Received: 1 July 2022 Accepted: 16 January 2023

DOI: 10.1111/bjop.12636

ARTICLE

20~ the british
psychological society
A é promoting excellence in psychology

Electrophysiological correlates of dispositional

mindfulness: A quantitative and complexity EEG

study

Nuria Victoria Aguerre’ |

Antonio José Ibafiez-Molina®

"Department of Experimental Psychology — Mind,
Brain and Behavior Research Center (CIMCYC),
University of Granada, Granada, Spain
*Department of Psychology, University of Jaen,
Jaen, Spain

Correspondence

Nuria V. Aguerre, Department of Experimental
Psychology — Mind, Brain and Behavior Research
Center (CIMCYC), University of Granada, Campus
Universitario Cartuja, 18011 Granada, Espafa.
Email:aguerre@ugt.es

Carlos Javier Gémez-Ariza?

| Maria Teresa Bajo!

Abstract

While growing evidence supports that dispositional mindful-
ness relates to psychological health and cognitive enhance-
ment, to date there have been only a few attempts to
characterize its neural underpinnings. In the present study,
we aimed at exploring the electrophysiological (EEG) signa-
ture of dispositional mindfulness using quantitative and
complexity measures of EEG during resting state and while
petforming a learning task. Hundred twenty participants
wete assessed with the Five Facet Mindfulness Questionnaire
and underwent 5 min eyes-closed resting state and 5 min at
task EEG recording. We hypothesized that high mindfulness
individuals would show patterns of brain activity related to
(a) lower involvement of the default mode network (DMN)
at rest (reduced frontal gamma power) and (b) a state of ‘task
readiness’ reflected in a more similar pattern from rest to
task (reduced overall g-EEG power at rest but not at task),
as compared to their low mindfulness counterparts. Dispo-
sitional mindfulness was significantly linked to reduced fron-
tal gamma power at rest and lower overall power during rest
but not at task. In addition, we found a trend towards higher
entropy during task performance in mindful individuals,
which has recently been reported during mindfulness medi-
tation. Altogether, our results add to those from expert medi-
tators to show that high (dispositional) mindfulness seems to
have a specific electrophysiological pattern characteris-
tic of less involvement of the DMN and mind-wandering
processes.
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BACKGROUND

Although there has been an explosion of research on mindfulness over the last years, there is still a long
path ahead to fully understand its neurocognitive bases. So far, most efforts have been devoted to unravel-
ling the neuronal changes produced during and after mindfulness meditation, with little research focusing
on individual differences in dispositional mindfulness itself. The study of the natural neural imprints of
mindfulness as a personality trait might, however, greatly contribute to our understanding of its psycho-
logical scope and its changes with later meditation training and expertise.

Mindfulness is a concept derived from the Buddhist tradition that refers to a virtue of conscious-
ness characterized by two attributes: (1) the self-regulation of attention towards the present moment
and (2) the adoption of a set of curiosity, openness and acceptance towards the inner and outer expe-
rience (Bishop et al., 2004). Dispositional mindfulness refers to the relatively stable tendency to engage
in those attributes in everyday life and is traditionally measured with a wide range of questionnaires (i.c.,
FFMQ), Baer et al., 20006). This tendency has been shown to be naturally present in different degrees in
meditation-naive individuals (i.e., Bilevicius et al., 2018; Lu et al., 2014) and can be trained through the
practice of mindfulness meditation (i.e., MBSR, Kabat-Zinn, 2003; MBCT, Teasdale et al., 2000) until
it fully manifests (Crescentini & Capurso, 2015; Wheeler et al., 2017). Both dispositional mindfulness
and mindfulness meditation have been shown to be related to several benefits in physical (Grossman
et al., 2004; Sala et al., 2020) and mental health (i.c., lower anxiety and depression, Brown & Ryan, 2003;
Keune et al., 2011), and cognitive performance (Tang et al., 2015; Verhaeghen, 2021). Interestingly, recent
cognitive research has shown that, relative to low mindful individuals, those scoring high in dispositional
mindfulness tend to be more anchored to the present and perform better when it comes to adapting to
contextual changes and recovering after a failure, which has been related to more balanced use of differ-
ent cognitive control modes (Aguerre et al., 2020). Similarly, mindful individuals show less engagement in
mind-wandering (the tendency of the mind to divagate from one thought to another; Mrazek et al., 2012).

