
Acta Neuropsychiatrica 2010: 22: 104–117
All rights reserved
DOI: 10.1111/j.1601-5215.2010.00460.x

© 2010 John Wiley & Sons A/S

ACTA NEUROPSYCHIATRICA

Review article

Functional neural correlates of mindfulness
meditations in comparison with
psychotherapy, pharmacotherapy and placebo
effect. Is there a link?

Chiesa A, Brambilla P, Serretti A. Functional neural correlates of
mindfulness meditations in comparison with psychotherapy,
pharmacotherapy and placebo effect. Is there a link?

Objective: Mindfulness meditations (MM) are a group of meditation
practices which are increasingly receiving attention. The aim of the present
work is to review current findings about the neural correlates of MM and
compare such findings with other specific and non-specific treatments.
Methods: A literature search was undertaken using MEDLINE, ISI web of
knowledge, the Cochrane database and references of retrieved articles.
Studies which focused on the functional neural correlates of MM,
psychotherapy, pharmacotherapy and placebo published up to August 2009
were screened in order to be considered for the inclusion.
Results: Main findings suggest that long-term MM practice allows a more
flexible emotional regulation by engaging frontal cortical structures to
dampen automatic amygdala activation. A large overlap exists between
cerebral areas activated during MM, psychotherapy, pharmacotherapy and
those activated by placebo. However, while MM, psychotherapy and
placebo seem to act through a top-down regulation, antidepressants seem
to act through a bottom-up process.
Conclusion: MM seem to target specific brain areas related to emotions
and emotional regulation. Similar mechanisms have been observed also in
other interventions, particularly psychotherapy.
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Introduction

Meditation has been a spiritual and healing prac-
tice for more than 5000 years. The word ‘medita-
tion’ derives from Latin ‘meditari’, which means ‘to
engage in contemplation or reflection’ and can be
defined as both a process and a state. According
to the Yoga Sutras, meditation is the act of inward
contemplation and the intermediate state between
mere attention to an object and complete fusion
within it (1). The practice of meditation has been
related to significant improvements of health (2) and
of mental abilities (3). Among the great variety of
existing meditation practices, a growing attention
has recently been given to a particular subgroup
of meditation practices named ‘Mindfulness medi-
tations’ (MM) (4).

Mindfulness is currently defined in psychological
terms characterised by paying total attention to the
present moment with a non-judgmental awareness
of the inner and outer experience (5,6). Although
the concept of Mindfulness has its origins in many
contemplative and philosophical traditions such as
Hinduism and Buddhism (7), its practice does not
imply to follow any specific philosophical or reli-
gious tradition (8). Yet, MM can be considered a
component of such ancient practices as Vipassana (9)
and Zen meditation (10). In addition, clinically ori-
ented programs designed to organise the original
concept of Mindfulness into standardised courses
for health, such as Mindfulness based Stress Reduc-
tion (MBSR) (11) and Mindfulness based Cognitive
Therapy (MBCT) (12) can be considered examples
of MM as well.
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To date, MM were found to be useful for a great
variety of physical and psychiatric disorders as well
as for healthy people. In particular, MBSR could
be useful for several physical and psychiatric disor-
ders (13–15) as well as for healthy people (16) and
MBCT could be able to prevent depression relapses
and reduce residual depressive symptoms (17). In
addition, Vipassana meditation could be efficacious
for the reduction of alcohol and substance abuse
in prisoners (18) and Zen meditation could reduce
blood pressure (19). It is noteworthy, however, that
the majority of current findings does not allow
to distinguish specific from non-specific effects of
MM (4), implying the necessity for further better
designed studies.

Both Vipassana and Zen meditation from one hand
and MBSR and MBCT from the other include MM
as an active feature of their practice, although with
several differences. In any case, the four medita-
tions mentioned above can be grouped together in
accordance with the current theoretical framework of
meditation that considers such meditations as belong-
ing to the pole of Mindfulness and distinguishes them
from other types of meditation practices (2,20,21).

Thanks to the improvements of neuroimaging tech-
nologies, there has been in the last decade a wide
spread of scientific investigations about the neurobi-
ological correlates of different types of meditations,
including MM, by means of different techniques such
as Magnetic Resonance Imaging (MRI), functional
MRI (fMRI), 18-fluorodeoxyglucose Positron Emis-
sion Tomography (PET) and 99mtechnetium hexam-
ethylpropyleneamineoxime Single Photon Emission
Computed Tomography (SPECT). Such investiga-
tions are particularly important because they pro-
vide preliminary evidence about the neurobiological
modifications related to meditation practice and they
answer the call for more rigorous neurobiological
approaches to meditation research.

