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Abstract

Background

Mindfulness-based programmes (MBPs) have shown beneficial effects on mental health.
There is emerging evidence that MBPs may also be associated with marked deviations in
the subjective experience of waking consciousness. We aimed to explore whether MBPs
can have a causal role in different types of such states.

Methods

We conducted a pragmatic randomised controlled trial (ACTRN12615001160527). Univer-
sity of Cambridge students without severe mental illness were randomised to an 8-week
MBP plus mental health support as usual (SAU), or to SAU alone. We adapted the Altered
States of Consciousness Rating Scale (OAV, 0—100-point range) to assess spontaneous
experiences in daily life, and included it as a post-hoc secondary outcome at the end of the
one-year follow-up questionnaire. Two-part model analyses compared trial arms, and esti-
mated dose-response effects of formal (meditation) and informal (daily activities) mindful-
ness practice during the year. Sensitivity analyses correcting for multiple comparisons were
conducted.
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Results

We randomised 670 participants; 205 (33%) completed the OAV. In comparison with SAU,
MBP participants experienced unity more frequently and intensively (two-part marginal
effect (ME) = 6.26 OAV scale points, 95% confidence interval (Cl) =2.24, 10.27, p = 0.006,
Cohen’s d = 0.33) and disembodiment more frequently (ME = 4.84, 95% Cl =0.86, 8.83,p =
0.019, Cohen’s d = 0.26). Formal practice predicted spiritual, blissful and unity experiences,
insightfulness, disembodiment, and changed meanings. Informal practice predicted unity
and blissful experiences. Trial arm comparisons and informal practice effects lost signifi-
cance after corrections for multiple comparisons, but formal practice dose-response effects
remained significant.

Conclusions

Results provide a novel suggestion of causal links between mindfulness practice and spe-
cific altered states of consciousness. To optimise their impact, practitioners and teachers

need to anticipate and handle them appropriately. Future studies need to confirm findings
and assess mechanisms and clinical implications.

Introduction

Mindfulness-based programmes (MBPs) are becoming very popular at a global scale. Accord-
ing to recent surveys, 15% of adults in the United Kingdom and 20% in Australia have learnt
some form of mindfulness, while 5% of United States adults did it in 2017 alone [1, 2]. At least
79% of the medical schools in the United States offer some form of mindfulness training [3], as
do over 600 companies globally (Jacobs, 2020). Accordingly, mindfulness research has grown
rapidly since the beginning of the present century [4, 5].

MBPs often define mindfulness training, their key ingredient, as developing the skill of
being attentive to the present moment (thoughts, physical sensations, and the surrounding
environment), with an mindset of kindness and curiosity [6]. MBPs have shown beneficial
mental and physical health effects in clinical and non-clinical contexts [7-11]. There are indi-
cations that MBPs may also elicit effects of diverse sensory nature and emotional tone. In a
recent randomised controlled trial (RCT), it was demonstrated that individuals who under-
went five sessions of mindfulness training reported more experiences of expanded self-bound-
aries and extending their spatial awareness beyond the physical body, compared to a control
group engaged in active listening. [12].

Meditator surveys report a wide range of experiences in relation to meditative practices
including mindfulness [13-15]. Experiences range from intense emotion, to altered perception
and derealisation, which could be pleasant or unpleasant, and occasionally generate clinically
relevant functional impairment. These empirical findings may not be surprising, since the
meditation types practiced in MBPs involve practices that are said to deconstruct sensory
aspects of the self [16]. Moreover, similar states are acknowledged by the traditions MBPs took
their core practices from [15, 17-21]. However, these other effects of MBPs are much less
researched than those directly related to health benefits [22]. It is important that we know
more about the frequency, nature, implications and risk factors of the full range of MBP effects
for facilitators and recipients to anticipate and handle them correctly [23].
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Meditative experiences involving alterations of the senses, self, and body boundaries could
be studied within the framework of altered states of consciousness (ASCs). An ASC represents
a short-lasting “marked deviation in the subjective experience or psychological functioning of
a normal individual from their usual waking consciousness” [24]. This deviation can encom-
pass just one dimension of conscious experience, but it typically affects several aspects of it to
varying degrees. ASCs can range from flow states to dissociative or psychedelic states, includ-
ing different phenomena such as ego dissolution, disembodiment experiences, sensory alter-
ations, impaired cognition, intense emotions, or changed meanings [25]. ASC can be induced
by the application of pharmacological methods based on psychoactive substances, or by non-
pharmacological methods, such as sensory deprivation, sensory overload, hypnosis, breathing
techniques, or meditation practices [26-28]. Several psychometric scales have been developed
to quantify the different aspects of ASCs [29-32]. There is a dearth of research investigating
the effects of ASCs on physical and mental health, but existing data, mostly of a cross-sectional
or qualitative nature, suggests that their effects on mental health and wellbeing depend heavily
on the nature of the ASC, the context of the event, how much the ASC is expected, how it is
dealt with, any external support available, and the meaning that the ASC has to the individual
experiencing it [33-35]. Furthermore, not everyone ascribes the same emotional valence
(pleasant or unpleasant) to the same ASCs [31, 32]. However, items commonly endorsed as
unpleasant, such as experiencing disturbing images or extreme agitation, are associated with
increased psychological distress [31], and may lead to functional impairment, which would
constitute an adverse effect if caused by an intervention such as MBPs [36]. In any case, longi-
tudinal research is needed to understand the possible causal pathways between meditation and
ASC on the one hand, and ASC and health on the other hand.

