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ABSTRACT

Mindfulness meditation has been practiced in the East for more than two millennia, but in last
years also Western neurscientists drown their attention to it. Mindfulness basically refers to
moment to moment awareness. In this review we summarize different hypotheses concerning
effects of mindfulness meditation practice and cerebral correlates accounting for these;
furthermore we expose some of the most relevant theories dealing with different aspects of
consciousness. Finally we propose an integration of mindfulness meditation with
consciousness, supported by the identification of brain areas involved in both of them,
namely Anterior Cingular Cortex (ACC), Posterior Cingular Cortex (PCC), Insula and

Thalamus.

Keywords: Mindfulness meditation, Consciousness, Awareness, Anterior cingulate cortex,

Posterior cingulate cortex, Insula, Thalamus.


https://doi.org/10.1101/024174

bioRxiv preprint doi: https://doi.org/10.1101/024174; this version posted August 13, 2015. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

1. INTRODUCTION

Meditation is a practice that has existed for many centuries. It involves different techniques
and can be found in a variety of cultural traditions, ranging from Indian and Chinese to the
Arab and Western worlds. However, meditation has traditionally been associated with the
Eastern culture and spirituality, especially with the Indian religion of Hinduism — whose
ancient scriptures (The Vedas) report the earliest references to this practice — and the
philosophy of Buddhism, which holds meditation as a key part of its doctrine (Siegel et al.,
2008).

In recent years Western societies have become more accustomed to meditation, in
particular through the interest that Buddhism has attracted by virtue of the charismatic figure
of the current Dalai Lama Tenzin Gyatso. Moreover, meditative practices have been
investigated by a number of scientific studies, whose findings have gained increasing
attention in healthcare treatment programs within psychotherapeutic contexts (Samuel, 2014;
Tang et al., 2015).

Although meditation escapes a univocal definition, it is nonetheless possible to intuitively
deduce what it is by saying what it is not. Meditation is neither a method for clearing the
mind nor a method for reaching emotional imperturbability. It is not a way to pursue a state
of beatitude or a way to avoid sorrow and pain (Siegel et al., 2008). Nor does it imply a
secluded life.

Often the meditative state is improperly associated with esotericism and mysticism. But
as the Theravada monk Nyanaponika Thera (1998) clearly highlights: “Mindfulness [...] is

not at all a ‘mystical’ state, beyond the ken and reach of the average person. It is, on the
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contrary, something quite simple and common, and very familiar to us. In its elementary
manifestation, known under the term ‘attention’, it is one of the cardinal functions of
consciousness without which there cannot be perception of any object at all.” (Thera, 1962).
As we shall see, this position places meditation directly in the spotlight of neuroscience.

Although there are many different meditation techniques, all of them share the
fundamental aspect of “sati”, a Pali word translated into English as “mindfulness” for the first
time in 1921 (Awasthi, 2012; Siegel et al., 2008). Sati is also a core concept of Buddhist
philosophy. Jon Kabat-Zinn, who pioneered the mindfulness approach within the therapeutic
context, defines this state of mind as “the awareness that emerges through paying attention on
purpose, in the present moment, and nonjudgmentally to the unfolding of experience moment
to moment”(Kabat-Zinn, 2003).

This review aims to integrate the findings of studies that have used functional Magnetic
Resonance Imaging (fMRI) to investigate the morphological and functional modifications
observed in people practicing meditation with what neuroscientists have thus far discovered

about the neural processes that promote the emergence and maintenance of consciousness.

2. DIFFERENT STYLES OF MEDITATION

According to Siegel (2008) we can distinguish three meditative techniques within the general

framework of “Mindfulness Based Meditation” (MBM).

Concentration meditation. This technique is based on focusing on a specific object, such as
the breath or a mantra. The guideline is to gently bring the mind back to the focal object
whenever you notice that you are wandering. The Pali term for this technique is “Samatha

bhavana”, which can be translated into English as “to foster concentration”.
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Mindfulness meditation. This technique does not use a focal object but rather encourages
the exploration of the ever-changing experience as it unfolds through time. The guideline is
to pay attention to whatever flickers across consciousness from one moment to the next. The
Pali term for this technique is “Vipassana bhavana”, which translates as “to foster interior

awareness”.

