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A B S T R A C T

This paper reviews the evidence for changes of Meditation on body and brain physiology and for clinical

effectiveness in disorders of psychiatry. The aim of Meditation is to reduce or eliminate irrelevant

thought processes through training of internalised attention, thought to lead to physical and mental

relaxation, stress reduction, psycho-emotional stability and enhanced concentration. Physiological

evidence shows a reduction with Meditation of stress-related autonomic and endocrine measures, while

neuroimaging studies demonstrate the functional up-regulation of brain regions of affect regulation and

attention control. Clinical studies show some evidence for the effectiveness of Meditation in disorders of

affect, anxiety and attention. The combined evidence from neurobiological and clinical studies seems

promising. However, a more thorough understanding of the neurobiological mechanisms of action and

clinical effectiveness of the different Meditative practices is needed before Meditative practices can be

leveraged in the prevention and intervention of mental illness.

� 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Neuropsychiatric disorders such as depression, alcohol and
drug abuse are on the increase worldwide. Neuropsychiatric
disorders account for 31% of total disability and are expected to rise
by 2020 (Mathers and Loncar, 2005). Depression is the most
common of all mental disorders with the greatest public health
burden. According to estimates from the World Health Organisa-
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tion (WHO) by 2020 depression will be the leading cause for
disability worldwide. Suicide is estimated to be the leading cause
of death in young people in 2020 (Mathers and Loncar, 2005).
There have been increases in the number of diagnoses of mental
health problems including schizophrenia, dementia, alcohol and
substance abuse, and most child psychiatric disorders, which in
part may be confounded by better detection, improved services
and diagnostic changes. Nevertheless, these will be an increasing
part of the overall health burden in the future.

Currently, there is no long-term cure of mental illness.
Conventional behavioural or pharmacological treatment, though
not a cure, has shown effectiveness in the alleviation of symptoms.

mailto:k.rubia@iop.kcl.ac.uk
http://www.sciencedirect.com/science/journal/03010511
http://dx.doi.org/10.1016/j.biopsycho.2009.04.003
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However, dissatisfaction has arisen with psychopharmacological
interventions due to side effects, its escalating prescription rates in
both adults and children, and recent uncertainties on the
effectiveness and long-term benefits of some psychopharmacolo-
gical treatments such as antidepressants and psychostimulants
(Jensen et al., 2007; Kirsch et al., 2008). Innovative conceptual and
therapeutic models of care continue to emerge that may be
relevant to the amelioration of mental illness. One of these is
Meditation. Meditation has in recent years received considerable
attention as a potential adjunct or alone in the intervention of
psychiatric disorders as it is cost-effective and presumably free of
side effects. In this paper we discuss the physiological and
neurophysiological underpinnings of the subjectively reported
benefits of Meditation and its potential effectiveness as a
complementary treatment approach for mental illness.

2. What is Meditation and why could it be a useful adjunct to
achieve mental health?

Meditation is essentially a physiological state of demonstrated
reduced metabolic activity – different from sleep – that elicits
physical and mental relaxation and is reported to enhance
psychological balance and emotional stability (Jevning et al.,
1992; Young and Taylor, 2001). In Western psychology, three
states of consciousness are described: sleep, dream and wakeful-
ness. In Eastern philosophy and in several Western religious and
mystical traditions, an additional and supposedly ‘‘higher’’ state of
consciousness has been described, the so-called ‘‘fourth state of
consciousness’’, the state of ‘‘thoughtless awareness’’ (Rama-
murthi, 1995). In thoughtless awareness the incessant thinking
processes of the mind are eliminated and the practitioner
experiences a state of deep mental silence. This state can be
achieved by the practice of ‘‘Meditation’’. According to the Yoga
Sutras of Patanjali, one of the oldest recorded scriptures on
Meditation, ‘‘Yoga is the suppression of the modifications of the
mind’’ (Patanjali, 1993). Although today a large variety of
Meditation practices have emerged, some of them not aiming to
achieve anything beyond relaxation, the original goal of Medita-
tion is the elimination or reduction of thought processes, the
cessation or slowing of the internal dialogue of the mind, the
‘‘mental clutter’’. This elimination of the thinking process has been
reported to lead to a deep sense of physical and mental calm while
at the same time enhancing pure awareness, untainted by
thoughts, and perceptual clarity. Meditative experiences of
thoughtless awareness furthermore seem to trigger feelings of
positive emotions which can range from detached serenity to
ecstatic bliss. A common experience of Meditation is a meta-
cognitive shift where thoughts and feelings rather than occupying
full attention can be observed from a detached witnessing
awareness from which they can be dealt with in a more efficient
manner. Achieving this mystical peak experience of complete
thoughtless awareness is the ultimate goal of many traditional
Meditation techniques. However, most Meditation techniques
have more commonly focussed on achieving trait effects in the
practitioners such as enhanced concentration which is a pre-
requisite to achieve the peak experience. Although Meditation
techniques differ widely, a common characteristic of most
techniques is the training of concentrative attention skills in order
to achieve the reduction or elimination of thoughts. The majority of
Meditation techniques are therefore in essence an attention
training by which thoughts are consciously manipulated. This
involves either the narrowing or focussing of the attention on
internal events such as breathing, an object, one point in space, or a
mantra (several Buddhist practices, Yoga Nidra, Sahaja Yoga) or
expanding the attention non-judgmentally on the moment to
moment experience and observing thoughts and feelings from a
meta-cognitive awareness state (Mindful Meditation, Vipassana
and Zen Buddhist practices) (Ivanovski and Malhi, 2007). Most
Meditation techniques therefore as a prerequisite to the ultimate
goal of thoughtless awareness enhance mediator functions of
sustained focused attention (concentration), self-monitoring
(preventing the attentional focus to wander off) and cognitive
interference control (the ability to inhibit interference or disrup-
tion from unwanted thoughts or irrelevant external events).

Although achieving the peak experience of thoughtless aware-
ness is the goal of the Meditator, it is the long-term trait effects of
Meditation, achieved after years of training that are thought to be
therapeutic and have attracted the interest of Western Science.
These reported long-term trait effects of Meditation practices
include: (1) at a physical level: feelings of deep relaxation and
stress relief; (2) at a cognitive level: enhanced concentrative
attention skills, improved self-control and self-monitoring and
better ability to inhibit irrelevant interfering external and internal
activity; (3) at the emotional level: positive mood, emotional
stability and resilience to stress and negative life events (detach-
ment); (4) at a psychological level: personality changes such as
enhanced overall psycho-emotional balance.

