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Abstract

Ayahuasca is a decoction native to the Amazon, where it plays a central role in the tra-
ditional medicine of many local cultures and has expanded internationally over the last
decades. Ayahuasca has also attracted the interest of scientists for its potential benefits
on mental health, but its adverse effects are under-researched. We analyzed data from
the Global Ayahuasca Survey, including 10,836 participants who rated predetermined
adverse effects. Data were collected from March 1st, 2017, to December 31st, 2019, and
accessed for analysis on November 30th, 2021. Only DP and JJS had access to identifi-
able participant data. Machine learning and statistical methods were used to examine the
relationship between sample characteristics, post-ayahuasca adverse mental states, and
mental health outcomes measured by the 12-Item Short Form Survey (SF-12). Among
participants, 14.2% (767) had a prior anxiety disorder and 19.7% (1,064) a depressive
disorder. Despite this, the median SF-12 score was 50.16, comparable to the general
population. A history of anxiety or depression was associated with more adverse mental
states after ayahuasca use. However, increased experiences of “visual distortions” and
higher ayahuasca use correlated with better mental health. Women reported more adverse
states but did not show worsened mental health. The classification of adverse mental
states in psychedelic research should be reconsidered, as certain experiences tradition-
ally labeled as negative may contribute to long-term psychological benefits. The context in
which these experiences occur, along with individual factors, plays a crucial role in deter-
mining whether these states lead to positive or negative outcomes. Understanding these
dynamics is essential for improving harm reduction strategies and maximizing therapeutic
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potential. Individuals with a history of depression require special attention, as they are
more prone to experiencing post-ayahuasca adverse mental states and may benefit from
additional psychological support.

Introduction

Ayahuasca is a decoction native to the Amazon, where it plays a central role in the traditional
medicine of many local cultures, likely for millennia [1]. Ayahuasca is also the sacrament of
some syncretic Brazilian religions, some of which have expanded internationally across all
continents over the last four decades [2]. Ayahuasca itself has undergone a more recent pro-
cess of globalization [3] to the point where both psychiatrists and priests have made respective
calls to their colleagues to be more informed [4,5]. At the same time, scientific production of
ayahuasca research is also exponentially increasing, although this mostly focuses on its poten-
tial benefits for mental health and less on its potential risks and adverse effects [6].

Ayahuasca is both the Quichua name for the vine Banisteriopsis caapi and for any decoc-
tion made with it. B. caapi contains harmala alkaloids (mainly harmine, harmaline, and
tetrahydroharmine), which are MAOI inhibitors in the gastrointestinal tract [7]. The most
common plants mixed with B. caapi are the leaves of the bush Psychotria viridis or the leaves
of the vine Diplopterys cabrerana, both containing the amine N,N-Dimethyltryptamine
(DMT). DMT is a partial agonist of serotonin receptors, mainly 5-HT2A and 5-HT1A, and
is responsible for the hallucinatory effects of ayahuasca [8]. When administered in a labora-
tory, ayahuasca slightly increases heart rate and blood pressure [9,10], transiently increases
prolactin and cortisol, and modifies immunological markers [11,12]. It induces decreases in
EEG power in the delta, theta, and alpha frequency bands [12-14], reduces top-down control,
and increases bottom-up information transfer in the brain [15]. It increases blood perfusion in
the frontal and paralimbic brain regions in both normal [16] and depressed subjects [17], and
decreases the activity of the default mode network [18].

In terms of subjective effects, ayahuasca increases dose-dependent responses compared
to placebo on visual analog scales of “any effect”, “good effects”, “liking”, “visions”, “stimu-
lated”, and “high”, without altering “drunkenness”. It increases the subscales of Affect, Cog-
nition, Somaesthesia, Perception, Intensity but not Volition of the Hallucinogen Rating Scale
(HRS), and the measures of stimulatory effects (A scale), euphoria (MBG scale), and somatic
symptoms (LSD scale) from the Addiction Research Center Inventory (ARCI) questionnaire
[9-12]. This profile of subjective effects has also been observed in naturalistic settings, along-
side the induction of mystical experiences assessed with the Mystical Experience Question-
naire (MEQ) [19].

