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Aging is a physiological process accompanied by cognitive decline, principally in memory and executive functions. Alterations in
the connectivity of the default mode network (DMN) have been found to participate in cognitive decline, as well as in several
neurocognitive disorders. The DMN has antisynchronic activity with attentional networks (task-positive networks (TPN)),
which are critical to executive function and memory. Findings pointing to the regulation of the DMN via activation of TPN
suggest that it can be used as a strategy for neuroprotection. Meditation is a noninvasive and nonpharmacological technique
proven to increase meta-awareness, a cognitive ability which involves the control of both networks. In this review, we discuss
the possibility of facilitating healthy aging through the regulation of networks through meditation. We propose that by
practicing specific types of meditation, cognitive decline could be slowed, promoting a healthy lifestyle, which may enhance the
quality of life for the elderly.

1. Aging and Mental Diseases

Life expectancy has increased in most of the world’s popu-
lation, mainly in developed countries. According to data
from the United Nations, the proportion of persons over
60 years will be 20% of the total population in 2050,
doubling the current elderly population [1]. While the
mechanisms underlying the biological process of aging are
not completely understood, in general terms aging is

characterized by a progressive decrease of physiological
function and an increased vulnerability to death [2].

Regarding cognitive and neural changes, aging involves
a progressive decline in specific brain networks and cogni-
tive processes, such as memory encoding and retrieval,
and executive control functions, all of which are progres-
sively impaired [3]. Executive functions are responsible for
flexible and adaptive behaviours [4]; in other words, they
are “the means by which our brain optimizes the flexible
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use of limited cognitive resources to currently prioritized
tasks” [5]. Memory, on the other hand, constitutes the abil-
ity of living organisms to retain and utilize acquired infor-
mation. Both memory and executive functions include
subprocesses that are differently affected by aging. For
instance, long-term memory is usually impaired in elder
people, but the retrieval of word meaning is not [6]. Mem-
ory and executive functions are interrelated cognitive pro-
cesses, and both play a critical role in complex situations
of everyday life [4]. Executive functions usually control acts
of remembering: for example, guiding event retrieval by
recalling the sources of the information that subjects aim
to remember [6, 7]. Along this line, memory decline in aging
could stem from a disruption of the executive functions that
influence memory, and not necessarily to a disruption in
memory itself [6, 8]: if a subject tries to fruitlessly recall a
friend’s name, it could imply damage both in memory storage
and in executive functions, by being unable to focus on the
process of retrieval.

The relationship between cognitive function and neuronal
connectivity has been studied in several recent investigations.
Particularly in aging, an increase of incoherent function in
specific brain networks diminishes the efficiency and efficacy
of information processing in the brain [3]. One of the net-
works that have been reported to be altered in old age include
the default mode network (DMN) [9, 10], which is associated
to mind wandering or spontaneous thought, self-reflective
thinking, inner speech, incidental self-processing, stimulus-
independent thought, momentary attentional lapses, task-
unrelated thought, and autobiographical memory, among
other processes. Other networks associated with high cogni-
tive functions, like the attentional and task-positive networks
(TPN), which include the dorsal and ventral frontoparietal
attentional networks [11–13], are also modified through aging
[3, 14–17]. On the other hand, lifestyle choices across the life-
span contribute positively to the process of aging [18–20].
Chronic stress, anxiety, or depression, for example, are com-
mon mental health conditions [21, 22] that accelerate many
of the detrimental aspects of aging, such as cognitive decline,
memory loss, and disruption of the DMN and attentional
networks [23, 24].

Some reports indicate that abnormal functioning of the
DMN could predispose individuals to mental diseases, like
depression, anxiety, attention deficit, and posttraumatic stress
disorders [23]. All of these factors, in the long term, affect the
quality of life in the elderly. Prolonged periods of untreated
mental illness over the lifespan, together with the neurological
decline associated with aging, may have a detrimental effect on
the quality of life of the elderly person. Our lifestyle not only
affects our present mental state and brain function, but also
influences how aging unfolds [18–20]. In this context,
developing strategies that decrease the damaging aspects of
aging, as well as of neurodegenerative and neuropsychiatric
disorders, is a priority for promoting healthy aging.
Enhancing cerebral resilience through pharmacological and
nonpharmacological treatments may represent one
approach. In this sense, we propose the regulation of the
DMN and TPN as a means of promoting neuroprotection
and optimizing aging.

2. Default Mode Network, Aging, and
Mental Disease

The DMN is a member of a set of coherent fluctuations of
brain activity called resting-state networks (RSN), which
are activated when an individual is not engaged in any activ-
ity or superior cognitive process [25–27]. The RSN were ini-
tially described in functional magnetic resonance imaging
studies, in which the interest was not the response to stimuli,
but the brain activity that occurred when the subject was at
rest [27, 28]. The importance of these networks has been dis-
covered during the last two decades, with several interesting
findings, such as brain energy consumption at rest. It has
been reported that, in an average adult human, the intrinsic
activity of the brain at rest represents 20% of all energy con-
sumed, much more than other fundamental organs, such as
the heart or liver [29]. Interestingly, when the type of brain
activity changes, for example, while performing a task, energy
consumption is slightly greater than the resting state (5% or
less [29, 30]). Finally, from the total energy utilized by the
brain in the resting state during wakefulness, 80% is used in
neuronal firing and glutamate and GABA recycling [31].
These data suggest that the majority of brain energy con-
sumption is related to the maintenance of basal activity and
neuronal communication, which probably include the RSN,
among others. In the same vein, numerous studies propose
a fundamental role of the RSN, and especially the DMN, with
normal brain function across the lifespan. A relationship
between the RSN and various neurological and psychiatric
conditions has been established [32–36], as have changes in
RSN patterns during normal aging [37] and in mild cognitive
impairment [38]. Finally, genetic studies have shown that
RSN patterns have a hereditary component [38], and animal
studies suggest that RSN are phylogenetically conserved in
primates [38] and rats [39].

Among the different RSN, the DMN has gained special
prominence due to its attenuation during active tasks [40].
The DMN is characterized by the synchronous activation of
several separated regions in the brain, including themedial pre-
frontal cortex, posterior cingulate cortex, precuneus, inferior
parietal lobule, and inferolateral temporal cortex [23, 27, 41].

The DMN shows a high level of simultaneous activation
during rest, while their activity diminishes during the perfor-
mance of goal-directed tasks [27, 42, 43]. These results come
from a classical approach that compares activity patterns
within, and interconnectivity between, DMN brain regions
during rest versus when commencing a goal-directed activity
that modulates this network. However, while most studies
indicate that activity is similar between rest and task, in
general DMN activity seems to be attenuated rather than
extinguished when we are on task versus off task. This attenu-
ation becomes an activation transition between DMN and
TPN when subjects change from a rest condition (passive fix-
ation with eyes open) to common N-back memory-updating
tasks. These results suggest that the DMN is suppressed during
task execution. Along the same line, DMN activation may be
detrimental to task performance, evidencing an anticorrela-
tion between regional changes in activity within the DMN
and task performance [44–46]. More specifically, there are
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changes in activation and connectivity between DMN and
frontoparietal (FP) networks when subjects perform a basic
memory-updating task (0-back task), or a single detection
task, versus when they perform a more difficult task (2-back
task). These results indicate that as the task complexity
increases from 0-back to 2-back, FP activation and within-
network connectivity also increased, whereas DMN activation
and within-network connectivity decreased [46, 47]. There-
fore, connectivity decreases within the DMN is related to the
cognitive demands from the task [25, 48, 49], which would
be evidence about neural transitions between states related to
the change in activation linked to the load or complexity of
the task.

Decomposition of connectivity data, in both humans and
macaque models, shows that one extreme of the principal
gradient of the brain’s connectivity is constituted by regions
associated with sensory and motor functions, while the other
extreme is constituted by the cortical regions that define the
DMN [50]. Hence, DMN cortical structures show greater
geodesic distance from the sensory and motor cortices. This
enables the DMN to process information that is not domain
specific to immediate sensory inputs, constituting a hub of
multimodal representational information [50].