While several structural and functional changes have been found in brain regions typically associated
with attention control, emotion regulation and self-awareness during mindfulness meditation and in expert
meditators at rest (for a review see Tang et al., 2015), little research has focused on the neuropsychological
bases of dispositional mindfulness. As part of the few studies focusing on dispositional mindfulness,
Lu et al. (2014) found that higher dispositional mindfulness was linked to greater grey matter volume
in the right hippocampus/amygdala and bilateral antetior cingulate cortex (ACC), but less grey matter
volume in the bilateral posterior cingulate cortex (PCC) and the left orbitofrontal cortex, which have been
associated with executive attention, emotion regulation and self-referential processing. In a functional
magnetic resonance imaging (fMRI) study at rest, Kong et al. (2016) found that high dispositional mind-
fulness individuals had enhanced local synchronization of spontaneous brain activity in left orbitofrontal
cortex (OFC), left parahippocampal gyrus (PHG) and right insula, which are thought to be implicated
in emotion processing, body awareness and self-referential processing, In contrast, they found reduced
local synchronization in the right inferior frontal gyrus (IFG), which has largely been related to executive
control. Finally, Lim et al. (2018) employed resting-state fMRI to tap into the dynamic functional connec-
tivity associated with high dispositional mindfulness and found enhanced within-network connectivity
in the default mode (DMN) and salience networks, and greater anti-correlations between task-positive
networks and the DMN, which is thought to reflect task-readiness. Although experiments using MRI
are very valuable due to their spatial resolution, this technique is limited when studying complex neural
dynamics in the time domain.

In this regard, electroencephalography (EEG), a broadly used technique due to its time resolu-
tion, has also been used to investigate the neuronal underpinnings of different personality traits and
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conditions. Neural oscillations reflect the synchronous firing of large populations of neurons mediated
by excitatory/inhibitory interactions. Thus, for example, quantitative-EEG (q-EEG), an index of overall
powert and/or power of different frequency bands of electrophysiological brain activity, has been used to
predict stable individual differences in personality (Jach et al., 2020), addiction (Lee et al., 2014), schizo-
typy (Fuggetta et al., 2014), attention-deficit hyperactivity disorder (Snyder & Hall, 20006), intelligence
(Doppelmayr et al., 2002) and second language learning (Prat et al., 2016). Again, studies using EEG have
focused on meditation states and expert meditators (i.e., Hauswald et al., 2015; Hunkin et al., 2021; for
reviews see Cahn & Polich, 2006; Lomas et al., 2015), and some have related dispositional mindfulness
to EEG patterns associated with better emotion regulation during task performance (Brown et al., 2013;
Deng et al,, 2021; Teper & Inzlicht, 2014). However, to our knowledge, to date there is no research
looking into the electrophysiological correlates of dispositional mindfulness during resting state. A study
with meditators compared groups of different levels of expertise (distributed by hours spent in formal
meditation) and found that higher expertise was associated with lower gamma activity over the prefron-
tal areas and overall lower gamma power, which was interpreted as a marker of reduced activity of the
DMN, and it has been related to lower mind-wandering (Berkovich-Ohana et al., 2012). In a related study,
Berkovich-Ohana et al. (2014) found reduced functional connectivity associated with meditation practice
and, specifically, a negative correlation between overall left gamma mean phase coherence and mindful-
ness (meditation) expertise, which supports the notion that there is a mindfulness-induced reduction in
DMN activity that relates to self-reference and mind-wandering,

In the present study, we aimed to characterize the electrophysiological brain activity of dispositional
mindfulness both at rest and while performing a learning task. To our knowledge, no previous study
has addressed this question. Because previous research has shown an association between mindfulness
(meditation) experience and frontal gamma power at rest (reduced power in expert meditators thought to
be responsible for reduced DMN activity), our main hypothesis was that individuals scoring higher in the
continuum of mindfulness trait, even without any meditation practice, would show lower gamma power
over frontal areas at rest, relative to lower scoring counterparts. On the other hand, because fMRI studies
have revealed that high mindfulness is associated with a more frequent state of ‘task-readiness’ in addi-
tion to decreased mind-wandering during rest (Lim et al., 2018) and that overall -EEG in healthy adults
decreases from rest to task (Stevens et al., 2001), we aimed at exploring whether these patterns differ
as a function of dispositional mindfulness. Therefore, we expected participants to exhibit lower overall
q-EEG at rest and slighter reductions from rest to task as a function of higher dispositional mindfulness.
The latter prediction follows from the assumption that high ‘task readiness’ is already present at rest in
high mindfulness individuals, and, therefore, the reduction in q-EEG associated with task engagement
might be slighter than in low mindfulness individuals.