In the context of the Mindful Student Study [37], a large RCT assessing the effectiveness of
an MBP for promoting university students’ resilience to stress, as a secondary project we set
out to explore the existence and nature of diverse sensory effects to generate evidence from
longitudinal research in this emerging area. We operationalised these effects as ASC, and
adapted an ASC scale to measure them. Specifically, we aimed to study: (a) whether having
done the MBP would predict the presence and intensity of ASCs up to a year later, (b) associa-
tions between the amount of formal and informal mindfulness meditation practiced during
the year and ASCs, (c) whether baseline sociodemographic factors would predict ASCs, and
(d) whether ASCs would predict psychological distress measured at the end of the 1-year fol-
low-up.

This was an exploratory sub-study because at the time there was no evidence to inform
solid a-priori formal directional hypotheses. However, based on the roots and proposed mech-
anisms of MBPs, the scant research available, and anecdotal evidence, we anticipated that MBP
participants might experience ASCs that alter one or more dimensions of the sense of self (e.g.
self-other boundaries, embodiment, agency). Conversely, we did not expect that taking part in
an MBP would predict, on average, the occurrence of highly unpleasant and impairing ASC
such as terrors or paralysis. We anticipated that those who reported being more spiritual
might experience more ASCs. Regarding the effects of ASCs on psychological distress, we
thought that generally pleasant ASC might predict lower distress and vice-versa.

Materials and methods

Below we will describe the main trial features and the measures and methods relevant to the
work presented herein. For more details about procedures, measures and time points, please
refer to the trial protocol [37], its main results [38], its one-year follow-up results [39], and
other related publications [40, 41].
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Study design

The Mindful Student Study was an RCT confirming the effectiveness of a preventative group-
based face-to-face MBP tailored to university students called Mindfulness Skills for Students
(MSS). The main results showed that MSS in addition to mental health support as usual (SAU)
reduced students’ psychological distress during the examination period (i.e., three to six months
after randomisation) compared with access to mental health SAU alone. A reduction in distress
while revising for exams (a few months after completing the MSS course) was considered an
indicator of students’ resilience to stress. Participants were followed up for a year post randomi-
zation, revealing continued benefit from MSS in comparison with SAU alone. An extra set of
questions was added to the one-year follow-up questionnaire for an exploratory post-hoc RCT
analysis to compare ASCs between trial arms; the results of which are reported herein.

Regarding adverse events, as reported in the main trial publication, 20 MSS and 25 SAU
participants triggered the adverse event protocol by exceeding pre-validated cut-off scores for
psychological distress [38]. In addition, a participant withdrew from the MSS course, perceiv-
ing it as unhelpful and highlighting unwanted issues.

The trial received approval from Cambridge Psychology Research Ethics Committee on 25/
08/2015 (PRE.2015.060), and the amendment to measure ASCs received approval on 09/09/
2016. The trial protocol was submitted to the Australian New Zealand Clinical Trials Registry
on 31/08/2015, before the study began (ACTRN12615001160527).

Procedure

All the students at the University of Cambridge were invited to join this pragmatic RCT with
two parallel arms and a one-to-one (1:1) allocation ratio. After being informed about the char-
acteristics and study aims, volunteers provided written informed consent, completed baseline
questionnaires, and were randomised via remote survey software (Qualtrics, concealed from
researchers) using computer-generated random numbers (simple randomisation). The trial
was co-produced with stakeholders and had an independent data monitoring and ethics
committee.

Self-reported selection criteria were: (a) current undergraduate or postgraduate students at
the University of Cambridge; (b) who believed they could attend at least seven sessions of the
course. (c) not currently suffering from severe periods of anxiety or depression; (d) not
experiencing severe mental illness such as hypomania or psychotic episodes; (e) no recent
bereavement or major loss; (f) not experiencing any other serious mental or physical health
problem that would affect their ability to engage with the course. Two cohorts of students were
recruited and randomised in October 2015 (Cohort 1: N = 342), and January 2016 (Cohort 2:
N = 274).

The MSS course was based on the manual described in the book ‘Mindfulness: A Practical
Guide to Finding Peace in a Frantic World’ [42], and adapted for university students. An expe-
rienced and certified teacher taught the course in groups of up to 30 students (free at the point
of delivery). The eight, weekly sessions lasted 75-90 minutes. Students were encouraged to
also practice at home up to 25 minutes per day, during and after the course (follow-up period).
Home practice included guided formal meditations (from here on: “formal practice™”) and
other practices such as a mindful walking or mindful eating (from here on: “informal
practice”).

Data collection

Outcomes were collected using online questionnaires (web-based Qualtrics software) accessed
by participants via a unique link. The ASC measure was a post-hoc measure (i.e. it was not in
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the initial trial protocol) included as an optional survey at the end of the one-year follow-up
questionnaire. After collecting psychological distress, wellbeing and mindfulness practice data,
participants were thanked with the offer of a gift card, and were asked “Do you have 5 more
minutes to answer some questions about altered and different states of consciousness? We
would really welcome your answers even if you haven’t experienced any altered states”, and if
they said yes, they would be presented with the ASC measure. There was no extra payment for
completing this measure.

ASC measure. To measure ASCs, we adapted the Studerus et al. version of the Altered
States of Consciousness Rating Scale (known as OAV, an abbreviation that stands for the Ger-
man names of the three original dimensions of the scale) [43, 44]. The OAV has been used for
decades internationally in a broad range of research fields, mostly but not only in studies
assessing the effects of psychoactive drugs. The scale underwent successive translations and
modifications. In 2010, a thorough psychometric evaluation of the scale pooling data from 43
studies led to a revised multidimensional 42-item tool with 11 dimensions of ASC which have
better psychometric properties than their predecessors [44]. The Studerus OAV dimensions
are listed, along with their number of items and example items, as well as internal consistency
values, in Table 1.