The DMN is also known to support self-referential pro-
cessing, being the neurophysiological correlate of autobio-
graphical memory, self-reflective thinking [27, 40, 51],
envisioning of future events, considering the thoughts and
perspectives of others [27, 52], and mind wandering [53]. All
of these cognitive processes, according to studies that relate
the activity of DMN to metacognitive processes, could be
important in building and updating internal models of the
world, based on memories about oneself or others. Despite
the significance of the activation of this network, the function
of the DMN is not fully understood. Previous studies indicate
that the inability to suppress the DMN can lead to attentional
lapses [54], such as episodes related to decreased performance
in attentional tasks. These episodes have been associated with
behavioral variability across groups, and this variability, in
turn, has been proposed to be a marker of mind wandering
[55]. Furthermore, depression, anxiety, stress, and attention
deficit disorder are conditions characterized by a diminishing
state of vigilance and an increase of inner dialogue toward
negative ruminant thoughts [23]. Something distinctive occurs
in neuropsychiatric and neurological diseases, such as schizo-
phrenia and epilepsy, which are not always associated with an
inability to suppress DMN activity [41, 56–60]. Neuropsychi-
atric disorders, such as schizophrenia, appear to be related to
antagonistic activity during tasks that demand attention [61].
In Alzheimer’s disease, on the other hand, the phenomenon
is accompanied by a decreased activity and connectivity of
the DMN, probably due to a decreased metabolism and phys-
iological disruptions from plaque deposition [32, 62]. In task-
related performance, older individuals exhibit a reduced deac-
tivation of the DMN or an increase in its baseline activity [62–
65], indicating that an inability to inhibit or shift from the
default mode to task-activated attentional networks results in
lower cognitive performance [63, 65]. Therefore, the balance
of the activation and deactivation of the DMN appears to be
important in maintaining healthy brain function, including

executive functions, memory, and attention. All these data
have been used to propose the DMN as a candidate biomarker
of mental diseases [41]. We suggest that DMN activity could
constitute a model for understanding the dynamics of cogni-
tive decline in elderly people. In addition, we suggest that its
regulation could be achieved by specific meditation practices
and used as a way to promote optimal aging and prevent
neurological and neuropsychiatric diseases.

3. Meta-Awareness: Attention Network vs. DMN

The DMN is a network with coherent activation during
periods of rest, i.e., when brain activity related to attention is
spontaneously oriented to internal thoughts, without aware-
ness of theme [66, 67]. Consequently, in healthy individuals
DMN activity correlates negatively with the goal-oriented
TPN [44, 68]. The latter, opposite networks, are preferentially
active in attention-demanding tasks [69], when the brain is
focused on a cognitive task (internal or external).

The attentional network includes the lateral prefrontal
cortex, premotor cortex, lateral parietal regions, occipital
regions, anterior cingulate cortex, and insula [67]. From the
point of view of cognitive neuroscience, the attentional system
could be divided into three subsystems that perform different
but interrelated functions: (i) alerting, (ii) orientation, and (iii)
conflict monitoring [70]. These divisions were established by
Posner and Petersen in the early ‘90s, based on behavioral
studies of normal adults or patients with different forms of
brain injury. The original review suggested that this classifica-
tion is based on three basic concepts of the attention system:
first, the brain’s attention system is anatomically separated
from other processing systems, such as the motor or sensory
systems; second, attention involves diverse anatomical areas
of the brain; and third, the areas involved in attention perform
different functions and can be specified in cognitive terms [70,
71]. This classification has evolved to include other elements,
such as self-regulation [71], but the three basic elements are
considered fundamental for the understanding of how atten-
tion works [12, 71]. Following this classification, the following
functions were determined: (i) alerting or vigilance of an
impending stimulus, which involves the thalamus and the
right frontal and right parietal cortex, maintaining a state of
high sensitivity to incoming stimuli [72, 73]; (ii) orientation
or selection of relevant information from multiple stimuli,
which involves the superior parietal cortex, temporal parietal
junction, frontal eye fields, and superior colliculus [71–73];
and (iii) monitoring and resolution of conflict between com-
putations in different neural areas (executive attention) [74],
which includes the anterior cingulate cortex, lateral ventral
cortex, prefrontal cortex, and basal ganglia. This network is
also especially important in the detection of cognitive, homeo-
static, or emotional subjective events, and it provides signals to
the executive network to act in accordance with the current
objective [71, 72]. However, when the attentional stream is
abruptly interrupted and lacks goal-directed stimuli, for
instance, during mind-wandering episodes, the DMN shows
a high degree of functional connectivity between regions. This
default activity has been related to states in which a subject is
awake and alert, but not actively involved in an attention-
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demanding or goal-directed task [27, 43]. This suggests the
existence of an interplay between the DMN and attentional
networks’ activities. Success in goal-oriented activities seems
not to necessarily require the absence of mind wandering,
but the individual’s ability to detect when the mind is not on
task, in order to reorient attention back [67]. Therefore, the
activation of the circuitry associated with attention is critical
not only in focusing on an object of attention, but also in
noticing when the attention is focused or not on a particular
task. In this way, an individual can detect when the mind is
disengaged from a task and starts to wander. This process is
called meta-awareness (“metaconsciousness” or “metacogni-
tive awareness”) and is defined as one’s explicit knowledge of
the current contents of thought, feelings, and perceptions
[75, 76]. Thus, as meta-awareness is the mental ability that
strengthens the capacity to be aware of the internal and exter-
nal world, it could be used to intentionally initiate, direct,
and/or sustain attentional processes [75].

Interestingly, the anticorrelation of the DMN and TPN,
and the nature of TPN, suggests a simple strategy to control
the DMN, potentiated by meta-awareness. This could be a
useful intervention as it implies a modification of brain
activity through an individual’s regulation of their behavior.

4. Meditation: Voluntary Control of
Brain Networks

One of the simplest techniques that alter patterns of brain
activity of the DMN and TPN is meditation [41]. Meditation
can be defined as a form of mental training that aims to
improve psychological capacities, such as attentional and
emotional self-regulation, perspective taking, and meta-
awareness [74, 75, 77]. This includes several methods, orga-
nized under the concept of contemplative practices [75]. As
Dorjee suggests, contemplative practices could be defined as
several techniques that promote a metacognitive self-
regulatory capacity of the mind, modulated by motivational,
intentional, and contextual factors of contemplative practices
[78]. This ability is based on the voluntary control of atten-
tional focus, and it involves maintaining attention on the
immediate experience, away from distractions such as self-
referential thinking and mind wandering [79, 80]. This allows
introspective awareness of mental processes and behavior,
which is indispensable in the self-regulatory processes that
support well-being [78].

Among these practices, mantra meditation from the
Yoga tradition, Shamata and Vipassana meditation from
the Buddhist tradition, self-inquiry from Vedanta, or secu-
lar variations like mindfulness or loving-kindness utilize
several techniques and elements, like sounds or words,
breath, body scan, external objects such as the flame of a
candle, or simply observation of the present experience
[75]. In general terms, all meditation techniques include
the cultivation of focused, relaxed, and steady attention
on the immediate experience in a state of nonjudgmental
acceptance [42, 74, 75].

One of the most interesting classifications of the
contemplative practices in neuroscience divides meditation
in three super families, based on their primary cognitive

mechanisms: (i) the constructive family, (ii) the deconstructive
family, and (iii) the attentional family (Figure 1). Although
they all use attention as a common ground, the first two are
less related to this aspect of cognition. The first family is asso-
ciated with repairing a maladaptive self-schema (perspective
taking and reappraisal) and the second with exploration of
the processes of perception, emotion, and cognition (self-
inquiry) [75]. The third family is essentially concerned with
the control of attention.

The attentional family potentiates the capacities to
manipulate the orientation and aperture of attention and
to disengage and reorient attention where it is needed.
Hence, this family of practices could be summarized as
focusing on training the ability to increase meta-awareness
and diminish experiential fusion [75]. The attentional family
is divided into two subcategories. The first is called focused
attention (FA), and it involves attending to a chosen sensory
or mental object (such as sounds, words, breath, images,
thoughts, or even feelings), at the exclusion of everything
else [41, 67]. In this practice, the participant remains atten-
tive, and each time the mind begins to wander the person
is trained to guide the focus of attention back with nonjudg-
mental awareness (Figure 1). The second type is called open
monitoring (OM), which implies directing the attention to
whatever arises in the field of consciousness; an unspecific
focus is proposed for this technique, and the practitioner is
instructed to be aware of everything that arises from the
internal or external worlds [23, 41] (Figure 1).

Both FA and OM influence DMN activity [42]. Brewer
et al. investigated the impact of FA meditation (concentra-
tion), OM meditation (choiceless awareness), and loving-
kindness meditation (a member of the constructive family)
on the DMN, showing that, in the three types of meditations,
the main nodes of the DMN were deactivated in experienced
meditators. The authors also found a strong coupling between
the posterior cingulate, dorsal anterior cingulate, and dorsolat-
eral prefrontal cortices, regions involved in self-monitoring
and cognitive control during meditation [42]. In the case of
FA meditation, the way attentional networks activate in
response to the wandering mind in experienced meditators is
known with some detail [67]. A follow-up resting state study
has revealed that connectivity in attentional networks are
directly associated with hours of practice, indicating that train-
ing in FA increases the attentional control of the practitioner
in everyday life [67, 81].

OM is quite different from FA, because the practice is
to observe thoughts and sensations while remaining
unreactive, contributing to reduced emotional reactivity.
The goal of OM is to understand the constant imperma-
nence of reality while maintaining present awareness; some
amount of mind wandering is allowed, but it is crucial to
keep one’s self disengaged from one’s own train of
thoughts. OM can be divided into two subtypes: one that
focuses attention fully on the object (object-oriented OM)
and those that focus attention on the quality of awareness
during the experience (awareness-oriented OM) [75].
Investigations reporting the effects of OM meditation on
the DMN have reported variable results, probably due to
a lack of discrimination of these subtypes. While some
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publications indicate that OM, like FA, diminishes DMN
activity [42, 81], it has also been reported that it results in
an increased activation of the precuneus, a DMN hub, in
contrast to FA [23, 82]. However, in both types of medita-
tion a sustained effect in the control of the DMN occurs,
beyond the period of practice, suggesting long-lasting
effects in daily life [83]. Therefore, due to the fact that med-
itation, in general, is a mental training, it involves attention
and the ability to maintain focus on a particular object. The
effect of both types of meditation (OM and FA) could be

interpreted as an increase in brain efficiency, promoted by
their intensive training that improves the sustained
attention and the cognitive control mechanisms as shown
in several works [83, 84].