Additionally, we aimed to explore whether mindfulness-related variations in brain activity can be
captured by using measures of complexity, such as sample entropy. EEG activity provides fine temporal
resolution that makes it especially suitable for investigating complex biological signals arising from brain
systems. However, given the non-linear nature of EEG, linear methods (as power analyses of -EEG)
may be limited. Other approaches to interpreting EEG activity have adopted non-linear assumptions
from system theories and permit tapping into nonrandom fluctuations over multiple time scales, thus
providing more convenient insights about neural connectivity. These methods are increasingly being
recognized as a valuable tool for the investigation of typical and pathological states (Costa et al., 2002,
2005; Ouyang et al., 2010) and have been highlighted as promising approaches to the study of differences
in brain functioning due to meditation states and expertise (Schoenberg & Vago, 2019). In this respect,
several individual differences have been linked to complexity (i.e., age: McIntosh et al., 2008; schizophre-
nia: Ibafiez-Molina et al., 2018; autism spectrum conditions: Catarino et al., 2011). Interestingly, a recent
study found differences in entropy as a function of mindfulness expertise (Vivot et al., 2020). Specifically,
Vivot et al. (2020) observed increased entropy in experienced meditators during meditation and during
an instructed mind wandering condition as compared to a control group with no meditation experience.
Entropy is a physical measure of the amount of disorder in a system, and it describes the irregularity
or unpredictability of a signal (Ben-Naim, 2012). High entropy is thought to index the ‘richness’ of
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conscious subjective experiences (Carhart-Harris et al., 2014), and it has been related to the difficulty of
cognitive tasks (Stam, 2005). Based on these findings, we aimed at testing the possible increase in entropy
(SampEn) as a function of dispositional mindfulness both during resting state and during task perfor-
mance. Evidence for these effects would be indicating richer processing of information in resting and task
conditions for mindful individuals, as it occurs in expert meditators. To our knowledge, no study to date
has investigated the neural-complexity signatures of dispositional mindfulness.

In sum, as previous research has mainly focused on the neural underpinnings of meditation states
and of expert meditators, in the present study we aimed to unravel the electrophysiological correlates
of dispositional mindfulness in meditation-naive participants during resting state and while performing
a learning task, which may greatly contribute to our understanding of its psychological scope but also
to its changes with later training and expertise. Thus, and based on previous work on expert meditators,
we built three hypothesis that may also be operating in dispositional mindfulness. First, we expected that
higher levels of dispositional mindfulness would be related to reduced frontal gamma activity during
resting state, as a sign of less involvement of the default mode network. Second, we predicted that higher
levels of dispositional mindfulness would be linked to lower overall g-EEG at rest, as well as to slighter
reductions from rest to task, due to the ‘task readiness’ of high mindfulness participants. Finally, we
predicted increased sample entropy as a function of dispositional mindfulness both during resting state
and while performing the task, which would be indicative of more complex information processing in
both conditions.

METHOD
Participants

One hundred twenty people (Mage = 23.11, SDage = 4.19, Range = 18-33, 69% female) completed the
study in exchange for course credits (0.1credit/40min) or monetary reward (7€/1 h). This sample took
part in a larger individual differences study from which other non-overlapping findings have been already
reported (Aguerre et al., 2020, 2021, 2022). To confirm that the sample size of the bigger project was
enough to capture the desired effects, we calculated a priori power analysis (G*Power 3.1.9.2; Erdfelder
et al., 1996) based on the effect of the linear regression reported by Kong et al. (2016), with an R* = .14,
as we also adopted an regression approach. The analysis revealed that 68 participants were enough to
detect a reliable association with 95% power and alpha set at 5%. Participants provided their written
informed consent to participate in the study, which was carried out under the Helsinki Declaration guide-
lines (World Medical Association, 2013) and was approved by the Ethics Committee of the University
Affiliation (number 84/CEIH72015). Importantly, participants had no previous expetience in mind-body
practices.