Contemporary clinical research has studied the effects of ayahuasca on depression [19-22],
anxiety disorders [23,24], grief [25-27], emotional regulation [28], drug dependence [29],
general wellbeing [30,31], quality of life, and general mental health [32], and even creativity
[33]. Studies using health indicators employed by governments to assess the general health of
their populations have found improved results in such indicators as healthy daily habits, use
of psychiatric drugs, cholesterol, and other imbalances caused by lifestyle in large samples of
regular ayahuasca users in both Spain and the Netherlands [34,35]. Regular long-term use
of ayahuasca has been associated with slight improvements in neuropsychological functions
[36-39] and neuroplasticity [38,40].

Despite the scientific interest and increasing number of publications regarding the effects
of ayahuasca in both clinical and naturalistic settings, little research has been conducted on
its potential acute and subacute adverse effects, as well as its possible consequences for health
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and/or mental health. Recently, we published a report in which we reviewed all the scientific
knowledge reporting ayahuasca’s adverse effects, and where we also reported the adverse
effects collected in the Global Ayahuasca Survey (GAS), a survey conducted on more than
10,000 subjects who attended an ayahuasca ceremony, comprising participants from more
than 50 countries [6]. In that paper, we reported a high prevalence (55.4%) of adverse mental
sates after ayahuasca use, with 12% seeking professional support for these effects, but also

a low frequency of severe post-use adverse states (4.4%). Moreover, more post-use adverse
states were reported for participants with higher ayahuasca uses, with previous mental health
disorders, and in non-traditional contexts of ayahuasca use. However, our previous study did
not analyze the relationship of the adverse mental states with the participants’ current mental
health. Moreover, previous studies analyzing the relationship of ayahuasca’s adverse effects
with participants’ health status seem to show contradictory results. While acute adverse
effects have been related to psychiatric condition improvement [41], the number of adverse
effects after ayahuasca use was negatively associated with current mental health and per-
ceived improvement in psychological wellbeing in another study [42]. Moreover, subjective
experiences typically experienced by ayahuasca users, such as visual distortions or halluci-
nations, could be perceived as beneficial rather than adverse effects. In this context, It seems
necessary to explore the mediating variables involved in the development of potential harms
or benefits following an adverse event.

In this new analysis, we aim to extend our previous study results by trying to answer the
question raised above. As noted, post-use adverse mental effects are related to independent
variables (e.g., sociodemographic, clinical, or history of ayahuasca use variables) that are also
expected to be related to participants’ current mental health status. Thus, we hypothesize a
mediational relationship where we will test the relationships of the independent variables on
reported adverse states increment after ayahuasca use and the relationships of these variables
(the independent variables and adverse effects) on ayahuasca users’ current mental health.
Moreover, in this study, we include as independent variables acute ayahuasca experiences, the
spiritual significance, and the extreme fear experienced during the ceremonies. The first has
been associated with psychedelic experiences [43,44] and an increased likelihood of experienc-
ing adverse effects [6]. The second has been related to extended difficulties following psyche-
delic drugs use [45] and has been linked with “bad trips” [46]. As explanatory models can be
difficult to interpret when a high number of exogenous and mediation variables are included
in the analysis, in this study, a machine learning and classical statistical combined approach is
used [47,48] to better analyze our aims.

Methods
Ethics statement

The study was approved by the University of Melbourne Human Research Ethics Commit-
tee (HREC number 1545143.3), and all participants provided their informed consent via an
initial question in the online survey. Participants were unable to proceed if consent was not
provided.

Sample

The study sample was drawn from 10,836 participants of an online survey conducted
between 2017 and 2019. The survey was available in six languages (English, Portuguese,
Spanish, German, Italian, and Czech) and collected data from participants in more than 50
countries. All participants were over 18 years old and had used ayahuasca on one or more
occasions.
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Survey participation was promoted through websites and email invitations from relevant
organizations, ayahuasca retreat centers, ayahuasca churches, online groups and forums, via
Facebook, and flyers at conferences and events. No financial incentives were offered. Data
was cross-checked to remove suspected duplicate responses, and information from partially
completed surveys was preserved. Given the opaque nature of the ayahuasca-using population
in many countries (where this practice is either prohibited or where its legal status remains
unclear) a non-random sampling method was chosen.

