guiding facilitator include
preparatory, medication, and integration sessions (105). The
clinical facilitator’s role is ultimately to assist in translating the
experience into a therapeutic shift in cognition and behavior.

In order to best support patients in their future psychedelic-
assisted therapy, MAPS was granted FDA approval to initiate a
clinical study in 2010 where future potential providers enrolled
in the volunteer trial forMDMAwere permitted, according to the
protocol, to receive a single dose of MDMA in conjunction with
psychotherapy exactly as defined for patients in the pivotal phase
III MDMA trial for patients. This step was an unprecedented
but necessary step to give credibility to the clinicians and
researchers who work in the psychedelic field, given the difficulty
of legally organizing these types of experiences (106). The trial
was designed to give providers this experience while collecting
data on healthy volunteers.

Recent accounts of the experiences of BIPOC providers
who have taken part in these early volunteer studies have
now been published and highlight the potential as well as the
challenges that other BIPOC participants may face in such trials
((14, 107)). In his psychedelic experience, a researcher who
identifies as an Asian, queer male, described having vivid visions
of hybrid animals and plants related to his cultural heritage,
his sexual identity, and the intersectionality between the two
(108). Insights gained from the integration of these experiences
included proactive strategies to counter internalized racism, and
the realization that he must radically accept the intersectionality
of his sexual and cultural identity to overcome societal barriers of
discrimination and internalizedminority stress. It is important to
note that the co-therapists in this study were a female of color and
a White male. The author specifically highlighted the role of the
therapist of color regarding his positive experience. He explained,
“There was also an indescribable experience of being “seen” and
“heard” as a queer person of color in a White heteronormative
society simply by having an older female therapist of color siting
patiently across the room, conveying acceptance, nurturance, and
in a sense, non-judgmental “permission” to open up about my
issues” ((108), p. 63; Buchanan, 2020).

In a differing account during the MAPS-sponsored MDMA
trial, a Black female Marriage and Family Therapist describes
her experience as a participant in an MDMA session. In this
session, she reported initial feelings of freedom and ancestral
connection, feeling the presence of her grandmother guiding her
toward peace. These feelings transitioned to feelings of confusion,
as racial wounds rose to the surface of her experience. When
sharing her frustration with her sitting therapists, their lack of
empathy led to a fundamental misinterpretation of her emotional
state. Ultimately, she was received with a microaggression that
deepened the disconnection between her mind and body and
left her feeling grievously misunderstood. She stated that the
MDMA would not allow her to isolate herself into her usual
coping mechanisms and, instead, left her vulnerable to others.

She suffered for many weeks from the trauma of the experience.
Despite this, aftermuchwork to integrate herMDMAexperience,
two truths weremade clear to her, “more Black folx deserve to feel
human, free from the oppression and traumas we’ve endured, and
that nothing can separate me from Divine Love” (14).

Buchanan (109) discusses these narratives and their
connection to the larger Black community, and she is deeply
critical of the preparation and training current psychedelic-
assisted therapists and trainees are receiving to meet the needs
of BIPOC populations. Facilitators first must unpack their
own biases before they can then aid others in unpacking their
traumas. Buchanan further notes that these therapy paradigms
have not centered the needs of BIPOC people seeking healing
and, hence, puts them at additional risk of harm. The participants
are in a position of increased vulnerability given both the heart-
opening effects of the entheogens, which strip people of their
typical psychological protections used to navigate interracial
interactions, and the fact that participants cannot exercise their
right to leave because of the effects of the psychedelic substances.
This should increase the requirements, Buchanan argues, for
intersectional cultural humility (110, 111), deep and prolonged
engagement in the providers’ personal work on their social
identities and connections to privilege and oppression (112),
and understanding of identity-related factors, such as race, that
influence set and setting (113).

Multiple studies have shown that people exhibit greater
empathic resonance to individuals with a similar skin color
(91, 114–116). The tendency to favor in-groups is so strong
that the categorization of people into in-groups based on
even temporary and arbitrary traits creates biases resulting in
favoritism (117). In regard to White people’s perception of Black
people’s pain, brain imaging reveals an anti-Black racial bias,
(i.e. Black participant’s pain was assessed less painful than White
people’s pain; (114, 118)). This kind of assessment of bias is
compelling because it does not rely on the self-assessment of
the participant, rather the mere viewing of an individual in pain
causes a measurable sensorimotor resonance dependent on the
perceived racial similarity between the victim and the observer
(119). These studies provide a mechanism to help explain the
reduction in empathy observed between Black patients and
their White providers, and explain both the misinterpretations
of mood symptoms in the diagnosis of schizophrenia and the
disconnect in MDMA therapy, as described above (14, 66, 89).