Materials and procedure

Participants were tested individually in two sessions that lasted 90 and 120 min, respectively. In the first
session, they were administered four questionnaires: the Spanish versions of the Five Facets Mindful-
ness Questionnaire (FFMQ); Cebolla et al., 2012), the Mindful Attention Awareness Scale (MAAS; Soler
et al,, 2012), the Barratt Impulsiveness Scale (BISS-11; Oquendo et al., 2001) and the Grit Scale (Grit;
Duckworth & Quinn, 2009); and four experimental tasks: the Cued Task-Switching Paradigm (CT-S;
Chevalier et al., 2015), a Stroop-like Conflict Task (CT; Roelofs et al., 2006), the Operation Span (O-Span;
Turner & Engle, 1989) and the AX-CPT (Braver et al., 2009). The second session included MRI and
EEG recordings at rest (5 minutes eyes closed) and two experimental tasks: the Stop Signal Task (Stop-It;
Verbruggen & Logan, 2008) and an adaptation of the selective retrieval practice procedure (Anderson
et al., 1994) that included simultaneous EEG recordings. Completion of questionnaires and tasks was
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computer-based, individually, in isolated cubicles in the laboratory. The experimenter entered the cubi-
cle to explain each questionnaire and task and was available outside if the participant had any question
during completion, which was, otherwise, on their own. Quality control of questionnaires and tasks was
applied by controlling the time expended in each of them (as based on the mean time for completion of
each duty in the pilot study) and by looking at random response patterns when scoring the questionnaires
and tasks. No anomalous responses were identified. As for the mindfulness indexes, we only selected the
FFMQ for the present study. This decision was motivated by some concerns expressed about the MAAS
that include confounding with perceived inattention due to all items being negatively worded or restricted
focus to the attention component of mindfulness (corresponding to the acting with awareness facet of
the FFMQ), but not to the open attitude that is also characteristic of the trait (Baer et al., 2006; Sauer
et al.,, 2013; Van Dam et al., 2018). Regarding the EEG indexes, they were obtained from the 5 minutes
recording period at rest and from the first 5 minutes recording period during the learning task. It is
important to note that participants underwent the resting state condition with closed eyes and the task
condition with open eyes. While changes in frequencies are characteristic of the transition from close to
open eyes (Barry et al., 2007), previous findings show that this change is minimal when considering the
gamma band (Chen et al., 2008). In addition, because all participants went through identical conditions,
comparisons between participants differing in mindfulness scores should be more influenced by their
differences in mindfulness disposition than by changes occurring during the transition from closed to
open eyes recording. The inclusion of resting state with closed eyes followed the resting state condition
selected by Berkovich-Ohana et al. (2012).

FFMQ

The FEMQ is a thirty-nine items self-reported questionnaire that measures five facets of mindfulness:
observing (i.e., ‘I notice the smells and aromas of things’), describing (i.e., I'm good at finding words to
describe my feelings’), acting with awareness (i.e., ‘T am easily distracted’), non-judging of inner experience
(i.e., T disapprove of myself when I have irrational ideas’) and non-reactivity to inner experience (i.e., ‘I
watch my feelings without getting lost in them’). Items in FFMQ range from 1 (never or very rarely true)
to 5 (very often or always true), with higher scores reflecting greater mindfulness. Cronbach's a for the
factors of the Spanish translation ranges from 0.80 to 0.91 (Cebolla et al., 2012). In our sample, its range
is from 0.68 to 0.90.

Rest

To measure resting-state EEG, participants were instructed to be quietly seated with closed eyes and light
off for 5 min.

Selective retrieval task

To measure EEG while performing a task, we selected the first 5 min from the study phase of the selec-
tive retrieval task. During this recording period, participants were quiet with open eyes while memorizing
a series of category-word pairs that appeared on the screen one at a time, (i.e., MA-Maturity) for an
upcoming memory test.

