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Background: Naturalistic and placebo-controlled studies have suggested that
ayahuasca, a traditional Amazonian beverage, could be helpful in the treatment of
psychopathologies like depression and anxiety disorders by changing otherwise
disturbed cognitive and emotional processes. To better understand its full therapeutic
potential, one way is to study the effects on processes like flexible thinking, empathy, and
well-being, which are normally compromised in stress-related psychopathologies.

Materials and Methods: Volunteers attending ayahuasca ceremonies were asked to
complete a test battery at three separate occasions: baseline, the morning after, and
1 week after the ceremony. We included the constructs of creative thinking (measured by
Picture Concept Test), empathy (Multifaceted Empathy Test), satisfaction with life
(Satisfaction with Life Scale), decentering (Experiences Questionnaire), and personality
(Big Five Inventory) into the test battery. Additionally, the psychedelic experience was
quantified with the Persisting Effects Questionnaire, the Ego Dissolution Scale, and Visual
Analogue Scales.

Results: In total, 43 attendees (males � 22; females � 21) completed parts of the baseline
assessment, 20 (males � 12; females � 8) completed assessments in the morning after the
ceremony, and 19 (males � 14; females � 5) completed assessments at the 1-week follow-
up. At one and 7 days post-ceremony, cognitive empathy, satisfaction with life, and
decentering increased, while divergent thinking (Fluency corrected for Originality)
decreased, when compared to baseline. Implicit emotional empathy increased at 1-
week follow-up, whereas ratings of the trait neuroticism decreased.

Conclusion: The study suggests that a single ingestion of ayahuasca in a social setting is
associated with enhancement of subjective well-being, an enhanced ability to take an
objective and non-judging stance towards the self (decentering), and the ability to correctly
recognize emotions in others, compared to baseline, lasting up to 1 week post-ceremony.
To understand the therapeutic potential related to these effects, further research with
clinical populations is needed in which these effects can be assessed, including its link with
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therapeutic outcomes. Together, this will increase our understanding of the effectiveness
and breadth of future therapeutic options.
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INTRODUCTION

Ayahuasca is a psychoactive decoction with a reported history of
use for magical, ritual, and medicinal purposes by indigenous
groups of the Amazon (Schultes 1986; Schmid 2012; Frecska et al.,
2016). In addition to traditional historical practices, there has
been an increase in the availability of the brew to non-Amazonian
populations (Tupper 2008), with people reportedly using the
substance to seek insights, personal growth, emotional healing,
connection with nature, out of curiosity (Winkelman 2005;
Uthaug et al., 2021).

Ayahuasca is made from the stalk of the vine Banisteriopsis
caapi, a source of monoamine oxidase inhibitors (MAOIs), and
the leaves of the Psychotria viridis shrub, a source of N,N-
dimethyltryptamine (DMT; Palhano-Fontes et al., 2015). The
combination of MAOIs and DMT is required to produce the
psychedelic effects (Riba et al., 2003), including shifts in
cognition, emotional lability, and visionary experiences
(Shanon 2002).

Studies have shown that ayahuasca could be helpful in the
treatment of psychopathologies (Barbosa et al., 2005; Palhano-
Fontes et al., 2021; Sarris et al., 2021). To get a better
understanding of ayahuasca’s full potential, one way is to
study its effects on mental and cognitive processes that are
generally compromised in stress-related psychopathologies, like
flexible thinking, empathy, metacognitive awareness, and well-
being (Tull and Roemer, 2007; Aldao and Nolen-Hoeksema,
2010; Parlar et al., 2014; Morrison et al., 2016; Mason et al.,
2019; Mason and Kuypers 2021). Previously, it was demonstrated
that divergent thinking (DT) of attendees of ayahuasca
ceremonies was augmented during the altered state of
consciousness compared to their baseline performance, while
convergent thinking (CT) was decreased (Kuypers et al., 2016).
Days to months after the self-administration of ayahuasca,
individuals displayed enhanced flexible (divergent) and
convergent thinking (Frecska et al., 2012; Uthaug et al., 2018;
Uthaug et al., 2019). Evidence to date also points to the beneficial
effects of the brew on self-reported levels of life satisfaction
(Uthaug et al., 2018) and depressive symptoms (de Lima
Osório et al., 2011; Palhano-Fontes et al., 2019; Sanches et al.,
2016; van Oorsouw et al., 2021). Studies directly assessing
ayahuasca’s effects on emotion regulation showed sub-acute
improvements in emotional non-acceptance, emotional
interference, and lack of control (Domínguez-Clavé et al.,
2019) and lower scores on emotional dysregulation compared
to the baseline that were sustained over the 1 year follow-up
period (Bouso et al., 2012). Increments in implicit empathy (often
referred to as “arousal”) were shown with attendees of ayahuasca
group ceremonies who received ayahuasca vs. those who received
placebo (Uthaug et al., 2021). Additionally, ingestion of
ayahuasca was found to be beneficial for mindfulness-related

capacities (Soler et al., 2016), levels of assertiveness and joy
(Barbosa et al., 2005), anxiety reduction, optimism, and self-
confidence (Da Silveira et al., 2005).