These are the subjectively reported benefits of Meditation.
Relatively few studies have investigated the objectively measur-
able psychological, physiological, and neurophysiological changes
that correlate with the subjectively reported benefits of Medita-
tion.

We are well aware that there are qualitative and quantitative
differences among the existing Meditation techniques. Given the
relatively scarce number of neurobiological, neuroimaging and
clinical studies of Meditation, however, we aim in this review to
shape out the commonalities of the effects of the researched
Meditation techniques on cognitive functions, on physiological and
neurophysiological systems, and on behavioural symptoms in
psychiatric disorders. With the increasing growth of well designed
and well-controlled Meditation studies, however, future studies
will be needed that compare between different Meditation
techniques in order to shape out the technique-specific differences
of the effects of these diverse techniques on behaviour, cognitive
function, underlying physiology and neurobiology and clinical
effectiveness.

3. Peripheral physiological changes during Meditation

Studies comparing experienced Meditators compared to con-
trols or short-term Meditators have demonstrated physiological
changes during Meditation suggestive of a wakeful hypometabolic
state that is characterised by decreased sympathetic nervous
activity, important for fight and flight mechanisms, and increased
parasympathetic activity, important for relaxation and rest (Cahn
and Polich, 2006; Jevning et al., 1992; Rai et al., 1988; Young and
Taylor, 2001). This wakeful hypometabolic state with parasympa-
thetic dominance has been shown to be qualitatively and
quantitatively different from simple rest or sleep (Jevning et al.,
1992; Young and Taylor, 2001). Sahaja Yoga Meditation, for
example, a technique that evokes thoughtless awareness on a daily
basis, presumably via activation of parasympathetic–limbic path-
ways (Harrison et al., 2004), has been shown to reduce autonomic
activity in short- and long-term practitioners compared to
controls. This included a reduction in heart, respiratory and pulse
rates, of systolic blood pressure and oxygen metabolism, and of
urinary vanilly mandelic acid (VMA), and increases of skin
resistance (Rai et al., 1988). These physiological alterations are
indicators of deep parasympathetic activation and therefore
physiological relaxation that have been related to stress relief
and may have a role in the prevention of stress-related illness, such
as respiratory, hypertensive of cardiovascular disease (Cahn and
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Polich, 2006). In fact, the same physiological effects achieved with
Sahaja Yoga Meditation in healthy individuals, could also be
achieved in patients with asthma and hypertension after 4 weeks
of Meditation training, which furthermore were related to the
significant reduction of asthma attacks (Chugh, 1997; Manocha
et al., 2002). Studies using other Meditation techniques such as
mindful or Buddhist Meditation have reported similar changes
indicative of increased parasympathetic activity, suggesting that
this is a characteristic feature of Meditation (Cahn and Polich,
2006; Solberg et al., 2000b).

4. Neurophysiological effects during Meditation

As mentioned before, the key subjective experiences in
Meditation, apart from a general relaxation response, are the
reduction of mental activity and the generation of positive affect.
Functional neuroimaging studies have in fact been able to
corroborate these subjective experiences by demonstrating the
up-regulation in brain regions of internalised attention and
emotion processing with Meditation.

Many electrophysiological studies have examined the brain
activation during a variety of concentrative Meditation techniques.
A common finding has been that of increased low frequency
activation of theta and alpha bands that has been suggested to
reflect enhanced sustained attention to internal events (Cahn and
Polich, 2006). Very few studies, however, have directly investi-
gated the neural correlates of the peak experience of thoughtless
awareness. Sahaja Yoga is one of the Meditation techniques that
aim to eliminate thought processes in the practitioner. Electro-
physiological (EEG) studies comparing the brain activation of 16
long-term Sahaja Yoga practitioners between 3 and 7 years of
practice to short-term Meditators with up to 6 months of practice
have been able to find specific brain activation patterns
corresponding to the subjective feelings of thoughtless awareness
and happiness (Aftanas and Golocheikine, 2001, 2002a,b, 2003).
During the Meditation, compared to rest, the long-term Meditators
showed more feelings of happiness and less mental activity than
the short-term Meditators. In their EEG measures, the long-term
Meditators showed increased power in low band frequency EEG
activity of theta and alpha, which was particularly pronounced
over the left frontal regions. The intensity of the feelings of
happiness was positively correlated with the theta activity over
left frontal regions. This is in line with the evidence for a role of the
left frontal lobe in positive emotions whereas the right prefrontal
lobe plays a greater role in negative ones (Canli et al., 1998). The
intensity of mental activity correlated negatively with theta
activity over frontal and mid and right central brain regions,
suggesting that less internal dialogue was related to more
activation in these regions. Frontal theta activity is thought to
originate from limbic and frontal brain regions such as the anterior
cingulate and prefrontal cortex and has been shown to be
increased during both affective and attentional states such as
emotion processing and sustained attention (Asada et al., 1999;
Deiber et al., 2007; Gevins and Smith, 2000; Rachbauer et al., 2003;
Sauseng et al., 2007). There was also increased activation in the
alpha power range over the same regions, which is thought to
reflect a reduction in brain regions that mediate mental effort and
external attention (Osaka, 1984; Gevins et al., 1997; McEvoy et al.,
2000). Increased activation in alpha activity has commonly been
observed in Meditators of different traditions and been found to
correlate with reduced levels of anxiety (Cahn and Polich, 2006).
This pattern of increased fronto-parietal theta activity has also
been observed during other concentrative Meditation techniques
and seems to be a correlate of internalised attention (Cahn and
Polich, 2006). In addition to enhanced fronto-parietal theta
activation, the authors also found enhanced connectivity of
fronto-parietal theta bands and a reduction in the chaotic
dimensional complexity, suggesting the enforcement of atten-
tional networks and the inhibition of task-irrelevant processes.
Taken together, the findings suggest that during Meditation, the
reduced mental activity is mediated by increased activation of
networks of internalised attention which seem to trigger the
activity in regions that mediate positive emotions (left frontal
cortex) while decreasing networks related to external attention
and irrelevant processes. The enhanced connection between
frontal and parietal regions is probably the prerequisite for the
general intensification of internalised attention necessary for the
induction of the altered state of mental silence (Aftanas and
Golocheikine, 2001, 2002b, 2003). In conclusion, these pioneering
studies shows that the subjective experiences of mental silence
and positive emotions during Meditation have very specific
neurophysiological correlates in the activation and connectivity
of regions that mediate internalised attention and positive affect.