The Studerus OAV general instructions ask respondents to retrospectively rate their experi-
ence from the moment of psychoactive drug intake to the respective measuring time point.
Each OAV item contains a statement that describes an ASC in the past tense (e.g., “It seemed
to me that my environment and I were one”). Respondents are requested to describe the extent
to which they experienced a similar state by placing marks on horizontal visual analogue scales
anchored in the extremes (“No, not more than usual” on the left (rated as 0), and “Yes, very
much more than usual” on the right (rated as 100)). We adapted the general instructions in the
Studerus OAYV so that respondents would include in their assessment any unusual experiences
they may have had in the previous year. We also specifically requested them not to count any
experiences happening under the influence of alcohol or drugs. The adapted OAV was piloted
using a convenience sample of meditators and non-meditators (N = 54) to explore the clarity
of the language and the sensitivity of the scale. Scoring high was more common among medi-
tators, although several non-meditators, religious and non-religious, also reported ASCs. Both
pleasant and unpleasant ASCs were endorsed by all groups and reporting several ASCs to

Table 1. Studerus OAV ASC dimensions, number of items, examples, and internal consistency values [44].

Dimension Ne items Examples a

Experience of unity 5 Everything seemed to come together as one 0.88
Spiritual experience 3 I had the feeling of being connected to a higher power 0.77
Blissful state 3 I experienced a profound peace in myself 0.82
Insightfulness 3 I gained clarity into connections that puzzled me before 0.73
Disembodiment 3 It seemed to me as though I did not have a body anymore 0.82
Impaired control & cognition 7 I had difficulty making even the smallest decision 0.85
Anxiety 6 I was afraid without being able to say exactly why 0.89
Complex imagery 3 My imagination was extremely vivid 0.80
Elementary imagery 3 I saw light or flashes of light with closed eyes 0.84
Audiovisual synaesthesia 3 The shapes of things seemed to change by sounds 0.91
Changed meaning of percepts 3 Things around me had a new strange meaning for me 0.79

o: internal consistency values using Cronbach’s alpha

https://doi.org/10.1371/journal.pone.0305928.t001
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varying degrees was common. Results suggested that the adapted ASC scale is sensitive to
ASCs occurring in a range of contexts not related to drug or alcohol consumption. In fact,
other studies have assessed non-pharmacologically induced ASC using the OAV [45-47]. The
adapted OAV was also presented to our University of Cambridge student reference group for
feedback on the suitability of the adapted scale for the student population. As a result, we
replaced some words what sounded old-fashioned or confusing to UK English speakers (e.g.
marionette with puppet and unusual with altered). This led to the final version of the adapted
ASC scale for use in the trial (full scale can be found in the Appendix).

Some psychoactive drugs can induce hallucinogen-persisting perception disorders, popu-
larly known as “flashbacks”, namely isolated ASCs days or weeks after the effects have ceased
[48]. To discard the option that the ASCs reported were of this nature, after administering the
adapted OAV, we asked participants whether any of the experiences reported had happened
during meditation (they could select those that did), or due to “flashbacks” as a consequence of
prior psychoactive drug use.

Other measures. Psychological distress was measured before randomization and after
one year follow-up. We measured psychological distress using the Clinical Outcomes in Rou-
tine Evaluation Outcome Measure (CORE-OM). This 34-item scale has been widely used with
UK university students [49]. The total mean score (range 0-4) is obtained by dividing the total
score by the number of completed items; higher scores indicate more distress [50].

We monitored participants’ home-based mindfulness meditation practice throughout the
follow-up period. Within the MSS arm, practice was self-reported via questions asked at post-
intervention, exam term and one year follow-up time points (e.g. “Have you been practising
mindfulness formally (meditation practice) since you finished your mindfulness course?”).
They had to indicate how much they had practiced in an average week. We also collected med-
itation data from SAU participants. At each time point they were asked whether they had prac-
tised meditation elsewhere (e.g. “About how many hours have you spent meditating in total
since March, when we last sent you a questionnaire?”) and the type of meditation they prac-
ticed. They were asked to indicate a range of hours. The mindfulness meditation data required
pre-processing before analysis. In order to estimate a figure representing total hours of practice
for each period of measurement we took the middle values of the ranges. For the MSS partici-
pants we multiplied the weekly value by the number of weeks in the period, and for the post-
intervention time point, we also added half an hour of meditation for each course session
attended. Finally, we added up the estimated hours of practice for each period, thus covering
the full one-year follow-up.

Informal mindfulness practice was measured by asking to the intervention group partici-
pants for informal practice that they carried out throughout the follow-up period (e.g. “During
the mindfulness course did you practice mindfulness informally at home (e.g. mindful living,
mindful walks, mindful pauses, mindful attitudes)?”), including post-intervention, exam term,
and one-year follow-up surveys. Response options ranged between 0 (“never”) and 4 (“very
often”). A total score, calculated as the mean of the three questions, was used.

At baseline, we asked about the hours of meditation practice experience participants had
previous to the trial. We also asked participants whether they considered themselves religious
or spiritual (“Yes, very much”, “Yes, somewhat”, “I do not know”, and “No, I didn’t”). Finally,
we included sociodemographic questions such as age, sex (“Woman”, “Man”), ethnicity
(“White”, “Other”), disability (“Yes”, “No”), school (“Arts/Humanities”, “Biological Sciences”,
“Clinical Medicine”, “Social Sciences”, “Physical Sciences”, “Technology”), degree level
(“Undergraduate”, “Master”, “MPhil”, “PhD”), year (1%}, 2", 37, 4™, 5'), nationality (“UK/
EU”, “International”).
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Statistical analysis

Participant characteristics at pre-intervention were summarised using means and standard
deviations (SDs) for continuous variables, and frequencies (percentages) for categorical vari-
ables. These characteristics were compared between the trial arms using the corresponding t-
test or chi-squared test (or Fisher exact test), depending on their distribution.