Despite the promising findings and the growing evidence
suggesting a psychotherapeutic potential of the Amazonian
decoction, there is still much knowledge to be gained about
cognitive and psychological processes affected by ayahuasca,
and the longevity of these effects. A naturalistic, observational
study using a comprehensive test battery repeated over 1 week
was set up with attendees of ayahuasca ceremonies to reproduce
some of the well-known mood- and mindfulness-related benefits
and expand the sparse findings on effects on empathy and
personality. By administering the test battery on three separate
occasions (baseline, the morning after, and 1 week after the
ceremony), we sought to distinguish between the direct (sub-
acute) and indirect (persisting) effects of the brew on a range of
measures, including flexible thinking, empathy, and satisfaction
with life. Based on the existing body of literature, we hypothesized
that -during post-ceremonial measurements-participants would
have greater creative and empathic abilities and higher ratings of
life satisfaction and decentering, the ability to observe one’s
thoughts and feelings in a detached manner (Soler et al.,
2014). Additionally, given the reports on psychedelic-induced
changes in personality traits (Bouso et al., 2012; Bouso et al., 2015;
Nour et al., 2017; Johnstad 2021) and its understudied status in
the context of ayahuasca ceremonies, a personality assessment
was included. Our hypotheses were in line with the novel research
suggesting psychedelics-induced increases in ratings of openness
(Nour et al., 2017; Johnstad 2021) and decreases in neuroticism
(Erritzoe et al., 2018).

MATERIALS AND METHODS

Participants
Participants were volunteers attending ayahuasca retreats in the
Netherlands, stemming from across four different locations,
between 2017 and 2019. Attendees of those ceremonies were
either invited to participate in the study on site, or contacted the
researchers by email after hearing about the study through the
retreat organizers. To participate in the study, volunteers had to
be a minimum of 18 years old and proficient in English.
Participants completed the test battery three times: at baseline,
within 24 h after (hereafter referred to as sub-acute), and 7 days
after the ayahuasca ceremony (hereafter referred to as follow-up).
After being informed about the study and giving their consent,
participants completed the baseline assessment in the week before
they took part in an ayahuasca ceremony either online, or on-site.
The next day, participants completed the sub-acute
measurements on-site with the researcher. Seven days later,
they received the final follow-up measurement online. The
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total amount of ayahuasca taken by each participant was
recorded, and a sample of the ayahuasca was taken to
determine the concentrations of alkaloids afterwards.

The study was conducted in accordance with the Declaration
of Helsinki and subsequent amendments concerning research in
humans and was approved by the Ethics Review Committee of
Psychology and Neuroscience and Maastricht University
(ERCPN-175-03-2017). Participation was voluntary and no
incentives to participate were provided. All volunteers gave
their written informed consent to participate. The research
team was not involved in the screening, preparation,
organization, administration, and supervision of the ayahuasca
ceremonies that were visited.

Study Procedure
Ayahuasca Ceremonies
The neoshamanic ceremony facilitators conducted personal
intakes prior to participation in the ceremonies. These
included screening for the individual’s physical and mental
fitness to participate in the ceremony and the run through the
preparatory instructions (e.g., to abstain from medications).
Facilitators were not clinically trained to screen for health or
mental disorders.

The general setting and organization of the ceremonies was
similar throughout all of the retreats. Participants stayed in a
large house together, hosted by at least two or more
facilitators. Before ayahuasca ingestion, participants were
acquainted with one another and were invited to take part
in an “opening circle,” during which each participant was
given the opportunity to share with the rest of the group any
personal details that they felt comfortable with. The goal was
to: 1) help the group get to know each other; 2) clarify
motivations for the participation in the ceremony; 3) and
discuss desired outcomes of the experience. Participants
ingested ayahuasca in the evening hours, and after
ingestion, participants generally stayed in one room lying
on a mattress or floor mat with a blanket, pillow, bucket,
bottle of water, and tissue box to the side. In the room, lights
were dimmed, and herbs and tobacco were burned. The day
following the ingestion, participants came back together to
discuss their experience with each other and the facilitators.

That said, the ceremonies also differed regarding happenings
before, during, and after ayahuasca intake. Specifically, depending
on the organizer, the type of opening circle differed, in that
organizers invested different amounts of time in discussing why
individuals were present, what they expected, and also included
activities for the attendees to get to know each other, like dancing,
personal sharing, and games. During the ayahuasca ceremony,
the type of music being played and the availability of musical
instruments could differ. Some facilitators sung healing chants
(icaros) during the ceremonies. Additionally, the retreats were of
various lengths, with a minimum of 2 days (and one night of
ingesting ayahuasca), and a maximum of 4 days (and two nights
of drinking ayahuasca). Importantly, participants always
completed their baseline measurement before they ingested
ayahuasca, and their sub-acute measurement the day after
their first ayahuasca ingestion. Generally, it has been shown

that psychotropic effects of ayahuasca start between 30 and
60 min post-administration, reaching maximum intensity
between 60 and 120 min, and can last up to 4 h after
administration, although the exact time-window of the acute
effects can vary strongly, depending on the amount taken and
participant’s characteristics (Riba et al., 2001).

Ayahuasca Sample
In total, four ayahuasca samples were obtained, one from each
ceremony site. The alkaloid concentrations of the ayahuasca
preparations were determined after dilution using high-
performance liquid chromatography-electrospray ionization-
time-of-flight mass spectrometry (LC-MS) which was
calibrated with pure reference substances of N,
N-dimethyltryptamine (DMT; Cerilliant, Round Rock TX,
US), harmine, and harmaline (Aldrich Chemistry, St. Louis
MO, US).

Assessments
The assessments included a demographic section, the
multifaceted empathy test (MET), the picture concept test
(PCT), and six questionnaires: the Satisfaction with Life scale
(SWLS), the Big Five inventory (BFI), the Experiences
questionnaire (EQ), the Ego Dissolution Inventory (EDI), a 10
item visual analogue scale (VAS), and the Persisting Effects
Questionnaire (PEQ). All the material was provided in
English. Most of the measures were filled out three times,
i.e., at baseline, sub-acute, and follow-up. Exceptions of this
included the EDI and VAS, only filled out once, post-session,
to assess the psychedelic experience in retrospect, the PEQ, which
was only performed at the follow-up to assess persisting effects of
the experience, and the BFI, which was only assessed at baseline
and follow-up.