Most modern functional imaging studies have typically been
conducted in very small subject numbers and without the use of
control conditions. Nevertheless, the findings so far seem to
support the evidence that Meditation leads to increased activation
in frontal and subcortical brain regions that are important for
sustained attention and emotion regulation. A study of Lou et al.
(1999) using positron emission tomography (PET), reported an
increase in left prefrontal and limbic brain regions during the
abstract sense of joy compared to rest in nine practitioners of Yoga
Nidra Meditation. This is in line with the EEG findings of Aftanas
and Golocheikine (2001, 2002a,b, 2003) and supports the
hypothesis of a role of left fronto-limbic networks for the
experience of happiness in Meditators. Single Photon emission
tomography in nine practitioners of a concentrative Tibetan
Buddhist Meditation who focussed on a mantra showed enhanced
frontal and thalamic metabolism after Meditation compared to a
rest scan, suggesting enhanced networks of focused concentration
(Newberg, 2001). A study using PET that compared Zen Buddhist
Meditation of concentration on breath to random thoughts in 11
practitioners found increased activation in left frontal cortex and
the basal ganglia, again suggesting enhanced fronto-striatal
networks of sustained attention (Ritskes et al., 2003). Functional
magnetic resonance imaging (fMRI) was conducted in a small
number of five Meditators with at least 4 years of Kundalini Yoga
experience, consisting of body postures, breathing exercises and
concentration techniques. The study design contrasted Meditation
that consisted in passive observation of the breath and the silent
repetition of a mantra at exhalation and inhalation with a control
condition where subjects silently generated a random list of
animals and did not observe their breathing. There was increased
activation during late versus early Meditation in dorsolateral
prefrontal and parietal cortex, limbic and paralimbic regions
(amygdala, hypothalamus, hippocampus and anterior cingulate)
and the basal ganglia (Lazar et al., 2000). The authors interpret
their findings as an indication of increased activation of brain
regions that mediate sustained attention and autonomic control.
Given the very small subject numbers a replication in larger
samples will be necessary to corroborate the findings.

A well-controlled fMRI study on one-pointed concentration
Tibetan Buddhist Meditation compared experienced Meditators
with non-Meditators and novices who practised the technique for
1 week (Brefczynski-Lewis et al., 2007). This Meditation technique
consists of one-pointed concentration on one object, where the
concentration is trained to be kept on that object, and brought back
to that object when one has been distracted by outer perceptions or
inner thoughts. In the block design fMRI design, several 2.7 s
periods of one-pointed Meditation were contrasted with several
periods of 1.5 s of simple relaxation. The authors found increased
activation in frontal, parietal, insular and thalamic brain regions in
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14 long-term Meditators compared to 16 novices. Interestingly
there was an inverted u-shape function in brain activation during
Meditation with lifetime hours of Meditation so that the most
experienced Meditators with most hours of Meditation had less
activation in attentional networks than the less experienced
Meditators with less hours of Meditation practice. This is in line
with the suggestion that at the highest level of expertise,
concentration Meditation may result in a less cognitively active,
quieter mental state, so that attention skills become less effortful.
This would be in line with the neural efficiency hypothesis of skill
learning, where the most skilled persons show less activation than
less skilled ones (Grabner et al., 2006, 2005). One of the limitations
of the study, however, is that the long-term Meditators were older
than the novices. Although age was covaried, future studies should
replicate the findings in age-matched groups, given evidence for
considerable differences in neurofunctional networks during
attention functions across the lifespan (Rubia et al., 2006, 2007).
There was also heterogeneity in Meditation practices among the
expert Meditators, although concentration stability was consid-
ered integral to all of them.

Two fMRI studies have been conducted using Mindfulness
Meditation. Mindfulness Meditation involves focussed attention
on internal and external sensory stimuli with ‘‘mindfulness’’, a
specific non-judgemental awareness of present-moment stimuli
without cognitive elaboration. One of these studies compared two
well-matched groups of experienced Meditators and non-Medi-
tators during mindfulness attention to their breathing contrasted
with an arithmetical control task. Apriori regions of interest were
used based on the findings of the study of Brefczynski–Lewis in
anterior cingulate, medial prefrontal cortex, posterior cingulate
and precuneus. The experienced Meditators compared to non-
Meditators during mindful attention to their breathing showed
enhanced activation in anterior cingulate and medial prefrontal
cortex, which was interpreted as an indicator of enhanced
attentional control in the Meditation experts (Hoelzel et al.,
2007). A limitation of this study was the use of an arithmetic task as
control condition that differed from the Meditation condition in
several ways other than the meditative state such as mental effort,
visual-stimulation, and response preparation.

There is some evidence that functional brain changes during
meditation are observable even after short periods of practice as
shown by a study in short-term Meditators of mindfulness based
stress reduction (MBSR). MBSR involves daily exercises in focusing
attention on the present moment, as described in Kabat-Zinn et al.
(1992). An fMRI study compared the functional activation effects of
20 practitioners trained for 8 weeks in MBSR with 14 novices
during the monitoring of momentary experience compared to
narrative traits. One of the assets of the study was that it was a
randomized trial, where participants were randomly assigned to
either the Meditation training or novice group, resulting in very
well-matched groups in terms of demographic data and psycho-
logical profile. The study showed enhanced activation in trainees of
MBSR compared to novices in a right lateralised internalized
attention network of inferior prefrontal cortex, inferior parietal
lobe and the insula. Functional connectivity analyses further
demonstrated a strong coupling between the right insula and the
dorsolateral prefrontal cortex in the mindfulness trained group
(Farb et al., 2007). Unfortunately this study did not use a pre–post-
intervention design within the same subjects, which would have
been more convincing and would have avoided issues of
differences in cohorts and inter-subject variability in brain
activation.