Our outcome ASC variables were right-skewed and had many zero values (see S1-S11 Figs
in S1 Appendix). Therefore, a two-part model analysis was conducted to explore the relation-
ship between trial arm allocation and the presence and intensity of different dimensions of
ASC. The two-part model, widely used for mixed discrete-continuous outcomes with a mass
of zero values [51], comprised two steps. First, we employed a logit approach to calculate the
probability of observing a zero vs. non-zero outcomes (absence vs. presence of ASCs). In the
second part (values greater than zero), a Generalized Linear Model (GLM) with a log link and
gamma distribution was utilised. This approach accommodates non-Gaussian distributions
and provides an effective way to handle non-normal error distributions, as well as any hetero-
skedastic asymmetries and variances. To enhance interpretation, robust (sandwich) standard
errors were used to calculate the corresponding marginal effect. A joint statistical test of signif-
icance for both parts of the two-part model employed a simultaneous covariance matrix of the
sandwich estimator to correct the Wald test formula [52]. The following potential confounding
variables were included: ASCs that happened as a result of the use of psychoactive drugs (i.e.,
flashbacks), as well as age, gender, and cohort (i.e., covariates that were pre-specified in the
trial protocol [37]). All analyses followed the intention-to-treat (ITT) principle, whereby par-
ticipants were analysed within the trial arm they had been randomised to, independently of
whether they had adhered to the intervention. Additionally, we explored the potential associa-
tion of formal and informal mindfulness meditation practice, separately, with the presence
and intensity of ASCs, following the same analytical approach. For the formal practice analysis,
total hours included three time-point measurements for both intervention and control group
participants, while the informal practice analysis only involved the intervention group, since
we only asked this group about their informal mindfulness practice.

We calculated the percentages of ASCs per OAV dimension reported to occur during medi-
tation, as well as the percentages of ASCs that arose due to flashbacks, categorized by allocation
group. Other explorations assessed the predictive value of baseline sociodemographic factors
(including age, sex, previous meditation experience, disability, nationality, ethnicity, spiritual-
ity, and baseline psychological distress) on the presence and intensity of ASCs using the afore-
mentioned two-part model, for the whole sample. Finally, we explored whether the presence
of ASCs (zero vs. non-zero values) during the study period was a significant predictor of psy-
chological distress at 1-year follow-up, for the whole sample, using a multivariable regression
analysis.

Analyses were conducted using SPSS v25 and Stata v18 statistical software. We applied an
overall (two-sided) alpha level of 0.05. Nevertheless, and despite the exploratory nature of the
study, sensitivity analyses including corrections for multiple testing were performed for the
probabilities in the joint models [53].

Results

In total, 670 participants were randomised between 28th September 2015 and 1st January 2016
to receive MSS (N = 336), or SAU (N = 334) [39, 40]. Of these, 106 MSS participants (32%)
and 99 SAU participants (30%) completed the optional adapted OAV questionnaire, in addi-
tion to the sociodemographic, psychological distress, and practice questions, between 26 Sep-
tember 2016 and 11 October 2016 for Cohort 1, and between 10 January 2017 and 23 January
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2017 for Cohort 2 (Fig 1). Participants’ characteristics of the study sample can be seen in

Table 2. Being in the final year of studies and not having a white ethnicity reduced the likeli-
hood of completing the OAV among all those randomised (S1 Table in S1 Appendix). Among
those who completed the main part of the one-year follow-up questionnaire, ethnicity also pre-
dicted completion of the OAV (S2 Table in S1 Appendix).

S1-S11 Figs in S1 Appendix present a graphical representation of the distribution of the

OAV variables for the total sample and by trial arm allocation. Table 3 shows descriptive data
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Fig 1. CONSORT 2010 flow diagram. No reasons were given for non-completion of the questionnaires.

https://doi.org/10.1371/journal.pone.0305928.g001
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Table 2. Baseline characteristics of the participants.

Variables/samples Total sample MSS SAU P
(n =205) (n=106) (n=99)
Range M SD M SD M SD
Age (years) 18-53 23.80 5.81 24.51 6.51 23.04 4.89 0.073
Prior meditation experience (hours) 0-100 5.91 17.35 6.95 18.07 4.79 16.55 0.375
Baseline distress 0.09-2.85 0.95 0.51 0.99 0.49 0.92 0.53 0.343
Category n % n % n %
Gender woman 139 67.8 68 64.2 71 71.7 0.247
man 66 32.2 38 35.8 28 28.3
Disability yes 29 14.2 12 11.3 17 17.3 0.218
no 175 85.8 94 88.7 81 82.7
Spirituality Do not know 18 9.2 10 10.1 8 8.2 0.764
No 116 59.2 55 55.6 61 62.9
Yes, somewhat 48 24.5 28 28.3 20 20.6
Yes, very much 12 6.1 5 5.1 7 7.2
Ethnicity White 154 75.1 79 74.5 75 75.8 0.694
Other 42 20.4 23 21.7 19 19.2
School Arts/Humanities 35 17.1 16 15.1 19 19.2 0.588
Biological Sciences 54 26.3 25 23.6 29 29.3
Clinical Medicine 17 8.3 8 7.5 9 9.1
Social Sciences 53 25.9 32 30.2 21 21.2
Physical Sciences 23 11.2 14 13.2 9 9.1
Technology 23 11.2 11 10.4 12 12.1
Degree level Undergraduate 108 52.7 48 45.3 60 60.6 0.159
Master 11 5.4 7 6.6 4 4.0
MPhil 20 9.8 13 12.3 7 7.1
PhD 66 32.2 38 35.8 28 28.3
Year I 103 50.2 58 54.7 45 45.5 0.314
2 41 20.0 16 15.1 25 253
3 41 20.0 23 21.7 18 18.2
4" 17 8.3 7 6.6 10 10.1
5t 3 L5 2 1.9 1 1.0
Nationality UK/EU 166 81.0 87 82.1 79 79.8 0.786
International 38 18.5 19 17.9 19 19.2
Cohort 1 111 54.1 58 54.7 53 53.5 0.889
ond 94 45.9 48 45.3 46 46.5