Multifaceted Empathy Test
The Multifaceted Empathy Test (MET) provides behavioral
indices of cognitive and affective aspects of empathy (Dziobek
et al., 2008). It consists of 40 photos of people in complex
emotional states, both negative, and positive (50% pictures of
each valence). Cognitive empathy (CE) is evaluated based on a
recognition task, in which participants had to select one word
(out of four) best matching the emotional state expressed by the
person in the picture. Given the complexity of depicted emotional
states, the words were provided in three languages: English,
Dutch, and German. The possible range of scores for CE is
0–40 (one point for each emotion recognized correctly).
Emotional empathy (EE) assessed by this test can be divided
into two subcategories: implicit and explicit. The former is
estimated by participant’s ratings of ‘how aroused this picture
made them feel’, while the latter by ratings of “how concerned
they felt for the person in the picture”. Both ratings of EE are
assessed on a scale from 1 to 9. The summed and valence-specific
accuracy of the correctly recognized emotions and averaged and
valence-specific ratings of arousal and concern were used as
dependent variables. Previous validity and reliability analysis
of the MET have shown to be in the good to highly
satisfactory range (Dziobek et al., 2008).
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Picture Concept Test
The picture concept test (PCT) was used to assess creativity
(Kuypers et al., 2016). The PCT consists of stimuli containing
between 4 and 12 color pictures shown in two or three rows. The
pictures were taken from the Wechsler Preschool, Primary Scale
of Intelligence, and the Wechsler Intelligence Scale for Children.
Participants were instructed to find an association between one of
the pictures in each row, with instructions to provide one solution
only, as there is one correct answer. The total number of correct
answers serves as the dependent measure of convergent thinking.

To assess divergent thinking, participants were asked to
provide as many alternative associations as possible between
the colored pictures. This is the regular instruction included in
measures of divergent thinking, and it is used to calculate several
parameters, i.e., originality, fluency, and the ratio of both, which
reflects the quality of divergent thinking as originality is corrected
for quantity. Fluency is defined as the number of alternative
associations. Originality is calculated by evaluating the originality
of the alternative association relative to those provided by all
other participants in a session. Alternative answers that were
uniquely reported by a single participant received an originality
score of 2. Answers that were shared with a single participant
were valued as 1, and answers that were shared by three or more
participants were rated zero. Mean originality (creativity) scores
and ratio, originality scores weighed for fluency (originality/
fluency), were used as measures of divergent thinking.

At the time of each measurement, a different (parallel) version
of PCT was used to avoid learning effects. Each parallel version
consisted of 17 stimuli, the participant was given 30 s per
stimulus.

Satisfaction with Life Scale
The Satisfaction With Life Scale (SWLS) has been developed to
quantify the life satisfaction component of subjective well-being
(Diener et al., 1985). The SWLS is five items long and includes
sentences like In most ways, my life is close to my ideal; So far I
have gotten the important things I want in life. The participants
were asked to rate every item on a seven-point Likert scale,
ranging from 1 (Strongly disagree) to 7 (Strongly agree). The total
score ranges from 5 to 35 and is obtained by summarizing the
ratings given per each item. Higher scores indicate greater life
satisfaction, with a score of 20 representing a neutral point on the
scale. The original scale has high internal consistency (coefficient
alpha ranging from 0.79 to 0.89) and good test-retest correlations
(up to 0.84 with one-month interval; Diener et al., 1985).

Big Five Inventory
The 44-item English version of the Big Five Inventory (BFI),
developed by John et al. (1991) was used to measure personality
traits. The scale was constructed to allow efficient and flexible
assessment of the five personality dimensions: extraversion,
agreeableness, conscientiousness, neuroticism, and openness to
experience. Participants rated each BFI item on a 5-point scale
ranging from 1 (disagree strongly) to 5 (agree strongly); Scale
scores were computed by summing items associated with each
trait. The five dimensions were measured by a different number of
items. Overall, the scores range between 8 and 50 for each

personality trait. The BFI scales have shown substantial
internal consistency, retest reliability, and clear factor structure
(John and Srivastava, 1999).

Experiences Questionnaire–Decentering
The Experiences Questionnaire (EQ) is a self-report instrument
that originally assessed decentering and rumination and was
validated by Fresco and colleagues (2007). The 11-item EQ-
Decentering (EQ-D) subscale was developed to quantify the
ability to observe one’s thoughts and feelings in a detached
manner. Participants rated items on a 5-point Likert-type scale
(1 � never to 5 � all the time), assessing three facets: the ability to
distinguish one’s self from one’s thoughts, the ability to not
habitually react to one’s negative experiences, and the capacity
for self-compassion (Fresco et al., 2007). The total score was
calculated by calculating the mean of all 11 items and ranges from
1 to 5. The psychometric characteristics of the original scale have
shown a robust structure for the decentering factor, with high
internal reliability (Fresco et al., 2007).

Ego Dissolution Inventory
The Ego Dissolution Inventory (EDI) is an eight-item self-report
scale that assesses the participant’s experience of ego dissolution
(Nour et al., 2016). In the present study, the original, English
version was used to acquire a better understanding of the
experiences the participants had about ego dissolution during
the ayahuasca ceremony. For example “I experienced a dissolution
of my “self or ego” and “I felt at one with the Universe”. The
participants answered the scale with endpoints of either 0 (No,
not more than usual) or 100 (Yes, I experienced this completely/
entirely). The EDI was scored by calculating the mean of all items,
with a higher total score indicating a stronger experience of ego
dissolution. The scale has been shown to have excellent internal
consistency (Nour et al., 2016).

Visual Analogue Scale
The morning after the ceremony, participants were asked to
retrospectively rate the intensity of various aspects of the acute
ayahuasca experience using 10 visual analogue scales (VASs).
These included 10 cm horizontal lines, with a bottom anchor of
not more than usual and a top anchor of much more than usual.
Example items were: These items have previously been shown to
be sensitive to the acute effects of psychedelics (Carhart-Harris
et al., 2012; Mason et al., 2019).