In experienced meditators of FA (as with OM), active
control of task-positive brain regions are likewise observed,
for example, in conflict monitoring, working memory, cog-
nitive control, and emotional regulation, particularly
through massive self-regulation in frontoparietal and insu-
lar areas. These regions and cognitive processes are relevant

TPN

(−) (−)

FA OM

Constructive family

 

Attention family

Attention regulation
and meta-awarenss

Self-inquiry and
insight

Deconstructive family

(+)

(+) (+)

DMN

Perspective taking
and reappraisal

Figure 1: Typology of meditation practices and role of attentional family in the regulation of DMN and TPN networks. The traditional and
contemporary meditation practices, following the classification of Dahl et al., can be grouped into attentional, constructive, and
deconstructive families. According to this model, the primary cognitive mechanisms in these three families are (i) attention regulation and
meta-awareness for the attentional family; (ii) perspective taking and reappraisal for the constructive family; (iii) and self-inquiry and
insight for the deconstructive family. Attentional family practices teach a variety of processes related to the regulation of attention through
2 main techniques: focus attention (FA) and open monitoring meditation (OM) (see the text). Regardless of the used method, the activity
of the default mode network (DMN) and task-positive networks (TPN) could be voluntarily modulated after the continuous training
through their upregulation (green arrows) or downregulation (red-dotted arrows).
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in cognitive decline, as well as in neurological and neuro-
psychiatric disorders [42, 82].

During selective attention, 7-14Hz alpha rhythms are
modulated in early sensory cortices, and this has been asso-
ciated with an improved filtering of inputs to these brain
areas [85, 86]. In attentional tasks, such as those guided by
visual or somatic stimuli, a topographical distribution of
alpha power reduction in the specific subregion associated
with the task has been reported, as well as an increment in
alpha power in unattended locations. This correlates with
better performance in the task [87]. In meditation, particu-
larly FA on body and breath-related sensations, enhanced
modulation of 7-14Hz alpha power is observed, which
improves with increased hours of practice [88]. This modu-
lation plays a key role in filtering inputs to the primary
sensory neocortex and organizing the flow of sensory infor-
mation in the brain [88, 89]. This top-down alpha rhythm
modulation depends on the contextual cue, allowing the
practitioner to better detect and regulate the wandering
mind from its somatic focus, and could also be used to mod-
ulate pain sensation or compete with internal rumination in
the case of depression [89].

Finally, it is not just the voluntary regulation of net-
work connectivity that is associated with meditation, but
also structural changes in the brain. A systematic review
and meta-analysis [90] reports that certain brain structures
are consistently altered when comparing meditation practi-
tioners with control subjects. The majority of these regions
are part of the DMN, as highlighted in a recent review
[74]. Interestingly, there exists an anterior-posterior axis
in the direction of the structural changes, with frontal
and temporal areas reported to be thicker and parietal
and occipital areas reported to be thinner in meditation
practitioners versus controls [91]. Regions thicker in prac-
titioners include areas involved in self-monitoring and
integration of cognitive and emotional cues [92], reward
processing, conflict monitoring, and self-regulation [93–
95], memory (re)consolidation [88], and visual attention
and perception [90, 91], in addition to exteroceptive and
interoceptive body (meta)awareness [96]. Regions thinner
in practitioners include areas involved in the processing
of one’s body in a spatial context [97], higher-order body
image, self-related processing, and attentional shifting [91,
98]. However, it is not straightforward to interpret the
direction of the alterations found. For instance, training
that increases cognitive functions has been associated with
decreased grey matter volumes [91, 99], putatively because
of selective elimination of synapses [91, 100].

5. Integration of Basic and Clinical Research
and Contemplative Practices in the Elderly

Despite the growing evidence, in basic and clinical research,
focused on the study of the brain mechanisms underlying
contemplative practices and their connection with clinically
relevant outcomes, this body of research still faces major
challenges with respect to the study, design, and practice
classifications [101]. However, the effect of contemplative
practices on network organization, specifically the DMN

and TPN, has been related to neurological and neuropsy-
chiatric diseases particularly relevant during senescence. If
we consider that one-third of Alzheimer’s disease is related
to modifiable risk factors [102], such as certain negative
psychoaffective states [103, 104], reducing this risk factor
in 25% of individuals could prevent approximately three
million cases of the disease worldwide [105]. Thus, it is rea-
sonable to hypothesize that mental training for cognitive
and affective regulation through contemplative practices
has an important role in preventing cognitive decline, as
well as neurocognitive disorders [74, 106, 107]. The effects
of meditation on preserving age-related changes in cogni-
tive functioning has been well established, specifically in
areas such as the thalamus, insula, amygdala, hippocampus,
and anterior cingulate cortex [108, 109].

Yoga and mindfulness meditation are two of the most
studied contemplative practices, whose effects on aging we
will detail below.

5.1. Yoga. Classic Yoga, or Raja Yoga, is a progressive
method which includes different groups of practices aimed
toward self-regulation [77]. This starts with ethics (when
interacting with others), self-discipline, physical postures,
and regulation of the breath, and ends in progressive states
of sustained attention (withdrawal of the senses, concentra-
tion, meditation, and samadhi, a continuous state of medita-
tive consciousness) [77]. This combination of practices
allows, in a very low-cost experience, an improvement in
lifestyle, constituting an integral preventive approach, as well
as a complementary therapy to classical pharmacological
approaches for mental diseases and diseases of aging. This
is particularly pertinent when considering that polyphar-
macy is common in elderly people, and it increases the risk
of drug interactions and adverse reactions up to 82% [110].

Yoga, like all contemplative practices, contains character-
istics that promote the metacognitive capacity of the mind
and self-regulation, including the potentiation of cognitive
functions, such attention and memory in children and adults
[111, 112], emotional regulation [113, 114], and prosocial
behavior [113, 115]. A particular characteristic of the system
is the modulation of both autonomic and cognitive aspects
[77, 111–114, 116–120]. The practice of Yoga involves physi-
cal exercises (postures and regulation of breathing) to improve
flexibility and strength, alongside cognitive training (medita-
tion) to stimulate attention and meta-awareness [77]. Various
sequences of postures derived from Hatha Yoga have been
shown to have effects on stress and promote well-being
[117]. The practice of postures involves constant short periods
of focused attention on specific parts of the body, a kind of
practice which could be classified differently to those
previously described, calledmeditativemovement [121]. Med-
itative movement includes forms of exercise that use move-
ment, in conjunction with attention to body sensations,
developing attention, proprioception, and a state of relaxation
[77, 121]. The practice is followed by breathing exercises, such
as alternate nostril breathing, which could aid in modulating
autonomic responses and heart rate variability and improve
memory and attention in adults [112, 119, 122–124]. The
combination of these practices could improve the quality of
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life of its practitioners, fostering resilience and resistance and
promoting healthy aging [117, 122, 125]. These exercises,
together with ethical behavior and a positive attitude towards
practice, including consistency and detachment from results
(motivational/intentional factors), are the foundation and dis-
tinctive characteristic of the yogic practice [77].

A cross-sectional study in elderly female Yoga practi-
tioners compared 21 women who had practiced Yoga for at
least 8 years to 21 women naïve to Yoga, demonstrating that
the first group showed a significantly greater brain cortical
thickness in a left lobe cluster, including portions of the lateral
middle frontal gyrus, anterior superior frontal gyrus, and dor-
sal superior frontal gyrus [126]. Furthermore, age-related
decline in fluid intelligence was lower, while resting state func-
tional brain networks were more resilient to damage. In addi-
tion, small-world brain architecture was stronger in long-term
Yoga practitioners and meditation practitioners combined (16
of each practice type) compared to fifteen controls who were
similar in age, education, exercise, and engagement in cogni-
tive activities [127]. In an experimental study carried out by
Vasudev et al., 24 elderly with depression were randomized
to practice automatic self-transcending meditation based on
mantra repetition (a form of FA) during a 12-week program,
and were compared to 23 waitlist controls, with both groups
receiving normal treatment for depression [128]. Depression
and anxiety improved in meditation practitioners compared
to treatment alone.