Findings about the neural correlates of a broad
range of meditation practices have already been
reviewed elsewhere (20,22) and are not the focus of
the present review. Rather, the aim of the present
work is to review available findings about the
functional neural correlates of MM and compare
them with the ones of other types of treatments such
as antidepressants, psychotherapy and placebo.

Critical issues related to methodology in neuroimaging
studies

Before reviewing neuroimaging findings, there are a
number of issues that should be carefully considered
in the interpretation of data. First of all, the
functional neuroimaging modalities that have been
used in meditation, pharmacotherapy, psychotherapy

and placebo research vary substantially. They include
fMRI, PET and SPECT. These imaging modalities
differ with respect to mechanism, image resolution
and patient-related limitations (23). Also, fMRI has
traditionally been used to probe the brain activation
patterns during perceptual or cognitive tasks, whereas
PET and SPECT have been usually used to measure
baseline brain metabolism. As a consequence, while
some studies are performed in subjects during
a resting state, others are performed during the
execution of a specific task, hence investigating
different correlates of psychopathology.

Second, these techniques provide indexes of
brain activity by measuring glucose metabolism or
cerebral blood flow (CBF). Note, however, that the
relationship between glucose metabolism or CBF
and neuronal activity remains controversial (24),
although very often the term ‘brain activity’ is
used interchangeably with ‘metabolic activity’ or
‘haemodynamic activity’.

A further issue that has to be taken into account
into the interpretation of reviewed data is that there
are many specific differences in rationale, technique
and efficacy of the various modalities related to
different treatments, particularly psychotherapies, in
use today. Such issue is particularly important for
placebo treatments as well because recent research
showed that placebo effect is not a unitary phe-
nomenon but that there are many types of placebo
responses driven by different mechanisms depend-
ing on the particular context in which the placebo
is given (25,26). Methodological inconsistencies cre-
ated by the use of single versus multiple therapists,
differing numbers of sessions, and further issues
(such as, for instance, individual versus group ther-
apy) should also be considered when comparing
studies.

Finally, a wide range of patients’ populations
are included. While MM and placebo studies were
mainly performed in healthy subjects, studies about
psychotherapy and pharmacotherapy were exclu-
sively performed in samples of patients suffering
from mood and anxiety disorders.

Methods

A literature search was undertaken using MED-
LINE, ISI web of knowledge, the Cochrane database
and references of retrieved articles. The search
included articles indexed in the above mentioned
web-based electronic bibliographic databases, pub-
lished up to August 2009. The search strategy
considered only studies published in English. The
main search terms were the following: Mindfulness
meditation, Vipassana meditation, Zen meditation,
MBSR, MBCT, psychotherapy, pharmacotherapy
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and placebo in combination with functional neu-
roimaging, fMRI, PET and SPECT.

Studies which focused on the functional neural
correlates of MM, psychotherapy, pharmacotherapy
and placebo were screened by the reviewers in order
to be considered for the inclusion. To be included,
studies had to specify the used functional neuroimag-
ing technique, the type of practice under examination
and which kind of task was used (or its absence). Per-
taining to psychotherapy and pharmacotherapy treat-
ments, they had to be well established interventions
for the specific disease under investigation. Excluded
were: structural neuroimaging studies, studies not
reporting details mentioned above, and reviews of
the literature. No restriction was used with respect to
patient population (e.g. healthy vs. non-healthy sub-
jects), study design (e.g. uncontrolled vs. controlled
study) and type of practice/technique under investi-
gation (e.g. psychoanalysis vs. cognitive behavioural
therapy (CBT)).

The findings related to psychotherapy focused
on approved and well established psychotherapeutic
interventions such as CBT and BT for mood
and anxiety disorders (27–32), interpersonal therapy
(IPT) for major depression (MD) (33) and eye
movement desensitisation therapy (EMDR) for post-
traumatic stress disorder (34). The focus of the
present review with respect to pharmacotherapy
regards well established treatments options for MD
and anxiety disorders including selective serotonine
reuptake inhibitors and serotonine and noradrenaline
reuptake inhibitors (35,36).