Persisting Effects Questionnaire
The Persisting Effects Questionnaire (PEQ) is a 143-item long
scale aiming to assess changes in attitudes, moods, behavior, and
spiritual experience (Griffiths et al., 2006). Prior research found
that PEQ is sensitive to the prolonged effects of psychedelics,
occurring even a 1 year after the ingestion (Schmid and Liechti
2018). Due to time constraints, the current study used a shortened
version of the scale (90 items), including five out of six main
categories. Specifically, the following categories were tested:
attitudes about life [Number of items (N) � 26]; attitudes
about self (N � 22); mood changes (N � 18); relationships (N
� 18); and behavioral changes (N � 2). The 86 items of these five
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categories were rated on a 6-point scale (ranging from 0 � none to
5 � extreme). The scores of the resulting 10 scales (positive and
negative scales for each of five categories) were assessed by
calculating mean (SE) separately for each category.

The questionnaire included four additional questions (see
Griffiths et al., 2006 for details): 1) How personally meaningful
was the experience? (rated from 1 to 8, with 1 � no more than
routine, and 8 � the single most meaningful experience of my life);
2) Indicate the degree to which the experience was spiritually
significant to you? (rated from 1 to 8, using the same encoding as
the first question); 3) How psychologically challenging were the
most psychologically challenging portions of the experiences?
(rated from 1 to 8, using the same encoding as the first
question); 4) How personally psychologically insightful to you
were the experiences? (rated from 1 to 8, using the same encoding
as the first question).

Statistical Analyses
Data analyses and visualizations were performed using the
Matplotlib (version 3.2.2), Statsmodels (version 0.11.1), and
Pingouin (version 0.3.8) libraries for Python3. A separate
multi-linear regression model using the ordinary least square
method (OLS) was fit for each outcome variable. The model
included Session encoded as a dummy independent variable of
three levels: baseline, the morning after ceremony, and 7 days
after the ceremony. Subsequently, if a main effect of Session was
found, separate contrasts were performed between baseline, sub-
acute, and follow-up sessions. For the MET, if a main effect of
Session was found on emotional or cognitive empathy, two
further analyses were done, separating valence-specific
(positive or negative emotion) responses.

Ayahuasca experience ratings were analyzed separately using a
one-sample t-test comparing the scores on each VAS after
ceremony to a zero distribution since previous studies have
shown that placebo scores are low, not rising above a 0 in a
scale from 0 to 100 (Valle et al., 2016).

Hypothesis-driven correlational analysis was run to try and
replicate results from a previous study that showed enhancements
in empathic processes were correlated with increased satisfaction
with life (Mason et al., 2019). The correlations were run between
variables of empathy that showed ayahuasca treatment effects,
and satisfaction with life. One-sided Pearson’s correlations were
carried out using baseline change scores (24 h after—baseline;
7 days after—baseline). For all statistical analyses, the alpha
criterion level of statistical significance was set at p ≤ 0.05 and
Cohen’s effect (d) size was reported in case of significant results to
demonstrate the effect’s magnitude with 0.2–0.5 considered as
small, 0.5–0.8 as a medium, and >0.8 as large effect size (Leary,
2014).

RESULTS

Participants
A total of 64 volunteers signed the informed consent form and
agreed to participate in the study. Incomplete or missing test
batteries were due to time constraints and/or participant dropout.

More information regarding participants’ enrollment and
completion rates can be found in Figure 1.

The majority of the participants (55%) were males, 42% were
females, and 3% chose not to answer the question.We did not test
for possible sex differences at any of the study time points, as it
would divide the sample sizes approximately in half, which would
result in too small subgroups to conduct meaningful statistics on.
The mean (±SD) age of the entire group was 39 ± 11.3 years. Most
participants were from Europe (78%), while the rest were from
North America (10%), the Middle East (4.7%), or undisclosed
(7.3%). The majority of the group (61%) completed an academic
level of education. About one-fourth (23.4%) of the participants
had used ayahuasca before, and all of them did so during a group
retreat. Furthermore, 52% of the participants had previously used
psychedelics other than ayahuasca, e.g., psilocybin, LSD, and
DMT. When asked about the motivations for attending the
ceremony, participants often indicated “to understand myself”
(67%), and “to resolve problems” (59%). Next to that, “curiosity”
(37.5%) and “other” (31%) motives were mentioned.

FIGURE 1 | Flow-chart depicting participants’ enrollment.

Frontiers in Pharmacology | www.frontiersin.org October 2021 | Volume 12 | Article 7215375

Kiraga et al. Persisting Ayahuasca Effects

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


Ayahuasca Sample
Table 1 shows the results of the analysis of the ayahuasca
samples per organization, the concentrations of which vastly
differed between locations; Figure 2 shows the
chromatograms of the ayahuasca samples. Based on
participants’ reports on the amount of consumed
ayahuasca, and metabolites’ analysis afterwards it was
calculated that the average (±SD) amount of DMT,
harmine, and harmaline was respectively 57.44 (25.77) mg,
127.08 (97.12), and 59.84 (73.27) mg.

Multifaceted Empathy Test
Cognitive Empathy
Overall 41 (at baseline), 25 (at the morning after the ceremony),
and 12 (at 1 week after the ceremony) participants completed all
the parts of MET and were included into analyses. The OLS
multi-linear regression revealed a significant main effect of
Session (F2,75 � 12.77; p < 0.001) on CE. Compared to
baseline, participants correctly identified more emotions the
morning after the ayahuasca ceremony (p < 0.001; d � 0.93),
and 1 week after the ceremony (p � 0.01; d � 0.79; Table 2).

TABLE 1 | Estimated average total dose per site, based on alkaloid concentrations and reported amounts of the brew that participants have taken.