After missingness was explored, only participants without missing responses in any of the
study variables were included in the analyses (5,400; 49.8%; see Statistical Analysis section).
No significant differences were observed between included and excluded participants in terms
of sex distribution, context of ayahuasca use, age at first ayahuasca use, frequency of ayahuasca
uses in the last year, lifetime ayahuasca uses, current physical or mental health scores, and
prevalence of lifetime anxiety or alcohol use disorders (all ps >.082). However, participants
included in the analyses were older [40.94 (12.01) vs. 39.63 (12.39); toogsn = 094 P <.001], had
higher educational levels [university education: 65.2% (3,522) vs. 58.6% (3,133); XZ(U =49.23;p
<.001] (To reduce the comparison of education levels between included and excluded partic-
ipants, previous to the analyses the between groups difference in the variable, it was recoded
to a dichotomic variable measuring university studies.), and reported fewer ayahuasca mental
adverse effects [2.70 (4.26) vs. 2.95 (4.55); tossy =228 p =.023} than the excluded participants.
Finally, a lower frequency of lifetime depression [19.7% (1,064) vs. 21.6% (516); sz =3.74;

p =.053] and substance use disorders [9.2% (496) vs. 12.4% (296); Xy = 18.73; p <.001] was
observed among the included participants compared to those excluded.

Measures

Demographic information such as age, sex, education, and country of residence was obtained
from participants, in addition to their lifetime history of mental health diagnoses and detailed
ayahuasca drinking history, including frequency, patterns, and contexts of use [42]. A single
item question was used to measure the extent to which extreme fear or panic was experienced
during the ayahuasca session, scored from 0 “Not at all” to 10 “Very much” The degree of
spiritual significance of ceremonies was reported using the spirituality component of the
Persisting Effects Questionnaire [49] that involved a six-point scale (ranging from not at all
significant to the single most spiritually significant experience of my life). The mental com-
ponent score of the SF-12 instrument was used to evaluate current mental health status in
accordance with the guidelines for the SF-12 instrument, with scores ranging from 0 to 100
and higher scores signifying better mental health [50].

Acute adverse mental health effects were assessed using a question about short- to
medium-term mental health, emotional, or perceptual changes occurring in the weeks or
months after consumption. This was based on the PHQ-4 [51], supplemented with six addi-
tional items derived from the ayahuasca literature. The question asked respondents, “In the
weeks or months after your ayahuasca ceremonies/sessions, have you ever experienced an
increase in any of the following?” Responses were collected using a modified version of the
PHQ-4 four-point scale (Not at all, Slightly, Moderately, Very Much). Note that this question
did not specifically describe these items as adverse effects.

Statistical analysis

Data analysis strategy. The main objective of the study is to analyze the relationships
between participants’ reported adverse mental states after ayahuasca use and their current
mental health status using Structural Equation Modeling (SEM). As mentioned above, due
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to the expected relationships between the study variables, we test a hypothesized mediational
model. The mediational model is briefly presented in Fig 1.

Before applying Structural Equation Modeling (SEM) analysis, we employ the Ran-
dom Forest algorithm to select from the 24 initial predictors those that would improve the
R-squared and reduce the root mean square error (RMSE) when predicting participants’
current mental health. This step aims to refine our predictor set, enhancing the clarity of the
SEM model by potentially reducing the number of variables involved. Random Forest is a
widely used machine learning procedure for feature selection that can enhance the efficiency
of models [52,53]. It has been applied in mental health research to similar ends (e.g., [54,55].
Prior to these analyses, participants were selected, data were explored, pre-processed, and a
multivariate outlier detection algorithm was employed to finalize the sample to be used. This
preparatory phase ensures that the data feeding into both the Random Forest and SEM analy-
ses are optimized for quality and relevance.

Sample selection and data pre-processing. As it is an online survey research and
missing response are frequently observed, missingness responses were explored prior to the
analyses. As this is an exploratory study and none previous research has specifically analyzed
the relationships between clinical, ayahuasca history of use variables and the adverse post-
ayahuasca use states with participants’ current mental health, after the data exploration, in
this study participants with missing response were deleted. Given that the distribution of
variables is a critical factor when using multivariate statistical procedures based on Euclidean
distances, such as k-nearest neighbors algorithms and SEM, before proceeding with the
analyses, an exploration of the distributions of the included variables was conducted to ensure
the appropriateness of the statistical techniques and to facilitate accurate interpretations of the
findings.

