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Dear Editor
Scientific research has long attempted to uncover

the neurobiological correlates of psychiatric diseases
so as to elucidate existing differences between individ-
uals affected by psychiatric disorders and healthy sub-
jects (e.g. Bellani, Marzi & Brambilla, 2009; Bellani,
Baiano & Brambilla, 2010). However, it is less clear
so far as to which are the effects on the brain of specific
mental trainings devoted to the development of higher
emotional and cognitive skills such as meditation.
Mindfulness meditations (MM), including, among the
others, ancient Buddhist meditations such as
Vipassana (or Insight meditation) and Zen meditation
as well as recent clinically oriented interventions such
as Mindfulness-based Stress Reduction (MBSR) and
Mindfulness-based Cognitive Therapy (MBCT), are a
subgroup of meditation practices that are recently
receiving growing attention both for their potential
clinical applications and the insights into the function-
ing of healthy human mind (Chiesa & Serretti, 2010).

Of note, important differences exist across different
MM into the way mindfulness is understood and prac-
tised [for a detailed description, see Chiesa &
Malinowski (2010)]. Main differences across such inter-
ventions include the extensive concentrativemeditation
training and the importance of an ethical development
required by most ancient Buddhist MM on the one
hand and the introduction of specific psychological
exercises mainly drawn from clinical cognitivism in
some of the recently developed MM such as MBCT on
the other. In addition, ancient MM are mainly aimed
atdeveloping a correct balance between themental stab-
ility developed by concentrative practices and mental
clarity deriving from mindfulness practice as a means
to develop a reflexive awareness that grants one greater
access to the rich features of each experience, leading to a
higher ability to discriminate between wholesome and
unwholesome emotions as well as their triggers and
consequences. This, in turn, is supposed tohelp theprac-
titioner to increasingly emphasize the former and

decrease the latter ones. On the other hand, MBSR and
MBCT reject the idea of mindfulness having goals that
the practitioner strives towards, and consequently non-
judgmental awareness of the present moment is seen as
the essence and the final aim of practice. However, it is
worth mentioning that all such practices do not differ
with regard to the most fundamental features that
include, first, the development of a mental state charac-
terized by full attention to internal and external experi-
ences as they occur in any givenmoment and, second, a
particular attitude characterized by non-judgment of,
and openness to, current experience (Chiesa &
Malinowski, 2010). Accordingly, one could expect that
both brain areas involved in attention and those
involved in emotions and emotional regulation could
be involved in mindfulness training. The aim of the pre-
sent paper is therefore to review available evidence con-
cerning recent findings of functional and structural
neuro-imaging studies in mindfulness meditators.

A literature research was independently undertaken
by the reviewers using MEDLINE, ISI web of science,
EMBASE, PsychINFO and references of retrieved
articles. The search included papers indexed by web-
based electronic databases mentioned above published
up to October 2010. The search strategy considered
only studies published in English. The main search
terms were MBSR, MBCT, Vipassana and Zen medita-
tion in combination with (functional) magnetic
resonance imaging ((f)MRI), positron emission tom-
ography (PET), single-photon emission computed tom-
ography (SPECT), functional neuro-imaging and
structural neuro-imaging. Included studies had to: (1)
focus on one of the meditation practices mentioned
above, (2) provide information about the neural corre-
lates of such meditation practices and (3) provide
quantitative data supported by adequate statistical
methodology. Excluded were: (1) qualitative and
speculative reports, (2) articles providing information
about MM other than that mentioned above (e.g. clini-
cal and psychological correlates of MM) and (3)
reviews and meta-analysis. Taking into account the
novelty of the field, both controlled and uncontrolled
studies were included.

Following the application of inclusion and exclusion
criteria, 13 studies could be included in the present
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review (Table 1). Seven focused on the functional
neuro-imaging correlates of MM, whereas six focused
on the structural neuro-imaging correlates. The large
majority of available data compared meditators with
varying degree of expertise with a meditation-naïve
control group and relied on traditional Buddhist med-
itation practices, probably because many of these
studies aim at investigating cognitive abilities at the
extreme end, for which only experienced meditators
of established traditions are currently viable
participants.