Loving-kindness meditation. With this technique the mind is led to concentrate on gentle
statements such as “May I and all the other creatures be safe, happy, healthy and live in
simplicity”. The aim is to soften emotions and observe the experience with a non-judgmental
attitude, free from overwhelming emotionality. The Pali term for this technique is “Metta

bhavana”, which translates as “to foster fondness”.

Even though they are distinct, these three techniques can be used together; in fact they all
foster “sati” and, at the same time, require it to be continuously reinforced in a sort of circular

mental process.

3. MEDITATION AND THE BRAIN

Since its early stages, meditation has been thought to be the primary method for both
enhancing awareness and keeping the body and mind in good health (Siegel et al., 2008). It is
therefore not surprising that over the last few years Mindfulness-Based Interventions (MBIs),
which are therapeutic approaches based on MBM, have attracted increasingly more interest in
a variety of fields, ranging from psychology and neuroscience to public health and education

circles (Chiesa and Serretti, 2010; Holzel et al., 2011). Mindfulness-Based Stress Reduction
5
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(MBSR), Mindfulness-Based Cognitive Therapy (MBCT) and Integrative Body-Mind
Training (IBMT) are the most renowned MBI techniques. In particular MBSR, which was
devised in 1979 at the University of Massachusetts Medical Center (Kabat-Zinn, 2003), is
currently used as an alternative or integrative clinical approach for the treatment of
psychological issues in people with chronic diseases (Chiesa and Serretti, 2011; Merkes,
2010). Still, the neuroanatomical and functional correlates that underpin the beneficial effects
of MBIs are yet to be fully understood (Tang et al., 2015).

In spite of the different styles of meditation and the assortment of MBIs, the aspect of
“sati” or “mindfulness” is the common thread that unites them all. As we have seen, a state of
mindfulness is characterized by consciously paying attention to the unfolding experience of
the present moment (Kabat-Zinn, 2003). Accordingly, since mindfulness directly involves
both consciousness and attention, the neural correlates of these brain processes and those of
meditative states should manifest strong similarities.

Interoceptive Attention (1A) has been put forward as a crucial process in order to account
for mindfulness meditation. Interoception is composed of several bodily sensations related to
digestion, blood circulation, breathing and proprioception (Farb et al., 2013).
Neuroanatomical studies have provided evidence of spino-thalamo-cortical pathways
projecting to the granular posterior insula and medial agranular insula areas, which are
thought to function as the primary interoceptive cortex (Flynn, 1999). Moreover, descending
projections toward sensory and motor areas of the brainstem originate from the insula and the
anterior cingulate cortex (ACC) (Craig, 2009a).

In line with these neuroanatomical findings, a recent experiment by Farb et al., (2013)
found that, after 8 weeks of MBSR, participants were showing an increased functional

plasticity in the medial and anterior insula, areas which are associated with the awareness of
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the present moment (Craig, 2009a; Farb et al., 2007). What is more, the practice of
mindfulness meditation might promote functional connectivity between the posterior insula
and the anterior insular gyrus, thus increasing the overall activation of the anterior insula and,
at the same time, reducing the recruitment of the dorsomedial prefrontal cortex (DMPFC)
(Farb et al., 2013). DMPFC deactivation has also been found in conjunction with exogenous
stimulation of interoceptive signaling pathways, e.g. during gastric distension (Van
Oudenhove et al., 2009). On the contrary, DMPFC activation is associated with the executive
control of behavior related to the shift of attention during performances of problem solving
performances (Mullette-Gillman and Huettel, 2009) and, possibly, with either stimulus-
independent or stimulus-oriented thought in mind-wandering (Christoff et al., 2009).
Therefore, DMPFC deactivation after MBSR training might be one of the signs that can help
to distinguish between mindfulness and mind-wandering as well as between mindfulness and
mental effort (Farb et al., 2010; Farb et al., 2007).

To evaluate the impact of mindfulness meditation practice, a recent study compared
MBSR with an aerobic exercise for stress reduction. The results showed that only MBSR
significantly helps to regulate negative emotions in people with social anxiety. According to
the authors, such effect might be due to the functional integration of different brain networks,
which occurs during somatic, attentional and cognitive control (Goldin et al., 2013).