Lifetime and last year ayahuasca use displayed high non-normality values (Skewness >
8.475 and Kurtosis > 98.80), to reduce excessive kurtosis these variables were transformed to
ordered one based on the 10th to 100th percentiles (see Table 1). Additionally, the two cate-
gorical variables included in the study were recoded to dichotomous variables: traditional vs.
non-traditional countries (Brazil, Ecuador, Peru, Bolivia, Colombia and Venezuela countries
of birth vs. other countries), and traditional vs. non-traditional context of use (Ayahuasca
Church and Traditional Shaman vs. non-traditional supervision and others contexts of use). A

Participants’ Current
mental health

Sociodemographic History of use Clinical Acute Ayahuasca

variables variables variables experiences

Traditional/no traditional
context & countries

Post-ayahuasca use adverse mental states

Fig 1. Hypothesized mediational post-ayahuasca use adverse mental states model.

https://doi.org/10.1371/journal.pmen.0000097.9001
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Table 1. Sample description (n = 5,400).

Sociodemographical variables % n
Female 47.1 2,546
Age* 40.94 12.01
Education
Primary school or lower 5 24
Secondary school 1.0 52
Trade, techical, vocational qualification/certificate 7.2 389
Completed high school 10.6 571
Diploma/advanced diploma/assicat’s degree 15.6 841
Undergraduated/bachelor’s degree 30.3 1,634
Master’s degree or post-graduated/diploma 29.7 1,604
PhD/Doctorate 53 284
Residence region
Brazil 46.0 2,485
Other Latin America country 5.3 285
Europe 26.5 1,433
North America 17.1 926
Australia & NZ 4.4 239
Asia and Middle East .6 32
Traditional countries 48.4 2,613
Ayahusaca use history variables
Age of onset™® 31.49 12.34
Age of onset before 18 years old 476 8.81
Last year ayahuasca uses
No use 16.0 865
One use 8.5 459
Two uses 7.1 381
3-4 uses 9.7 522
5-8 uses 8.9 483
9-20 uses 12.1 656
21-30 uses 14.9 806
31-35 uses 2.8 150
36-45 uses 10.1 543
More than 45 uses 9.9 535
Lifetime uses
1-2 use 13.3 716
3-4 uses 10.6 575
5-7 uses 7.9 424
8-14 uses 8.2 445
15-30 uses 11.2 605
31-75 uses 8.7 471
76-200 uses 12.6 681
201-396 uses 7.5 404
397-700 uses 10.2 552
More than 700 uses 9.8 527
Context
Traditional context 67.4 3,637
Non-traditional context 32.6 1,763
(Continued)
PLOS Mental Health | https://doi.org/10.1371/journal.pmen.0000097  April 30, 2025 6/24
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Table 1. (Continued)

Sociodemographical variables % n
Mental health
Anxiety disorder 14.2 767
Depressive disorder 19.7 1,064
Substance use disorder 9.2 496
Alcohol use disorder 10.0 538
SF-12 mental health* 50.16 9.11
Extreme fear* 3.62 3.21
Spiritual significance* 4.95 1.11
Mental health post-ayahuasca use adverse mental states
Emotional cognitive adverse states® 1.72 3.29
Psychotomimetic adverse states™ .99 1.68

*: indicated a continuous variable, thus mean and standard desviation are reported.

https://doi.org/10.1371/journal.pmen.0000097.t001

high correlation was observed between lifetime and last year ayahuasca use. However, since no
linear dependence was detected between the variables, and one of the random forest algo-
rithms we plan to use in our analysis, Recursive Feature Elimination, has been recommended
for variable selection in the context of multiple correlated variables [56], the last year aya-
huasca use variable was not deleted.

The studied variables were pre-processed specifically for each statistical test. For k-
nearest neighbors multivariate outlier detection algorithms and numerical data (continuous
and ordered variables) for SEM were standardized and scaled, respectively. No multivariate
outliers were detected. For Random Forest tests, variables were used in their original scale and
data were spilt into training dataset (n = 4,320) and test dataset (n = 1,080) for feature selec-
tion and model training and for model evaluation respectively. SEM was performed using the
total sample, leveraging the full dataset to ensure robust analysis and comprehensive results.

Data analyses. The statistical analyses were performed using R version 4.2.3 [57].
Multivariate outlier detection was conducted using the Natural Neighbor searching algorithm
[58] as implemented in the DDoutlier package [59]. Data preprocessing and Random Forest
analyses were carried out using the caret package version 6.0-94 [60]. The mediational model
was tested using the lavaan package version 0.6-12 [61].