MSS: mindfulness skills for students; SAU: support as usual; M: mean; SD: standard deviation; n: frequencies; %: percentages; p: p-value associated with the
corresponding contrast test.

https://doi.org/10.1371/journal.pone.0305928.t002

for the OAV dimensions in each part of the two-part model, categorised by trial arm. As
depicted in Table 4, the marginal (i.e., incremental) effect on the experience of unity for MSS
compared with SAU was 6.26 OAV scale points (95% CI = 2.24, 10.27), and the joint test of sig-
nificance was statistically significant (x2 (df) = 10.14 (2); p = .006). This corresponds to a
Cohen’s d effect size of 0.33, typically interpreted as small-to-medium [54]. Similarly, the mar-
ginal effect on disembodiment for MSS compared with SAU was 4.84 OAV scale points (95%
CI =0.86, 8.83), and the joint test of significance was statistically significant (y2 (df) = 7.92 (2);
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Table 3. Descriptive data for experiencing Altered States of Consciousness.

ASC dimensions value MSS SAU
n % M (SD) n %

Experience of Unity Zero 39 42.4 53 57.6

>Zero 61 58.1 18.03 (19.28) 44 41.9 14.04 (17.45)
Spiritual Experience Zero 49 49.0 54 55.7

>Zero 51 51.0 22.82 (20.16) 43 44.3 19.44 (21.30)
Blissful State zero 25 25.0 32 33.0

>zero 75 75.0 27.17 (26.78) 65 67.0 21.77 (20.74)
Insightfulness Zero 43 43.0 47 48.5

>zero 57 57.0 19.42 (20.67) 50 51.5 19.35 (18.90)
Disembodiment zero 58 58.0 72 74.2

>7ero 42 42.0 20.11 (22.83) 25 25.8 14.62 (14.52)
Impaired Control and Cognition Zero 39 39.0 33 34.0

>7zero 61 61.0 14.73 (15.88) 64 66.0 15.53 (17.01)
Anxiety Zero 46 46.0 35 36.1

>Zero 54 54.0 15.54 (19.30) 62 63.9 15.72 (18.22)
Complex Imagery Zero 59 59.0 59 60.8

>Zero 41 41.0 18.71 (19.86) 38 39.2 21.13 (19.92)
Elementary Imagery Zero 56 56.0 61 62.9

>zero 44 44.0 21.93 (21.96) 36 37.1 15.86 (20.55)
Audio-Visual Synaesthesia Zero 76 76.0 86 88.7

>zero 24 24.0 11.08 (12.83) 11 11.3 12.28 (19.50)
Changed Meaning of Percepts Zero 48 48.0 60 61.9

>7ero 52 52.0 18.44 (20.80) 37 38.1 16.81 (16.74)

ASC: altered states of consciousness. MSS: mindfulness skills for students. SAU: support as usual. M: mean; SD: standard deviation; n: frequencies; %: percentages

https://doi.org/10.1371/journal.pone.0305928.t003

Table 4. Joint model (Zero and Non-Zero Parts) for experiencing Altered States of Consciousness (ASC) by trial arm.

ASC dimension B SE 95% CI %2 (df) P
Experience of Unity 6.26 2.05 2.24,10.27 10.14 (2) .006"
Spiritual Experience 3.23 241 -1.50, 7.96 1.77 (2) 412
Blissful State 6.09 3.41 -0.59, 12.77 3.28 (2) .194
Insightfulness 1.93 2.34 -2.65, 6.51 0.88 (2) .645
Disembodiment 4.84 2.03 0.86, 8.83 7.92 (2) 019"
Impaired Control and Cognition -1.60 2.08 -5.67,2.48 0.78 (2) .676
Anxiety -2.08 1.98 -5.96, 1.81 1.87 (2) .393
Complex Imagery -0.41 2.34 -4.99, 4.17 0.31 (2) .857
Elementary Imagery 5.15 2.37 0.50, 9.80 5.20 (2) .074
Audio-Visual Synaesthesia 0.93 1.18 -1.39, 3.25 5.07 (2) .079
Changed Meaning of Percepts 3.05 2.26 -1.39,7.48 3.20 (2) .202

B = marginal effects for the Allocation Group (MSS vs. SAU) predictor. SE: (Robust) Standard Error. 95% CI: 95% Confidence Interval for the marginal effects. p: p-
value associated with the joint statistical test of significance including the parameters of the two-part model (logit in the first part (zero vs. >zero), and GLM with a log
link and gamma distribution in the second part (>zero)). Models included the following predictors: allocation group (MSS vs. SAU), ASC as a consequence of
flashbacks, as well as age, sex, and cohort (design variables).

"This relationship was no longer significant when the Benjamini-Hochberg correction was applied to correct for multiple comparisons.

https://doi.org/10.1371/journal.pone.0305928.t004
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p = .019). This corresponds to a Cohen’s d effect size of 0.26 (small). However, these relation-
ships were no longer significant after correcting for multiple comparisons.