An eight-week meditation training, compared to relaxa-
tion training, resulted in decreased intraconnectivity in the
DMN, salience network, and somatomotor network. Also,
the meditator groups showed decreased connectivity strength
between the DMN and other nodules (salience, frontoparietal,
somatomotor, and visual networks) in tests for simple effects.
There was lower nodal connectivity in the left posterior cingu-
late gyrus (associated with the DMN), bilateral paracentral
lobule, and middle cingulate gyrus posttraining in the medita-
tion group. No impact was observed on global level network
organization in the resting state following this short-term
intervention. In a separate study of the same participants, pos-
itive connectivity between the posterior cingulate cortex, pre-
cuneus, and the pons was observed in meditators [108, 129].
Lavretsky et al. randomly assigned elderly carers of family
members with dementia to kirtan kriya yogic meditation
(n = 23), another form of FA, or relaxation (n = 16), both
interventions consisting in 12 minutes daily practice with
audio recordings over 8 weeks, resulting in improved scores
for cognitive functioning, Trails B, Mini-Mental State Examina-
tion, and mental health parameters (SF-36, Ham-D24) [130].

There are several meditation techniques that are part of
yogic practice, mostly related to the attentional family, in par-
ticular FA [108, 129, 130], and may include body scan, atten-
tion on breath, and mantra repetition [131, 132]. However,
despite the type of meditation, the practice of Yoga involves
gradually sustainingmore attention on the subject or perceiver
of the experience than on the object of the experience (like
mantra, breath, or body), and this meditation seeks to estab-
lish permanent self-awareness by separating the object of the
experience from the subject or perceiver of the experience.
This separation could include even the body, senses, and all

kinds of thoughts and emotions of the practitioner, because
all of these elements could be considered objects that can be
detected by the perceiver or the subject [75, 133]. From this
point of view, meditation together with Yoga techniques also
has aspects of awareness-oriented OM [75, 133].

The DMN is involved in self-referential processes. Differ-
ent types of meditation have the ability to activate a submo-
dule of the DMN in Yoga practitioners [133]. Recently, it
has been suggested that the DMN has three subnets, or oper-
ational modules: two symmetrical occipito-parieto-temporal
subnets and one frontal subnet [134, 135]. An interesting
aspect of this subdivision is that the frontal operational mod-
ule is related to a sense of agency (the perceiver, the subject
or witness of the experience) or a first-person perspective,
and the other two modules are related to the continuity of
the “I” embodied and localized within a bodily space [133–
135]. Fingelkurts et al. compare the function of the DMN of
healthy fully conscious subjects versus that of patients in veg-
etative and minimally conscious states, and they show that in
vegetative patients all operative modules of the DMN are
almost completely attenuated, while in patients with a mini-
mal conscious state only the frontal subnet exhibits activity.
Finally, in healthy and fully conscious subjects the three sub-
nets function normally [134]. Interestingly, following long-
term practice of three types of yogic meditation (such as focus
on the breath, body scan, and mantra repetition), activity in
the frontal operation module of the DMN is enhanced, while
the other two modules are deactivated [133]. As in yogic med-
itation, it is always encouraged to avoid mindwandering and it
is possible that the activation of the DMN following long-term
practice is due to the constant self-referential process, and not
due to mind wandering. This constant self-awareness could
allow moving a safe distance away from the experience, which
in turn could promote self-regulated behaviors, improve men-
tal health [75], and foster a healthy lifestyle [108, 129].

Moreover, meditation is able to modulate another network
that could be fundamental to self-referential processes: the
paralimbic network that involves the anterior cingulate and
medial prefrontal cortices [136, 137]. In experienced practi-
tioners, Yoga nidra meditation, a type of body scan medita-
tion, is accompanied by a strong increase in sensory
awareness [136] and significant differences in the brain net-
work activity as compared to the resting state [136, 137]. In
contrast, sustained activity in the paralimbic network consti-
tuted by the midline frontal regions is observed in both med-
itative and resting states. This finding has led to the hypothesis
that the paralimbic network contributes to the regulation of a
common reference of self-perspective [136, 137]. Taken
together, these data could indicate that attention, awareness,
and emotion are integrated by a paralimbic network, and the
activity of this region, together with the DMN, could be mod-
ulated by meditation techniques derived from Yoga. This kind
of regulation could be helpful to efficiently allocate brain
resources to optimize behavior and well-being.

Also, the characterization of each of the subnetworks of
the DMN, and its relation with other networks (including
the paralimbic network) in various contemplative practices,
such as Yoga in experimented practitioners, could be a novel
methodological approach to better understand the role of
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the DMN in meditation. At the same time, the study of the
DMN and meditation may provide greater insights into the
operational module involved in the regulation of the DMN,
and its relationship with several neuropathologies related
(or not) with aging.

5.2. Mindfulness. Mindfulness has its origin in the Buddhist
tradition [2, 138], and it may be understood as a mental state
characterized by “paying attention on purpose, in the present
moment, and nonjudgmentally to the unfolding of experience,
moment by moment” [86]. It may be considered a key skill
developed through contemplative practices such as meditation
and Yoga [77, 139]. The benefit delivered by this practice lies
on the notion that attention is a core function to be developed
[140, 141]. Its underlying neural mechanisms would be related
to the salience network [141, 142], the executive control net-
work, and the orienting network [141, 143].

Several authors have proposed that mindfulness training
may help older adults in managing the cognitive, emotional,
and psychological challenges of aging [144–146]. This has
been corroborated by a meta-analysis of 47 trials that demon-
strated a positive impact of mindfulness meditation programs
over anxiety- and depression-related outcomes, independent
of age [147]. Indeed, Prakash et al. showed that mindfulness
disposition, defined as the ability to focus on the present and
disengage from DMN-related thinking, is associated to
enhanced connectivity in the DMN in older adults [148]. Gard
et al. assessed mindfulness using the Five Facet Mindfulness
Questionnaire, across all participants, in a cross-sectional
study including meditation (insight meditation from the
deconstructive family) and Yoga practitioners (Kripalu Yoga,
a traditional Raja Yoga school). They found that this dimen-
sion related positively to fluid intelligence, network resilience,
and integration [127]. This suggests a mechanistic role of
meditation in the preservation of intelligence and functional
brain network architecture [127]. In addition, a randomized
controlled trial, conducted by Wells et al., corroborated that
a mindfulness-based stress reduction program, which applied
OM techniques (weekly 2-hour group sessions over 8 weeks,
with suggested 30-minute daily home practice), resulted in
an improved connectivity in the posterior cingulate cortex,
medial prefrontal cortex, and left hippocampus in participants
who suffered frommild cognitive impairment, as compared to
controls who did not receive this intervention [149]. This
practice demonstrated an enhancement in executive function
and greater leftward frontal alpha asymmetry in elderly prac-
titioners [150]. Other findings supporting mindfulness medi-
tation have verified that a daily practice, escalating from 5 to
20 minutes over 6 weeks, is linked to grey matter changes
(i.e., increases in the right precuneus and decreases in the left
prefrontal cortex, right hippocampus, right thalamus, and
right parietal cortex [151]). Similarly, Laneri et al. analysed
the effects of long-term mindfulness meditation on the brain’s
white matter microstructure and its aging by employing diffu-
sion tensor imaging in 33 meditators with 5-38 years of expe-
rience from Buddhist and Zen centres in Germany (all
meditators practiced mindfulness meditation styles such as
Vipassana, of the deconstructive family, Shamatha, and
Zazen), and in 31 healthy nonmeditators [109]. The authors

concluded that mindfulness meditation might contribute to
the preservation of the integrity of white matter, diminishing
age-related white matter degeneration.

Following the model of attention that proposes three
main components (alerting, orienting, and conflict resolu-
tion, or an executive component) [74], elderly randomized
to mindfulness training (10minutes, 5 times a week for 8
weeks) exhibited improved response latency in the Stroop test
and in electrophysiological measures, indicating improved
maintenance of goal-directed attention in this visuospatial
task [141]. However, other authors found no improvement
in measures of executive control and emotional regulation
[12]. On the other hand, a decline of efficiency, specifically
in the executive component of attention, was observed in
elderly meditators compared to meditation-naïve, young
adults [80]. This effect was not observed in age-matched
long-termmeditators, with similar education level and cogni-
tive function (n = 16 in each group) [80], where 12 partici-
pants practiced the Zen tradition and four practiced the
Tibetan tradition (both traditions emphasize OM tech-
niques). This highlights the protective role of long-termmed-
itation on the decline of the executive component of attention
in aging. Mindfulness meditation, based on mindfulness-
based cognitive therapy and mindfulness-based stress reduc-
tion (both corresponding to the OM type of attentional
family), applied with a weekly personalized training and
home practice for over two months, did not result in changes
in cognitive or physiological outcome measures in 66 elderly
with stress randomized to this intervention, compared to 68
waitlist controls. However, self-rated measures related to
negative affect and stress showed improvement, and a signif-
icant change in the neuroticism dimension was observed
[152]. In addition, no differences in mood or cognitive out-
comes were found in 8 elderly participants who completed
1 hour of weekly internet-based mindfulness meditation ses-
sions (a standardized and structured program that uses
mindfulness-based cognitive therapy and mindfulness-
based stress reduction), with 30 minutes of daily practice
for 6 weeks, as compared to 8 controls who completed a well-
ness and education program in a similar format, over the
same period [153]. However, this was a pilot study, with
online delivery of the intervention, and findings should be
appraised with caution due to the low number of participants
included and potential selection and performance biases.