For the Random Forest Recursive Feature Elimination (RFE) variables selection, the num-
ber of resamples was set to 50 and bootstrap was set to 1000. Random Forest was performed
using repeated k-fold cross-validation, with 10 partitions and 5 repetitions. The mediational
model (Fig 1) was tested following the recommendations by Bauer and Curran (2019) for
SEM analyses with the lavaan package. The Robust Diagonally Weighted Least Squares
(DWLS; [62,63]) estimation method was used to test the models. Fit indices (Chi-square test,
RMSEA, TLI, CFI, and SRMR) were used to assess the model’s fit to the data [64,65]. Covari-
ance between exogenous variables was fixed to their sample values.

For a clearer interpretation of the effects studied, both fully standardized and partially stan-
dardized estimates were reported for the numerical and dummy variables, respectively [66].
Finally, statistical power analyses for mediational, indirect, direct, and total effects () based
on Monte Carlo Simulation were conducted using the Webpower package [67]. The number
of Monte Carlo simulations and bootstraps were set to 100 and 5000, respectively.

While sociodemographic variables are included in the analyses and tables, the results sec-
tion primarily focuses on the history of use, clinical, acute experiences, context, and country as
exogenous variables.
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Results

The sample characteristics are summarized in Table 1. Approximately half of the participants
were female (47.1%; 2,546), with an average age of 40.9 years (SD = 12.01). The majority of
the participants (80.9%; 4,363) held an education level higher than a diploma or advanced
diploma and were from Brazil (46.0%; 2,485). The mean age at which participants first used
ayahuasca was 31.5 years (SD = 12.34). Only 16.0% (865) of the participants had not used
ayahuasca during the previous year, while 59.9% (3,236) had used ayahuasca more than 31
times and 20.0% (1,079) had used it more than 397 times in their lifetime. In terms of context,
67.4% (3,637) of the sample used ayahuasca in a traditional setting. Additionally, 14.2% (767)
of participants reported a previous anxiety disorder, 19.7% (1,064) a depressive disorder, and
the mean mental health score of the sample, assessed with the SF-12, was 50.16 (SD = 9.11).

Predictors selections: Random forest analyses

From the initial set of 24 variables included in the study, the RFE algorithm selected 23 vari-
ables that showed the highest R-squared and the lowest RMSE (.259 and 7.91, respectively).
However, it was determined that a set of 20 features could represent an optimal balance,
exhibiting an R? 0f.256 and an RMSE of 7.92. Moreover, the Random Forest regression model
with 20 variables, used to predict participants’ current mental health, exhibited R-squared
and RMSE values of.282 and 7.794, respectively and revealed that gender had no significant
impact on predicting mental health outcomes in this sample (see Table A and B in S1 Text).
Consequently, the variables Alcohol use disorder, Drug use disorder, “Not being able to stop

or control worrying”, “Nightmares, or disturbing thoughts, feelings, or sensations” and gender
were not included in the subsequent analyses.

Ayahuasca adverse mental effects mediational model

The model fit indices indicated a high fit to data for the hypothesized Ayahuasca adverse
mental effect mediational model (x* = 1.295, p =.523; CFI = 1.00; TLI = 1.00; RMSEA <.001;
RMSEA90% CI =.000 -.024, and SRMR =.001). Although the hypothesized mediational model
explained nearly 30.0% (R* =.298) of the variance in participants’ current mental health, the
explained variance for the ayahuasca adverse effects included in the model ranged from R*
=.060 to R? =.206 (“Visual distortions” and “Difficulty knowing what is real and not real”).
The relationships between the variables studied are detailed below by sections.

Exogenous variables relationships with participants’ reported adverse
mental states

As observed in Table 2, ayahuasca history of use variables did not show significant relationships with
the participants’ reported increases for half of the adverse mental states studied. However, higher
participants’ age of onset and lifetime use were related to greater reported increases of “Feeling
down, depressed, or hopeless” (p =.091 -.097; ps <.037); “Hearing or seeing things that other people
do not hear or see” (p =.178 -.103; p <.006), “Visual distortions” (p =.113 -.146; p <.001), and “Feel-
ing energetically attacked or a harmful connection with a spirit world” ( =.116 -.226; p <.001).
Related to participants’ previous mental health disorders, anxiety was associated with
greater reported increases of “Feeling nervous, anxious, or on edge” (p =.245; p <.001)
and “Difficulty knowing what is real and not real” (f =.113; p =.054). Moreover, anxiety
approached significant levels in increasing “Feeling disconnected or alone” (f =.096; p =.057)
and “Feeling energetically attacked or a harmful connection with a spirit world” (f =.109;
p =.060). However, a previous diagnosis of depression was associated with greater reported
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increases of all the studied adverse post-ayahuasca states ( =.103; p <.036), with the sole
exception of “Feeling nervous, anxious, or on edge” (B =.080; p =.100) (Table 2).