Results comparing trial arms for each part of the two-part model separately can be seen in
S3 and S4 Tables in S1 Appendix. The odds ratios (ORs) of frequencies between arms suggest
that being offered the MSS course doubled the odds of having ASCs of unity (OR = 2.01; 95%
CI =1.09, 3.67; p = .024), disembodiment (OR = 2.29; 95% CI = 1.23, 4.26; p = .009), and
audio-visual synaesthesia (OR = 2.41; 95% CI 1.10, 5.27; p = .028). ASC experiences of unity
were significantly more intense in the MSS group than in the SAU group (MSS: M (SD) =
18.03 (19.28); SAU: M (SD) = 14.04 (17.45); B = 0.51 (95% CI = 0.04, 0.97); p = .032). However,
these differences were no longer significant when the correction for multiple comparisons was
applied. S12-S22 Figs in S1 Appendix show a graphical representation of the relationships
between the observed and predicted values for each part of the two-part models.

The average total amount of formal mindfulness meditation practice during the entire
study period in the total sample was M (SD) = 17.7 (25.3) hours, with M (SD) = 30.3 (26.9)
hours in the MSS group and M (SD) = 4.6 (17.1) hours in the SAU group (refer to S23 Fig in
S1 Appendix for a graphical representation). Most participants reported practicing mindful-
ness informally ’sometimes’ or ’often’ (see S24 Fig in S1 Appendix).

Next, we explored the relationships between the total hours of formal mindfulness practice
and the presence and intensity of ASC experiences, irrespective of trial arm. As indicated in
Table 5, the marginal (i.e., incremental) effect on the experience of unity for formal mindful-
ness practice was 0.17 OAV scale points for each extra hour of meditation (95% CI = 0.08,
0.26), and the joint test of significance was statistically significant (x2 (df) = 20.94 (2); p <
.001). Similarly, the marginal effect on spiritual experience for formal mindfulness practice
was 0.15 (95% CI = 0.05, 0.25), and the joint test of significance was statistically significant
(32 (df) = 15.12 (2); p < .001). The marginal effect on the blissful state for formal mindfulness
practice was 0.30 (95% CI = 0.16, 0.45), and the joint test of significance was statistically signif-
icant (2 (df) = 23.03 (2); p < .001). Additionally, the marginal effect on insightfulness for for-
mal mindfulness practice was 0.12 (95% CI = 0.03, 0.21), with a statistically significant joint
test (x2 (df) = 8.14 (2); p = .017). The marginal effect on disembodiment for formal

Table 5. Joint Model (Zero and Non-Zero Parts) for experiencing Altered States of Consciousness (ASC) with formal mindfulness practice as a predictor.

ASC dimension B SE 95% CI x> (df) p

Experience of Unity 0.17 0.05 0.08, 0.26 20.94 (2) <.001
Spiritual Experience 0.15 0.05 0.05,0.25 15.12 (2) <.001
Blissful State 0.30 0.07 0.16, 0.45 23.03 (2) <.001
Insightfulness 0.12 0.05 0.03,0.21 8.14 (2) .017
Disembodiment 0.11 0.03 0.05, 0.17 16.19 (2) <.001
Impaired Control and Cognition -0.07 0.04 -0.14, -0.01 5.51 (2) .064
Anxiety -0.06 0.05 -0.15,0.03 2.11 (2) .347
Complex Imagery 0.04 0.05 -0.06, 0.13 1.33(2) .514
Elementary Imagery 0.05 0.04 -0.03, 0.14 1.73 (2) 422
Audio-Visual Synaesthesia 0.06 0.05 -0.04,0.16 4.10 (2) 129
Changed Meaning of Percepts 0.11 0.04 0.02, 0.19 7.62 (2) .022

B = marginal effects for the formal mindfulness practice predictor. SE: (Robust) Standard Error. 95% CI: 95% Confidence Interval for the marginal effects. p: p-value
associated with the joint statistical test of significance including the parameters of the two-part model (logit in the first part (zero vs. >zero), and GLM with a log link
and gamma distribution in the second part (>zero)). Models included the following predictors: formal mindfulness practice, ASC as a consequence of flashbacks, as well
as age, sex, and cohort (design variables). All the significant relationships were significant when the Benjamini-Hochberg correction was applied to correct for multiple
comparisons.

https://doi.org/10.1371/journal.pone.0305928.t005
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mindfulness practice was 0.11 (95% CI = 0.05, 0.17), and the joint test of significance was sta-
tistically significant (y2 (df) = 16.19 (2); p < .001). Finally, the marginal effect on the changed
meaning of percepts for formal mindfulness practice was 0.11 (95% CI = 0.02, 0.19), with a sta-
tistically significant joint test (%2 (df) = 7.62 (2); p = .022). All these relationships remained sig-
nificant after correcting for multiple comparisons. Detailed results for each part of the two-
part model separately are provided in S5 and S6 Tables in S1 Appendix. $25-S35 Figs in S1
Appendix offer a graphical representation of the relationships between the observed and pre-
dicted values for each part of the two-part model.

As demonstrated in S7 Table in S1 Appendix, in the MSS trial arm, the marginal (incremen-
tal) effect on the experience of unity for informal mindfulness practice was 5.45 (95%

CI =0.56, 10.35), and the joint test of significance was statistically significant (2 (df) = 6.17
(2); p =.045). Additionally, the marginal effect on the blissful state for informal mindfulness
practice was 8.87 (95% CI = 0.56, 10.35), and the joint test of significance was statistically sig-
nificant (%2 (df) = 6.90 (2); p = .032). However, these relationships were no longer significant
after correcting for multiple comparisons. Detailed results for each part of the two-part model
separately are presented in S8 and 9 Tables in S1 Appendix.