In particular, current studies focusing on functional
correlates of long-term Vipassana and Zen meditators
found increased activation of two major areas of the
prefrontal cortex (PFC), the ventromedial PFC
(vmPFC) and the dorsolateral PFC (dlPFC) and of
the anterior cingulate cortex (ACC) during meditation
as compared with simple rest and arithmetic con-
ditions or with matched control subjects naïve to med-
itation practice (Baerentsen et al. 2001; Hölzel et al.
2007; Kozasa et al. 2008). In addition, a reduced dur-
ation of the neural response linked to conceptual pro-
cessing in regions of the default network was
observed in a sample of Zen meditators compared
with a meditation naïve control group during a task
involving mindfulness of breathing while reading dis-
tracting words (Pagnoni, Cekic & Guo, 2008). On the
basis of such observation, the authors suggested that
MM training could foster the ability to voluntary regu-
late the flow of spontaneous meditation (Pagnoni,
Cekic & Guo, 2008). In addition, as the rostral/ventral
division of the ACC and the mPFC are activated in
emotional processing, some authors have hypoth-
esized that MM training could lead to a more cortical
processing of emotional conflicts and processes during
meditation whereby such areas could exert an inhibi-
tory effect on limbic regions through inhibitory con-
nections from the orbitofrontal cortex, possibly
reflecting an improved ability for emotional regulation
(e.g. Chiesa, Brambilla & Serretti, 2010).

A critical look at this research, however, reveals
important methodological weaknesses. As these
studies are cross-sectional, they do not allow to infer
causality as to whether observed differences actually
result from meditation practice. Interpreting these
differences is furthermore limited by the fact that med-
itation and control groups are often insufficiently
matched and, for instance, differ with regard to socio-
cultural background or lifestyle or could differ with
regard to overall intelligence levels, as this variable
has never been assessed.

More recent prospective randomized controlled
trials focusing on short-term MM programs tend not
to suffer from such limitations and can provide more
reliable data. Interestingly, such studies support the

notion that MM practice could be associated with a
higher activation of the PFC and ACC in subjects
addressed to MBSR during mindful attention to the
breath but not during a narrative focus as compared
with those addressed to a waiting list (Farb et al.
2007). Furthermore they suggest that, when focusing
on present moment experience, meditators who have
completed the MBSR program differ from controls in
that they more easily engage the right dlPFC, an area
associated with a more detached observation state of
events characterized by lower emotional reactivity
(Farb et al. 2007), and that they develop an enhanced
ability to balance affective and sensory neural net-
works leading to reduced vulnerability to dysphoric
reactivity (Farb et al. 2010). Consonant with such expla-
nation is the observation that even short-term MM
training was found to be associated with reduced
amygdala activation in response to negative stimuli
(Farb et al. 2007; Goldin & Gross, 2010).

Intriguingly, structural neuro-imaging studies con-
sistently support such findings. As an example, both
thicker ACC (Grant et al. 2010) and reduced amygdala
grey matter density (Hölzel et al. 2010) have been
observed in expert mindfulness meditators as com-
pared with matched controls and in subjects randomly
addressed to MBSR as compared with those addressed
to a waiting list. Of further interest, in long-term mind-
fulness meditators several areas related to visceroso-
matic awareness such as the insula were thicker in
comparison with controls (Lazar et al. 2005; Hölzel
et al. 2008; Grant et al. 2010), presumably reflecting
the specific training during MM, namely the aware-
ness of bodily sensations. Also, further evidence
suggests that MM might offer protection from cogni-
tive decline through inhibition of the reduction both
in grey matter volume and attentional performance
usually associated with age (Pagnoni & Cekic, 2007).

As one can observe from this brief overview, most
consistent findings converge on identifying a higher
activation of the PFC, particularly right dlPFC and of
the rostral/ventral division of the ACC as well as a
reduced amygdala activation as important features of
MM. Intriguingly, the similarities between areas acti-
vated in functional neuro-imaging studies and those
observed to be thicker in structural ones (in particular
thicker ACC and reduced amygdala grey matter den-
sity) suggest the hypothesis that repeated activation
(or deactivation) of specific brain areas could lead to
long-lasting brain structure changes (e.g. Lazar et al.
2005; Hölzel et al. 2008; Grant et al. 2010). However,
further research based on more rigorous long-term
prospective studies is needed to better explore such
an issue.