Sample N from this location DMT (mg) Harmine (mg) Harmaline (mg)

Location 1 15 65.88 251.93 26.25
Location 2 14 69.7 91.00 167.30
Location 3 8 19.20 21.60 4.20
Location 4 3 75.00 143.80 41.60

FIGURE 2 | Extracted ion chromatograms of LC-MS analyses of the ayahuasca’s active ingredients DMT (A), harmine (B) and harmaline (C) in the preparations
used in Location 1 (index 1), Location 2 (consisting of Mimosa hostilis, index 2, and Peganum harmala, index 3), Location 3 (index 4) and Location 4 (consisting of Mimosa
hostilis, index 5, Peganum harmala, index 6, and a preparation of Banisteriopsis muricata, index 7). The abundances of the analytical signals are equally scaled for each
analyte and the concentrations in the brews are annotated.
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When assessing valence-specific responses, analysis revealed a
significant main effect of Session on recognition of both positive
(F2,75 � 11.82; p < 0.001) and negative (F2,75 � 8.47, p � 0.005)
emotions (Table 2) indicating that the morning after the
ceremony, participants correctly recognized more positive and
negative emotions than during the baseline measurement (p <
0.001; d � 0.79 and p < 0.001; d � 0.85, respectively). At follow-up,
participants correctly recognized more positive emotions (p �
0.01; d � 0.8) compared to baseline; whereas recognition of
negative emotions did not differ statistically between baseline
and 7-days follow-up (p � 0.056; d � 0.59).

Emotional Empathy
The OLS multi-linear regression model revealed a significant
effect of Session on Implicit EE (F2,75 � 4.42; p � 0.04; Table 2).
Compared to baseline, participants reported significantly higher
arousal levels during the follow-up when confronted with
emotional expressions (p � 0.047; d � 0.62). There was no

significant effect of Session on implicit EE (p � 0.266), when
comparing baseline to sub-acute measurement. Furthermore, the
one-factor, multi-linear regression model did not reveal a
significant main effect of Session on the average scores of
Explicit EE scores (“concern”, F2,75 � 0.572; p � 0.452).

Similar time effects were found for valence-specific responses.
The analysis revealed an overall effect of Session towards positive
emotions (F2,75 � 5.193; p � 0.025; Table 2) and no changes in
arousal levels towards negative pictures (F2,75 � 0.218; p � 0.642).
Specifically, compared to baseline, participants reported
significantly higher arousal levels towards positive pictures
1 week after the ceremony (p � 0.012; d � 0.78); these effects
were not present at follow-up (p � 0.679).

Picture Concept Test
Convergent Thinking
In total 43, 20, and 19 participants completed the first part
(convergent thinking) of the PCT during the first, second, and

TABLE 2 | Summary of contrast analyses of the dependent measures.

Variable Session N Mean SE P d

Total Cognitive Empathy Baseline 41 16.7 0.88
Sub-acute 25 22.67 1.42 <0.001* 0.93
Follow-up 12 21.49 1.84 0.01* 0.79

Positive Cognitive Empathy Baseline 41 8.17 0.51
Sub-acute 25 11.12 0.83 <0.001* 0.79
Follow-up 12 11 1.1 0.01* 0.8

Negative Cognitive Empathy Baseline 41 8.54 0.48
Sub-acute 25 11.55 0.78 <0.001* 0.85
Follow-up 12 10.49 1.0 0.056 0.59

Average Implicit Emotional Empathy Baseline 41 4.92 0.21
Sub-acute 25 5.3 0.34 0.27 0.25
Follow-up 12 5.8 0.44 0.047* 0.62

Positive Implicit Emotional Empathy Baseline 41 4.52 0.28
Sub-acute 25 4.71 0.46 0.68 0.1
Follow-up 12 6.05 0.6 0.01* 0.78

Negative Implicit Emotional Empathy Baseline 41 5.32 0.25
Sub-acute 25 5.89 0.4 0.15 0.32
Follow-up 12 5.58 0.5 0.62 0.16

Average Explicit Emotional Empathy Baseline 41 4.2 0.18
Sub-acute 25 4.5 0.29 0.3 0.23
Follow-up 12 4.37 0.38 0.65 0.14

Convergent Thinking Baseline 43 10.14 0.42
Sub-acute 20 10.55 0.75 0.58 0.13
Follow-up 19 12.95 0.76 <0.001* 0.83

Originality Baseline 43 5.35 0.72
Sub-acute 20 7.9 1.27 0.05 0.52
Follow-up 19 3.37 1.3 0.13 0.41

Fluency Baseline 43 4.93 0.65
Sub-acute 20 7.5 1.14 0.03 0.55
Follow-up 19 5.42 0.49 0.68 0.16

Ratio (Originality/Fluency) Baseline 43 1.23 0.05
Sub-acute 20 1.04 0.09 0.04* 0.5
Follow-up 19 0.68 0.1 <0.001* 1.27

Satisfaction with Life Scale Baseline 43 19.1 0.87
Sub-acute 27 22.3 1.39 <0.001* 1.0
Follow-up 24 24.9 1.45 <0.001* 1.76

Decentering Baseline 42 3.18 0.07
Sub-acute 21 3.76 0.13 <0.001* 1.0
Follow-up 22 4.12 0.13 <0.001* 1.76

Personality: Neuroticism Baseline 33 24.58 6.34
Follow-up 8 19.5 3.66 0.037* 0.98

* p < 0.05
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third assessment, respectively. Analysis revealed a significant
main effect of Session on convergent thinking (F2,79 � 12.08;
p < 0.001; Table 2). Separate contrasts showed that the number of
correct solutions non-significantly increased after the ayahuasca
ceremony (p � 0.58), reaching statistical significance at follow-up
measurement (p < 0.001; d � 0.83).