Other investigations have focused on whether the practice of long-term meditation could
cause brain structural changes, suggesting that long-term meditation might be associated with
increased cortical thickness, especially in the prefrontal and right anterior insular cortices,
which are involved in attention, interoception, and sensory data elaboration (Lazar et al.,
2005; Sato et al., 2012). Significantly, one study was able to classify participants as

meditators or non-meditators on the basis of subtly different patterns across the brain (Sato et
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al., 2012). Using a multivariate pattern recognition method, such as the Support Vector
Machine (SVM), this study examined whether or not a single subject could be identified as a
regular meditator. The SVM had an accuracy of 94.87%, allowing the identification of 37 out
of 39 participants. The right precentral gyrus, the left entorhinal cortex, the right pars
opercularis cortex, the right basal putamen, and the thalamus bilaterally were the most
informative brain regions used in the classification. The involvement of these areas strongly
suggests the potential of mindfulness meditation to increase awareness and recognition of
bodily sensations, as well as to improve interoceptive observational skills (Kozasa et al.,

2012; Lazar et al., 2005).

4. THE NEUROSCIENCE OF CONSCIOUSNESS

As we have seen, the concepts of mindfulness and consciousness are inextricably intertwined.
Both neurophysiological and neuroimaging studies have provided evidence that the neural
correlates of consciousness can be described in virtue of a bidimensional model, based on the
parameter of the level of arousal on the one hand, and on the parameter of the intensity of the
different contents of experience on the other (Cavanna et al., 2011; Laureys, 2005; Laureys et
al., 2004; Nani et al., 2013).Within this framework, the arousal dimension evaluates the
quantitative features of consciousness, whereas the content dimension addresses the
qualitative features of subjective awareness (Blumenfeld, 2009; Plum and Posner, 1980;
Zeman, 2001). In other words, the level of arousal specifies the degree of wakefulness, which
can range from full alertness through drowsiness and sleep to coma (Baars et al., 2003;
Laureys and Boly, 2008). The integrity of the ascending ponto-mesodiencephalic reticular
pathways and widespread thalamo-cortical networks is essential for promoting and

maintaining consciousness (Steriade, 19964, b).
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The experiential contents are all the things that can pop up in the conscious mind, such as

sensations, emotions, thoughts, memories, intentions, etc. They are likely to be caused by the

interaction between exogenous factors (i.e., environmental stimuli) and endogenous factors

(i.e., internal bodily inputs). The dimension of contents can therefore be divided into external

awareness (what we perceive through the senses) and internal awareness (thoughts which are

independent of specific external stimuli) (Demertzi et al., 2013) [Fig. 1].

Figure 1. A bidimensional model of consciousness.

According to a bidimensional model, the neural correlates of consciousness can refer to both the
level of arousal (ranging from full alertness to coma) and the different contents of experience,
which can in turn be divided into external awareness and internal awareness.
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This distinction is important because internal and external awareness seem to involve
different neural correlates. Demertzi et al. (2013) described an “internal awareness network”,
which includes the posterior cingulate cortex (PCC), the ACC, the precuneus and the medial
prefrontal cortex (MPFC), and an “external awareness network”, which includes the
dorsolateral prefrontal cortex (DLPFC) and the posterior parietal cortex (PPC).

The interaction of these two networks creates what has been called a “global neuronal
workspace”, which is thought to be of fundamental importance in supporting consciousness
(Baars et al., 2003; Dehaene and Changeux, 2011). What is more, internal and external
awareness networks have been shown to overlap with some of the areas involved in the
Default Mode Network (DMN), such as the PCC, precuneus and MPFC, as well as with some
of the areas involved in the Salience Network (SN), such as the ACC and the thalamus, and

in the Central Executive Network (CEN), such as the DLPFC and the PPC.

