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Neurodegenerative diseases pose a significant problem for the healthcare system, doctors, and patients. With an

aging population, more and more individuals are developing neurodegenerative diseases and there are few treatment

options at the present time. Meditation techniques present an interesting potential adjuvant treatment for patients

with neurodegenerative diseases and have the advantage of being inexpensive, and easy to teach and perform.

There is increasing research evidence to support the application of meditation techniques to help improve cognition

and memory in patients with neurodegenerative diseases. This review discusses the current data on meditation,

memory, and attention, and the potential applications of meditation techniques in patients with neurodegenerative

diseases.
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Introduction

Meditation has been an integral part of many
spiritual and healing traditions for over 5000
years. It has become increasingly popular in many
countries and there has been a continual growth of
research into the potential benefits of meditation
for reducing stress and anxiety, and improving
physical health and well-being. More recently
researchers have started to examine the potential
cognitive benefits of various meditation practices
and the impact of meditation on the brain. The
current research suggests that even short periods of
meditation can change brain structure and function
and lead to improvements in cognitive function.
Preliminary evidence indicates that meditation
training can specifically enhance memory as well as
protect memory capacity from deteriorating during
periods of high stress. All of these findings may be
particularly relevant in the context of neurodegen-
erative diseases for which meditation might provide
a useful adjunctive therapy. In this review, we
discuss recent findings on the relationship between
meditation, and attention and memory, and relate
these findings to neurodegenerative diseases.

Brief overview of neurodegenerative
diseases

There are several broad categories of neurodegener-
ative diseases, each having unique pathophysiologi-
cal findings and damage to specific brain structures
or systems. Different neurodegenerative disorders
tend to have specific neuroimaging findings that
contribute to their diagnosis. The most common
neurodegenerative disease is Alzheimer’s disease
(AD), for which the diagnostic criteria were defined
by the Working Group of the National Institute of
Neurological and Communicative Disorders and
Stroke, and the Alzheimer’s Disease and Related
Disorders Association (NINCDS-ADRDA) in
1984.! The clinical criteria for the diagnosis of AD
require clinical evidence of progressive, chronic cog-
nitive deficits in middle-aged and elderly patients
with no identifiable underlying cause. The patho-
physiological findings include amyloid plaques and
neurofibrillary tangles of hyperphosphorylated tau
proteins in paired helices. Unfortunately, while
it is possible to make an accurate diagnosis of
dementia in most patients with severe disease, it
is very difficult to differentiate between AD and
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Figure 1. ['®F]Fluorodeoxyglucose positron emission tomography scans of a healthy control and a patient with Alzheimer’s
disease. The scans show relatively uniform and symmetric metabolism throughout the brain of the control subject and moderately
decreased metabolism in the temporoparietal regions (arrows) of the brain in the Alzheimer’s patient.

other dementing disorders in patients with mild
disease.”” A variety of approaches have been used
to aid in the diagnosis of AD, including specific
clinical assessments such as the mini-mental status
examination, levels of pathological molecules (i.e.,
tau protein) in the cerebrospinal fluid, and the
use of imaging studies such as magnetic resonance
imaging (MRI) to assess for volumetric changes.*

In addition, it is believed that functional imag-
ing studies using positron emission tomography
(PET) or single-photon emission computed tomog-
raphy (SPECT) might help in making the diagno-
sis of AD and elucidating the mechanisms under-
lying the disorder. Since 1980, a large number of
studies have used PET in the assessment of pa-
tients with AD. Most studies have shown that pa-
tients with AD have decreased whole-brain glucose
metabolism and blood flow, with the bilateral pari-
etal and temporal lobes particularly affected.>™ This
parietal hypometabolism (Fig. 1) is often referred to
as representing the typical pattern of AD and may
be particularly pronounced in patients younger than
65 years.® More recent studies have focused on the
pathophysiology of Alzheimer’s disease itself with
the development of imaging tracers that target the
amyloid plaque.’