These data collectively suggest that the use of meditation
could increase the optimal function of the brain in the elderly
through voluntary regulation of brain networks, such as the
DMN and TPN. This is evidenced not only by functional
changes, but also structural ones, which could facilitate
optimal aging and prevent neurological and neuropsychiatric
diseases. A greater part of these studies, developed using stan-
dardized techniques, highlight the impact of mindfulness OM
techniques as a promising practice to enhance cognitive
functioning during aging.

6. Perspectives

While more clinical and basic research is needed to establish
the modulation of the DMN and TPN through meditation,
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and to understand the impact of modulation on aging and
mental disease, the data indicate that meditation may influence
different cognitive processes, thus increasing attentional focus
and cognitive flexibility [154]. Meditation is also suggested to
modulate several other physiological processes, including
enhancing relaxation through the decrease of sympathetic ner-
vous system activity, controlling the hypothalamic-pituitary-
adrenal axis in stress, decreasing heart rate variability, and
diminishing emotional reactivity [145, 155–157]. All these pro-
cesses are mediated through what Dorjee calls “the metacogni-
tive self-regulatory” capacity of the mind, an ability based on
meta-awareness and sustained attention [78] (Figure 2). Fur-
thermore, these findings suggest that it is plausible to develop
new strategies to facilitate optimal aging.

Nevertheless, the mechanisms by which meditation mod-
ulates the DMN and TPN, and how this influences physiolog-
ical processes, remain elusive. At the neural level, meditation
has been shown to both increase and decrease specific brain
networks. In general, meditation decreases connectivity
between the DMN and salience, frontoparietal, somatomotor,
and visual networks, while increasing connectivity in the
posterior cingulate cortex, medial prefrontal cortex, and left
hippocampus. It is important not to think that these differ-
ences of direction in connectivity modulation imply an
inconsistent result: given that both networks are involved
in different processes, this opposed connectivity could shed
light on the mechanisms involved in the effects of medita-
tion on cognitive processes. Further research is needed in
order to elucidate what is the role of these specific networks

in the specific cognitive processes shown to be modulated
by meditation.

But, indeed, this active cognitive process which is able to
modulate several brain networks has been suggested as a
therapeutic approach for neuropsychiatric and even neuro-
degenerative disorders, important for an optimal aging.
Interestingly, and as suggested by this article, many of these
symptoms could be reduced directly through the modulation
of DMN activity that could interfere with goal-directed tasks
[158, 159]. We also have shown that within the current clas-
sification of meditation, the attentional family has a greater
capacity for the modulation of the DMN. Also, the greater
the hours and frequency of practice (experience), the greater
is the decrease in the activity of the DMN during the task
[160]. This agrees with the general idea that during goal-
directed tasks, there could be an anticorrelation between
the attentional networks and the DMN. In this context, FA
meditation has shown several positive results, while OM
meditation has divergent results regarding control of the
DMN in the literature.

At present, the divergence of the results about this type of
meditation is an open question. However, it is necessary to
consider an important factor about the nature of the OMmed-
itation. Unlike FA meditation, which is directly associated
with an object of attention (either an internal or external
goal-directed task), to achieve a state of effortless awareness,
OMmeditation increases the aperture of awareness to all men-
tal objects and sensory inputs that spontaneously appear and
disappear from the mental field, to allow a meta-awareness

Peripheral
effects

Metacognitive self-
regulatory capacity of

the mind

Cognitive
effects

Relaxation
response Attentional

control

Cognitive
flexibility

Healthy aging

Modulation
of ANS

Modulation
of HPA axis

Emotional
reactivity

Figure 2: Model of meditation effects to promote optimal aging. The constant practice of attentional family meditation develops the
metacognitive self-regulatory capacity of the mind. This consists in the voluntary control of attentional focus and keeping the attention in
the present experience, without self-referential thinking and mind wandering. This metacognitive ability can modulate cognitive,
emotional, behavioral, and autonomic output. The question is: Can these skills promote a healthy aging? ANS: autonomic nervous system,
HPA: hypothalamic-pituitary-adrenal axis.
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of one’s own mental habits [160]. This practice therefore
requires a greater skill on the part of the practitioners, due to
its similarity with a state of mental wandering. As we previ-
ously described in this article, OM meditation demonstrates
similarities and possibly an interaction with certain nodes of
the DMN, and possibly with the wandering of the mind [160].

Thus, it is possible that the activation of the DMN during
the practice could be related to the constant self-referential
process, and not due to mind wandering, as we previously
mention in the Yoga section. To see in detail the difference
between the state of OM and mind wandering, refer to Vago
and Zeidan [160].

Also, another possible explanation to the divergence in the
results of this type of meditation may be due to some extent in
the complexity of the proposed task and the inability of
practitioners, especially novices, to achieve this skill. This is
especially relevant when OM meditation is instructed as a
primary technique, without the achievement of previous
stages (such as focused attention on an object), going in an
opposite direction to the progressive path in which the eastern
schools of meditation have taught for centuries [77, 160].

In this context, Yoga as a meditation school seems to
have a more integral approach because of the particular ded-
ication that Yoga puts into the gradual progression of medi-
tative practice. One of the distinguishing characteristics of
classical—or Raja—Yoga is the combination of practices like
postures, breath control, and several forms of meditation that
could modulate the autonomous nervous system, principally
by postures and breathing exercises. This modulation is a door
to the regulation of other important systems such as immune,
digestive, cardiovascular, or muscular systems. Unlike other
practices that integrate movement, attention, and breathing,
and that could promote similar effects (for example, Tai-Chi
or Qi gong, which have also been the focus of scientific interest
[121, 161]), Yoga could also modulate cognitive functions like
attention, memory, and mind wandering, due to the inclusion
of specific techniques of sustained attention/meditation. In
this context, Yoga meditation also includes techniques that
could be classified as FA and OM meditation, which in turn
promote the activation of TPNs and also modulation of the
DMN [101, 133]. However, more research and a broader clas-
sification is required to include all the meditation techniques
present in Yoga, because the current classification of medita-
tions is eminently directed for those belonging to the school
of mindfulness.

In this context, another possibility could be to organize
these types of disciplines under a general concept that may
include most of the practices that are in the current investiga-
tion. These practices must accomplish basic characteristics,
such as those proposed by Dorjee to be the metacognitive
self-regulatory capacity of the mind, based on meta-
awareness and sustained attention [78] (Figure 2). This allows
(i) integrating different methods, (ii) providing a better char-
acterization of the techniques, interventions, and results, and
(iii) avoiding control over concepts by one or two schools at
the exclusion of others. While several techniques or schools
that could be characterized as contemplatives have different
approaches (two of the best known are Yoga and mindful-
ness), there are many others, including the relaxation

response, the Liverpool model of mindfulness, or other medi-
tative moment techniques such as Tai Chi [72, 121].

So, it is fundamental to increase and systematize the
research in contemplative practices, covering the different
aspects of each practice that could causally explain its cogni-
tive and neurophysiological effects, and how this practice
could promote well-being at different stages of life (crucially,
in aging), as well as how it could be used in the prevention
and treatment of several types of diseases.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] United Nations, World Population, Ageing, Department of
Econonomic and Social Affairs Population Division, United
Nations, 2015.

[2] R. Marciniak, K. Sheardova, P. Čermáková, D. Hudeček,
R. Šumec, and J. Hort, “Effect of meditation on cognitive
functions in context of aging and neurodegenerative dis-
eases,” Frontiers in Behavioral Neuroscience, vol. 8, p. 17,
2014.

[3] K. J. Schlesinger, B. O. Turner, B. A. Lopez, M. B. Miller, and
J. M. Carlson, “Age-dependent changes in task-based modu-
lar organization of the human brain,” NeuroImage, vol. 146,
pp. 741–762, 2017.

[4] V. La Corte, M. Sperduti, C. Malherbe et al., “Cognitive
decline and reorganization of functional connectivity in
healthy aging: the pivotal role of the salience network in the
prediction of age and cognitive performances,” Frontiers in
Aging Neuroscience, vol. 8, p. 204, 2016.

[5] F. A. Mansouri, K. Tanaka, and M. J. Buckley, “Conflict-
induced behavioural adjustment: a clue to the executive func-
tions of the prefrontal cortex,” Nature Reviews Neuroscience,
vol. 10, no. 2, pp. 141–152, 2009.

[6] R. L. Buckner, “Memory and executive function in aging and
AD: multiple factors that cause decline and reserve factors
that compensate,” Neuron, vol. 44, no. 1, pp. 195–208, 2004.

[7] D. L. Schacter, A. W. Kaszniak, J. F. Kihlstrom, and
M. Valdiserri, “The relation between source memory and
aging,” Psychology and Aging, vol. 6, no. 4, pp. 559–568, 1991.

[8] T. Hedden and J. D. E. Gabrieli, “Insights into the ageing
mind: a view from cognitive neuroscience,” Nature Reviews
Neuroscience, vol. 5, no. 2, pp. 87–96, 2004.