Participants who used ayahuasca in non-traditional contexts reported greater increases of
all the adverse states ( =.108; p <.007), with the only exception of “Little interest or pleasure
in doing things” (p =.558). However, a different pattern of associations was observed for
traditional vs. non-traditional countries. Participants from non-traditional countries showed
greater increases of “Feeling disconnected or alone” (p =.135; p =.002) and “Difficulty know-
ing what is real and not real” (f =.102; p =.038), but they also reported lower increases in
“Hearing or seeing things that other people do not hear or see” (B = -.172; p <.001), “Visual
distortions” (P = -.191; p <.001), and “Feeling energetically attacked or a harmful connection
with a spirit world” (p = -.200; p <.001) (Table 2).

As it was observed for context and country variables, the participants’ reported increases
of acute ayahuasca experiences showed a specific pattern of relationships with the post-use
adverse mental states. While participants reported the intensity of extreme fear was related to
higher increases of all the adverse states (f > -.155; ps <.001), participants’ reported intensity
of spiritual significance was related to lower increases of “Feeling nervous, anxious, or on
edge,” “Little interest or pleasure in doing things,” “Feeling down, depressed, or hopeless,” and
“Feeling disconnected or alone” (f = -.051; p <.002), but with higher intensity of “Difficulty
knowing what is real and not real,” “Hearing or seeing things that other people do not hear or
see,” “Visual distortions” (P 2.063; ps <.002) (Table 2).

Ayahuasca mental adverse effects relationships with participants’ current
mental health

The relationships of post ayahuasca use adverse mental states on participants’ current mental
health are presented in Table 3. Five of the eight adverse states included in the model were
significantly related to participants’ current mental health. Participants’ reported increases of
“Visual distortions” (B =.074; p =.004) was related to better current mental health. However,
“Little interest or pleasure in doing things,” “Feeling down, depressed, or hopeless,” “Feeling
disconnected or alone;” and “Feeling energetically attacked or a harmful connection with a
spirit world” (B < -.074; ps <.026) were related to participants’ worse current mental health.
Among the post ayahuasca use adverse states that were negatively related to participants’
current mental health, “Feeling down, depressed, or hopeless” presented the highest effect (B =

-.200; p <.001).

Exogenous variables indirect relationships with participants’ current
mental health

For clarity in the results section, only the main indirect effects results are presented here. The
complete results of the exogenous variables indirect effects through those adverse states that
showed significant relationships with participants’ current mental health are presented in
Table C in S1 Text. While the majorities of the exogenous variables were not significant related
with participants’ current mental health through the adverse states, previous depression,
spiritual significance and extreme fear were significant related with mental health through the
majorities of the adverse stated. Concretely, higher intensity of extreme fear was significant
related with lower current mental health through “Little interest or pleasure in doing things”
(B =-.018; p =.007), “Feeling down, depressed, or hopeless” (f = -.019; p =.029), “Feeling
desconeted or alone” (p = -.019; p =.029), and “Feeling energetically attacked or a harmful
connection with a spirit world” (f = -.016; p =.033), but it also was positively related with
mental health through “Visual distortions” (B =.012; p =.006). Contrary to the observed with
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Table 2. Exogenous variables relationships with reported increases in post-ayahuasca use adverse mental states.