Frontotemporal lobar dementia (FTLD) is a clin-
ical syndrome caused by the degeneration and ul-
timate atrophy of the frontal and anterior temporal
lobes of the brain, often unilaterally. In 1892, Arnold
Pick performed histological analyses of the brains of
patients who had developed this pattern of atrophy.
He identified swollen neurons that had inclusions
of protein, later found to be randomly arranged
filaments of tau protein, and these inclusions were
dubbed “Pick bodies.” As molecular neurobiolog-
ical techniques have progressed, what was initially
termed Pick’s disease has since been discovered to
be a spectrum of conditions in which particular
proteins in particular brain locations tend to be mis-
folded and lead to degeneration. Behavioral variant
frontotemporal lobar dementia (bvFTLD) is char-
acterized primarily by behavioral disinhibition and
impaired executive function; while the frontal lobes
appear to be the primary site where neurodegener-
ation begins, the process is not always confined to
this area. While about half of these bvFTLD patients
end up having inclusions of the tau protein in the
degenerating neurons, the other half have inclusions
of transactivation response (TAR) DNA-binding
protein of 43 kDA (TDP-43). In agrammatic or
nonfluent primary progressive aphasia, expressive
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Figure 2. ['¥F]Fluorodeoxyglucose positron emission tomography scans in the sagittal view of a patient with Pick’s disease. The
scans show severely decreased metabolism in the frontal cortex (arrow) compared to the metabolism in the other cortical structures.

language declines, while memory and other cogni-
tive functions are initially spared; inclusion bodies
include either tau or TDP-43, invariably in the
dominant inferior frontal gyrus, sometimes extend-
ing to the precentral gyrus or frontal operculum. In
semantic dementia, speech production is normal
yet comprehension of meaning, or the semantics,
of speech becomes progressively disturbed. TDP-43
inclusions are found in one or both of the anterior
temporal lobes. Although each of the variants of
the FTLD spectrum initially manifest as symptoms
arising from neurodegeneration in one particular
brain area, inevitably the disease advances; hence a
variant that initially involved only the anterior tem-
poral lobe will spread to the ipsilateral frontal lobe,
or vice versa. The most common finding in PET im-
ages is hypometabolism in the frontal and anterior
temporal lobes bilaterally,!®!! which is consistent
with the findings on histopathologic examination
(Fig. 2).

Another prominent group of neurodegenerative
diseases include movement disorders, of which the
most common is Parkinson disease (PD), caused
by loss of the pigmented neurons in the substantia
nigra and the locus coeruleus and is characterized
by the triad of bradykinesia, tremor, and rigidity.
PD is considered an a-synucleinopathy because this
protein accumulates in Lewy body inclusions in the
degenerating neurons. The loss of pigmented neu-
rons is associated with decreased production and
storage of dopamine, and nigrostriatal system dys-
function. It is believed that initially there is an up-
regulation of dopamine receptors'>!? followed by
a downregulation that occurs as the disease pro-
gresses. Eventually, PD can lead to dementia in 20—
30% of the patients. PET imaging studies in PD have

primarily focused on the dopaminergic system with
["F]fluorodopa to evaluate presynaptic dopamin-
ergic function, and have shown marked reductions
in nigrostriatal dopaminergic projections as well as
reduced basal ganglia activity (Fig. 3).!41¢

As delineated below, each of the neurodegen-
erative diseases can affect memory and attention,
and there is evidence that certain medications, cur-
rently available for the different disorders, help
preserve brain function, and consequently, mem-
ory, attention, and cognition. Such medications
include acetylcholinesterase inhibitors, glutamate
regulators, antioxidants/anti-inflammatory supple-
ments, and experimental approaches such as vac-
cines and immunological modulation to help man-
age and treat dementia. Movement disorders are
currently treated primarily with dopaminergic med-
ications and deep brain stimulation procedures.
However, there are no clear treatment options that
eliminate the underlying pathophysiology of these
diseases.

Given the limitations and potential side effects
of medications for neurodegenerative diseases,
it would seem reasonable to explore other non-
pharmacological approaches to help manage
these diseases. Meditation appears to be able to
enhance memory and attention, and it would
seem that meditation practices could potentially
be an excellent adjunct treatment. The hope would
be that meditation practices can help support
the brain’s functions and allow an individual to
maintain brain function for as long as possible
as the neurodegenerative disease progresses. The
following sections review the data on meditation
in memory and attention, as well as its potential
applications in neurodegenerative diseases.
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Figure 3. ['"®F]Fluorodopa scans of a control subject and a Parkinson disease patient. The scans show strong uptake in the basal
ganglia of the control subject (A) and minimal uptake in the basal ganglia of the Parkinson disease patient (B). This reflects abnormal
dopaminergic function in the Parkinson disease patient since the fluorodopa is a precursor of dopamine.