4.1. Consciousness and self-consciousness

Within the neuroscientific study of consciousness, other important and debated issues are the
origin of self, the construction of self-awareness and the relationship between consciousness
and self-consciousness. The concept of self is as difficult to define as the concept of
consciousness. Most research (Metzinger and Gallese, 2003; Pacherie, 2008; Roessler and
Eilan, 2003), focusing on the central representation of different parts of the body, has linked
the sense of self to other concepts, such as agency —i.e., “the sense that a person’s action is
the consequence of his or her intention” (Seth et al., 2012) — and embodiment —i.e., “the
sense of being localized within one’s physical body” (Arzy et al., 2006). Agency and
embodiment might be connected with what has been called the “minimal phenomenal

selthood” (MPS), that is, “the experience of being a distinct, holistic entity capable of global
10
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self-control and attention, possessing a body and a location in space and time” (Blanke and
Metzinger, 2009). The MPS could be disrupted in brain injured patients, who are likely to be
subject to autoscopic experiences (Blanke et al., 2004; Blanke and Mohr, 2005; Brugger,
2006; Devinsky et al., 1989).

A framework based on the concept of agency in association with interoceptive predictive
coding has been put forward in order to account for the feeling of conscious presence, which
has been defined as “the subjective sense of reality of the world and of the self within the
world” (Seth et al., 2012). This model is characterized by predictive signals of agency and
relies on a mechanism of interoceptive prediction error implemented in the perception of the
state of the body through autonomic physiological responses, which are commonly involved
in the generation of emotions (Craig, 2009b; Critchley et al., 2004). The mechanism of
interoception was traditionally considered to be bound to visceral sensations only, but
contemporary neuroanatomical and neurophysiological research suggests that it may also
involve information coming from the muscles, articulations, skin, and organs. And all this
various information appears to be conjointly processed (Cauda et al., 2012; Craig, 2002).

According to this model, the sense of conscious presence emerges when interoceptive
prediction signals and real input signals match, so that the error signals are suppressed (Seth

etal., 2012) [Fig. 2].

Figure 2. Schematic model of the sense of
presence.

When interoceptive prediction signals and
input signals match, the error signals are
suppressed and the sense of presence emerges
(adapted from Seth et al., 2012).
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The cortical areas thought to be fundamentally involved in this process are the
orbitofrontal cortex, the ACC and the insula (Critchley et al., 2004); it has been proposed that
the insula, in particular, operates the integration between interoceptive and exteroceptive
signals, thus promoting the generation of subjective emotional states (Cauda et al., 2011; Seth
etal., 2012).

Intriguingly, the anterior insula and the ACC are among the few human brain areas in
which von Economo neurons (VENS) are present (Craig, 2004; Sturm et al., 2006; von
Economo, 1926, 1927; von Economo and Koskinas, 1925). These large spindle-shaped
neurons have been supposed to be involved in the perception of bodily states (Allman et al.,
2005; Cauda et al., 2014). What is more, they have recently been associated with the neural
correlates of consciousness on the basis of two principal morphological and cytochemical
findings (Cauda et al., 2014; Cauda et al., 2013; Critchley and Seth, 2012; Medford and
Critchley, 2010; Menon and Uddin, 2010). First, consciousness is likely to be supported by
long-range connection (Cauda et al., 2014; Dehaene and Changeux, 2011; Dehaene et al.,
1998) and VENSs are indeed long projection neurons. Second, VENS selectively express high
levels of bombesin-related peptide neuromedin B (NMB) and of gastrin releasing peptide
(GRP), which are “involved in the peripheral control of digestion and also known to
participate in the conscious awareness of bodily states” (Allman et al., 2010, 2011; Cauda et
al., 2014; Stimpson et al., 2011).

Within the framework of Seth’s model, VENs might project to the visceral autonomic

nuclei (i.e., the periaqueductal gray and the parabrachial nucleus), which are significantly
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involved in interoception (Allman et al., 2005; Butti et al., 2009; Cauda et al., 2014; Craig,
2002; Seeley, 2008). The anterior insula and the ACC, which are functionally (Taylor et al.,
2009; Torta and Cauda, 2011) and structurally (van den Heuvel et al., 2009) interconnected,
are part of the SN (Medford and Critchley, 2010; Palaniyappan and Liddle, 2012; Seeley et
al., 2007b). This network responds to behaviorally salient events and things, by identifying
the relevant aspects or qualities by which they stand out relative to the surrounding
environment. Therefore, it seems plausible that the SN might play a crucial role in Seth’s
model, by processing exteroceptive signals with a certain degree of salience (Seth et al.,
2012). Moreover, recent evidence suggests that a specific part of the SN (i.e., the anterior
insula) could induce a switch between the CEN and the DMN, thus orienting attention

towards the external or internal world (Bressler and Menon, 2010).