Finally, the choice of including neuroimaging find-
ings about the placebo effect was motivated by the
decision to review commonalities and differences
between brain areas activated by non-specific psy-
chological mechanisms related to placebo such as
expectancy of a benefit and classical conditioning
which are supposed to be common to all treat-
ments (25,37) and those activated by the so-called
‘specific treatments’ which are supposed to include
some specific ‘active ingredient’ in addition to non-
specific mechanisms. This issue is particularly impor-
tant on account of the recent advances in our under-
standing of the placebo effect which shifted over the
last decades from the impossibility of an inert sub-
stance to produce a clinical benefit to the meaning
that the patient gives to such substance which is able
to produce a measurable effect (38).

The exposure of available findings will mainly
focus on three topic brain areas: the prefrontal cortex
(PFC), the anterior cingulate cortex (ACC) and the
amygdala. Other brain areas are well involved in all
such treatments; however, we selected these three
areas with the aim to suggest that all investigated
treatments can affect brain activity by means of a

regulation of these areas, although through different
modalities.

Results

Mindfulness meditations

Functional neuroimaging studies about MM showed
a consistent activation of the PFC and ACC during
meditation (39–42), although with some differences
across the studies (Table 1). In an early study, Baer-
entsen et al. (39) reported the activation of the PFC
and ACC during the initiation of Zen meditation. Of
note, their observations are in accordance with find-
ings reviewed by Newberg and Iversen (81) which
suggested that, during meditation, distracting exter-
nal events as well as memories represent conflict-
ing events to task goals and that such brain areas,
particularly the ACC, may contribute to the mainte-
nance of attention by alerting those systems directly
implementing top-down regulation to resolve this
conflict (82).

In a following study performed on Vipassana med-
itators during a period of mindful attention to their
breath (40), the authors observed an increased activa-
tion of bilateral ACC, in particular, its rostral portion,
and of dorsal medial PFC [medial PFC (mPFC)]. The
rostral/ventral division of the ACC and the mPFC
are activated in emotional processing (83,84) and it
could be hypothesised that MM training leads to
more cortical processing of emotional conflicts and
processes during meditation, possibly reflecting an
improved ability for emotional regulation. Interest-
ingly, such explanation is consistent with the obser-
vation that subjects with higher dispositional mind-
fulness show an increased activation of the mPFC
during the execution of an affective but not of a cog-
nitive task (85).

The relationship existing between these findings
can be better understood if one considers that mind-
fulness may be conceived as a trait like quality that
varies among different individuals (86,87) and that
MM practice has been found to increase mindfulness
levels (88–91). As a consequence, it could be argued
that both subjects with higher dispositional mindful-
ness levels and those who increased their mindfulness
levels through the practice of a MM may more eas-
ily engage the mPFC and the ACC during tasks that
require emotional regulation.

At the opposite of the previous findings, how-
ever, Farb et al. (41) observed a decrease rather
than an increase of the activity of the mPFC dur-
ing meditation. More in detail, the authors observed
an increased activation of the mPFC as well as of
left language areas during a narrative focus in which
subjects had to figure out what some words meant
to them, and a decrease of the same areas during
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mindful attention to present thoughts and stimuli. It
is worthwhile, however, that significant differences
between these two trials (40,41) including expert ver-
sus novice meditators, Vipassana versus MBSR med-
itators as well as the different focus during meditation
(the breath vs. mindfulness of thoughts and expe-
riences while observing words) could explain why
different findings have been observed.

Despite this finding, significant activations in
the PFC were observed both in meditators and in
non-meditators during the experiential (mindfulness)
focus, even though with specific differences between
the two groups (41). During the experiential focus
non-meditators showed left dorsolateral PFC (dlPFC)
activation, whereas meditators showed an activation
of the right dlPFC and inferolateral PFC (ilPFC).
Consistent with a dual-mode hypothesis of self-
awareness, these results suggested a fundamental
neural dissociation in modes of self-representation
that support distinct, but usually integrated, aspects
of self-reference: the higher order self-reference char-
acterised by neural processes supporting awareness
of a self that extends across time (related to left
lPFC) and more basic momentary self-reference char-
acterised by neural changes supporting awareness of
the psychological present (related to right lPFC) (41).
Interestingly, many authors suggested that the latter
could represent a return to the neural origins of iden-
tity, in which self-awareness in every moment arises
from the integration of basic interoceptive and exte-
roceptive bodily sensory processes (92–94).