The lack of empathy toward Black (91) and other BIPOC
individuals, based on out-group bias can be mirrored in the
client-therapist relationship and cannot be expected to be bridged
simply by psychedelics alone (also see Table 3 for further
resources). Even in the absence of potent empathy-expanding
compounds, clinicians of every background must hold up the
mirror to consider if they have the cultural competence to offer
therapy in a way that will not harm their client. This is not
to imply that people only ever have empathy for their own
in-group and that this is immutable. Research also suggests
that racially-based sensitivity to others’ pain can move from
implicit to explicit if made salient (115). This underlines the
importance of shining a light on these implicit racial disparities
in the social and medical sciences. The current situation is
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that in the USA, most therapists are White, and most clients
of color will be seeing a White therapist, this makes implicit
bias an important topic. If therapists cannot not perceive the
harm created by racial trauma, because they underestimate
the effects of implicit bias or “colorblindness,” they will be
unable to carry out this work, regardless of the manner in
which it is carried out. We all see race (115, 119, 120) the
question that remains is how we see it and what we do with
this knowledge.

CHALLENGES AROUND INCLUSIVE

TRAINING: A POST-HOC CASE STUDY

As underscored by the previously mentioned moving accounts
of psychedelic-assisted therapy, culturally relevant therapy is
necessary for success (121). Ethically, only culturally competent
practitioners should administer psychedelic compounds,
particularly to Black patients who have inevitably experienced
some racial trauma by virtue of living in racialized societies.
Otherwise, there is a significant risk of causing harm to the
patient, and the field of study is left vulnerable to critique (14).
In one initiative to address this problem, MAPS conducted a
grant-funded conference and training to teach BIPOC how to
carry out MDMA-assisted therapy for PTSD (122, 123). The
idea being that BIPOC providers would have greater cultural
competency through life experiences on how to treat those in
their communities (124). Although the conference portion,
which was organized by people of color, was well-received, the
training portion of the meeting, as noted by MAPS themselves,
was problematic (122). We think that it is important to touch
specifically on some of the reasons for the difficulties of this
training because elements of the issues that emerged in the
meeting regularly plague initiatives that revolve around issues of
race (e.g., 125), and if we do not ask and understand the reasons,
there will be that much more difficulty in providing the future
training required for psychedelic-assisted therapy.

A post-hoc analysis of the training provides an opportunity
for improvement at multiple levels. Most prominently, in the
execution of the training event, there was a lack of power sharing
with knowledgeable people of color. The lead trainer, appointed
by MAPS, was a White woman with no experience providing
diversity education (122). In training such as these, strong
emotions are expected because the trainers are breaking taboos
around speaking about the intersection between race and identity
and the role of the individual in an unjust society (125, 126).
An issue which often emerges is the difference in empathy and
perception of racial issues between the White participants and
those of color (e.g., 113). Many White Americans are too often
concerned with denials of BIPOC experiences and defensive
strategies to avoid the hard truths of everyday racism (126).
Others attempt to skip to uncritical, poorly thought-out solutions
to address complex, systemic issues on the nation’s racist past
and contemporary realities. Due to this, White participants
often require lengthy, fact-laden, sometimes trauma-inducing
engagements regarding all the ways systemic racism impacts
people of color (125, 127).

Racially conscious training requires intense and skillful
conversations about race (128). Critical conversations about race,
though necessary for the training, may trigger racial trauma in
people of color, whose distress can then trigger interracial anxiety
in many White people (e.g., 126, 129, 130). Unfortunately, this
being the first event of its kind, MAPS staff were unprepared for
the emergence of this trauma by the participants at the meeting.
The Black psychologist who secured the grant was an experienced
diversity trainer, but because the grant funds were awarded to
MAPS, she had no decision-making power, control over the
agenda, or ability to select senior members of the training team
with experience buffering the type of trauma that can be triggered
by thematerial. Instead, her students whowere there to be trained
were enlisted to help. In addition, the senior BIPOC participants
who were present were not utilized to help other participants
who were triggered by the material. The few BIPOC members
of the MAPS-selected training team were not qualified to do
this work and were themselves triggered and unable to support
others. Further, as described in an account by MAPS themselves
(122), proper care was not taken to protect the identity of former
participants in the MAPS studies, one of whom attended the
event as a participant but whose study video was shown to the
group without consulting her beforehand. It was traumatic for
the participant to see herself on screen, and this triggered fears
in participants of color reminiscent of research abuses such as
the Tuskegee Syphilis Study (15, 122). As a result, the landmark
event was stymied, and some participants felt unsafe, with a few
leaving before it was over. The training of the therapist cohort
was never completed, as such MAPS did not keep its promise to
the therapists of color and their funders.