4.2. Consciousness and the predicting brain

Another hypothesis in which consciousness of the present moment relies heavily on
neurofunctional mechanisms for making predictions was put forward by Moshe Bar (2007).
His “proactive brain” theory holds that the brain continuously makes predictions on the basis
of sensory and cognitive information. Bar’s hypothesis is supported by observing that most of
the DMN, which is active during the resting state (Tang et al., 2012), overlaps with the brain
areas (the MPFC, medial parietal cortex and medial temporal lobe) that are recruited during
the performance of tasks requiring associative elaboration (Bar et al., 2007).

A similar view of the brain architecture can be found in the “Bayesian brain” hypothesis,
according to which “we are [always] trying to infer the causes of our sensations based on a

generative model of the world.” (Dayan et al., 1995; Friston, 2012; Gregory, 1980; Kersten et
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al., 2004; Knill and Pouget, 2004; Lee and Mumford, 2003). As a consequence, we
commonly try to predict the future by taking into account the statistical history of past events
and stimuli (Bar, 2007).

All these predictive theories (Seth’s model, the “proactive brain” and “Bayesian brain”
hypotheses) could be reappraised within the more general context of the “free energy
principle” (Friston et al., 2006), according to which “any self-organizing system that is at
equilibrium with its environment must minimize its free energy” (Friston, 2010). Free energy
can be thought of as a measure of the difference between the distribution of environmental
energy that acts on biological systems and the distribution of energy that is embodied in the
organization of those biological systems. In other words, free energy emerges from the
exchanges of energy between the biological systems and their environment (Friston et al.,
2006). Therefore, if individuals are to be thought of as the sum of their models of the world,
they need to find a point of equilibrium in which free energy is minimized. And the
emergence of consciousness seems to be a very suitable way to reach and maintain this

equilibrium.

4.3 The global workspace theory of consciousness

As we have seen in the previous paragraphs, the large spindle-shaped VENSs could play an
important role not only in predictive models of brain functioning but also in theories that aim
to account for the emergence of consciousness. In particular, VENs could be pivotal in the
“Global Workspace Model” of conscious elaboration (Baars, 1988; Dehaene and Changeux,
2011). This model assumes two different computational spaces within the brain (Dehaene et

al., 1998). One space is a network composed of several functionally specialized modular
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subsystems (Baars, 1988; Shallice, 1988). Each subsystem resides in a specific cortical region
and has medium-range connections to other areas (Mesulam, 1998). The second space is a
distributed global workspace (GW) composed of cortical neurons, reciprocally connected
through horizontal long-range bidirectional projections, and whose concentration is variously
related to different brain regions. These long-range projections could easily explain the
property of reportability (Weiskrantz, 1997), which is a characteristic feature of conscious
phenomena. In fact, within the GW both speech and motor areas can be connected to the
associative areas that deal with the contents of experience.

According to the model, “what we subjectively experience as a conscious state” is the
distributed availability of information within the common global space, which is made
possible by the long-range neuronal projections (Dehaene and Naccache, 2001). As a
consequence, conscious stimuli seem to be less encapsulated in specific processes than
unconscious ones (Dehaene and Changeux, 2011). Moreover, evidence shows that the GW
becomes active during non-routinized tasks, it gradually switches off during the process of
learning, while it suddenly activates again in case of error detection (Dehaene et al., 1998).
From the neuroanatomical perspective, the brain areas that are likely to be associated with the
GW are the dorsolateral prefrontal cortex and the ACC (Dehaene et al., 1998), which are
therefore thought to be involved in the conscious awareness of subjective states (Grafton et

al., 1995; Sahraie et al., 1997).

5. DISCUSSION

The practice of mindfulness meditation can have effects in terms of increased attention,

control and orientation, along with improvements in cognitive flexibility. Many practitioners
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describe what they feel during meditation as “undistracted awareness” and “effortless doing”

(Garrison et al., 2013). Accordingly, Tang et al. (2012) observed that the effort needed to

maintain attention tends to fade during a meditative session.

If the hypothesis that mindfulness meditation can have an impact on consciousness is

correct, we would expect some degree of overlap to exist between the brain areas involved in

both processes and, consequently, a change in the activity of those areas in (at least) long-

term meditators. In line with this hypothesis, contemporary research has highlighted that

some main brain areas are strictly associated with both meditation and consciousness [Fig. 3]

[Fig. 4].