Brief overview of meditation practices

The term meditation refers to a wide range of prac-
tices arising out of different religious, spiritual,
and secular traditions. Depending on the tradition,
meditation may be a way to establish a sense of calm
and serenity; reduce stress and alleviate depression;
reduce anxieties and deal with panic disorders; im-
prove health; or deal with chronicillness. Meditation
may also allow cultivation of greater self-awareness
and a spiritual path, a way to be in touch with
peak spiritual experiences. This divergence in forms
and understandings of meditation corresponds to
studies of meditation, with different meditation
practices showing different outcomes. Given the
variety of meditation practices and traditions, an all-
encompassing definition of meditation is not possi-
ble. However, it is helpful for the scientific study of
meditation to have some basic way to categorize the
different types of meditation. In general, most forms
of meditation involve the regulation of attention or
emotion. Recently, meditation practices have been
divided into two broad categories—focused atten-
tion and open awareness meditation.'” A brief dis-
cussion of attention will be helpful in elaborating
this broad categorization of meditation.

The most consistent theoretical model of atten-
tion processing suggests that it consists of three
distinct networks: alerting (also referred to as vig-

ilance or sustained attention), orienting (selective
attention or concentration), and conflict monitor-
ing (executive attention).'*-2* Alerting is involved
in achieving and maintaining an attentive state; ori-
enting is involved in selectively focusing on a sub-
set of space or available information; and conflict
monitoring is involved in the management of goal-
directed behavior, target and error detection, con-
flict resolution, and the inhibition of automatic re-
sponses. These three networks are behaviorally and
neurally distinct and dissociable.?'~** In addition to
these different components of attention, attention
switching refers to an ability to change attentive fo-
cus in a flexible manner.?*?

Neuroimaging studies of attention have generally
shown activation in three different neural networks
using specific spatial cuing and flanker tasks that
require an individual to focus attention in relation
to various supporting or distracting stimuli. While
attention “sources” have been identified in frontal
and parietal subregions for all the different attention
networks, “sites” have been localized to consid-
erably different subregions across these networks.
Alerting primarily activates the prefrontal cortex
(PFC), the premotor cortex, intraparietal sulcus, the
locus coeruleus, and thalamic regions.”® Orienting
activates cortical areas, including the dorsolateral
PFC, medial PFC, and anterior and posterior
cingulate cortex, and specific subregions of
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the parietal cortex.””~?° Collectively, engagement
of attention for relevant stimuli, disengagement
of attention from task-irrelevant stimuli, and
movement of attention are described as the “shift”
operation. It has been suggested that distinct subre-
gions of the parietal cortex (including the superior
parietal lobule, the temporal parietal junction,
and the intraparietal sulcus) are involved in the
engagement of attention that varies under different
perceptual load conditions,”” the disengagement
of attention,” and covert and overt movement of
attention.’! Having briefly discussed the attention
networks and their neural correlates, we can now
return to the discussion of meditation.

Given this description of attention, meditative
practices have been categorized into the two gen-
eral styles mentioned above depending on how the
meditator deploys his/her attention.*”* If attention
is focused on a single object, whether the object is
abstract (such as an imagined picture or a feeling)
or concrete (such as a mantra, the breath, a body
sensation, or an external object), then the style is
categorized as focused attention meditation or con-
centration practice.> To sustain this focus, the prac-
titioner has to constantly monitor and regulate the
quality of attention toward that object. When atten-
tion wanders, the practitioner is to notice that with-
out judgment, let go of whatever engaged his/her
attention, and return to the object of focus.

Thus, focused attention is thought to not only
train one’s ability to sustain attention, but also to
develop three other regulative attentional skills, in-
cluding the monitoring faculty that allows one to
remain vigilant to distraction while maintaining the
intended focus; the ability to disengage from a dis-
tracting object without further involvement (atten-
tion switching); and the ability to promptly redirect
focus to the chosen object (selective attention).*
Slagter et al.*® highlight the parallels between the
processes involved in focused attention meditation
and the recent neuroscientific conceptualizations of
attention. The ability to focus and sustain attention
on an intended object or task requires skills involved
in the focus of attention and detecting distraction,
disengaging attention from the source of distrac-
tion, and (re)-directing and engaging attention to
the intended object.'