In conclusion, there is converging evidence that fronto-parietal
and fronto-limbic brain networks seem to be activated in the
attention practices that lead to Meditation, presumably reflecting
processes of internalised sustained attention and emotion regula-
tion. Hereby, the most consistent findings across Meditation
imaging studies are the functional up-regulation of brain regions
that are known to mediate attention control. However, there are
also differences between methods in the brain activation patterns
elicited. This is likely to be related to the difference in the practices
used to achieve the state of Meditation. For example, activation of
the insula and the anterior cingulate, which are known to be
important areas for interoceptive attention and autonomic control
(Critchley et al., 2004) appear to be particularly enhanced in those
Meditative practices that train the attentional focus on breathing
or internal body states, such as Kundalini Yoga or mindful
observation of the breathing (Farb et al., 2007; Hoelzel et al.,
2007; Lazar et al., 2000). Different brain activation networks may
thus be activated by different Meditation traditions. A recent study
on a form of Tibetan Buddhist Meditation, for example, showed a
very different activation pattern compared to the majority of EEG
studies that show enhanced theta activation (Cahn and Polich,
2006). This study showed enhanced high-amplitude gamma
activity in eight experienced Buddhist practitioners compared to
novices (Lutz et al., 2004). The Meditators did not try to achieve a
state of thoughtless awareness, but concentrated on feelings of
non-referential compassion. They showed highly synchronised
gamma activity over frontal and parietal brain regions that
correlated with lifetime hours of Meditation practice and were
also observed during rest. The gamma activity recorded was the
highest observed so far in non-pathological states (Lutz et al.,
2004). Gamma activity has been related to higher level, effortful
cognitive and emotional processing (Jausovec and Jausovec, 2005;
Rennie et al., 2000). These findings thus show activation of higher
order effortful affective and cognitive processes in Tibetan
Buddhist Meditators during their concentrative practics that are,
however, qualitatively different from the slow-wave, presumably
more effortless activation patterns that are achieved by other
Meditation techniques during thought reduction or the state of
thoughtless awareness (Cahn and Polich, 2006; Aftanas and
Golocheikine, 2001). One of the limitations of this study was that
the long-term Meditators were not matched in age or cultural
background to the novices. Nevertheless, the differences in
findings between this and previous EEG studies show that different
Meditation techniques may elicit very different brain activation
patterns based on the specific practices that are used to achieve a
meditative state. Meditation practices that focus on concentration
of an object or mantra seem to elicit the activation of fronto-
parietal networks of internalised attention (Brefczynski-Lewis
et al., 2007; Aftanas and Golocheikine, 2001, 2002a,b, 2003;
Newberg, 2001; Ritskes et al., 2003), while Meditation techniques
that focus on breathing may elicit additional activation of
paralimbic regions of insula and anterior cingulate (Farb et al.,
2007; Hoelzel et al., 2007; Lazar et al., 2000), and Meditation
techniques that focus on an emotion may elicit fronto-limbic
activation (Lou et al., 1999; Lutz et al., 2004). Future studies will be
needed to disentangle the brain activation patterns related to
different peak experiences in different Meditation traditions.

Further evidence supporting the hypothesis that Meditation
experiences are related to limbic brain activation comes from
studies that show Meditation-elicited changes in neurochemicals
that are released by limbic brain regions and modulate mood and
affect. A functional imaging study using PET compared rest
(listening to speech) to active Meditation (Meditation under verbal
instruction) during Yoga Nidra Meditation. This relaxation
Meditation method is based on breathing exercises that induce
a detached state characterised by reduced readiness for action and
enhanced sensory awareness (Kjaer et al., 2002). They found
decreased binding of a radioactive tracer that competes with
endogenous dopamine in the ventral striatum. This corresponds to
about 65% increase in dopamine release in limbic brain regions.
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Dopamine is a neurotransmitter that is crucial for motivational and
fronto-limbic affective systems of the brain. The increase in
dopamine was correlated with increase in theta activity, thought to
reflect enhanced internalised attention (Kjaer et al., 2002). The
findings of dopamine release in limbic brain regions is also in line
with the above reported activation findings in left frontal and
limbic areas during the abstract sense of joy using the same
Meditation technique (Lou et al., 1999). Several studies of
Meditation have observed increases in blood plasma levels of
melatonin (Harinath et al., 2004; Massion et al., 1995; Solberg
et al., 2000a, 2004a,b; Tooley et al., 2000) and serotonin (Bujatti
and Riederer, 1976; Solberg et al., 2000a, 2004b; Walton et al.,
1985), chronically in long-term Meditators compared to controls
or acutely after Meditation. Both neurochemicals are closely
linked, play an important role in mood stabilisation, positive affect,
stress-prevention and aging and there is evidence for their
implications in affective disorders such as depression (Young
and Leyton, 2002; Neumeister, 2003; Stockmeier, 2003; Pacchier-
otti et al., 2001). Melatonin has been shown to have a stimulating
effect on the immune system and the antioxydative defense
system, thus delaying aging (Brzezinski, 1997; Massion et al.,
1995); a meta-analysis on 10 randomised controlled trials of
melatonin in tumor patients showed that melatonin significantly
reduced the risk of death at 1 year follow-up (Mills et al., 2005). It is
thus very likely that the subjective feelings of general well-being
and positive affect during Meditation are at least in part mediated
by the release of mood stabilising neuro-hormones and neuro-
transmitters (dopamine, serotonin, and melatonin) in limbic brain
regions.

A caveat in all these reviewed functional imaging studies of
Meditation is that they were based on a comparison between two
different groups of subjects, mostly a group of long-term
Meditators compared to novices. This carries the important
confound that people who decide to meditate may be different
at baseline in their cultural and religious background and
psychological traits. Inter-individual differences and variability
in brain activation and brain structure could potentially confound
brain activation or structure findings that are attributed to
Meditation alone. At a minimum, future Meditation imaging
research should try to control as much as possible for group
differences in demographic variables, including personality traits
and religious background. Ideally, future imaging studies of
Meditation should be conducted longitudinally to measure within
subject changes in brain structure and brain function pre- and post
Meditation before and after the Meditation experience.

5. Evidence for long-term benefits of Meditation

The majority of Meditation studies have investigated the
physiological and neurobiological correlates of the acute effects of
Meditation. Clinically more interesting, however, is whether
Meditation has sustainable effects on cognitive functions, brain
plasticity and mental health. Very few studies have provided
evidence for long-term, sustainable effects.