Figure 3. Brain areas involved in
both mindfulness meditation and
consciousness.

Top: the insular cortex and
prefrontal lateral areas (left), medial
areas (right). Bottom: the thalamus.

Figure 4. Mindfulness and brain
area co-occurrences.

The figure shows the most cited co-
occurrences in  the scientific
literature of the terms “Meditation”
or “Mindfulness” with the main
brain areas. Significantly, the brain
areas that are supposed to be
involved in both meditation and
consciousness had higher scores on
the Jaccard Index, also indicated by
thicker radii (the In of the index is
reported). [Data extracted with
PubAtlas].
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The involvement of four of these regions (i.e., the insula, ACC, PCC, and PFC), whose
activity is considered to be extremely relevant in supporting both meditative and conscious

states, is examined in the following paragraphs.

5.1. The role of the Insula and the ACC

There is evidence that during deep meditation the striatum, the left insula and the ACC are
functionally active, whereas the lateral PFC and parietal cortex show reduced activation
(Craigmyle, 2013; Hasenkamp et al., 2012; Holzel et al., 2011; Posner et al., 2010; Tang et
al., 2009; Tang and Posner, 2009). As we have seen, the ACC is thought to be a part of the
“Internal awareness network” (Demertzi et al., 2013) and, together with the insula, is a
crucial component of Seth’s interoceptive prediction model (Seth et al., 2012).

These two brain areas, which show structural alteration in long-term meditators
(Craigmyle, 2013; Lazar et al., 2005), are also abundant in VENs (Cauda et al., 2014), whose
deterioration has been associated with loss of emotional awareness and self-consciousness in
patients with frontotemporal dementia (Seeley et al., 2007a; Seeley et al., 2006; Sturm et al.,
2006). Within the predictive model framework, ACC activity seems to correlate with the
probability of error prediction (Brown and Braver, 2005), as well as with the control of
explorative behaviors (Aston-Jones and Cohen, 2005). Along with the MPFC, the ACC

seems to play a prominent role in the evaluation of possible future scenarios (Ridderinkhof et
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al., 2004), which is in line with the “proactive brain” hypothesis. Moreover, the ACC is an

essential part of the GW model (Dehaene et al., 1998).

5.2. The role of the PCC and PFC

The decrease in activity observed in the lateral PFC and parietal cortex during meditation on
a focal object such as breath (Holzel et al., 2011; Posner et al., 2010; Tang et al., 2009; Tang
and Posner, 2009) is consistent with the hypothesis that these brain areas are involved in the
“external awareness network” (Demertzi et al., 2013). On the basis of real-time neuro-
feedback graph analyses, Garrison et al. (2013) showed that the mental states described by
meditators as “undistracted awareness” or “effortless doing” correspond to PCC deactivation,
whereas the mental states described as “distracted awareness” or “control” correspond to
PCC activation. The PCC, which is part of Demertzi’s “internal awareness network”, is
metabolically active in normal conscious states but often impaired in case of coma or
vegetative state (Cauda et al., 2010; Cauda et al., 2009; Demertzi et al., 2013). It has
therefore been proposed that PCC co-activation patterns could be reliable markers of
consciousness modulation (Amico et al., 2014).

Thus, empirical data strongly suggest that the practice of meditation can cause both
structural and functional alterations within the neural networks that promote and maintain
consciousness. This phenomenon is more likely to occur for long-term meditators (Goleman,
1988; Shapiro, 2008) and might lead to a sort of “altered experience of time and space”
(Berkovich-Ohana et al., 2013). This feeling might be associated with decreased activity in
the PCC (Brewer et al., 2013). This view is probably also consistent with the mental state that

long-term meditation practitioners, who have mastered meditative techniques, describe as
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“the mind observing itself” (i.e., the observation of thoughts in a detached and non-
judgmental way). The Dalai Lama observes that something similar happens when we think of
past experiences, even though in this case there is no temporal synchronicity between the one

who thinks and what is thought of (Dalai Lama et al., 1991).