Due to an error during data collection, only participants who reported having meditated in
the prior six months saw the question about whether ASCs happened during meditation.
Therefore, we based the description of the proportion of ASCs that occurred during medita-
tion on this sub-sample (N = 73). As indicated in S10 Table in S1 Appendix, 42.5% reported
unity experiences during meditation, 46.6% blissful states, 24.7% insightfulness experiences,
28.8% disembodiment experiences, and 20.6% changed meaning of percepts. Flashback-
related ASCs were rare (ranging from 0.5% of the total sample for complex imagery to 4.1% of
the total sample for the experience of unity). There was no evidence that mindfulness training
modifies the risk of experiencing flashback-related ASCs among drug users (S11 Table in S1
Appendix).

S12 Table in S1 Appendix presents an exploration of the potential predictive value of base-
line sociodemographic factors, including baseline psychological distress, on the presence and
intensity of ASCs. Greater psychological distress prior to the trial was significantly associated
with higher experiences of disembodiment (marginal effect: 6.58; 95% CI = 1.15, 12.00; joint
test of significance: %2 (df) = 12.39 (2); p = .002), impaired control and cognition (marginal
effect: 6.91; 95% CI = 1.84, 11.99; joint test of significance: x2 (df) = 8.57 (2); p = .014), anxiety
(marginal effect: 9.71; 95% CI = 4.40, 15.02; joint test of significance: 2 (df) = 17.07 (2); p <
.001), complex imagery (marginal effect: 5.54; 95% CI = 0.56, 10.53; joint test of significance:
x2 (df) = 6.15 (2); p = .046) and elementary imagery (marginal effect: 5.66; 95% CI = 0.24,
11.55; joint test of significance: 2 (df) = 6.69 (2); p = .035) during the study period. Further-
more, the more spiritual participants considered themselves at the time they signed up for the
study, the higher the spiritual ASC experience during the study (marginal effect: 4.75; 95%

CI = 1.25, 8.24; joint test of significance: 2 (df) = 7.85 (2); p =.020). Interestingly, previous
meditation experience was associated with higher experiences of unity (marginal effect: 0.16;
95% CI = 0.02, 0.30; joint test of significance: 2 (df) = 6.68 (2); p = .035) and blissful state
(marginal effect: 0.30; 95% CI = 0.08, 0.52; joint test of significance: ¥2 (df) =7.27 2);p =
.026), as well as lower experiences of complex imagery (marginal effect: -0.16; 95% CI = -0.30,
-0.02; joint test of significance: %2 (df) = 7.32 (2); p = .025). Nevertheless, only psychological
distress prior to the trial remained as a significant predictor of disembodiment and anxiety
experiences after correcting for multiple comparisons.

S13 Table in S1 Appendix shows the potential predictive value of the presence of ASCs dur-
ing the study period on the psychological distress outcome at 1-year follow-up. Only the ASC
of anxiety was a significant predictor of psychological distress.
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Discussion

The large RCT within which the present exploratory sub-study was conducted found that
MBPs can promote, on average, university students’ resilience to stress. In this context, our
sub-study results suggest that low levels of mindfulness practice typical of MBPs may cause
some ASCs, with our most robust finding being that of a dose-response relationship such that
more mindfulness meditation predicts more ASCs. Although differences between trial arms
were sensitive to multiple testing correction, we have detected these effects despite using ITT
analyses, which include everyone randomised regardless of how many mindfulness course ses-
sions they attended or how much they have meditated at home (many participants in the inter-
vention group were not meditating at all during the follow-up). Moreover, the conservative
use of two-part models and robust standard errors to correctly represent our highly asymmet-
rical distributions may have resulted in suboptimal statistical power [55]. While subject to
residual confounding, meaning that causality claims are harder to make, the dose-response
relationships that we found were robust to multiple testing correction.

Taken together, our results indicate the possibility of a causal role of mindfulness training
in unity and disembodiment experiences. For unity in particular, the average effect size was
small to medium, consisting of both higher frequency (double) and intensity among those in
the MSS group, and a dose-response pattern with formal and informal practice. For disembo-
diment, there was a small average effect size, consisting of a more-than-doubled frequency in
the MSS group and a dose-response pattern with formal practice. Moreover, a substantial pro-
portion of these two types of experiences (43% and 29% respectively) were reported to happen
during meditation. In unity experiences there is a sense that borders dissolve and everything,
sometimes including the sense of time, is perceived in an integrated way. Disembodiment
experiences may imply an element of separation from the body, but they often consist of a
floating sensation or a dissolution of body boundaries, which may facilitate strong unity expe-
riences. Our results align with a recent study where participants, following five sessions of
mindfulness training, more commonly described experiencing a sense of relaxed self-bound-
aries and broadening their spatial awareness beyond the physical body, in contrast to a control
group engaged in active listening [12]. Other studies also support mindfulness practice effects
on self and time perception [56, 57]. If meditation types practiced in MBPs involve self-
deconstructive practices, as in the case of mindfulness-based cognitive therapy (MBCT) [58],
from which the MBCT-FP programme used in the present study has been developed [42], this
makes sense [16]. There may be differences between MBPs, for example less emphasis on self-
deconstruction and more on skills-training, that could change their impact on ASCs.

We found dose-response evidence for a link between mindfulness practice and bliss. For-
mal practice may also lead to spiritual experiences, insightfulness, disembodiment, and
changed meaning of percepts. Correlations between meditation and spiritual experiences have
been found using the Mysticism Scale, which includes bliss, insightfulness and new meaning
experiences [57]. However, these correlations may be explained by increased practice among
those with pre-existing tendencies to experience ASCs. We found weak evidence for synaesthe-
sia; a previous investigation of MBP adverse effects found no evidence of increased synaesthe-
sia [36].