Further, the activation of the right dlPFC, along
with other areas, has also been implicated in the
switching between first and third person perspec-
tives (95) and was associated to a more detached
observation state of events characterised by lower
emotional reactivity related to reduced amygdala
activation (96,97). Consonant with such findings,
decreased activity in the left amygdala was observed
in meditators during mindfulness focus in the study
performed by Farb et al. (41). Note also that a similar
pattern of activation of the right dlPFC was observed
by Kazosa et al. in a independent sample of Zen med-
itators as well (42).

A further important finding was reported by
Pagnoni et al. (43) about the neural correlates of
conceptual processing during Zen meditation. In
such study the authors observed that, in compar-
ison to a control group, Zen meditators displayed
a reduced duration of the neural response linked to
conceptual processing in regions of the default net-
work (98) such as the angular gyrus and the supe-
rior frontal gyrus, suggesting that meditative train-
ing could foster the ability to control the auto-
matic cascade of semantic associations triggered by
a stimulus and, by extension, to voluntarily regulate
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the flow of spontaneous mentation. This result is
particularly important if one considers that Farb
et al. (41) reported that non-meditators showed a
significant activation of left language areas in the
PFC, even when they tried to focus their attention
on present experience, suggesting the impossibil-
ity to dampen their spontaneous mentation. On the
other hand, such reduction could be particularly use-
ful for many psychiatric conditions characterised by
excessive ruminations (99) such as obsessive com-
pulsive disorder (100), anxiety disorders (101), alco-
hol dependence (102) and MD (103,104). Interest-
ingly, several findings suggested that MM could be
useful for all such disorders (4,17,105–109).

Overall, these findings suggest that, consistently
with historical accounts of MM which underscore
that mindfulness training allows individuals to treat
affective states as ‘objects’ of attention (110,111),
MM practice could be related to a more flexible
emotional regulation and to a higher ability to detach
from negative states by engaging frontal cortical
structures to dampen automatic amygdala activation.

The comparison with other specific and placebo treatments

Current evidence suggests that both anxiety and
depressive states could be considered as the result
of increased and unmodulated amygdala activ-
ity (104,112–115), of a deficit of inhibitory connec-
tions to the amygdala meditated by cortical regions
such as the orbitofrontal PFC (OFC), mPFC, dlPFC
and ACC (96,116–118) or of both (115,119,120).
Consistent with this model of mood and anx-
iety disorders, several studies found that both
psychotherapy and pharmacotherapy were able to
reverse baseline patterns of activation into two
distinct ways. They were found to induce either
higher activity of prefrontal areas such as the infe-
rior frontal gyrus (57,63), the medial OFC (60,64),
the ventral PFC (44,46), the dlPFC (45,46,51) and
the ACC (51,55,65), or lower activation of the
amygdala(55,56,60,65) (Table 1). The majority of
these studies used a fMRI technique and probed
the brain activation patterns during perceptual or
cognitive/affective tasks, hence allowing a higher
comparability to studies performed on mindfulness
meditators. Of note, one can observe that a large
overlaps exists between findings in MM studies and
those reported in pharmacotherapy and psychother-
apy studies.

On the other hand, different and often con-
trasting results were observed in studies focusing
on a resting state in depressed patients and to
a lesser extent in other populations of patients.
In particular, apart from some studies where an
increased activation in some areas of the PFC was

observed at rest following a successful treatment
with antidepressants (44–46,51), the majority of
studies, especially those focusing on psychother-
apy, observed decreases in many areas of the PFC
including the vlPFC, vmPFC and dlPFC, and of the
ACC (44–47,50,51,54,57–60,62). The apparent con-
trast between these findings and those suggesting that
psychotherapy could allow greater frontal activation
during emotional tasks could be resolved if one con-
siders that recovery could involve the lowering of
tonic resting-state activity, to allow for greater reac-
tivity when executive control is recruited. However
this hypothesis has not been verified yet by rigorous
neuroimaging studies comparing brain activity at rest
and during the execution of a specific task within the
context of a single experimental design.

In addition, there is preliminary evidence sug-
gesting that, while psychotherapy could allow a
resetting of tonic prefrontal activity and yield
greater ability for ‘top-down’ emotional regulation
when it is needed (e.g. when phobic patients are
exposed to phobic stimuli), drugs could increase
ACC metabolism tonically (48,51). This, in turn,
could create a ‘bottom-up’ effect whereby limbic
regions are tonically inhibited during antidepressants
administration.