BRIDGING THE GAP: SOLUTIONS FOR

BETTER BIPOC THERAPY

Despite all these missteps, there is much to be learned from past
events. In that respect, MAPS has an opportunity as an institution
to improve on mistakes by creating a more positive and inclusive
clinical pathway where BIPOC can thrive in their psychedelic
training programs. Facilitators trained by MAPS, however,
cannot be the sole solution to the dearth of Black clinicians. This
burdens training and certification programs with a tremendous
bottleneck, especially as Black clinicians are realistically more
fearful of the legal and reputational impacts of trying illicit
substances. The current US psychology workforce is only 4%
Black (131). Of the approximately 6,000 doctoral graduates of
clinical psychology programs in the USA each year, about half
will become active in client care and approximately 10% (or about
three hundred) of these providers are Black (26). But any licensed
professional can be trained in the area of psychedelic-assisted
therapy. This list includes licensed clinical social worker (LCSW),
physician associate (PA), nurse practitioner (NP), medical doctor,
licensed professional counselor (LPC), and more.

In attempts to find additional solutions to the lack of
appropriately trained providers, the California Institute of
Integral Studies (CIIS) operates one of the few academic
programs dedicated to educating the next generation of
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psychedelic practitioners. The CIIS has developed a Certificate
in Psychedelic-Assisted Therapies & Research (CPTR) program,
which aims to educate and prepare a broad range of mental
health professionals for work in the field. The CPTR program is a
hybrid of online learning and in-person training retreats that has
been occurring for the last 5 years. Scholarships and need-based
aid have been established for individuals from underrepresented
communities as an opportunity to promote equity within the
CPTR program. Though there are efforts to create BIPOC and
LGBTQIA+ diversity and representation among CPTR trainees,
the majority of the staff and faculty remain White. This only
further reinforces the field-wide standard of lacking BIPOC
faculty and supervisors (e.g., 10).

It is increasingly evident that more creative suggestions should
be undertaken to ensure a more rapid implementation timeline
for psychedelics training. Pairing such training programs with
psychology departments at Historically Black Colleges and
Universities (HBCUs) could bode for one option. Trained
culturally competent clinical psychologists are graduating from
these institutions and could be recruited to help alleviate the
current shortage. The authors strongly recommend academic
centers at Predominately White Institutions (PWIs) with newly
established psychedelic programs reach out to these HBCUs
to initiate an overdue process of cooperation that would
mutually benefit both programs. HBCUs, who typically train
the majority of black psychologists, would gain access to and
training in psychedelic knowledge. Meanwhile, the collaboration
would expose typically white students from psychedelic research
programs to more BIPOC in their field, and if done correctly,
could potentially allow for cross-cultural, inclusive training. In
all, the issue of culturally competent therapy is one which
must be addressed, in part, by University training programs for
psychedelic medicine (Table 2).

It is imperative to note that many practicing psychologists
(both BIPOC and non-BIPOC) have not likely received adequate
graduate level training in cultural competency (136, 137). Just
as many medical schools have begun to include specific training
in social medicine, it would behoove practitioners to introduce
a more effective culturally sensitive, inclusion therapy in the
training of new clinicians (138). This would go a long way in
raising all aspects of mental health and therapeutic care above
and beyond psychedelic-assisted therapy.

Although the path to greater empathy and cultural
competency for therapists who want to undertake this kind
of work may seem long, there are tools available for continuing
education and self-assessment. Use of these tools are necessary
to help prevent any harm to BIPOC in the therapeutic setting.
We have provided a resource table (Table 3) for both therapists
and clients to further educate themselves with opportunities
for self-assessment.

BUILDING EMPATHY TOWARD BIPOC

COMMUNITY: ORGANIZATIONS

CENTERED ON BIPOC VOICES

There are organizations promoting Black people in psychedelics,
including Chacruna’s Racial Equity & Access Committee, The
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TABLE 3 | Resource table.

Institute Location Type of therapy Director

Racial justice oriented MDMA / Psychedelic clinics

The Sage Institute San Francisco Ketamine-Assisted Therapy Dr. Genesee Herzberg

Sound Mind Center Philadelphia Expanded MDMA Access Dr. Hannah McLane

Behavioral Wellness Clinic Connecticut Expanded MDMA Access

Ketamine-Assisted Therapy

Prof. Monnica Williams

Sana Healing Collective Chicago Ketamine-Assisted Therapy Meghan Kennedy

Purpose Topic References

Recommended literature

Building Empathy for BIPOC Addressing the Gap between Action and Intent Williams et al. (132)

Civil Courage and Allyship (133)

Assessing Cultural Competency How to be an anti-racist therapist (134)

Microaggressions (32)

Psychedelic Culture (135)

Ancestor Project, and People of Color Psychedelic Collective
who are committed to bringing BIPOC agency and liberation
to the forefront of the conversation. They seek to revolutionize
psychedelic culture by making psychedelics more accessible to
people of color while also combating the harms produced by
the drug war and oppressive systems of injustice. To accomplish
this, they are conducting community outreach to educate BIPOC
about psychedelics’ therapeutic and spiritual foundations, harm
reduction, and general drug policy. By building inclusive spaces
that allow BIPOC to safely explore psychedelics, they foster an
environment that encourages vulnerability and collective healing.
These organizations put BIPOC contributions to the field of
psychedelics in the spotlight and hope to promote a narrative
by and for communities of color. As the decriminalization
and legalization of psychedelics becomes more commonplace,
dedicated spaces that uplift and prioritize BIPOC voices and well-
being are paramount to the evolution of the field of psychedelics.