Evidence exists for long-term improvements with Meditation in
cognitive skills, mainly in the domains of attention, inhibitory
control and perceptual sensitivity. Thus, long-term Meditators
have been shown to be superior to controls in selective and
sustained attention and inhibitory control as well as in EEG
neurophysiological correlates of performance (Cahn and Polich,
2006). Furthermore, several studies have shown enhanced
perceptual acuity and enhanced attentional and inhibitory skills
in long-term practitioners of Mindfulness Meditation practice
(Brown et al., 1984; Jha et al., 2007; Slagter et al., 2007) and one-
pointedness Tibetan Buddhist Meditation (Carter et al., 2005).
Improvements in reaction time and executive functions have also
been reported in practitioners of other Buddhist Meditation
techniques (Sudsuang et al., 1991). These benefits in tasks of
inhibitory self-control, attention and perception are likely to
reflect the long-term effects of concentrative practices that teach
attentional focus and the inhibition of task-irrelevant external and
internal activity such as thoughts or environmental distraction.
Remarkably, there is evidence that even very short-term Medita-
tion based mental training of weeks to months can enhance
performance on attention tasks (Slagter et al., 2007; Tang et al.,
2007).

A study of Aftanas and Golosheykin (2005) compared 27 long-
term Meditators of Sahaja Yoga to controls on a range of trait
personality measures. The long-term Meditators scored signifi-
cantly lower in personality features of anxiety, neuroticism,
psychoticism, and depression and scored higher in emotion
recognition and expression (Aftanas and Golosheykin, 2005).
The authors suggested that long-term Meditation leads to higher
psycho-emotional stability and better emotional skills. Cross-
sectional studies, however, are confounded by cohort effects.
Furthermore, Meditation practices are often associated with
lifestyle changes that could also affect health and personality.
Longitudinal studies using well-controlled study groups will be
needed to establish long-term effects on personality.

Only two studies, to our knowledge, have examined the long-
term plastic effects of Meditation on brain structure. Lazar et al.
(2005) compared 20 Buddhist Meditators who practised insight/
Mindfulness Meditation for an average time of 9 years to age and
demographically matched controls. The authors searched for
changes between groups in apriori defined regions of the frontal
lobe, interoceptive and unimodal sensory regions. The Meditators
compared to controls had significantly increased cortical thickness
in right middle and superior frontal cortex and the insula.
Furthermore, these areas were significantly negatively correlated
with age in controls but not Meditators, suggesting that in the
Meditators the normal age-related cortical thinning is delayed in
right fronto-limbic brain regions (Lazar et al., 2005). The thickness
of the right prefrontal regions in 40–50-year-old Meditators was
comparable to the thickness in 20–30-year-old controls and young
Meditators. The second study also investigated structural differ-
ences in 20 practitioners of 2–16 years of Vipassana Mindfulness
Meditators compared to age and demographically well-matched
controls. The Meditators had increased grey matter concentration
in right insula and hippocampus and at a trend level in left inferior
temporal lobe. Left inferior temporal lobe and at a trend level the
insula grey matter concentration increases correlated significantly
with the lifetime hours of Meditation practice (Hoelzel et al., 2007).
The right prefrontal cortex is known to be crucial for sustained
attention and concentration functions, and the increased thickness
probably reflects Meditation-induced cortical plasticity due to
years of dedicated concentration practice. The insula, found to be
increased in both studies, is an area that is important for
interoceptive attention and breath awareness (Critchley et al.,
2004). An experience-dependent plastic change in this region may
reflect the specific Meditation practice of focussing attention to
internal and visceral functions, thus enhancing body awareness.
The hippocampus plays an important role in cortical arousal and
via its connections to the amygdala influences emotional and
attentional processes (de Curtis and Pare, 2004; Wu and Guo,
1999). Interestingly, across the whole brain, gray matter con-
centration in the medial orbitofrontal region, an area known to be
important for emotion control, correlated with the years of
Meditation practice. These correlation findings could be the
neurophysiological underpinnings of the subjective reports of
improved emotion control in Meditators. Given the relatively small
subject numbers, however, the findings of these two studies need
to be considered preliminary. Furthermore, the second study did
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not apply multiple comparison correction. The problem of inter-
subject variability in cross-sectional study designs in imaging
studies has already been addressed in the context of the functional
imaging studies. Longitudinal study designs testing for structural
changes before and after years of Meditation practices or
randomised controlled trials will be more informative and
convincing with respect to causality than cross-sectional designs,
where it cannot be excluded that brain changes are related to
psychological traits or more healthy lifestyles in people who are
drawn to practice Meditation.

There is also evidence that Meditation induces lasting changes
in brain function. EEG studies show that the typical slow-wave
(alpha-theta) brain patterns elicited during concentration Medita-
tion techniques of different Yoga traditions are also observed
during rest, thus showing lasting trait effects (Aftanas and
Golosheykin, 2005; Cahn and Polich, 2006). This may suggest
that long-term Meditators when resting enter into a semi-
meditative state or achieve a permanent reduction of the internal
mental dialogue. Sahaja Yoga Meditators during rest have also
shown a reduction of the typical left over right hemispheric
asymmetry observed in parietal lobes of healthy controls,
suggesting enhanced hemispheric balance (Aftanas and Goloshey-
kin, 2005). Transcendental Meditation, a commercial Meditation
technique with relatively secretive, non-concentrative practices
involving mantra repetition, has also shown to elicit long-term
functional brain changes. Long-term transcendental Meditation
practitioners showed thus cumulative effects of the frequency of
transcendent experiences on cortical preparatory response in ERP
measures, concomitant with enhanced selective attention (Travis
et al., 2000, 2002).

An interesting study investigating the neural correlates of
emotional reactivity of long-term Meditators compared to controls
showed reduced psychological, physiological and electrophysio-
logical reactivity to stressful stimuli, providing for the first time
neurophysiological evidence to support the hypothesis that
Meditation leads to ‘‘detachment’’ and greater emotional resilience
to stressful life events (Aftanas and Golosheykin, 2005). Twenty-
five Sahaja Yoga Meditators were compared to controls in their
response to a stressful video-clip. The Meditators compared to
controls showed reduced subjective ratings of negative emotions
elicited by the movie, reduced levels of an autonomic indicator of
stress (skin potential levels) and reduced gamma activity over
frontal brain regions in response to the stressful stimuli. Gamma
activity over frontal regions in the control group is reflective of
increased focused arousal in relation to the emotional involvement
and reactivity (Jausovec and Jausovec, 2005; Rennie et al., 2000).
These findings provide neurophysiological evidence for the claim
for long-term effects of Meditation on emotional stability,
detachment and resilience to stressful events.