EEG recording and preprocessing

The EEG was recorded from 64 scalp electrodes, mounted on an elastic cap, on an extended 10-20 system.
Continuous activity was recorded using NeuroScan SynAmps2 amplifiers (El Paso, TX) and a midline
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electrode (halfway between Cz and CPz) as reference. Each channel was registered with a sampling rate of
1000 Hz and down-sampled at 500 Hz. Impedances were kept below 10 k€. Notch filter was not applied
as we would keep analyses from 4 to 40 Hz, and electronic noise in the country is at 50 Hz. Reference was
kept to the midline electrode. Before data analyses, a high-pass filter at 1 Hz was applied and the 5 minutes
recording was segmented in 2 seconds epochs with 0.5 of overlap. Artefacts were manually removed by
carefully inspecting the data using Fieldtrip toolbox73 on Matlab (Oostenveld et al., 2011; Version 7.4.0,
MathWorks, Natick, MA, USA). Noisy trials were visually detected and eliminated following a threshold
of conservation of 75% of the signal. Bad channels with a high level of artefacts (always below the 10%
of the total for each participant) were visually detected and interpolated from the 3 neighbour electrodes
by using the fieldtrip function ‘ft_prepare_neighbours(cfg, data)’ and triangulation method. No more
than 3 channels were interpolated for the same subject, from which they were not immediate neighbours.
Importantly, the interpolation was needed in one channel of the region of interest only in three partici-
pants, what ensures that the data were not biased by interpolation.

Q-EEG analyses

EEG data were analysed using the procedures described in Prat et al. (2016). The mean log power spec-
trum between 4 and 40 Hz was calculated by first computing each epoch's power spectrum using the fast
Fourier transform, log-transforming it, and then averaging the resulting power spectra across all epochs.
To reduce spectral leakage, a Hanning window was applied to each epoch before computing the corre-
sponding Fourier transform. The mean log power was then separately calculated across theta (4-7.5 Hz),
alpha (8-12.5 Hz), beta (13-29.5 Hz) and low-gamma (30—40 Hz) frequency bands for each channel and
in each participant, although analyses will focus in the low-gamma band. Delta (<4 Hz) and high-gamma
(>40Hz) frequencies were not analysed due to susceptibility to artefacts (Berkovich-Ohana et al., 2012).
The low gamma band selected here followed Prat et al. (2010); it was more conservative than the one
(24-45Hz) used by Berkovich-Ohana et al. (2012) in order to more strictly match the conceptualization
of low gamma band that is usually considered as starting at 30 Hz (i.e., Buzsaki & Draguhn, 2004) and
to differentiate it from high gamma and avoid artefacts (i.e., Colgin, 2015; Dimitriadis et al., 2021). Total
q-EEG was calculated as the average of all frequency bands. The frontal region of interest (ROI) was
selected following Berkovich-Ohana et al. (2012): AF3, F5, F3, F1, FC3, FC1, AF4, F2, F4, o, FC2, FC4.

Complexity analyses

The preprocessed EEG series were used as inputs for analyses of the Sample Entropy (SampEn). These
measures were estimated using a sliding window procedure with a length of 2-s and 90% of overlap in
each time step. The reason for using 2-s windows is that this time period includes the majority of oscilla-
tory activity (from slow to fast rhythmic activity). The overlap criterion was selected to capture all config-
urations in the structure of the EEG time series (shorter overlaps could have missed patterns between
consecutive windows). Estimations were obtained with the median of the resulting complexity series for
each participant, electrode and experimental condition.

SampEn is a measure that is sensitive to irregularity patterns in the signal, and it is appropriated for
short and noisy time series. The SampleEn algorithm computes the negative of the logarithmic condi-
tional probability that sets of segments of the signal, which are closer than a given tolerance, p, for
m contiguous samples, will remain similar at the next time point (length 7+ 1). As other measures of
entropy, high values of SampEn are associated with random data series (see seminal works of Pincus &
Goldberger, 1994; Richman & Moorman, 2000). The free parameters 7 and p were selected according
to the recommendations of the original work of Richman and Moorman (2000) with values of » = 2
and = 0.10 times the SD of the EEG series. SampEn has been successfully applied to EEG analysis in
multiple areas of research (see for example Chen et al., 2019; Jordan et al., 2008; Yum et al., 2008).
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RESULTS

The data from four participants were removed from the analyses due to either problem during the EEG
recording (two participants) and for missing scores in the FEMQ (two participants). The descriptive statis-
tics for the remaining participants (116) are available in Supplementary Material.

Correlations matrix

We firstly ran Pearson correlation analyses to identify relationships between isolated neural indexes and
mindfulness as measured with FFMQ (see Table 1). Two correlations emerged that were in line with our
hypotheses. On the one hand, there was a negative association between FFMQ and frontal gamma at rest.
On the other hand, there also was a negative association between FFMQ and global g-EEG at rest (but
not at task, such as we predicted). As for entropy, it correlated with FFMQ), but only at task. Finally, power
EEG indexes correlated with one another (frontal gamma and global q-EEG at rest and at task), but not
with the entropy indexes, which also failed to show associations between them.