Divergent Thinking
Analysis revealed no effect of Session on originality (F2,79 � 0.858;
p � 0.357; Table 2), nor fluency scores (F2,79 � 0.717; p � 0.4).
When the originality scores were weighted for fluency (the ratio) a
significant effect of Session was found (F2,65 � 30.57; p < 0.001),
with ratio, an estimator of divergent thinking’s quality, being
significantly lower the morning after and 1 week after the
ceremony than at the baseline (p � 0.038; d � 0.5 and p <
0.001; d � 1.27, respectively).

Satisfaction with Life Scale
The questionnaire was completed by 43 participants at baseline,
27 the morning after the ceremony, and 24 at the follow-up. The
multi-linear regression analysis revealed a significant main effect
of Session on participants’ satisfaction with life ratings (F2,91 �
17.0; p < 0.001; Table 2). Separate contrasts indicated that,
compared to baseline, satisfaction with life significantly
increased the morning after (p � 0.023; d � 0.5) and 1-week
after the ceremony (p < 0.001; d � 0.9).

Experience Questionnaire-decentering
The questionnaire was completed by 42 participants at the
baseline, 21 on the morning after the ceremony, and 22
participants at the follow-up. Analysis showed a significant
effect of Session on participants’ rating of decentering (F2,82 �
60.67; p < 0.001; Table 2). Contrasts revealed a significant
continuous, linear increase of participants’ decentering scores
the morning after (p�<0.001; d � 1) and 1 week after the
ceremony (and p < 0.001; d � 1.76) compared to baseline.

THE PSYCHEDELIC EXPERIENCE

Ego Dissolution Inventory
In total, 31 participants filled in the ego dissolution inventory the
morning after the ceremony. The mean (SD) of the sample was
45.8 (33.7), with ratings varying between 0 (minimal reported
score) and 95.6 (maximal recorded rating).

Visual Analogue Scale
Overall, 20 participants filled in the visual analogue scale the
morning after the ceremony. Mean (SE) ratings on the different
VAS items are shown in Figure 3. The one-sample t-test showed
ayahuasca-induced significant increases in all VAS items (t19 �
5.15–7.95; p ≤ 0.000; d � 1.63–2.51).

Big Five Inventory
Personality was assessed twice; before (N � 33) and 1 week after
the ceremony (N � 8). Linear regression analysis revealed a
significant effect of Session on participants’ ratings of
neuroticism (F1,39 � 4.68; p � 0.037; d � 0.98; Table 2), with
scores being significantly lower at the 1-week follow-up than at
the baseline. Participants’ reports did not indicate any other
significant changes in the remaining personality traits
openness, extraversion, agreeableness, conscientiousness) of the
BFI scale.

FIGURE 3 | Mean (±SE) of visual analogue scale item scores on a 100 mm scale. Scores are retrospective of the ceremony experience.

TABLE 3 | Mean (SE) scores on the first part of the Persisting Effects
Questionnaire.

Variable Positive mean (SE) Negative mean (SE)

Attitudes about life 57.41 (3.77) 15.71 (0.65)
Attitudes about self 45.06 (3.06) 12.71 (0.43)
Mood changes 38.82 (2.93) 9.47 (0.23)
Social effects 33.00 (3.12) 11.35 (0.78)
Behavior changes 4.41 (0.39) 1.06 (0.06)
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Persisting Effects Questionnaire
In total, 17 participants filled in the PEQ 7 days after the
ceremony. Mean (SE) of the positive and negative ratings
assessing attitudes, mood, social effects, and behavior,
measured after ayahuasca ceremony by the PEQ are presented
in Table 3.

On the question, “how personally meaningful was the
experience” 2 (11.8%) rated it as the single most meaningful
experience of their lives, whereas 9 (52.9%) and 3 (17.6%), rated it
as among the 5 and 10 most meaningful experiences of their lives,
respectively. One participant (5.9%) rated it as similar to the
meaningful experiences that occur on average once every 5 years,
one (5.9%) stated it was similar to meaningful experiences that
occur once a year, and one (5.9%) said it was similar to
experiences that occur on average once a month.

On the question, “how spiritually significant was the
experience,” 8 (47.1%) rated it as the most spiritually
significant experience of their lives, whereas 4 (23.5%) and 2
(11.8%) rated it as among the 5 and 10 most spiritual experiences
of their lives, respectively. One participant (5.9%) rated it as
similar to the spiritually meaningful experiences that occur on
average once every 5 years, one (5.9%) stated it was similar to
spiritually meaningful experiences that occur once a year, and one
(5.9%) stated it was similar to spiritually meaningful experiences
that occur on average once a month.

In regards to how psychologically challenging the experience
was, 2 (11.8%) rated it as the single most difficult or challenging
experience of their lives, 6 (35.3%) rated it as among the five most
challenging experiences of their lives, and 3 (17.6%) rated it as
among the top 10 of most challenging experiences of their lives,
followed by 2 (11.8%) stating it was similar to the challenging
experiences that occur every 5 years, 2 (11.8%) who said occur
every once a year, and 2 (11.8%) who said occur once a month.

Finally, regarding the psychologically insightfulness of the
experience, 4 (23.5%) stated the experience to be the single
most psychological insightful experience of their lives, 5
(29.4%), and 4 (23.5%) stated among the 5 and 10 most
insightful experiences, respectively. One (5.9%) stated that the
experience was similar to psychologically insightful experiences
that occur on average once every 5 years, two (11.8%) stated it was
similar to experiences that occur on average once a month and
one (5.9%) stated the experience was no different from every
psychologically insightful experience.

Hypothesis-Driven Correlations
Analysis showed a correlation between changes in implicit EE
towards a positive stimulus, and persisting (7 days) changes in
satisfaction with life (r � 0.584, p � 0.038, n � 10, one-sided).
Namely, as changes in arousal to pictures of people in positive
mood states increased, so did changes in satisfaction with life
when comparing baseline to 7 days after intake.