6. Specificity of the neural substrates of Meditation compared
to relaxation

It has been argued that Meditation is not different from simple
relaxation. And there are certainly some Meditation techniques
that do not claim to go beyond relaxation. Nevertheless, one would
expect the neurobiology of the more concentrative Meditation
techniques to differ from that of general relaxation, given that in
addition to relaxing the body these ‘‘cognitive relaxation’’
techniques aim at reducing mental activity, hence also relaxing
the mind. Mental relaxation, in turn, may feedback to the body and
lead to a deeper physical relaxation. In fact, physiological studies
have shown that Meditation is different from simple relaxation or
sleep (Jevning et al., 1992; Young and Taylor, 2001; Cahn and
Polich, 2006). At a neurophysiological level, there appear to be
differences in the neural networks associated with generic
relaxation and Meditation. Physical relaxation, such as simple
muscle relaxation, has been associated with activation in primary
and secondary motor regions that are known to inhibit movement
(Toma et al., 1999; Oga et al., 2002). Functional imaging studies of
relaxation biofeedback have shown activation in paralimbic and
limbic regions, known to mediate the control of sympathetic
arousal and interoceptive awareness, such as the orbitofrontal
cortex, anterior cingulate, the insula, thalamic regions and the
amygdala (Critchley et al., 2001, 2002; Nagai et al., 2004). While
some of these brain regions, in particular anterior cingulate and
insula, have also been found to be activated during Meditation, in
particular during those techniques that focus on breathing and
attention to internal bodily states such as Kundalini Yoga or
mindful attention on breathing (Farb et al., 2007; Hoelzel et al.,
2007; Lazar et al., 2000), most Meditation techniques appear to
recruit additional fronto-limbic and fronto-parietal neural net-
works (Brefczynski-Lewis et al., 2007; Aftanas and Golocheikine,
2001, 2002a,b, 2003; Newberg, 2001; Ritskes et al., 2003; Lou et al.,
1999; Lutz et al., 2004; Farb et al., 2007; Hoelzel et al., 2007; Lazar
et al., 2000).

Most importantly, some of the functional imaging studies of the
more concentrative Meditation techniques reviewed in chapter 4
have directly contrasted Meditation with relaxation. They found
activation specific to Meditation, over and above relaxation, in
paralimbic areas and in fronto-limbic affective and fronto-parietal
attention networks (Aftanas and Golocheikine, 2001, 2002a,b,
2003; Brefczynski-Lewis et al., 2007; Lutz et al., 2004; Newberg,
2001). This suggests that Meditation is associated with stronger
activation in paralimbic areas of autonomic control, perhaps due to
deeper control of the autonomic system and interoceptive
awareness compared to relaxation, but also with the activation
of additional fronto-parietal and fronto-limbic brain regions,
independent from the physiological relaxation effect.

Furthermore, several of the studies described in chapters 3 and
4 have compared the physiology (Cahn and Polich, 2006; Jevning
et al., 1992; Rai et al., 1988; Young and Taylor, 2001) or
neurobiology (Aftanas and Golocheikine, 2001, 2002a,b, 2003;
Brefczynski-Lewis et al., 2007; Hoelzel et al., 2007; Farb et al.,
2007) of Meditation between long- and short-term Meditators,
finding specific differences in physiology and brain activation in
the long-term Meditators. If Meditation was not different from
simple generic relaxation, one would expect short- and long-term
Meditators to be similarly relaxed and not differ in their
physiological or neurophysiological substrates. These studies
(described in chapter 4) observed enhanced activation in fronto-
parietal attention networks in experienced compared to less
experienced or novice Meditators, suggesting experience-depen-
dent ‘‘dose’’-effects of Meditation on these neurofunctional net-
works (Aftanas and Golocheikine, 2001, 2002a,b, 2003;
Brefczynski-Lewis et al., 2007; Farb et al., 2007). These dose-
effects are further confirmed by studies that found that activation
and even structural changes in fronto-parietal networks correlated
with the lifetime hours of Meditation practice (Brefczynski-Lewis
et al., 2007; Hoelzel et al., 2007; Lutz et al., 2004). Furthermore, one
study found a direct correlation between the individual variability
of the subjective quality of the Meditation and the degree of brain
activation. The authors found that the intensity of brain activation
in fronto-parietal and fronto-limbic regions correlated linearly
with the subjectively reported intensity of the state of thought
reduction and Meditation-induced happiness, respectively (Afta-
nas and Golocheikine, 2001, 2002a,b, 2003). Similar ‘‘dose’’-effects
have also been observed within subjects, where fronto-parietal
and fronto-limbic brain activation within subjects was stronger in
deeper, compared to initial, lighter meditative states (Lazar et al.,
2000). These findings of within and between subjects experience-
dependent effects of Meditation on fronto-parietal and fronto-
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limbic networks further reinforce the view that these networks are
specific to the meditative experience as they can be modulated by
practice in a linear, dose-dependent manner.

In conclusion, although there is some overlap between
Meditation and simple relaxation in the activation of paralimbic
brain regions, such as the anterior cingulate or insula that mediate
sympathetic arousal known to be reduced with both techniques,
there is evidence that the neural networks associated with
Meditation may be stronger in paralimbic regions and extend to
additional fronto-parietal attention and fronto-limbic affective
systems, presumably related to the state of internalised attention
and emotional contentment that is characteristic to the cognitive

relaxation that is Meditation. This may be particular the case in the
more concentrative Meditation techniques. Furthermore, it
appears that these Meditation-specific neural networks can be
progressively modulated with practice, experience and the
intensity of the meditative experience.

Certainly, more direct head-to-head comparisons between
different Meditation and relaxation techniques are needed to
shape out the neural networks that are specific to Meditation over
and above those related to simple relaxation. Future functional
imaging studies of Meditation should therefore include a relaxa-
tion state as comparison for the meditative state under investiga-
tion to be able to dissociate Meditation-specific from relaxation-
specific neurofunctional effects.

7. Clinical effectiveness of Meditation in psychiatric disorders

Given the preliminary but growing evidence for short and long-
term effects of Meditation on physiological indicators of stress, on
personality and cognitive functions, and on functional and
structural plasticity of brain regions that are important for
attention and emotion regulation, mental disorders, typically
characterized by affective and cognitive-attentional problems, are
an obvious target to study the clinical effects of Meditation.