Power model

To identify the best predictor of dispositional mindfulness (as measured with FFMQ), we performed a
stepwise multivariate regression model with the scores in FEMQ as the dependent variable. Importantly,
we firstly included age, gender and education variables in the model to control for them. Then, frontal
gamma at rest and q-EEG at rest were introduced as the independent variables since they were the only
factors that reliably correlated with FEMQ scores.! A statistically significant model emerged that only
included the global g-EEG index at rest as a predictor accounting for 5% of variance (see Table 2 and
Figures 1 and 2). Partial correlation analyses did not reveal associations between FEMQ and age, gender
or education.

Complexity model

As for entropy, we performed a simple regression analysis over mindfulness (FFMQ) scores because
it was only entropy at task that exhibited a statistically significant correlation with FFMQ scores. After
controlling for age, gender and education, the model did not reach the threshold for statistical signifi-
cance, although it approached it (see Table 3).

TABLE 1 Pearson's correlations of the main EEG indexes at rest and at task and the mindfulness (FEMQ) score.

FFMQ F-gamma at rest Q-EEG at rest Q-EEG at task Entropy at rest
F-Gamma at Rest —.18*
Q-EEG at Rest =2l 64X
Q-EEG at task —-.15 AgHE 7K
Entropy at Rest —.15 .03 A2 .03
Entropy at Task A8t —.04 —-.15 —-.11 —.00

Note: Asterisks represent statistically significant correlations after controlling for multiple comparisons with the Benjamini-Hochberg method with
false discovery rate at .15 (Benjamini & Hochberg, 1995).
*p <.05; #p <.001; 1p = .05.

We also tested the regression model by considering q-EEG at task as an independent variable. Not surprisingly, this factor was not included in the
final model.
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TABLE 2  Stepwise regression analysis of frontal gamma at rest and overall g-EEG during rest over the FFMQ scores.

R AF B SE B P 2.5% CI 97.5% CI
Model .05 6.13 .01
Q-EEG at rest —13.75 5.55 —.23 014 —24.76 —2.74

Partial correlations

Excluded variables Partial Corr. P Collinearity
F-Gamma at rest -.05 .57 0.57
Age -.01 91 0.97
Gender .03 75 1
Education —.04 .67 0.95

(a) Q-EEG Rest (b) Q-EEG Task
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FIGURE 1 Scatterplot representation of the overall power q-EEG as a function of FEMQ at rest (a) and at task (b).
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FIGURE 2 Representation of the change from rest to task (subtraction of the overall power at task to overall power at
rest) in low mindfulness (FFMQ) individuals (a) and in high mindfulness (FFMQ) individuals (b). Groups (38 participants each)
were created from the tertile scores of the whole sample.

DISCUSSION

To our knowledge, the present study is the first attempt to investigate the electrophysiological underpin-
ning of dispositional mindfulness at rest and in the transition from rest to task. We expected dispositional
mindfulness to be associated with different patterns of brain activity at resting state so that the higher
the scores in the trait the lower the involvement of the default mode network (DMN). In addition, we
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TABLE 3 Regression analysis of entropy at task over the FFMQ scores.

R AF B SE B P 2.5% CI 97.5% CI
Model .03 3.74 056
Entropy at Task 72.45 37.46 18 .056 -1.79 146.69

Partial Correlations

Excluded variables Partial Corr. p Collinearity
Age .02 .84 1

Gender —.00 .96 0.99
Education .02 .84 1

hypothesized that the resting state configuration of those individuals scoring high in mindfulness would
be more similar to its brain configuration at task, which would reflect task readiness, in comparison to
their low mindfulness counterparts. Finally, we explored whether dispositional mindfulness relates to
changes in complexity of brain activity.

In line with our hypothesis, results showed that higher scotes in dispositional mindfulness are associ-
ated with less frontal gamma power at rest. However, a multivariate regression analyses revealed that it was
the global g-EEG index that better explained the differences in dispositional mindfulness. Global g-EEG
had not been considered in previous studies but it could be providing us with additional information
about the neural signature of mindfulness (dispositional in the case of the present study). Given our main
finding regarding this EEG index, future studies on (trained and dispositional) mindfulness should pay
attention to it.