[9] K. A. Tsvetanov, R. N. A. Henson, L. K. Tyler et al., “Extrinsic
and intrinsic brain network connectivity maintains cognition
across the lifespan despite accelerated decay of regional brain
activation,” The Journal of Neuroscience, vol. 36, no. 11,
pp. 3115–3126, 2016.

[10] W. A. Chaovalitwongse, D. Won, O. Seref et al., “Network
optimization of functional connectivity within default mode
network regions to detect cognitive decline,” IEEE Transac-
tions on Neural Systems and Rehabilitation Engineering,
vol. 25, no. 7, pp. 1079–1089, 2017.

[11] M. Corbetta, G. Patel, and G. L. Shulman, “The reorienting
system of the human brain: from environment to theory of
mind,” Neuron, vol. 58, no. 3, pp. 306–324, 2008.

[12] A. Raz and J. Buhle, “Typologies of attentional networks,”
Nature Reviews Neuroscience, vol. 7, no. 5, pp. 367–379, 2006.

10 Neural Plasticity



[13] M. Corbetta and G. L. Shulman, “Control of goal-directed
and stimulus-driven attention in the brain,” Nature Reviews
Neuroscience, vol. 3, no. 3, pp. 201–215, 2002.

[14] K. Onoda, M. Ishihara, and S. Yamaguchi, “Decreased func-
tional connectivity by aging is associated with cognitive
decline,” Journal of Cognitive Neuroscience, vol. 24, no. 11,
pp. 2186–2198, 2012.

[15] J. Song, R. M. Birn, M. Boly et al., “Age-related reorganiza-
tional changes in modularity and functional connectivity of
human brain networks,” Brain Connectivity, vol. 4, no. 9,
pp. 662–676, 2014.

[16] D. Tomasi and N. D. Volkow, “Aging and functional brain
networks,” Molecular Psychiatry, vol. 17, no. 5, pp. 549–558,
2012.

[17] J. Gomez-Ramirez, Y. Li, Q. Wu, and J. Wu, “A quantitative
study of network robustness in resting-state fMRI in young
and elder adults,” Frontiers in Aging Neuroscience, vol. 7,
p. 256, 2016.

[18] T. Ngandu, J. Lehtisalo, E. Levälahti et al., “Recruitment and
baseline characteristics of participants in the Finnish Geriat-
ric Intervention Study to Prevent Cognitive Impairment
and Disability (FINGER)—a randomized controlled lifestyle
trial,” International Journal of Environmental Research and
Public Health, vol. 11, no. 9, pp. 9345–9360, 2014.

[19] B. Imtiaz, A.-M. Tolppanen, M. Kivipelto, and H. Soininen,
“Future directions in Alzheimer’s disease from risk factors
to prevention,” Biochemical Pharmacology, vol. 88, no. 4,
pp. 661–670, 2014.

[20] T. Ngandu, J. Lehtisalo, A. Solomon et al., “A 2 year multido-
main intervention of diet, exercise, cognitive training, and
vascular risk monitoring versus control to prevent cognitive
decline in at-risk elderly people (FINGER): a randomised
controlled trial,” The Lancet, vol. 385, no. 9984, pp. 2255–
2263, 2015.

[21] B. Bandelow and S. Michaelis, “Epidemiology of anxiety dis-
orders in the 21st century,” Dialogues in Clinical Neurosci-
ence, vol. 17, no. 3, pp. 327–335, 2015.

[22] G. M. Slavich and M. R. Irwin, “From stress to inflammation
and major depressive disorder: a social signal transduction
theory of depression,” Psychiatric Bulletin, vol. 140, no. 3,
pp. 774–815, 2014.

[23] A. Sood and D. T. Jones, “On mind wandering, attention,
brain networks, and meditation,” Explore, vol. 9, no. 3,
pp. 136–141, 2013.

[24] D. S. Khalsa, “Stress, meditation, and Alzheimer’s disease
prevention: where the evidence stands,” Journal of Alzhei-
mer's Disease, vol. 48, no. 1, pp. 1–12, 2015.

[25] M. D. Greicius, B. Krasnow, A. L. Reiss, and V. Menon,
“Functional connectivity in the resting brain: a network anal-
ysis of the default mode hypothesis,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 100, no. 1, pp. 253–258, 2003.

[26] J. S. Damoiseaux, S. A. R. B. Rombouts, F. Barkhof et al.,
“Consistent resting-state networks across healthy subjects,”
Proceedings of the National Academy of Sciences of the
United States of America, vol. 103, no. 37, pp. 13848–
13853, 2006.

[27] M. E. Raichle, A. M. MacLeod, A. Z. Snyder, W. J. Powers,
D. A. Gusnard, and G. L. Shulman, “A default mode of brain
function,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 98, no. 2, pp. 676–682, 2001.

[28] M. E. Raichle, “The brain’s default mode network,” Annual
Review of Neuroscience, vol. 38, no. 1, pp. 433–447, 2015.

[29] M. E. Raichle, “Two views of brain function,” Trends in Cog-
nitive Sciences, vol. 14, no. 4, pp. 180–190, 2010.

[30] L. Sokoloff, R. Mangold, R. L. Wechsler, C. Kennedy, and S. S.
Kety, “The effect of mental arithmetic on cerebral circulation
and metabolism,” The Journal of Clinical Investigation,
vol. 34, 7, Part 1, pp. 1101–1108, 1955.

[31] R. G. Shulman, D. L. Rothman, K. L. Behar, and F. Hyder,
“Energetic basis of brain activity: implications for neuroimag-
ing,” Trends in Neurosciences, vol. 27, no. 8, pp. 489–495,
2004.

[32] M. D. Greicius, G. Srivastava, A. L. Reiss, and V. Menon,
“Default-mode network activity distinguishes Alzheimer’s
disease from healthy aging: evidence from functional MRI,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 101, no. 13, pp. 4637–4642, 2004.

[33] R. L. Bluhm, J. Miller, R. A. Lanius et al., “Spontaneous low-
frequency fluctuations in the BOLD signal in schizophrenic
patients: anomalies in the default network,” Schizophrenia
Bulletin, vol. 33, no. 4, pp. 1004–1012, 2007.

[34] P. Delaveau, P. Salgado-Pineda, P. Fossati, T. Witjas, J. P.
Azulay, and O. Blin, “Dopaminergic modulation of the
default mode network in Parkinson’s disease,” European
Neuropsychopharmacology, vol. 20, no. 11, pp. 784–792,
2010.

[35] M. Quarantelli, E. Salvatore, S. M. D. A. Giorgio et al.,
“Default-mode network changes in Huntington’s disease: an
integrated MRI study of functional connectivity and mor-
phometry,” PLoS One, vol. 8, no. 8, article e72159, 2013.

[36] I. Neuner, C. J. Werner, J. Arrubla et al., “Imaging the where
and when of tic generation and resting state networks in adult
Tourette patients,” Frontiers in Human Neuroscience, vol. 8,
p. 362, 2014.

[37] J. S. Damoiseaux, C. F. Beckmann, E. J. S. Arigita et al.,
“Reduced resting-state brain activity in the “default network”
in normal aging,” Cerebral Cortex, vol. 18, no. 8, pp. 1856–
1864, 2008.

[38] C. Sorg, V. Riedl, M. Muhlau et al., “Selective changes of
resting-state networks in individuals at risk for Alzheimer’s
disease,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 104, no. 47, pp. 18760–
18765, 2007.

[39] R. M. Hutchison, S. M. Mirsattari, C. K. Jones, J. S. Gati, and
L. S. Leung, “Functional networks in the anesthetized rat
brain revealed by independent component analysis of
resting-state fMRI,” Journal of Neurophysiology, vol. 103,
no. 6, pp. 3398–3406, 2010.

[40] Y. I. Sheline, D. M. Barch, J. L. Price et al., “The default mode
network and self-referential processes in depression,” Pro-
ceedings of the National Academy of Sciences of the United
States of America, vol. 106, no. 6, pp. 1942–1947, 2009.

[41] R. Simon and M. Engström, “The default mode network as a
biomarker for monitoring the therapeutic effects of medita-
tion,” Frontiers in Psychology, vol. 6, p. 776, 2015.

[42] J. A. Brewer, P. D. Worhunsky, J. R. Gray, Y. Y. Tang,
J. Weber, and H. Kober, “Meditation experience is associated
with differences in default mode network activity and con-
nectivity,” Proceedings of the National Academy of Sciences
of the United States of America, vol. 108, no. 50, pp. 20254–
20259, 2011.

11Neural Plasticity



[43] D. A. Gusnard, M. E. Raichle, and M. E. Raichle, “Searching
for a baseline: functional imaging and the resting human
brain,” Nature Reviews Neuroscience, vol. 2, no. 10, pp. 685–
694, 2001.

[44] M. D. Fox, A. Z. Snyder, J. L. Vincent, M. Corbetta, D. C. van
Essen, and M. E. Raichle, “The human brain is intrinsically
organized into dynamic, anticorrelated functional networks,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 102, no. 27, pp. 9673–9678, 2005.