Research of the clinical application of Meditation effects is still
very much in its infancy, but there is some emerging evidence that
Meditation has positive effects on stress-related diseases and on
some neuropsychiatric disorders. Among mental disorders, dis-
orders of affect regulation and anxiety in particular are thought to
benefit, given the attributed role of Meditation techniques in the
relief of stress and anxiety, on emotional resilience and mood
regulation and the neurobiological evidence for the up-regulation
of underlying fronto-limbic neural networks that mediate affect
regulation. Another key target group could be disorders of
attention, given that several Meditation techniques are associated
with enhanced attention skills in long-term Meditation practi-
tioners and with functional and structural effects on fronto-
parietal networks of sustaining attention.

7.1. Depression and anxiety disorders

Depression is the most common form of mental illness, with an
escalating prevalence in ever younger populations. It is one of the
main causes for disability and has a high burden of disease (see
Section 1). The relapse rates of conventional treatment are high
(Vitiello and Swedo, 2004). Furthermore, a recent meta-analysis on
antidepressant medication has raised serious concerns about its
clinical efficacy (Kirsch et al., 2008). Finding non-pharmacological
treatment options is therefore desirable, in particularly in teen-
agers where antidepressant pharmacological Medication has been
controversial due to side effects and suicide risk (Vitiello and
Swedo, 2004).

Several clinical trials have shown positive effects of several
weeks of Mindfulness Meditation based stress-reduction inter-
ventions in patients with major depression and anxiety on
symptoms of depression, anxiety, panic and rumination (Arias
et al., 2006; Kabat-Zinn et al., 1992; Miller et al., 1995; Ramel et al.,
2004; Toneatto and Nguyen, 2007). However, no study has used
Mindfulness Meditation per se in psychiatric disorders. Also, the
few studies that actually correlated mindfulness practices with
outcomes did not find support for the amount of mindfulness
practice accounting for the benefits, calling into question the role
of mindfulness practice as the mechanism for the symptomatic
improvements (Ivanovski and Malhi, 2007).

Sahaja Yoga Meditation over 6 weeks showed a significant
reduction in the symptoms of anxiety, depression and general
mental health in 24 patients with major depression compared to a
control group and a group receiving CBT (Morgan, 2001). Although
the effect sizes were high, ranging from Cohen’s d of 1.2–2.1,
replication in a larger sample is needed to corroborate the findings
of effectiveness of this Meditation technique in disorders of
depression.

Another Yoga technique, called Sudarshan Kriya Yoga, has
shown effectiveness in patients with depression on symptoms of
anxiety and depression in a randomised controlled trial (Janakir-
amaiah et al., 2000). Sudarshan Kriya Yoga is based on a specific
breathing technique (Pranayama) based on ancient Vedic tradition.
Meditation was as good as Imipramine, an antidepressant, but
inferior to electroconvulsive therapy. Abnormalities of the P300
which have been observed in patients with depression in some
studies (Gangadhar et al., 1993; Karaaslan et al., 2003) but not
others (Bruder et al., 1991; Hansenne et al., 2000) were not
predictive of the response to Meditation (Brown and Gerbarg,
2005; Janakiramaiah et al., 2000; Murthy et al., 1998). The effect
sizes were relatively small and a replication in larger samples may
be needed to confirm the results. Furthermore, the study could not
be blinded due to the nature of the intervention methods. The
efficacy of the same Meditation technique has also been tested in
60 people with drug abuse, randomized to either Meditation or
control conditions. The Meditation group improved significantly
more in their depression symptoms and also in physiological
measures of the stress hormone levels of cortisol and acetylcholine
with large effect sizes (Vedamurthachar et al., 2006).

A small study investigated the effect of Mindfulness Meditation
based cognitive behavioural therapy on prefrontal alpha-asym-
metry resting EEG patterns in patients with depression with high
relapse risk, randomized to either MBCT or treatment as usual
(Barnhofer et al., 2007). Chronic and acute depression is typically
associated with reduced activation over the left frontal lobe
(Henriques and Davidson, 1990, 1991). Results showed a
significant time by group interaction with a large effect size
which was not due to a change in the alpha-asymmetry in the
Meditation treated patients, but a deterioration towards relatively
stronger right-hemisphere activation in the control group. The
authors interpreted their findings as a protective effect of
Meditation on depression; however, the observed differential
effects were entirely attributable to the treatment as usual group
and not the Meditation technique.

A couple of Meditation studies have been conducted in
obsessive-compulsive disorder (OCD). The first study was an open
trial of 12 months Kundalini Yoga practice, consisting of posture
and breathing exercises, in five medicated patients. There was a
significant reduction in OCD symptoms and severity of about 50%
(Shannahoff-Khalsa, 1997). The second study was a blinded
randomised controlled trial with 12 months of Kundalini Yoga
as the active condition and relaxation response and mindfulness
based Meditation as active control condition (Shannahoff-Khalsa
et al., 1999). Only the Kundalini Yoga group improved but not the
control group. Significant improvements were observed in OCD
symptoms (38%) and in mood and anxiety measures. The groups
were then joined and all subjects practiced Kundalini Yoga. The
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remaining 11 patients were measured again after 15 months and
showed improvements of symptoms by 70% and improvement of
anxiety and mood measures between 50 and 70% (Shannahoff-
Khalsa, 1997, 2004, 2006; ShannahoffKhalsa and Beckett, 1996;
Shannahoff-Khalsa et al., 1999).

A small exploratory study investigated Mindfulness Meditation
based stress-reduction interventions on 18 women with binge
eating problems over 6 weeks. The MBSR treatment showed a
significant improvement in binge eating frequency and severity as
well as symptoms of anxiety and depression after 6 weeks that
persisted 3 weeks after treatment (Kristeller et al., 2004). Although
the effect size was large (with a Cohen’s d of 2), this study needs to
be considered preliminary given that there was no control group.

In conclusion, research of the effects of Meditation on disorders
related to depression and anxiety is certainly promising but needs
to be further explored in larger sample sizes and using randomised
controlled trials that include an active comparison group.