5.3 Unresolved issues and future directions

An important issue that still needs to be investigated is how long the practice of meditation
has to continue before it starts to generate any appreciable neurophysiological alteration, and
whether or not this change persists once the practice is interrupted. A related question is that
of establishing a criterion in order to have a clear-cut distinction between subjects who can be
assigned to the group of meditators and those who can be assigned to the group of non-
meditators.

Thus far the scientific research has focused primarily on examining how meditation can
affect the neurophysiology of long-term Buddhist practitioners, but future investigations are
needed to study whether changes in neurophysiological parameters can also be observed in
novices to this practice. Longitudinal studies should therefore be planned to measure the
impact of meditation over time.

The scientific research should also address the topic of how meditation can influence the
activation of the resting state network (Froeliger et al., 2012), as well as of other brain
networks, such as the SN, the CEN, and the dorsal and ventral attentional systems. The
relationship between the ability to control and maintain attention and the practice of
meditation is of particular interest, given that long-term meditators seem to exhibit better

skills in exploiting attentional resources than non-meditators. What is more, this ability may
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inhibit cognitive and emotional processes (i.e., rumination) that, in turn, could cause or
exacerbate stress, anxiety, or depression (Brefczynski-Lewis et al., 2007). As a result, long-
term meditators might show psycho-emotional stability and better attentional skills (Aftanas
and Golosheykin, 2005). This mindset could bring about changes in their lifestyle, which
could also positively affect their health and personality, as well as changes in the quality of
conscious experience, in particular by enhancing the awareness of internal bodily states
(Rubia, 2009). If that were the case, we would expect to observe alterations in both the dorsal
and ventral attentional systems of those who practice meditation. Future investigations should
therefore address this topic and find out whether both systems are affected in the same way or
one is more affected than the other.

Research about this issue could produce interesting results. In fact, since consciousness
and attention are closely intertwined, it is plausible that the impact of mindfulness meditation
on consciousness might heavily depend on changes in the way of orienting and controlling
attention. As we have seen, interoceptive attention is essentially involved in the mechanism
that, according to the predictive models of the brain, underlies the experience of conscious
presence (Seth et al., 2012). What is more, attentional processes play a fundamental role in
the functional organization described in the GW theory.

Finally, there is the intriguing, albeit very speculative possibility that the brain areas
involved in meditative practice could form a specific wide network in long-term meditators.
There is indeed evidence to suggest that the practice of mindfulness meditation is associated
with neuroplastic changes in the anterior cingulate cortex, insula, temporo-parietal junction,
and fronto-limbic regions (Ho6lzel et al., 2011). These neuroplastic mechanisms might
therefore strengthen some pathways and promote the generation of a self-sustaining process.

This “mindfulness meditation network” might be composed of other smaller network
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structures (such as those related to the resting state, as well as the dorsal and ventral

attentional systems) capable of generating a higher-order level of brain organization.

6. CONCLUSION

Mindfulness meditation is a method for training the mind that has been practiced in Eastern
countries for more than two millennia, but has only quite recently attracted the attention of
neuroscientists. In particular, the neuroscientific study of mindfulness meditation has aroused
a great deal of interest in psychotherapeutic contexts and has inspired different cognitive
approaches to stress reduction and mood disorders (Tang et al., 2015). There is in fact
compelling evidence that meditative practices can significantly influence cognitive and
emotional processes with various benefits on physical and mental health (Lutz et al., 2007,
Soler et al., 2014; Tang et al., 2015).

A promising hypothesis suggested by this review is that some brain areas involved in
meditation and consciousness could overlap, albeit partially. Such overlap encompasses the
ACC, the insula, the PCC, some regions of the prefrontal cortex and the thalamus. As a
result, the practice of meditation might somehow affect certain features of consciousness. In
other words, the pattern of activation of brain areas that are thought to promote and maintain
conscious states could exhibit typical differences. This would make the neuroscientific
inquiry on meditation very worthwhile in order to better understand both the potential impact
of meditative techniques on the brain and the neural counterpart of subjective experience.

What is more, this type of research is of crucial importance if mental training based on
meditation has the potential to evolve into a standard procedure for therapeutic use (Tang et

al., 2015). Therefore, the time is ripe for an integrative approach characterized by a wider
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theoretical framework in which meditation could be taken into account from the

neurophysiological, psychological and behavioral perspectives.
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