V4 P ‘ B se m
Feeling nervous, anxious, or on edge
Education .755 450 -.015 021 980
Age 3.20 .001 -122 .04 999
Last year uses 1.58 114 .052 .036 999
Age of onset A7 .639 .019 .043 .960
Lifetime uses 12 .903 .005 .043 .950
Anxiety 4.57 <.001 .245 .058 999
Depression 1.65 .10 .080 .052 999
Traditional/no traditional context 2.55 .011 .108 .046 .999
Traditional/no traditional country .65 512 -.030 .050 .960
Spiritual significance 4.29 <.001 -.076 .019 999
Extreme fear 17.47 <.001 319 .020 999
Little interest or pleasure in doing things
Education 2.09 .037 -.043 .022 999
Age 2.52 .012 -.095 .039 999
Last year uses .33 .738 .012 .036 970
Age of onset 1.09 275 .043 .041 .970
Lifetime uses .04 971 .001 .042 980
Anxiety 1.41 158 .086 .063 999
Depression 2.17 .030 117 .056 999
Traditional/no traditional context .59 .558 .027 .048 .990
Traditional/no traditional country .58 .560 -.029 .051 .940
Spiritual significance 4.03 <.001 -.079 .020 .999
Extreme fear 11.15 <.001 .220 .020 .999
Feeling down, depressed, or hopeless
Education 92 .36 -.018 .021 .980
Age 3.72 <.001 -.152 .043 999
Last year uses 1.00 318 -.033 .035 999
Age of onset 2.08 .037 .091 .046 999
Lifetime uses 2.35 .019 .097 .044 .999
Anxiety 1.16 .247 .065 .059 970
Depression 5.97 <.001 291 .052 999
Traditional/no traditional context 2.97 .003 .128 .046 999
Traditional/no traditional country 1.53 126 .070 .049 999
Spiritual significance 4.36 <.001 -.078 .019 .999
Extreme fear 13.10 <.001 .247 .020 999
Feeling disconnected or alone
Education 2.93 .003 -.052 .019 999
Age 4.27 <.001 -.140 .036 999
Last year uses .84 402 -.025 .033 .960
Age of onset 1.92 .055 .068 .039 999
Lifetime uses 161 872 .006 .038 .960
Anxiety 1.90 .057 .096 .055 999
Depression 5.62 <.001 .248 .048 999
Traditional/no traditional context 4.87 <.001 192 .043 .999
Traditional/no traditional country 3.12 .002 135 .047 .999
Spiritual significance 3.08 .002 -.051 .018 999
(Continued)
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Table 2. (Continued)

V4 p B se m
Extreme fear 14.93 <.001 255 .019 999
Difficulty knowing what is real and not real
Education 2.17 .030 -.042 .022 .999
Age 3.51 <.001 -.134 .043 999
Last year uses 1.10 273 -.038 .039 980
Age of onset 1.12 .263 .046 .042 .990
Lifetime uses 1.16 248 -.049 .048 .990
Anxiety 1.92 .054 113 .066 .999
Depression 2.97 .003 154 .058 999
Traditional/no traditional context 2.80 .005 125 .050 .999
Traditional/no traditional country 2.08 .038 .102 .055 999
Spiritual significance 2.92 .003 .063 .024 999
Extreme fear 16.62 <.001 319 022 999
Hearing or seeing things that other people do not hear or see
Education 2.88 .004 -.054 .019 .999
Age 4.30 <.001 -.135 .033 .999
Last year uses 1.27 .203 -.041 .034 999
Age of onset 5.29 <.001 178 .035 999
Lifetime uses 2.74 .006 .103 .039 999
Anxiety .61 .544 -.035 .061 .970
Depression 2.10 .036 103 .051 999
Traditional/no traditional context 3.85 <.001 .161 .042 999
Traditional/no traditional country 3.75 <.001 -172 .023 999
Spiritual significance 3.93 <.001 .085 .023 999
Extreme fear 10.82 <.001 .200 .019 .999
Visual distortions
Education 2.78 .005 -.048 .018 999
Age 3.99 <.001 -.117 .030 .999
Last year uses .345 .730 -.010 .031 .960
Age of onset 3.59 <.001 113 .032 .999
Lifetime uses 4.14 <.001 .146 .036 999
Anxiety .10 919 .005 .055 .960
Depression 3.18 .001 146 .047 999
Traditional/no traditional context 2.70 .007 .108 .041 .999
Traditional/no traditional country 4.43 <.001 -.191 .044 999
Spiritual significance 4.01 <.001 .079 .020 .999
Extreme fear 8.98 <.001 .155 .018 999
Feeling “energetically attacked” or a harmful connection with a “spirit world”
Education 1.60 .109 -.032 .021 .990
Age 6.09 <.001 -.190 .034 999
Last year uses 2.43 .015 -.082 .037 999
Age of onset 3.27 .001 116 .038 999
Lifetime uses 5.99 <.001 226 .041 .999
Anxiety 1.88 .060 .109 .063 .999
Depression 4.52 <.001 231 .056 999
(Continued)
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Table 2. (Continued)