DISCUSSION

The primary objective of the present study was to complement
the existing findings on sub-acute and long-term effects of

ayahuasca on flexible cognition, empathy, satisfaction with life,
and personality, using a comprehensive test battery with
participants attending ayahuasca ceremonies. Relative to the
baseline, we observed increases with medium and large effect
sizes of convergent thinking (CT), cognitive and implicit
emotional empathy (IEE), satisfaction with life (SWLS), and
decentering. We also found sub-acute and long-term decreases
in the estimator of divergent thinking quality (ratio, defined as
originalityweighted for fluency). In line with our assumptions, we
found decreases in the personality trait neuroticism at 1 week
post-ceremony, however contrary to our hypotheses no
improvements in openness were found.

The findings demonstrate post-ayahuasca ceremony increases
in participants’ ability to correctly recognize emotional states, for
pictures depicting both positive and negative emotions. To our
knowledge, this is the first study to demonstrate large, sub-acute,
and long-term increases in cognitive empathy among attendees of
ayahuasca ceremonies. The present findings contrast with those
of previous research with psychedelics and empathogens, where
emotional recognition was unaffected (Kuypers et al., 2017;
Pokorny et al., 2017; Mason et al., 2019; Uthaug et al., 2021)
or even impaired after the administration of LSD, psilocybin,
ayahuasca, and MDMA (Bedi et al., 2010; Kometer et al., 2012;
Hysek et al., 2014; Dolder et al., 2016). Regarding emotional
empathy (EE), a time- and construct-specific differentiation of
effects was found, with increases of implicit EE 1 week after the
ceremony and no effects on explicit EE. Similarly to the study of
Pokorny and colleagues (2017), the present findings show
medium increases in participants’ ratings of arousal (implicit
EE) towards positive emotions 1 week after the ceremony.
Overall, there is growing evidence supporting the claim of
acute enhancements in EE after administration of psychedelics
and other serotonergic compounds, like MDMA and psilocybin
(Hysek et al., 2014; Schmid et al., 2014; Preller et al., 2015;
Kuypers et al., 2017; Pokorny et al., 2017; Kuypers, 2018). The
current study adds to this body of literature by pointing out the
possible long-term enhancements of emotion recognition/
awareness, which might bring interesting therapeutic
applications of psychedelics’ use for stress-related
psychopathologies like depression, anxiety disorders, and post-
traumatic stress disorder, which are characterized by low levels of
empathy (Donges et al., 2005; Chamberlain et al., 2006;
Nietlisbach and Maercker 2009; Cusi et al., 2011; Palm and
Follette 2011; Lee and Orsillo 2014; Parlar et al., 2014;
Morrison et al., 2016). A hypothesis-driven correlation analysis
indeed suggested a positive correlation between sub-acute
increases in ratings of emotional empathy and 7-days
increases in satisfaction with life; in line with a previous study
which found the same relationship after ingestion of psilocybin in
a naturalistic setting (Mason et al., 2019). Taken together, results
provide limited evidence for directionality, as they demonstrate
that an earlier (morning after) increase in positive empathy
strongly correlates with a later (7 days after) increase in well-
being. However, future research should more formally assess a
causal relationship between (positive) empathy and well-being,
Additionally, assessments of sleep quality could be considered in
future research since sleep quality is related to both constructs,
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and ayahuasca has been shown to affect sleep parameters,
although the behavioral consequences are yet to be examined
(Barbanoj et al., 2008).

With regard to convergent thinking (CT), the study showed
that at 1-week post-ceremony the performance was significantly
increased, which is in line with previous studies showing
enhancements in CT at 1 week (Mason et al., 2019), and
1 month (Uthaug et al., 2018) post-psychedelic ceremony, but
not the morning after. These findings, although promising,
should be interpreted with caution as practice effects cannot
be ruled out. To minimize this, parallel versions of the test were
used at each assessment point, and no feedback on performance
was given. Nevertheless, practice effects have been suggested
when utilizing this task in a placebo-controlled, experimental
study with psilocybin (Mason et al., 2021).

The current study found decrements in divergent thinking
(quantified as the ratio of originality and fluency) at both post-
ceremonial assessments. Naturalistic studies that have used this
task (Picture Concept Test) have shown mixed results, with one
study finding unaffected divergent thinking 1 day after an
ayahuasca ceremony (Uthaug et al., 2018), and others pointing
out acute (Kuypers et al., 2016) and sub-acute (Mason et al., 2019)
increases in DT following respectively the ingestion of ayahuasca
and psilocybin in a social setting. Recently, a placebo-controlled
study assessing the effect of psilocybin on acute and persisting
creative cognition found an acute decrease in deliberate, task-
based DT across creativity tasks, and a simultaneous acute
increase in ratings of spontaneous creative insight (Mason
et al., 2021). Conversely, 7 days later, a DT variable was found
to be increased, in that individuals were able to come up with
more new ideas for one of the creativity tasks. Findings suggest a
time- and test-related differentiation of effects on creative
thinking, which should be considered when assessing creativity
in future studies (Mason et al., 2021).

Self-rated satisfaction with life (SWL) increased during the
sub-acute and long-term assessment when compared to baseline.
According to an interpretation of the SWL scores provided by
Diener et al. (1985), the participants in the current study, with a
mean score of 19 at baseline, can be classified as marginally below
average (range 15–19) at the start of the study, indicating small
but significant problems in several areas of life or one area that
represents a substantial problem (Pavot et al., 1991). During the
sub-acute and follow-up assessments, participants’ scores
increased up to average (range 20–24) and marginally high
(range 25–29) levels of SWL, respectively. Although people
with average and high SWL are generally satisfied with their
lives, the individuals with average scores desire greater
improvements in one or several life’s domains (Pavot et al.,
1991). These findings are consistent with the previous studies
showing sub-acute (Uthaug et al., 2018; Mason et al., 2019), and
long-term (Bouso et al., 2012; Carhart-Harris et al., 2016;
Griffiths et al., 2016; Johnson et al., 2017) positive
psychological changes after psychedelics use. These findings
add to the growing number of empirical evidence indicating
that beneficial subjective psychological changes induced by
psychedelics outlast the state of acute effects that in case of
ayahuasca, last for approximately 4 h (Riba et al., 2001).