The second general category of meditation is
open monitoring meditation, sometimes referred
to as mindfulness meditation, where the meditator
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maintains an open awareness of whatever arises in
the field of attention (whether it is a sound, a body
sensation, or a thought) moment by moment, and
without judgment. Open monitoring meditation
involves nonreactively monitoring the content of ex-
perience, without focusing on any explicit object.*
The distinction between focused attention (concen-
tration practice) and open awareness (mindfulness
practice) is used and commonly accepted within the
meditation literature and teaching practices. How-
ever, it is important to note that they are neither
exclusive nor exhaustive in describing meditation
practices. For example, mindfulness meditation
training usually starts with training in focused
attention to build concentration, progressing even-
tually to open awareness meditation practices. Even
during a particular open meditation practice, the
practitioner usually starts by calming the mind
and reducing distractions with focused attention.
The practitioner then gradually reduces focus on a
single object and opens up the field of awareness to
all objects.

In mindfulness or open monitoring meditation,
the monitoring faculty of attention is emphasized.
Open monitoring meditation is thought to enhance
nonreactive, meta-cognitive monitoring, as well as
increase awareness of automatic cognitive and emo-
tional interpretations of sensory, perceptual, and
endogenous stimuli, thereby enhancing cognitive
flexibility and reappraisal.>’~>°

Meditation and attention

Neurocognitive studies have shown that med-
itation may improve attention and cognitive
function.”#>%  Specifically, meditation practice
and increased mindfulness appear to be related
to improved attentional functions and cognitive
flexibility.*** Several studies have compared
long-term meditators with matched controls and
observed significantly better performance in tasks
involving sustained attention in meditators. For
example, Pagnoni and Cekic** used a rapid visual
presentation task to investigate age-related effects
of meditation practice in meditators and nonmed-
itators. While the control subjects displayed the
expected decrease in attentional performance with
age, no such decrease was found in meditators.
A more recent study by the same group observed
a significant group difference in the functional
magnetic resonance imaging (fMRI) signal from
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the ventral posteromedial cortex in experienced
Zen practitioners compared to controls that was
significantly correlated with performance on a rapid
visual information processing test for sustained
attention.*> The authors argued that their findings
reflected a dynamic tension between mind wander-
ing, meta-awareness, and directed attention among
individuals, which may relate to specific clinical
conditions affecting these parameters. Valentine and
Sweet® found that meditation practitioners scored
significantly higher on a test of sustained attention
(Wilkin’s counting test) than nonmeditators. Fur-
thermore, the authors found that long-term med-
itators (more than 24 months of meditation expe-
rience) scored significantly higher than short-term
meditators (less than 24 months), suggesting a train-
ing effect that might be useful, particularly when
applied in patients with neurodegenerative diseases.

In another study by Jha et al.*? expert meditators
that participated in a one-month intensive Vipas-
sana meditation retreat were compared with novices
with no prior meditation practice assigned to either
an eight-week mindfulness-based stress reduction
(MBSR) course (a standardized and secular form of
mindfulness training) or to a waiting list. (Vipassana
meditation is Buddhist insight meditation in which
mindfulness is a key element.) The study found a
significant reduction of response time scores as mea-
sured by the attentional network task (ANT) in the
intensive retreat group compared with novices. In-
terestingly, study results also showed that those in
the MBSR group had significant improvements on
selective attention compared with the one-month
intensive retreat and control group, as measured
with the ANT. This may reflect an enhancement in
the ability to exclude unwanted stimuli following
early stages of MBSR practice in novice meditators
but not in expert meditators who were more con-
cerned with training their open monitoring faculty.

Other studies show higher levels of selec-
tive attention in long-term meditators compared
with controls.*”*8 Chan and Woollacott*! com-
pared the effects of meditation practice on the
Stroop (measures executive network) and Global-
Local Letters (measures orientation network) tasks.
They found that meditation practice was asso-
ciated with increased efficiency of the executive
attentional network, although it did not have
an effect on the orienting network. In addition,
Moore and Malinowski*’ compared meditators to

Meditation and neurodegenerative diseases

a meditation-naive control group on performance
of tasks that measure cognitive flexibility and the
speed of processing visual information. They found
that meditators outperformed nonmeditators on all
measures and this performance was positively cor-
related with participants’ self-reported scores on
mindfulness measures.