[45] M. Hampson, N. R. Driesen, P. Skudlarski, J. C. Gore, and
R. T. Constable, “Brain connectivity related to working mem-
ory performance,” The Journal of Neuroscience, vol. 26,
no. 51, pp. 13338–13343, 2006.

[46] R. Leech, S. Kamourieh, C. F. Beckmann, and D. J. Sharp,
“Fractionating the default mode network: distinct contribu-
tions of the ventral and dorsal posterior cingulate cortex to
cognitive control,” The Journal of Neuroscience, vol. 31,
no. 9, pp. 3217–3224, 2011.

[47] M. A. O’Connell and C. Basak, “Effects of task complexity
and age-differences on task-related functional connectivity
of attentional networks,” Neuropsychologia, vol. 114,
pp. 50–64, 2018.

[48] P. Fransson, “How default is the default mode of brain func-
tion? Further evidence from intrinsic BOLD signal fluctua-
tions,” Neuropsychologia, vol. 44, no. 14, pp. 2836–2845,
2006.

[49] M. D. Greicius and V. Menon, “Default-mode activity during
a passive sensory task: uncoupled from deactivation but
impacting activation,” Journal of Cognitive Neuroscience,
vol. 16, no. 9, pp. 1484–1492, 2004.

[50] D. S. Margulies, S. S. Ghosh, A. Goulas et al., “Situating the
default-mode network along a principal gradient of macro-
scale cortical organization,” Proceedings of the National
Academy of Sciences of the United States of America,
vol. 113, no. 44, pp. 12574–12579, 2016.

[51] D. A. Gusnard, E. Akbudak, G. L. Shulman, and M. E.
Raichle, “Medial prefrontal cortex and self-referential mental
activity: relation to a default mode of brain function,” Pro-
ceedings of the National Academy of Sciences of the United
States of America, vol. 98, no. 7, pp. 4259–4264, 2001.

[52] R. L. Buckner, J. R. Andrews-Hanna, and D. L. Schacter, “The
brain’s default network: anatomy, function, and relevance to
disease,” Annals of the New York Academy of Sciences,
vol. 1124, no. 1, pp. 1–38, 2008.

[53] M. F. Mason, M. I. Norton, J. D. van Horn, D. M. Wegner,
S. T. Grafton, and C. N. Macrae, “Wandering minds: the
default network and stimulus-independent thought,” Science,
vol. 315, no. 5810, pp. 393–395, 2007.

[54] D. H. Weissman, K. C. Roberts, K. M. Visscher, and M. G.
Woldorff, “The neural bases of momentary lapses in atten-
tion,” Nature Neuroscience, vol. 9, no. 7, pp. 971–978, 2006.

[55] R. A. Henríquez, A. B. Chica, P. Billeke, and P. Bartolomeo,
“Fluctuating minds: spontaneous psychophysical variability
during mind-wandering,” PLoS One, vol. 11, no. 2, article
e0147174, 2016.

[56] B. Haatveit, J. Jensen, D. Alnæs et al., “Reduced load-
dependent default mode network deactivation across execu-
tive tasks in schizophrenia spectrum disorders,” NeuroImage:
Clinical, vol. 12, pp. 389–396, 2016.

[57] A. G. Garrity, G. D. Pearlson, K. McKiernan, D. Lloyd, K. A.
Kiehl, and V. D. Calhoun, “Aberrant “default mode”

functional connectivity in schizophrenia,” The American
Journal of Psychiatry, vol. 164, no. 3, pp. 450–457, 2007.

[58] E. Pomarol-Clotet, R. Salvador, S. Sarró et al., “Failure to
deactivate in the prefrontal cortex in schizophrenia: dysfunc-
tion of the default mode network?,” Psychological Medicine,
vol. 38, no. 8, pp. 1185–1193, 2008.

[59] W. Liao, Z. Zhang, Z. Pan et al., “Default mode network
abnormalities in mesial temporal lobe epilepsy: a study com-
bining fMRI and DTI,”Human Brain Mapping, vol. 32, no. 6,
pp. 883–895, 2011.

[60] A. J. Bastos-Leite, G. R. Ridgway, C. Silveira, A. Norton,
S. Reis, and K. J. Friston, “Dysconnectivity within the default
mode in first-episode schizophrenia: a stochastic dynamic
causal modeling study with functional magnetic resonance
imaging,” Schizophrenia Bulletin, vol. 41, no. 1, pp. 144–
153, 2015.

[61] S. Whitfield-Gabrieli and J. M. Ford, “Default mode network
activity and connectivity in psychopathology,” Annual
Review of Clinical Psychology, vol. 8, no. 1, pp. 49–76, 2012.

[62] A. Anticevic, M. W. Cole, J. D. Murray, P. R. Corlett, X. J.
Wang, and J. H. Krystal, “The role of default network deacti-
vation in cognition and disease,” Trends in Cognitive Sciences,
vol. 16, no. 12, pp. 584–592, 2012.

[63] C. L. Grady, M. V. Springer, D. Hongwanishkul, A. R. McIn-
tosh, and G. Winocur, “Age-related changes in brain activity
across the adult lifespan,” Journal of Cognitive Neuroscience,
vol. 18, no. 2, pp. 227–241, 2006.

[64] J. Persson, C. Lustig, J. K. Nelson, and P. A. Reuter-Lorenz,
“Age differences in deactivation: a link to cognitive control?,”
Journal of Cognitive Neuroscience, vol. 19, no. 6, pp. 1021–
1032, 2007.

[65] C. Lustig, A. Z. Snyder, M. Bhakta et al., “Functional deac-
tivations: change with age and dementia of the Alzheimer
type,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 100, no. 24, pp. 14504–
14509, 2003.

[66] K. Christoff, A. M. Gordon, J. Smallwood, R. Smith, and J. W.
Schooler, “Experience sampling during fMRI reveals default
network and executive system contributions to mind wander-
ing,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 106, no. 21, pp. 8719–8724,
2009.

[67] W. Hasenkamp, C. D. Wilson-Mendenhall, E. Duncan, and
L. W. Barsalou, “Mind wandering and attention during
focused meditation: a fine-grained temporal analysis of fluc-
tuating cognitive states,” NeuroImage, vol. 59, no. 1,
pp. 750–760, 2012.

[68] A. M. C. Kelly, L. Q. Uddin, B. B. Biswal, F. X. Castellanos,
and M. P. Milham, “Competition between functional brain
networks mediates behavioral variability,” NeuroImage,
vol. 39, no. 1, pp. 527–537, 2008.

[69] W. W. Seeley, V. Menon, A. F. Schatzberg et al., “Dissociable
intrinsic connectivity networks for salience processing and
executive control,” The Journal of Neuroscience, vol. 27,
no. 9, pp. 2349–2356, 2007.

[70] M. I. Posner and S. E. Petersen, “The attention system of the
human brain,” Annual Review of Neuroscience, vol. 13, no. 1,
pp. 25–42, 1990.

[71] S. E. Petersen and M. I. Posner, “The attention system of the
human brain: 20 years after,” Annual Review of Neuroscience,
vol. 35, no. 1, pp. 73–89, 2012.

12 Neural Plasticity



[72] P. Malinowski, “Neural mechanisms of attentional control in
mindfulness meditation,” Frontiers in Neuroscience, vol. 7,
p. 8, 2013.

[73] M. I. Posner and M. K. Rothbart, “Research on attention net-
works as a model for the integration of psychological sci-
ence,” Annual Review of Psychology, vol. 58, no. 1, pp. 1–23,
2007.

[74] Y. Y. Tang, B. K. Hölzel, and M. I. Posner, “The neuroscience
of mindfulness meditation,” Nature Reviews Neuroscience,
vol. 16, no. 4, pp. 213–225, 2015.

[75] C. J. Dahl, A. Lutz, and R. J. Davidson, “Reconstructing and
deconstructing the self: cognitive mechanisms in meditation
practice,” Trends in Cognitive Sciences, vol. 19, no. 9,
pp. 515–523, 2015.

[76] J. W. Schooler, J. Smallwood, K. Christoff, T. C. Handy, E. D.
Reichle, and M. A. Sayette, “Meta-awareness, perceptual
decoupling and the wandering mind,” Trends in Cognitive
Sciences, vol. 15, no. 7, pp. 319–326, 2011.

[77] T. Gard, J. J. Noggle, C. L. Park, D. R. Vago, and A. Wilson,
“Potential self-regulatory mechanisms of yoga for psycholog-
ical health,” Frontiers in Human Neuroscience, vol. 8, p. 770,
2014.

[78] D. Dorjee, “Defining contemplative science: the metacogni-
tive self-regulatory capacity of the mind, context of medita-
tion practice and modes of existential awareness,” Frontiers
in Psychology, vol. 7, p. 1788, 2016.

[79] A. Lutz, H. A. Slagter, J. D. Dunne, and R. J. Davidson,
“Attention regulation and monitoring in meditation,” Trends
in Cognitive Sciences, vol. 12, no. 4, pp. 163–169, 2008.