Although some of the ayahuasca compounds (e.g., THH) were
demonstrated to have a half-life of almost 9 h (Callaway et al.,
1999), studies employing a combination of electroencephalogram
(EEG) recordings and quantification of ayahuasca’s compounds
concluded that it seems unlikely that those compounds play any
major role in the acute psychoactive effects of ayahuasca
(Schenberg et al., 2015).

As hypothesized, the study found decreases in neuroticism
1 week after the ayahuasca ceremony; the other four traits were
unaffected. The fact that personality can change after a
psychedelic experience has been shown previously (Griffiths
et al., 2011; MacLean et al., 2011; Bouso et al., 2015; Johnstad
2021), however, most of the studies showed changes in openness
which were not found in the present study. Previously it has been
suggested that neuroticism could lead to difficult experiences
when taking a psychedelic (Barrett et al., 2017), though other
studies did not show this relation (Studerus et al., 2012; Haijen
et al., 2018). Of interest here is that a previous study showed that
individuals with low psychological well-being and higher scores
of neuroticism report consuming psychedelic substances with the
achievement of positive outcomes (Mason et al., 2020). Therefore,
psychedelic-related changes in personality traits should be further
investigated, to understand how personality changes over time
and how this might facilitate the therapeutic process.

In the current study, we also found significant increases in
ratings of decentering, both 24 h and 7 days after ingestion of
ayahuasca. Findings are in line with previous studies, which
havefound increases in decentering ability and interrelated
mindfulness capacities 24 h (Soler et al., 2016; Uthaug et al.,
2018; Murphy-Beiner and Soar 2020), 15 days (González et al.,
2020), and 2 months (Sampedro et al., 2017) post ayahuasca
intake. Decentering is described as the ability to take an observer’s
perspective on thoughts and emotions (Travers-Hill et al., 2017;
Duncan et al., 2021), and is proposed to consist of three processes:
meta-awareness, or the explicit awareness of the content of
current consciousness, self-distancing from internal
experiences (Kross et al., 2005), and reduced reactivity to
thought content (Bernstein et al., 2015). Interestingly, previous
work has found that when individuals are directed to analyze
their feelings about negative autobiographical experiences from a
self-distanced, decentered perspective (i.e. visualizing events from
the perspective of an observer) versus a self-immersed, first-
person perspective, they demonstrate less acute emotional and
physiological reactivity, and are less likely to ruminate over time
(Kross et al., 2005; Kross and Ayduk 2008). Drawing from this
distinction, Ayduk & Kross (2010) have hypothesized that
adopting and maintaining a self-distanced perspective while
reflecting on emotions allows individuals to reconstruct their
feelings and the meaning of their experience in ways that promote
insight. This is interesting to think of in light of what individuals
report during a psychedelic experience. Namely, individuals
report reliving autobiographical memories, often viewed from
a distanced, more detached view (Riba et al., 2001; Shanon, 2002;
Riba et al., 2006), and subsequently report insights into their
problems (Studerus et al., 2010; Roseman et al., 2018; Garcia-
Romeu et al., 2019). Given the similarity of these reports, and the
finding of enhanced decentering abilities after a psychedelic, the
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concept of decentering is something that should be investigated
more in the framework of psychedelic therapy, as this ability has
been suggested to facilitate adaptive coping with depression,
stress, and anxiety (Teasdale et al., 2002; Bieling et al., 2012;
Hoge et al., 2015; O’Toole et al., 2019; Duncan et al., 2021) and
thus drug-induced enhancements of such may play a role in the
long-term clinical outcomes being observed in psychedelic
clinical trials.

Limitations and Conclusion
The strength of this study, being naturalistic, is also its greatest
limitation. While the ecological validity is high, the sample is self-
selected, and it suffers from typically high drop-out rates.
However, given the accumulated evidence on the importance
of set (mind state and expectations) and setting (physical and
social environment) on the outcomes of experience (Frecska et al.,
2016; Hartogsohn 2016; Lawn et al., 2018; Sapoznikow et al.,
2019), it is important to have an ecologically valid environment
with participants enrolling in research, not engaging to receive a
reward but to contribute to science. That said, it could also be that
highly motivated people with a positive attitude were attracted to
participate, hence generalisation towards the general population
is difficult for this type of studies. The absence of a control group
or placebo makes it challenging to draw hard conclusions,
although the fact that the majority of findings (cognitive
empathy, satisfaction with life, decentering) were in line with
previous studies, some of which were placebo-controlled, is
reassuring that the findings might be related to the psychedelic
ceremony rather than practice effects or increased familiarity with
the test material. Despite the promising character of the present
findings, the high heterogeneity of methodological approaches in
the psychedelic field (such as the time of assessment, setting, type
of the substance) and the sparse number of studies investigating
the effects of ayahuasca, with empathy in particular, hampers the
formation of comprehensive conclusions. Given that core
features of mood disorders include repetitive and rigid
patterns of negative and compulsive thoughts, together with
social difficulties and impaired empathic abilities (Nietlisbach
and Maercker, 2009; Aldao and Nolen-Hoeksema, 2010;
Morrison et al., 2016; Santos et al., 2016), the further

investigation of the preliminary benefits reported by the
current and previous findings is of major importance. For
instance, future placebo-controlled experimental studies could
investigate potential non-pharmacological influences, while
future longitudinal naturalistic research could further
investigate the therapeutic potential of psychedelic drugs.
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