On the basis of reviewed findings, we could
preliminary suggest that MM could be more similar
to psychotherapy, i.e. they could regulate frontal
brain areas to dampen amygdala hyperreactivity
specifically when it is necessary, whereas drugs could
target amygdala directly. Then, all such treatments
could result in a final common state characterised
by lower amygdala and prefrontal activity at rest
with the latter being able to reverse after MM
or psychotherapy when it is required (Fig. 1).
Nevertheless, such hypothesis should be verified
by neuroimaging studies comparing MM to other
interventions for specific disorders and assessing both
resting and task related activation at different time
points.

Pertaining to the placebo effect, it is noteworthy
that almost all studies, independently from the
underlying condition, showed a consistent activation
of the dlPFC (67–72,78,79), the OFC (66–68,75)
and the rostral/ventral ACC (66–73,75,79) during
the placebo effect and the anticipation of a negative
stimulus. Given that placebo does not exert a
therapeutic effect by itself, it could be argued that
the expectation of a benefit is able to activate
such areas when needed. Furthermore, the notion
that similar findings were observed across a great
variety of conditions including pain, vision of
unpleasant pictures, MD and social phobia suggests
that modulatory processes in placebo are not specific
for any single condition but are rather a part
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Before meditation or other treatments, high emotional reactivity is observed. The amygdala easily activates in 
response to negative stimuli and the PFC is not able to inhibit the amygdala.

After meditation or psychotherapy, amigdala activity is usually reduced and whether amygdala activates in 
response to negative stimuli, PFC is engaged in order to dampen automatic amygdala responses.

After pharmacotherapy, amigdala activityistonically inhibitedand the PFC′s  activity is restored.

Fig. 1. Red/clear=hypometabolic area; blue/dark=hypermetabolic area; PFC=prefontal cortex.
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of the mechanisms involved in the regulation of
emotional processes in general (26). Consistent with
this hypothesis is also the observation that amygdala
reactivity can be dampened during the anticipation of
a noxious stimulus and in phobic patients after the
administration of a placebo (75,80).

Overall, these findings suggest that placebo re-
sponses seem mediated by ‘top-down’ processes
dependent on frontal cortical areas that generate and
maintain cognitive expectancies, hence suggesting
a stronger similarity with MM and psychotherapy
rather than with antidepressants. Nevertheless, we
should remember that placebo is a phenomenon com-
mon to all treatments (25). As a consequence, it is
difficult to distinguish the neural correlates of the
specific effects of active treatments from the non-
specific placebo-like effects (such as the expectancy
of a benefit) common to all treatments. This diffi-
culty is particularly evident in the study performed
by Mayberg et al. in MD patients where an almost
complete overlap between areas activated during
the administration of placebo and of fluoxetine was
observed (79).

However, while studies performed in meditators
and in subjects who underwent a pharmacological
or a psychotherapeutic intervention were referred to
long-term meditators or to a long-term treatment,
respectively (for instance, a 2-months antidepressant
treatment), placebo studies often referred to a short
period of time (e.g. minutes). As a consequence,
while it could be argued that the former observations
could be relatively enduring, there is not sufficient
evidence to understand to what extent placebo
treatments could result in long lasting brain activation
patterns.

Discussion

The observations reviewed in the present work sug-
gest that a great overlap could exist between cerebral
areas activated during MM, psychotherapy, pharma-
cotherapy and those activated during the placebo
effect, although with some differences. It could be
preliminary suggested that while MM, psychother-
apy and placebo act through a top-down regulation,
antidepressants could act through a bottom-up pro-
cess. In particular, MM, psychotherapy and placebo
could target the PFC which in turn could exert
an inhibitory effect on limbic regions such as the
amygdala when it is needed (96,121,122), possibly
through inhibitory connections from the OFC and
ventromedial regions (including the rostral and sub-
genual cingulate gyri) to the amygdala (123,124).
On the other hand antidepressants could target
amygdala directly modulating specific emotional
information processing mediated by the amygdala

such as repetitive negative thinking in depressed
patients (28). Note also that structural neuroimaging
studies in long-term Vipassana and Zen meditators
showed that MM practice could be related to endur-
ing macroscopic modifications of brain areas includ-
ing the PFC (125), the anterior insula (125,126) and
the putamen (127). Further, there is a partial over-
lap between thicker brain areas in long-term med-
itators and brain areas activated in functional neu-
roimaging studies (41–43) and it could be argued
that the repeated activation of specific brain areas
could lead to long-term macroscopic brain modifi-
cations. Notably, such explanation is consistent with
observations that when a task that requires attention
is consistently directed towards a behaviourally rel-
evant sensory stimulus, robust changes in sensory
cortical maps are observed (128–130) and that the
entity of changes in specific brain areas seems to be
related to meditation experience (125).