The next phase of the psychedelic-assisted arm of this

work is the Expanded Access Program, spearheaded by MAPS,
which is now starting at multiple sites throughout the

US. Expanded Access, also called Compassionate Use, allows

patients to have use of an investigational medical product
(one that has not yet been approved by the FDA) outside

of a randomized clinical trial. The program’s purpose is to
grant access to potentially beneficial investigational treatments
for people facing a serious or immediately life-threatening
condition for which there is no satisfactory treatment currently
available. This program will allow MDMA-assisted therapy to
be available for people who have not responded to traditional
therapies for PTSD, and it will also provide additional data on
drug safety and how various subpopulations may respond to
the treatment.

There are several sites in the US (Table 3) which are
specifically focused on providing this expanded access care for
people of color. These sites include Sage Institute, a center in
California that has applied to be approved for expanded access

and is specifically dedicated to providing high-quality, culturally
responsive psychedelic therapy for underserved communities.
The Sage Institute is active as both a therapeutic investigative
site in San Francisco, and the colleagues at Sage have experience
in ketamine-assisted therapy. SoundMind Center in Philadelphia,
also on the list for expanded MDMA access, is a collective
of psychiatrists, psychotherapists, and community organizers
among others, dedicated to providing affordable, accessible,
inclusive mental health care to Philadelphians, especially those
who typically face marginalization within the healthcare system.
The SoundMind collective currently has nine providers enrolled
in FDA-approved training for MDMA assisted therapy and
four others already certified in ketamine-assisted therapy.
BehavioralWellness Clinic in Connecticut, whose clinic personnel
participated in the FDA-approved clinical trial of MDMA-
assisted psychotherapy for PTSD, has a diverse FAP-trained and
culturally-informed staff that includes seven members already
trained on the FDA-approved MAPS protocol and are enrolled
for final certification. The clinic also offers ketamine-assisted
therapy for several indications, including racial trauma (76).
These three sites will be the first specifically qualified to offer
MDMA for patients suffering from racial trauma or PTSD caused
by racial trauma.

CONCLUSION

Racially induced trauma and PTSD caused by racism are serious
and widespread psychological issues that remain undertreated
and under-researched (11). The body of literature, as reviewed
in this paper, shows that people racialized as Black endure
discrimination. And, in fact, Black individuals who suffer
from racial trauma populate all areas of society regardless
of socioeconomic status and educational attainment (77).
These individuals are living with a heightened state of fear
and trepidation, which has life-long repercussions (11). Such
exposure to everyday racism takes its toll, leaving Black people
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vulnerable to a spectrum of diseases of the brain, mind, and
body (139). In the wake of this daily systemic racism is a trail
of inadequately treated patients with altered brain connectivity
(140). The lack of treatment opportunities is a result of living in a
racist society where BIPOC have been historically marginalized.
This problem is multifaceted, multilayered and is emblematic
of the general failings of American institutions—political,
economic, education, healthcare, and justice—to make good on
their promises of equality and inclusivity (e.g., higher education,
83, 103) (83). Despite these gross institutional injustices, there
are solutions. Psychedelic-assisted treatment has great promise
to provide relief for those suffering from PTSD and racial trauma
(141). However, these new opportunities risk causing more harm
to Black people than healing if personnel are not properly vetted
and trained in both psychedelic therapy and race-based trauma.
Although some universities are offering isolated courses, there
is not a single university psychology or medical-based program
offering a specialization in therapy for racial trauma (44). Thus,
the current sites that are using culturally informed therapeutic
practices need to be bolstered, and training programs with
specific expertise in this area require accelerated funding.

Important measures have been assembled that allow for a
more diverse recruitment of patients and culturally trained staff
with the provision of functional ethical guidelines. However,
there are still unmet needs in communities (military, BIPOC)
suffering from PTSD and racial trauma (98). We, therefore, call
for more explicit invitations for BIPOC medical professionals
and psychology departments at HBCUs to become part of
the conversation around the testing, prescription, therapeutic

administration and commercialization of these medicines as
they move into mainstream mental health care. Healing

and well-being of the BIPOC community is dependent on
such collaborations.
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