There is scant research on the possible mechanisms that could explain the increased inci-
dence of ASCs with mindfulness practice. For example, although mindfulness meditation has
been frequently theorised to impact self-related processes, there is a dearth of prospective lon-
gitudinal research in the more embodied dimensions of selthood [22]. Disembodiment effects
may be mediated by decentering processes [59]. A small RCT found increases in absorption
after five weeks of mindfulness meditation [60]. Absorption, a disposition to become absorbed
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in mental imagery, is typically measured using the Tellegen Absorption Scale, which include
subscales that measure ASCs, such as synaesthesia, and “expanded awareness” [61]. Our results
could also be explained by mindfulness practitioners perceiving experiences that happen any-
way in the general population under the light of meditation practice. Mindfulness meditation
may make these experiences more salient, and perhaps even meaningful, such that memories
of those experiences were more readily available when asked about them. Also, some of the
OAV scale items could be interpreted metaphorically, and mindfulness course participants
may interpret these less metaphorically than control group participants. For example, ‘feeling
like a puppet’ may be literally feeling you are not in control of your limbs, or just feeling some-
one is verbally manipulating you so that you make the decisions they want you to make.

Although our trial suggests a causal role of mindfulness practice in the incidence of ASCs
up to a year later, it has several limitations that reduce the reliability of our results. Given that
this was an optional questionnaire, there was a high proportion of missing data, although it is a
positive aspect that completion rates were similar across trial arms. The primary outcome of
this trial was analysed using multiple imputation assuming missing at random data, and it was
robust to a complete case sensitivity analysis [38]. We note, however, that there is much more
missing data in the ASC outcomes, and as a result of this, utilising imputation techniques for
ASC data would render the modelling very complex, unstable, and thus unsuitable for an
exploratory study. We nevertheless recognize the possibility that data are missing not at ran-
dom and therefore affecting the generalisability our results. Furthermore, we only collected
OAYV data once, at the end of the follow up, so recall bias could be at play, with older and less
intense experiences consequently under-reported. This bias may affect trial arms equally,
therefore not impacting between-arm comparisons, but it may have affected our estimates of
associations between ASCs and psychological distress. Other limitations are that the adapta-
tion of the OAV scale for use in this trial was not psychometrically validated, and that the
ASCs outcome and analyses were not pre-specified in the trial protocol. We have performed
multiple comparisons assessing the different dimensions of ASCs, which increases the chance
of spurious statistical significance. Nevertheless, we carried out sensitivity analyses adjusting
for multiple comparisons. Since this is an exploratory analysis in an area that has not been
researched before, we present the original results together with the adjustments, and note that
additional dedicated studies are needed to confirm findings [62].

Although the OAYV scale has been helpful in this trial and could be used in future replication
studies, it could be improved for its use in non-psychedelic studies in order to capture the
range and intensity of emergent ASC more accurately. There could also be ASC scale develop-
ments specific to mindfulness meditators. However, one of the convenient features of the
OAYV as used in this study is that the scale does not mention meditation as a cause of ASCs, so
it can be used among non-meditators too for comparisons. Another advantage of the OAV is
that it enquires about a wide range of experiences, rather than limiting them to those explored
by problematic “mystical experience” scales [32]. Notwithstanding, we are undertaking further
psychometric work to focus on the range, intensity and valence of experiences most commonly
found among meditators and devise their factorial dimensions [31]. Further psychometric
work is also needed to model the item response of the OAV scale, instead of treating all items
equally.

If findings are confirmed, there will be a need to understand ASCs’ impact, patterns and
implications [17]. The ASCs that seemed to happen more and more intensely with mindful-
ness meditation do not have intrinsically unpleasant characteristics [63]. On the contrary,
some such as bliss are to be highly pleasant. However, some ASCs such as disembodiment or
altered sense of self can be pleasant [64], or startling, even alarming [15, 65]. They are also
involved in unpleasant experiences that university students reported about their mindfulness
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course participation in a recent qualitative study: “as though I need to find a way to maintain
my sense of self; as if I am not actually present; as if I am watching myself; hyper aware; as though
I am checking out; like zoning out; as if I am losing spontaneity and second guessing myself;
increased self-talk; numbness; as if I am on mute; as if I have left my body; that my body is freak-
ing out” [66]. The fact that greater baseline distress in our sample predicted more disembodi-
ment and anxiety supports the suggestion that for people who are not well, disembodiment
experiences may be problematic, although there is a possibility that the intervention may have
influenced this relationship. Disturbances in the sense of self such as disembodiment can be
associated with psychopathology, for example dissociation and depersonalisation [67].

It is known that experiences can be interpreted as pleasant or unpleasant depending on the
context, so it is key that they are anticipated and managed well [33, 68, 69]. There may well be
cultural differences that influence ASC intensity and how they impact individuals’ wellbeing,
for example, different relationships with mystical experiences. This needs to be investigated
working in collaboration with disciplines such as anthropology, sociology, history and philoso-
phy. Furthermore, the training in acceptance of experience that mindfulness courses include
may also change they ways in which ASCs are appraised. A trial has found non-statistically sig-
nificant increases in hallucination-like experiences, but reductions in anxiety caused by them,
among university students randomised to mindfulness compared with a video-forum inter-
vention [70]. Future studies could assess whether MBPs moderate associations between ASC
and mental health within a single statistical model that takes temporally ordered data into
account. There may be multiple complexities around the impact of mindfulness-induced ASCs
on mental health and wellbeing. It may be that some people stop meditating regularly due to
encountering experiences which they do not know how to manage. Should the increased
occurrence of ASCs among those who do an eight week mindfulness course be confirmed,
prospective practitioners will need to be adequately informed about this possibility, and fur-
ther research is warranted to guide mindfulness teachers and practitioners on how to antici-
pate and manage ASCs.
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