A general reduction in power from rest to task has been observed in healthy individuals indicating a
reorganization of the resources to respond to the task requirements (Stevens et al., 2001). We hypothe-
sized that because dispositional mindfulness would entail a state of ‘task readiness’ even during rest, reot-
ganization to adjust to the task requirements (reduction in power from rest to task) might be less evident
for individuals with higher mindfulness scores. The results of the regression analyses support this idea.
Thus, mindfulness scores were significantly predicted by reduced power at rest, but there was no associa-
tion between mindfulness and power during task engagement. While we cannot attribute this lower power
at rest uniquely to a reduced DMN activity, our results provide evidence that high mindfulness individuals
exhibit less overall brain oscillations/activity, which could be interpreted as ‘a quieter mind’ at rest.

The finding regarding frontal gamma is in line with those observed in expert meditators
(Berkovich-Ohana et al., 2012), whereby lower frontal gamma has been interpreted as reflecting less
involvement of the DMN. Specifically, gamma power increases have been linked to activity in the prefron-
tal hub of the DMN (Chen et al., 2008; Mantini et al., 2007), which is closely related to self-referential
processing (Northoff et al., 2000). These results might be indicating that high mindfulness, independent
of whether it results from a dispositional trait or training, can be characterized by brain activity at rest that
is thought to reflect lower mind-wandering and self-referential processing;

Even though suggestive, the present findings should be held with caution. The effect sizes are rela-
tively small, and it is, to our knowledge, the very first time that the electrophysiological substrates of
dispositional mindfulness are reported. Nevertheless, previous research using MRI has found a theoreti-
cally similar link between resting-state activity and dispositional mindfulness (Kong et al., 2016 in regional
homogeneity in resting-state fMRI; Lim et al., 2018 in dynamic functional connectivity in resting-state
fMRI; and Lu et al., 2014 in grey matter) that supports the idea of lower involvement of mind-wandering
processes and self-referential processing in high mindfulness individuals. Further, studies examining the
expert meditators' brain at rest have found the same pattern of reduced DMN activity (for a review, see
Tang et al., 2015). While it has been previously argued that dispositional mindfulness may be a different
construct than mindfulness that results from training (Grossman, 2008), growing evidence indicates that
both are characterized by reduced DMN activity. However, it remains unknown if this pattern is different
at earlier stages of meditation training;
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While power-based analyses provided valuable information regarding the neural underpinnings
of dispositional mindfulness, we also wanted to explore the relationship between mindfulness and
non-linear measures of brain complexity as they have been highlighted as a method to be incorporated
in the study of brain changes related to mindfulness (Schoenberg & Vago, 2019). In the present study,
mindfulness was only marginally related to higher entropy at task. The amount of entropy of the indi-
vidual brain activity is thought to index the ‘richness’ of conscious subjective experience (Carhart-Harris
et al., 2014), which may be representing processing of contextual information during task performance
as a more ‘on task’ behaviour. Some have argued that the increment in entropy found in several cogni-
tive tasks reflects increments in information processing as a function of the complexity of the task
(Lamberts, 2000; Miller et al., 2003; Stam, 2005). This result aligns with those from the study of Vivot
et al. (2020), which found increased entropy of brain oscillatory activity in expert meditators during
meditation and in an instructed mind wandering condition. Although it is important to keep in mind
that we found an association that only approached statistical significance, its convergence with Vivot
et al.'s (2020) results is suggestive of the need of further investigation. Altogether, these findings might
be indicating differential information processing in mindful participants with an allocation of attention
more anchored to the present.

In sum, our results add to those from expert meditators to show that high (dispositional) mind-
fulness seems to be linked to lower overall power during resting state, maybe due to less involvement
in mind-wandering processes. In addition, increased entropy seems also to characterize mindful indi-
viduals suggesting differences, relative to less mindful individuals, in task engagement. Because the
present results are the very first in bringing attention to the electrophysiological signature of disposi-
tional mindfulness during resting state, further studies are needed to better characterize dispositional
mindfulness in terms of brain activity. In these future directions, it would be of interest to add objec-
tive measures of mindfulness as the breath counting task (Lim et al., 2018), as well as testing these
effects in different stages and techniques of mindfulness meditation to see whether dispositional and
practised mindfulness differ. Delimitating the neural correlates of dispositional mindfulness will be
critical to understanding the disposition, but also to identify potential indexes of improvement in
mindfulness-based therapies.
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