Despite the preliminary nature of these findings,
it is noteworthy that they could have an important
clinical impact. First of all, they preliminary support
a neurobiological basis for the usefulness of MM
in several clinical conditions that are only partial
responsive to current treatments options such as
anxiety and mood disorders. Even though no specific
neuroimaging study on MM has yet been performed
in clinical samples, it is noteworthy that several
clinical trials about MM have already provided
preliminary evidence about their efficacy on all such
conditions (13,17,131).

In addition, our findings underscore that the mech-
anisms underlying MM could share some similari-
ties with other treatments, in particular psychother-
apy, in that they engage frontal cortical structures
to dampen exaggerated limbic responses to negative
stimuli when it is needed, although specific neu-
roimaging studies of MM addressing such issue in
psychiatric populations of patients are still lacking.
Finally, our findings point out to the necessity of a
more deep investigation of the comparison between
the neurobiological modifications induced by specific
treatments and those induced by non-specific treat-
ments or placebos. Such investigation could allow to
more deeply dissect the overlapping specific and non-
specific effects of the so-called ‘specific treatments’
in general and could be helpful, along with clinical
trials designed to compare MM to active non-specific
treatments such as educational support groups, in dis-
tinguishing specific from non-specific effects of MM
in particular.

Other limitations have to be considered in the
interpretation of our findings. First of all, the fact that
studies about MM have been performed in healthy
subjects could raise concerns about their applicabil-
ity to psychiatric populations of patients. However,

112

https://doi.org/10.1111/j.1601-5215.2010.00460.x Published online by Cambridge University Press

https://doi.org/10.1111/j.1601-5215.2010.00460.x


Neuroimaging of mindfulness

as reported above, preliminary data suggest that MM
could be useful for disorders such as MD and anxiety
disorders, and neuroimaging data on these popula-
tions of patients are warranted. Second, a great num-
ber of interventions and of active drugs with different
rationales and mechanisms of actions were included.
However, on account of the preliminary nature of the
present review, this could represent a strength rather
than a limitation in that we tried to compare MM to
a large number of treatments in order to open new
directions for future comparative research.

Also, we mainly focused on three brain areas while
it is known that further cerebral areas are involved in
the response to meditation, psychotherapy, pharma-
cotherapy and placebo (20,26,132). Nonetheless, the
aim of the present work was only to suggest a pos-
sible model of the mechanisms through which MM
could be effective and to review possible similari-
ties of our model with other treatment options. As
a consequence we also excluded those interventions
or conditions which main targets were not the PFC,
the ACC or the amygdala such as Parkinson’s disease
and schizophrenia (26,133). Further, while we gener-
ally referred to MM as a unitary group of meditative
practices, it is worthwhile that specific differences
exist across different MM (134). As a consequence,
while available studies mainly focused on long-term
Vipassana and Zen meditators, further research is
needed to investigate the neural correlates of MBSR
and MBCT practice.

A final concern could derive from the decision
to use neuroimaging findings to explain the corre-
lates of normal physiology or psychopathology of the
individual. Note, however, that neuroimaging studies
could suggest possible brain areas where future stud-
ies could assess potential changes in neurotransmitter
metabolites to determine which system is likely to
be involved. Concurrently, molecular imaging will
be needed to determine where exactly these changes
take place and further research should aim at inte-
grating functional imaging with molecular techniques
such as radioligand imaging or biochemical analysis
of metabolites in order to elucidate the molecular
mechanisms of MM and its commonalities and dif-
ferences with psychotherapy, pharmacotherapy and
placebo.

In conclusion, our findings suggest that MM prac-
tice could allow a more flexible emotional regu-
lation and a higher ability to detach from nega-
tive states by engaging frontal cortical structures to
dampen automatic amygdala activation. Also, a great
overlap could exists between cerebral areas acti-
vated during MM, psychotherapy, pharmacotherapy
and those activated by expectancy in placebo stud-
ies. However, it could be preliminary suggested that
while MM, psychotherapy and placebo act through

a top-down regulation, antidepressants could act
through a bottom-up process. Accordingly, further
research is needed to replicate findings observed in
healthy subjects in clinical populations of patients,
to compare MM with other specific and non-specific
treatments and to better investigate the neurochemi-
cal correlates of MM.
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