In a longitudinal study comparing individuals
randomly assigned to a meditation retreat group
or a waiting list control, three months of focused
awareness meditation practice (5 h/day) was found
to improve sustained visual attention.*” Compared
to the control group, meditation retreat participants
showed enhanced perceptual discrimination and
vigilance on a sustained visual attention task.
Notably, the enhancements in sustained attention
ability were still observed three months after the
end of the retreat, demonstrating enduring changes
in sustained attention.

Collectively, these findings suggest that even brief
periods of meditation training, such as in an eight-
week MBSR program or other short intensive train-
ing programs, can improve memory, attention, and
cognitive function. However, studies suggest that the
beneficial effects of meditation are moderated by
intensity and length of training. And as mentioned
above, significantly higher attentional abilities have
been found in long-term meditators compared to
matched controls on different domains of attention.
A significant positive relationship was observed be-
tween the amount of meditation experience and
enhanced cognitive abilities and brain structural
changes.** Furthermore, meditation appears to pro-
tect the brain from age-related cognitive decline.*

Meditation and memory

Although there have been fewer studies investigating
the effects of meditation practices on memory, these
studies suggest that there are meditation-related
improvements in working memory (along with
sustained attention) measures in novice meditators
who underwent meditation training compared to
nonmeditators.”>> Chambers et al’® examined
the impact of participation in a 10-day Vipassana
(mindfulness) meditation retreat on novice med-
itators’ working memory capacity, measured by
response time on a novel attention task that required
participants to attend and update information be-
tween two categories, and by five self-reported mea-
sures of cognitive processes and affect. They found
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that meditation training increased mindfulness,
enhanced working memory capacity, and reduced
switch costs in the attention task. In addition,
mindfulness training reduced anxiety, negative
affect, and depression. Zeidan et al>® studied the
effects of a four-day mindfulness retreat in novice
meditators and found a significant improvement in
working memory capacity as measured by the digit
span backward and forward of the Wechsler Adult
Intelligence Scale.

Another study by Jha et al. examined the pro-
tective effects of mindfulness-based mental fitness
training, modeled on MBSR training, on working
memory capacity and mood states in military ser-
vice members preparing for deployment.> This is a
period of intense stress, which can lead to decreases
in cognitive function and increases in emotional
disturbances.>* Working memory capacity was as-
sessed by the operation span (Ospan) task, on which
scores showed a trend in improvement in the mind-
fulness training group with high practice, whereas
they deteriorated over time in the control group and
in the meditation group with low practice. Study
results also suggest that improvements in working
memory capacity may mitigate negative affect such
as stress or anxiety.!

Newberg et al. studied the effects of meditation on
memory in a group of older subjects with memory
problems ranging from age-associated memoryloss,
mild cognitive impairment, and early Alzheimer’s
disease.>® An 8-week (12 min/day) practice of Kir-
tan Kriya (KK, a form of mantra meditation) led to
improvements on neuropsychological tests of verbal
fluency and logical memory, and on trails B, in the
meditation group compared to controls. These im-
provements in cognitive function were correlated
with changes in the brain that will be discussed
more fully below. The findings from this prelimi-
nary study are noteworthy because it is one of the few
studies to look at the effects of meditation in an el-
derly population with age-related cognitive decline,
mild cognitive impairment, and early Alzheimer’s
disease. The results suggested that improved mem-
ory and changes in cerebral blood flow (CBF) were
associated with meditation practice.