Z p B se m
Traditional/no traditional context 4.00 <.001 176 .048 999
Traditional/no traditional country 4.34 <.001 -.200 .050 999
Spiritual significance 1.07 .286 .023 .023 999
Extreme fear 15.88 <.001 .309 .021 .999

!: partially standarized estimates are reported for dichotomical variables.

https://doi.org/10.1371/journal.pmen.0000097.t1002

Table 3. Post-ayahuasca use adverse mental states relationships with participants’ current mental health.

Z P B se m

Post-ayahuasca use adverse mental states

Feeling nervous, anxious, or on edge .08 .939 -.002 .025 .950
Little interest or pleasure in doing things 2.77 .006 -.081 .028 .950
Feeling down, depressed, or hopeless 5.22 <.001 -.200 .036 999
Feeling desconected or alone 2.22 .026 -.074 .030 .940
Difficulty knowing what is real and not real 377 .706 -.011 .025 .970
Hearing or seeing things that other people do not hear or see .326 744 -.009 .028 .940
Visual distortions 2.88 .004 .074 .025 .990
Feeling “energetically attacked” or a harmful connection with a “spirit world” 2.15 .032 -.052 .022 .970

https://doi.org/10.1371/journal.pmen.0000097.t003

extreme fear, higher intensity of the participants spiritual significant experiences was posi-
tively related with current mental health through the adverse states (Little interest or pleasure
in doing things”:  =.006; p =.022; “Feeling down, depressed, or hopeless™: § =.016; p =.001;
“Visual distortions” (f =.006; p =.019). Finally previous depression significantly reduces
current participants’ mental health through “Feeling down, depressed, or hopeless” ( = -.058;
p <.001), “Feeling desconeted or alone” (p = -.018; p =.035), but it was related with higher
mental health through “Visual distortions” (f =.011; p =.033) (see Table C in S1 Text).

Exogenous variables direct relationships with participants’ current mental
health

The direct effects of exogenous variables on participants’ current mental health are presented
in Table 4. Higher participant-reported ayahuasca use variables were related to better partici-
pants’ current mental health (p 2.097; ps <.001), with last year’s use having the strongest rela-
tionship with participants’ current mental health ( =.170; p <.001). In contrast to the history
of ayahuasca use variables, previous mental disorders were related to worse current mental
health (p = -.184 and -.240; p <.001 for anxiety and depression, respectively). Finally, while
participants’ reported intensity of spiritual significance was related to better mental health (
=.101; p <.001), the intensity of extreme fear ( = -.054; p <.001) was related to worse partici-
pants’ current mental health.

Total effects on participants’ current mental health

Finally, to test our main hypothesis, we performed the total effect (the direct effect plus the
indirect effect through the post ayahuasca use adverse states) of each of the ayahuasca history
of use, clinical, and ayahuasca acute experiences variables. All the ayahuasca history of use
variables studied were related to participants’ better current mental health (} >.088; ps <.001).
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Table 4. Exogenous variables direct effects on participants’ current Mental Health.

V4 P ‘ B se m

Exogenous variables direct effects

Education 3.43 .001 -.041 012 999
Age 74 456 .020 .026 970
Last Year Uses 8.06 <001 .170 .021 999
Age of Onset 3.82 <.001 .107 .028 999
Lifetime Uses 3.73 <.001 .097 .026 .999
Anxiety 5.38 <.001 -.184 .034 .999
Depression 7.74 <.001 -.240 011 999
Spiritual significance 9.49 <.001 .101 011 .999
Extreme fear 4.22 <.001 -.054 .013 999
Total exogenous variables effects on participants’ current Mental Health

Last year use 8.60 <.001 181 .028 999
Age of onset 3.03 .002 .097 .035 999
Lifetime use 3.30 .001 .088 032 999
Anxiety 6.28 <.001 -.220 .049 .999
Depression 8.95 <.001 -.330 .044 999
Spiritual significance 11.36 <.001 .130 .013 .999
Extreme fear 8.96 <.001 -.151 .015 999

!: partially standarized stimates are reported for dichotomical variables.

https://doi.org/10.1371/journal.pmen.0000097.t004

Participants’ reported history of anxiety a