Overall, such findings, along with evidence deriving
from clinical studies, preliminary support the notion
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Table 1. Functional and structural neuro-imaging studies of MM

Study
Study
design

Study
duration Subjects

Type of imaging and
task Main findings

Functional neuro-imaging findings
Baerentsen et al. (2001) CSS

without
controls

n.a. Five long-term Zen
meditators with 7–
23 years of practice

fMRI, onset of
meditation

Increased activation of the
PFC, ACC and
hippocampus, decreased
activation of PCC and
visual cortex

Farb et al. (2007) RCT 8 weeks Thirty-six novice
meditators
randomly assigned
to MBSR (n=20) or
to waiting list
(n = 16)

fMRI, narrative v.
experiential focus
(EF)

During EF, meditators
showed increased R
dlPFC, R ilPFC, R insula
and somatosensory cortex
activation and decreased
amygdala activation,
whereas non-meditators
showed increased L vlPFC
and L dlPFC

Hölzel et al. (2007) CSS with
controls

n.a. Fifteen long-term
Vipassana
meditators with
7.9 ± 5.1 years of
practice and 15
controls

fMRI, meditation
and arithmetic
condition

Increased dmPFC and rostral
ACC activation in
meditators over controls

Pagnoni, Cekic & Guo
(2008)

CSS with
controls

n.a. Twelve long-term
Zen meditators
with 3 or more
years of practice
and 12 controls

fMRI, mindfulness of
breathing while
distracting by
words

L language areas (including
angular gyrus and
superior frontal gyrus)
activated for less time after
words distraction in
meditators than controls

Kozasa et al. (2008) UPT 8 days Five Zen meditators
with 6 months or
more of practice
after a retreat

fMRI, Stroop effect Increased R dlPFC, ACC,
insula and parietal cortex

Farb et al. (2010) RCT 8 weeks Thirty-six novice
meditators
randomly assigned
to MBSR (n = 20) or
to waiting list
(n = 16)

fMRI, vision of
neutral and sad
clips

Higher R lateralized
recruitment including
visceral and somatosensory
areas in meditators
correlated with decreased
depression scores in
response to sad clips

Goldin & Gross (2010) UPT 8 weeks Sixteen novice
meditators with
SAD addressed
to MBSR

fMRI, reaction of
negative beliefs
during
mindfulness v.
distraction focus

During mindfulness but not
distraction condition,
subjects displayed reduced
amygdala and midline
cortical activation as well as
increased parietal and
occipital activation

Structural neuro-imaging findings
Lazar et al. (2005) CSS with

controls
n.a. Twenty long-term

Vipassana
meditators with
9.1 ± 7.1 years of
practice and 15
controls

MRI, resting state Brain regions associated with
attention, interoception
and sensory processing,
including the middle and
superior frontal gyri and
right anterior insula were
thicker in meditators than
matched controls

Continued
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that MM practice could be related to significant
changes in brain structures/patterns of activation
associated with higher bodily awareness and atten-
tional performances as well as with lower emotional
reactivity, two issues that may have important clinical
implications. As an example, sustained increased lim-
bic activity and decreased pre-frontal activity have fre-
quently been observed in patients with emotional
disorders such as major depression and anxiety dis-
orders (DeRubeis, Siegle & Hollon, 2008), which are
supposed to be characterized by a deficit in one’s
own emotional regulation strategy. Although there is
some disagreement as to whether operationalizations
of emotional regulation should be restricted to con-
scious, explicit processes or whether they should

include both conscious and unconscious (implicit) pro-
cesses, there is currently substantial agreement that at
least some forms of emotional regulation do not
require conscious control. In addition, some have
suggested that repeated activation of conscious
emotional regulation strategies in response to particu-
lar stimuli could, over time, lead to that strategy being
employed automatically and non-consciously. In an
attempt to explain how mindfulness works at the
level of the psychological processes involved,
Chambers et al. have recently put forth that mindful-
ness can be described as an emotional regulation strat-
egy distinct from other types of emotional regulation
considered so far, which is characterized by a systema-
tic retraining of awareness, which allows the

Table 1. Continued

Study
Study
design

Study
duration Subjects

Type of imaging and
task Main findings

Pagnoni & Cekic
(2007)

CSS with
controls

n.a. Thirteen expert Zen
meditators more
than 3 years of
practice and 13
matched controls

MRI, resting state Control subjects displayed
the expected negative
correlation of both grey
matter volume and
attentional performance
with age; meditators did
not show a significant
correlation of either
measure with age. The
effect was most prominent
in the putamen

Hölzel et al. (2008) CSS with
controls

n.a. Twenty long-term
Vipassana
meditators with
8.6 ± 5 years of
practice and 20
controls

MRI, resting state Greater grey matter
concentration for
meditators in the R
anterior insula and R
hippocampus.