It is also possible that other factors, such as stress
reduction, increased positive emotions, or decreased
negative emotions, may contribute to the memory-
promoting effects of meditation. For example, a
follow-up analysis showed that the Kirtan Kriya

Newberg et al.

meditation technique also helped improve psycho-
logical status in these patients based on results from
the Profile of Mood Scale (POMS).>® Compared
to controls, those who participated in the medi-
tation training program experienced notable im-
provements in mood, anxiety, tension, and fatigue.
Interestingly, in the KK group, there were several sig-
nificant correlations observed between the change
in baseline CBF ratios and the change in results
for the POMS scores. Specifically, areas such as the
amygdala and caudate correlated with depression
scores while the PFC, inferior frontal lobe, parietal
region, and cingulate cortex correlated with feel-
ings of tension. The findings regarding psychologi-
cal status may ultimately bear directly on the effects
of meditation on memory. Studies show that stress
and negative emotions may have an adverse effect on
learning and memory.””*® Thus, part of the mech-
anism by which meditation may improve memory
may be related to a reduction in stress and negative
emotions.

Neuroimaging studies of meditation

The results of neuroimaging (PET, SPECT, and
fMRI) studies indicate a number of changes that
support the proposed mechanism by which medi-
tation may help with memory and cognition. For
example, in a study by Herzog et al. that used
["*F]fluorodeoxyglucose (FDG) PET to measure re-
gional glucose metabolism in subjects undergoing
yoga meditative relaxation, a significant increase
in the frontal:occipital ratio of cerebral metabolism
was found in the meditators. Specifically, there was
only a mild increase in the frontal lobe, but marked
decreases in metabolism in the occipital and supe-
rior parietal lobes. Other studies utilizing fMRI in
subjects performing a similar yoga relaxation tech-
nique designed to bring about the “relaxation re-
sponse” demonstrate relative increases in cerebral
blood flow in the frontal lobes as well as in the
limbic system.®®®! These results are beginning to
suggest a specific pattern of brain activity associated
with different types of meditation practices.

A SPECT imaging study of Tibetan Buddhist
meditation demonstrated the presence of a number
of complex changes, including relatively increased
CBF in the PFC and cingulate gyrus (Fig. 4).°* The
regional CBF ratio in long-term meditators was
higher than nonmeditators in the PFC, amygdala,
thalamus, and brain stem regions. Together, the
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Figure 4. SPECT scans of a subject at rest and during peak meditation showing increased cerebral blood flow (arrows) during

meditation.

results of these studies suggest that meditation may
lead to increased activity in the structures underly-
ing attention and memory processes.®’

A study by Holzel et al. found that Vipassana
meditation activated the rostral anterior cingu-
late cortex (ACC) and the dorsal medial PFC in
both hemispheres.®* In addition, these investigators
found that Vipassana meditation might enhance
cerebral activity in brain areas related to interocep-
tion and attention, such as the PFC, the right an-
terior insula, and the right hippocampus.®> These
findings suggest that mindfulness meditation may
enhance attentional abilities.

A study by Lazar et al. compared individu-
als with extensive training in Kundalini (mantra-
based) or Vipassana meditation using fMRI. Sub-
jects were studied during meditation and several
control tasks.®® Similar but nonoverlapping frontal
and parietal cortices and subcortical structures were
engaged during meditation by both groups, and
these patterns differed from those observed during
control tasks. The main area of common activation
was the dorsal cingulate cortex. Overall, the stud-
ies suggest that there are some common, as well as
distinct, patterns of brain activation across different
meditation practices.

Lazar et al® also used MRI to investigate
individual differences in cerebral cortical thickness
and found that brain regions associated with
attention and sensory processing, including the
PFC and right anterior insula, were thicker in
meditators than matched controls. The differences
in cortical thickness were specific to areas relevant
to meditation, as the groups did not differ in mean
thickness across the entire cortex. In an MRI study
by Holzel et al.%® changes in gray matter concen-
tration were investigated in MBSR practitioners
using voxel-based morphometry and compared
with a waiting list control group. Increases in gray
matter concentration were shown within the left
hippocampus, and whole-brain analyses identified
increases in the posterior cingulate cortex, the
temporoparietal junction, and the cerebellum in
the MBSR group compared with the controls. The
authors concluded that eight-week mindfulness
training is associated with changes in gray matter
concentration in brain regions involved in learning
and memory processes, emotion regulation, self-
referential processing, and perspective taking. The
previously described study by Pagnoni and Cecik**
revealed the expected negative correlation of both
gray matter volume and attentional performance
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Kirtan Kriya Meditation Study

Figure 5. Resting SPECT scans of a subject in the Kirtan Kriya meditation study before (A) and after (B) eight weeks of daily
meditation practice. The scans show increased perfusion at rest in the prefrontal cortex and anterior cingulate gyrus (arrows) after

participating in the meditation program.

with age while meditators did not show a significant
correlation of either measure with age. These au-
thors argued that the regular practice of meditation
may have a neuroprotective effect, thereby reducing
the cognitive decline associated with normal aging.