7.2. Attention deficit hyperactivity disorder

We conducted a study in children with attention deficit
hyperactivity disorder (ADHD), which is defined as a disorder of
age-inappropriate symptoms of hyperactivity, inattention and
impulsiveness (American Psychiatric Association, 1994). Children
with ADHD typically suffer from deficits in cognitive functions of
self-control and attention (Rubia et al., 2001, 2007) and are known
to have reduced size (Krain and Castellanos, 2006) and function of
fronto-parietal neural networks during tasks of inhibition and
attention (Rubia et al., 1999, 2001, 2005, 2008, 2009; Smith et al.,
2006). The treatment of choice is psychostimulant medication and
there has been a fourfold increase in prescription rates over the last
decade in Western countries. The escalating stimulant prescription
rates have caused growing concern, given side effects and the
unknown long-term effects of stimulant medication on brain
development. Furthermore, recent evidence shows that the
superiority of medication treatment over behavioural treatments
wanes after several years, raising worrying questions over
potential sensitisation effects (Jensen et al., 2007).

We hypothesised that Sahaja Yoga Meditation would reduce
symptoms of hyperactivity through the reduction of sympathetic
activity (Rai et al., 1988; Manocha et al., 2002). We further
hypothesised that the problems with inattention and impulse
control would be counteracted with Meditation, given the above
mentioned evidence for Meditation training induced improve-
ment of cognitive functions of sustained attention, inhibitory
control and self-monitoring (Brown et al., 1984; Jha et al., 2007;
Slagter et al., 2007), and the neuroimaging evidence for activation
of fronto-parietal attention networks with Sahaja Yoga Medita-
tion (Aftanas and Golocheikine, 2001, 2002a,b, 2003). These are
typically under-activated in children with ADHD during tasks of
inhibitory control and attention (Rubia et al., 1999, 2001, 2005,
2008, 2009; Smith et al., 2006). In fact, after 6 weeks of treatment
with Sahaja Yoga Meditation adjunctive to their usual treatment
regime, 26 children with ADHD showed a significant reduction of
the main symptoms of hyperactivity, impulsiveness and inatten-
tion, which was equally observed in medicated and non-
medicated patients (Harrison et al., 2004). The effect size was
high (Cohen’s d of 1.2). Furthermore, of the treated children, 50% of
children either stopped or reduced their medication, and still
improved in symptoms (Harrison et al., 2004). Secondary benefits
were an improved child–parent relationship and enhanced self-
esteem. This study suggests that Sahaja Yoga Meditation is a
promising non-pharmacological treatment option for children
with ADHD that needs to be further explored in larger samples
of medication-naı̈ve children and including an active control
group.
A subsequent small pilot study further supports the potential
effectiveness of Meditation in people with ADHD. The feasibility
study enrolled 25 adults and adolescents with ADHD in an 8-week
Mindfulness Meditation based cognitive behavioural therapy
training program and showed pre–post-improvements in self-
reported ADHD symptoms and performance on tasks of selective
attention and cognitive inhibition. The effects sizes for symptom
reduction were relatively high (Cohen’s d of 1.8). In addition,
improvements in anxiety and depressive symptoms were also
observed (Zylowska et al., 2008). Unfortunately, however, the
authors did not include a control group and used self-reports of
measures of ADHD symptoms, which are likely to be influenced by
placebo effects.

To summarise, the combined evidence from neuroimaging
studies, showing enhanced activation and structural plasticity
with Meditation in fronto-parietal networks of internalized
attention, and the preliminary findings of these two clinical
studies in people with attention deficits suggest that both Sahaja
Yoga Meditation and mindfulness based Meditation techniques
could well be useful tools to enhance self-control and concentra-
tion functions in pathologies who suffer from problems with these,
either alone or as an adjunct to existing conventional treatment.

In conclusion, the investigation of the effectiveness of Medita-
tion on major psychiatric disorders is still very much in its infancy.
The majority of studies have been conducted in small subject
numbers and few have used an active control group, which makes
it difficult to rule out non-specific effects. However, the so far
reported beneficial effects in these small-sampled studies of
Meditation techniques or Meditation based behavioural therapies
for disorders of affect, anxiety and attention deficits are promising.

8. Overall conclusions

Several Meditation techniques appear to have short and long-
term effects on functional and structural brain plasticity as well as
on physiological indicators of relaxation and stress relief. There is
evidence to suggest that these effects are specific to Meditation
over and above simple relaxation effects. There is furthermore
preliminary evidence for enhanced psycho-emotional balance and
focussed attention skills in long-term Meditators. The up-regulat-
ing functional effects on fronto-parietal attention networks and
fronto-limbic networks of emotional control could be the
neurophysiological mechanisms of action for reported psycho-
emotional and cognitive effects. Although clinical Meditation
research has mostly been conducted in small sample sizes and
poorly controlled conditions, there is some evidence for its
effectiveness in disorders of anxiety, attention and affect. The
combined evidence from neurobiological and clinical studies for an
up-regulation of attentional and motivational networks and for a
reduction in symptoms of anxiety, depression and attention,
respectively, bears promise. Both together suggest that some
Meditation techniques could potentially play a role in the
prevention as well as the intervention of disorders of attention
and affect regulation.

Given the relatively small field of research into Meditation
effects on brain physiology and psychiatric disorders, the goal of
this review was to shape out the commonalities of the different
Meditation techniques on cognition, on physiological and neuro-
physiological underpinnings, and on clinical effects. However,
there is large heterogeneity in the different Meditation traditions
and practices and there is already some evidence that different
Meditation techniques may have different effects on the brain and,
by inference, presumably on behaviour and cognition. More large-
scale and well-controlled neurobiological and clinical research
studies are needed to understand more thoroughly the neuro-
physiological mechanisms of action and the clinical effectiveness
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of these different Meditation practices. So far, hardly any studies
have compared between different Meditation techniques and no
comparative Meditation studies exist in the fields reviewed in this
paper. Future studies, therefore, need to move a step further and
investigate the specificity of the cognitive, behavioural, physiolo-
gical and neurophysiological effects of these different Meditation
techniques by directly comparing between them. It is likely that
the many different existing Meditation practices differ in their
specific cognitive, behavioural and neurofunctional effects. Med-
itation techniques with emphasis on concentrative practices, for
example, may be more suitable for pathologies with attention
problems, while Meditation techniques that emphasise emotional
stress reduction may be more efficient in affective pathologies.
Once we have established a more thorough understanding of the
specific behavioural and cognitive effects and the underlying
neurofunctional mechanisms of action of these different Medita-
tion techniques, however, there is scope for the use of some of
these Meditation techniques as a promising health intervention for
specific disorders, either alone or as an adjunct to existing
conventional treatment.
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