Vestergaard-Poulsen
et al. (2009)

CSS with
controls

n.a. Ten long-term Zen
meditators with
14–31 years of
practice and 10
controls

MRI, resting state Increased grey matter
density in the brainstem,
especially in the medulla
oblongata

Holzel et al. (2010) UPT 8 Twenty-six novice
meditators
addressed to
MBSR

MRI, resting state Following MBSR, reduced
perceived stress was
correlated with reduced R
basolateral amygdala grey
matter density

Grant et al. (2010) CSS with
controls

n.a. Seventeen long-term
Zen meditators
with >1000 h of
practice and 18
controls

MRI, resting state Meditators had thicker
cortex in the dorsal ACC
and in secondary
somatosensory cortex than
controls

CSS, cross-sectional study; RCT, randomized controlled trial, UPT, uncontrolled prospective trial; (f)MRI, (functional) magnetic
resonance imaging; ACC, anterior cingulated cortex; PFC, prefrontal cortex; PCC, posterior cingulated cortex; dlPFC, dorsolateral
prefrontal cortex; ilPFC, inferolateral prefrontal cortex; vlPFC, ventrolateral prefrontal cortex; dmPFC, dorsomedial prefrontal
cortex; L and R before other words mean left and right, respectively and n.a., not applicable.
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individual for a more conscious choice of thoughts,
emotions and sensations with which one could ident-
ify, rather than automatically reacting to them
(Chambers, Gullone & Allen, 2009). In accordance
with such view, mindfulness could be considered as
an explicit emotional regulation strategy that stands
at the opposite of usual reactive patterns of emotion
expression and experience characterized by processes
such as rumination, emotional suppression and avoid-
ance. Interestingly, in line with such view, it is note-
worthy that an increasing number of clinical studies
are providing evidence about the usefulness of MM
for a great variety of psychiatric conditions character-
ized by a deficit in emotional regulation strategies
(Chiesa & Serretti, 2010).

As a further example, several disorders exist that are
characterized by a deficit or a progressive loss of neu-
ropsychological functions such as attention, including
attention deficit/hyperactive disorders (ADHD) in chil-
dren and several types of dementia in the elderly. Of
note, in accordance with neuro-imaging findings
reported in the present review, preliminary clinical
findings suggest the usefulness of MM in ADHD
(Zylowska et al. 2008) and some authors have specu-
lated that, by dampening the reduction in grey matter
volume in cerebral areas related to attention, such as
the putamen, MM might offer protection from cogni-
tive decline usually associated with age (Pagnoni &
Cekic, 2007). In addition, future research is needed to
explore whether and to what extent MM practice
could prevent neurodegenerative disorder such as
dementia.

Also, findings observed in expert meditators
suggesting that thicker grey matter in cerebral regions
associated with pain sensitivity was positively corre-
lated with increased pain tolerance points to the notion
that attending non-judgmentally to unpleasant sen-
sations, as MM explicitly suggest, could play an impor-
tant function into the reduction of such unpleasant
sensations themselves (Grant et al. 2010). Indeed, as
Grant et al. (2010) point out, chronic pain is usually
associated with thinner rather than with thicker grey
matter in some of these brain regions, suggesting
that one problem in chronic pain could be not (or
not only) the pain itself, but rather the ‘turning
away’ the attention from pain that, in turn, could
increase the experience of pain. Accordingly, although
available evidence is still limited so far, on the basis
of current findings we underscore that further
longitudinal research aimed at assessing both clinical
and neuro-imaging correlates of MM, possibly within
the context of a single experimental design, is
warranted to replicate and extend current evidence
about the role that MM could play into the treatment
and the prevention of several disease conditions

as well as about the underlying neurobiological
changes.
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