Tang et al. have performed several studies with
integrative body—mind training (IBMT), which in-
corporates mindfulness, body relaxation, and men-
tal imagery, and showed that increased CBF in the
right anterior cingulate, putamen, and caudate was
associated with a five-day training program, imply-
ing changes in self-regulation, executive function,
and reward networks.® This same group also found
improvements in performance on the ANT and in
levels of anxiety, fatigue, depression, and anger as
measured by the Profile of Mood States scale.> Fi-
nally, Tang et al. performed diffusion tensor imaging
before and after IBMT training and found changes
in fractional anisotropy in the corona radiata asso-
ciated with the anterior cingulate, which is a central
structure involved in the self-regulation network.”®

Several fMRI studies of meditation have specif-
ically shown activation of a larger distributed net-
work of attention-related brain regions, including
frontal parietal regions, insula, thalamus, basal gan-
glia, and cerebellar regions. Individuals with more

meditation experience show greater activation in
these regions compared to novices, suggesting a
training effect. A study by Brefczynski-Lewis et al.”!
using fMRI found that there are overlapping activa-
tion regions for expert meditators with over 10,000 h
of practice and novice meditators in attention-
related brain regions, including the insula, multiple
thalamic nuclei, basal ganglia, frontal parietal, lat-
eral occipital, and cerebellar regions. Despite these
similarities, expert meditators showed greater acti-
vation than novice meditators in several other brain
regions implicated in attentional processing, includ-
ing the superior frontal sulcus and the intraparietal
sulcus. In contrast, novice meditators had greater
activation in regions shown to negatively correlate
with performance in a sustained attention task.

A previously mentioned SPECT study by New-
berg et al.>® that examined changes in CBF in elderly
subjects with memory problems after eight weeks of
Kirtan Kriya (mantra meditation) practice found
that, compared to controls, the meditation group
showed significantly higher CBF in the frontal lobe
regions and right superior parietal lobe (Fig. 5).
Further, there was a correlation between improved
cognitive function and increased CBE. The increased
baseline CBF in the frontal cortex for the meditation
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group is particularly interesting since these frontal
lobe structures are not only important mediators of
attention and executive function, but also appear to
be affected in patients with various dementia disor-
ders and mild cognitive impairment.

Together the results of these studies show that
the mental training of attention and cognitive skills
as cultivated through focused attention and open
monitoring meditation is associated with changes
in brain structure and function, as well as improved
attention and memory task performance. Moreover,
neuroimaging work suggests that both types of med-
itation not only activate brain regions during medi-
tation, but also may produce long-lasting changes in
brain and mental function that translates into tasks
that are not associated with meditation.*

Conclusions

In this review, we discussed the relationship between
meditation and attention, and examined the litera-
ture on meditation effects on attention and working
memory, and the neuroscientific literature on med-
itation effects on the brain. While the neuroscien-
tific literature is difficult to parse out, with different
imaging techniques and differential impact of an ar-
ray of meditation practices complicating the picture,
studies generally indicate that even short-term med-
itation training can improve various attentional net-
works and working memory capacity. The findings
do suggest that meditation effects are moderated by
length and intensity of training. Meditation appears
to prevent age-related cognitive decline as well as
reductions in cortical thickness. The neuroimaging
studies demonstrate that not only are particular ar-
eas of the brain activated during meditation, but
also that meditation practice leads to changes in
brain structure and function that persist beyond the
time of actual practice. Longer longitudinal studies
will be necessary to determine if meditation results
in long-term changes in brain structure and func-
tion. All of these findings are extremely encouraging
and have many clinical implications for improving
working memory capacity in those with disorders
associated with working memory deficits—in pre-
venting a decline in working memory capacity for
those in high-stress professions, such as the mili-
tary in active duty, as well as improving memory
and cognitive function in elderly individuals with
memory loss or mild cognitive impairment.

Ann. N.Y. Acad. Sci. 1307 (2014) 112-123 © 2013 New York Academy of Sciences.
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