[80] M. Sperduti, D. Makowski, and P. Piolino, “The protective
role of long-term meditation on the decline of the executive
component of attention in aging: a preliminary cross-
sectional study,” Aging, Neuropsychology, and Cognition,
vol. 23, no. 6, pp. 691–702, 2016.

[81] K. A. Garrison, T. A. Zeffiro, D. Scheinost, R. T. Constable,
and J. A. Brewer, “Meditation leads to reduced default mode
network activity beyond an active task,” Cognitive, Affective,
& Behavioral Neuroscience, vol. 15, no. 3, pp. 712–720, 2015.

[82] A. Manna, A. Raffone, M. G. Perrucci et al., “Neural corre-
lates of focused attention and cognitive monitoring in medi-
tation,” Brain Research Bulletin, vol. 82, no. 1-2, pp. 46–56,
2010.

[83] E. H. Kozasa, J. R. Sato, S. S. Lacerda et al., “Meditation train-
ing increases brain efficiency in an attention task,” Neuro-
Image, vol. 59, no. 1, pp. 745–749, 2012.

[84] E. H. Kozasa, J. B. Balardin, J. R. Sato et al., “Effects of a 7-day
meditation retreat on the brain function of meditators and
non-meditators during an attention task,” Frontiers in
Human Neuroscience, vol. 12, p. 222, 2018.

[85] M. S. Worden, J. J. Foxe, N. Wang, and G. V. Simpson,
“Anticipatory biasing of visuospatial attention indexed by
retinotopically specific α-bank electroencephalography
increases over occipital cortex,” The Journal of Neuroscience,
vol. 20, no. 6, article RC63, 2000.

[86] G. Thut, A. Nietzel, S. A. Brandt, and A. Pascual-Leone, “α-
Band electroencephalographic activity over occipital cortex
indexes visuospatial attention bias and predicts visual target
detection,” The Journal of Neuroscience, vol. 26, no. 37,
pp. 9494–9502, 2006.

[87] S. P. Kelly, M. Gomez-Ramirez, and J. J. Foxe, “The strength
of anticipatory spatial biasing predicts target discrimination

at attended locations: a high-density EEG study,” The Euro-
pean Journal of Neuroscience, vol. 30, no. 11, pp. 2224–
2234, 2009.

[88] C. E. Kerr, S. R. Jones, Q. Wan et al., “Effects of mindfulness
meditation training on anticipatory alpha modulation in pri-
mary somatosensory cortex,” Brain Research Bulletin, vol. 85,
no. 3-4, pp. 96–103, 2011.

[89] C. E. Kerr, M. D. Sacchet, S. W. Lazar, C. I. Moore, and S. R.
Jones, “Mindfulness starts with the body: somatosensory
attention and top-down modulation of cortical alpha
rhythms in mindfulness meditation,” Frontiers in Human
Neuroscience, vol. 7, p. 12, 2013.

[90] K. C. R. Fox, S. Nijeboer, M. L. Dixon et al., “Is meditation
associated with altered brain structure? A systematic review
andmeta-analysis of morphometric neuroimaging in medita-
tion practitioners,” Neuroscience & Biobehavioral Reviews,
vol. 43, pp. 48–73, 2014.

[91] D.-H. Kang, H. J. Jo, W. H. Jung et al., “The effect of medita-
tion on brain structure: cortical thickness mapping and diffu-
sion tensor imaging,” Social Cognitive and Affective
Neuroscience, vol. 8, no. 1, pp. 27–33, 2013.

[92] J. S. Beer, O. P. John, D. Scabini, and R. T. Knight, “Orbito-
frontal cortex and social behavior: integrating self-
monitoring and emotion-cognition interactions,” Journal of
Cognitive Neuroscience, vol. 18, no. 6, pp. 871–879, 2006.

[93] G. Bush, P. Luu, and M. I. Posner, “Cognitive and emotional
influences in anterior cingulate cortex,” Trends in Cognitive
Sciences, vol. 4, no. 6, pp. 215–222, 2000.

[94] M. I. Posner, M. K. Rothbart, B. E. Sheese, and Y. Tang, “The
anterior cingulate gyrus and the mechanism of self-regula-
tion,” Cognitive, Affective, & Behavioral Neuroscience, vol. 7,
no. 4, pp. 391–395, 2007.

[95] B. A. Vogt, “Pain and emotion interactions in subregions of
the cingulate gyrus,” Nature Reviews Neuroscience, vol. 6,
no. 7, pp. 533–544, 2005.

[96] S. W. Lazar, C. E. Kerr, R. H. Wasserman et al., “Meditation
experience is associated with increased cortical thickness,”
NeuroReport, vol. 16, no. 17, pp. 1893–1897, 2005.

[97] K. Vogeley and G. R. Fink, “Neural correlates of the first-per-
son-perspective,” Trends in Cognitive Sciences, vol. 7, no. 1,
pp. 38–42, 2003.

[98] A. E. Cavanna and M. R. Trimble, “The precuneus: a review
of its functional anatomy and behavioural correlates,” Brain,
vol. 129, no. 3, pp. 564–583, 2006.

[99] R. Kanai and G. Rees, “The structural basis of inter-individual
differences in human behaviour and cognition,” Nature
Reviews Neuroscience, vol. 12, no. 4, pp. 231–242, 2011.

[100] H. Takeuchi, Y. Taki, H. Hashizume et al., “Effects of training
of processing speed on neural systems,” The Journal of Neu-
roscience, vol. 31, no. 34, pp. 12139–12148, 2011.

[101] B. P. Acevedo, S. Pospos, and H. Lavretsky, “The neural
mechanisms of meditative practices: novel approaches for
healthy aging,” Current Behavioral Neuroscience Reports,
vol. 3, no. 4, pp. 328–339, 2016.

[102] S. Norton, F. E. Matthews, D. E. Barnes, K. Yaffe, and
C. Brayne, “Potential for primary prevention of Alzheimer’s
disease: an analysis of population-based data,” The Lancet
Neurology, vol. 13, no. 8, pp. 788–794, 2014.

[103] V. Zufferey, A. Donati, J. Popp et al., “Neuroticism, depres-
sion, and anxiety traits exacerbate the state of cognitive
impairment and hippocampal vulnerability to Alzheimer’s

13Neural Plasticity



disease,” Alzheimer's & Dementia: Diagnosis, Assessment &
Disease Monitoring, vol. 7, pp. 107–114, 2017.

[104] R. S. Wilson, L. L. Barnes, C. F. Mendes de Leon et al.,
“Depressive symptoms, cognitive decline, and risk of AD
in older persons,” Neurology, vol. 59, no. 3, pp. 364–370,
2002.

[105] D. E. Barnes and K. Yaffe, “The projected effect of risk factor
reduction on Alzheimer’s disease prevalence,” The Lancet
Neurology, vol. 10, no. 9, pp. 819–828, 2011.

[106] K. E. Innes and T. K. Selfe, “Meditation as a therapeutic inter-
vention for adults at risk for Alzheimer’s disease—potential
benefits and underlying mechanisms,” Frontiers in Psychia-
try, vol. 5, p. 40, 2014.

[107] G. Chételat, A. Lutz, E. Arenaza-Urquijo, F. Collette,
O. Klimecki, and N. Marchant, “Why could meditation
practice help promote mental health and well-being in
aging?,” Alzheimer's Research & Therapy, vol. 10, no. 1,
p. 57, 2018.

[108] F. A. Cotier, R. Zhang, and T. M. C. Lee, “A longitudinal
study of the effect of short-term meditation training on func-
tional network organization of the aging brain,” Scientific
Reports, vol. 7, no. 1, p. 598, 2017.

[109] D. Laneri, V. Schuster, B. Dietsche, A. Jansen, U. Ott, and
J. Sommer, “Effects of long-term mindfulness meditation on
brain’s white matter microstructure and its aging,” Frontiers
in Aging Neuroscience, vol. 7, p. 254, 2016.

[110] B. M. Shah and E. R. Hajjar, “Polypharmacy, adverse drug
reactions, and geriatric syndromes,” Clinics in Geriatric Med-
icine, vol. 28, no. 2, pp. 173–186, 2012.

[111] K. V. Naveen, R. N. H. R. Nagendra, and S. Telles, “Yoga
breathing through a particular nostril increases spatial mem-
ory scores without lateralized effects,” Psychological Reports,
vol. 81, no. 2, pp. 555–561, 1997.

[112] S. Telles, P. Raghuraj, S. Maharana, and H. R. Nagendra,
“Immediate effect of three yoga breathing techniques on per-
formance on a letter-cancellation task,” Perceptual andMotor
Skills, vol. 104, 3 Supplement, pp. 1289–1296, 2007.

[113] S. E. Sauer-Zavala, E. C. Walsh, T. A. Eisenlohr-Moul, and
E. L. B. Lykins, “Comparing mindfulness-based intervention
strategies: differential effects of sitting meditation, body scan,
and mindful yoga,” Mindfulness, vol. 4, no. 4, pp. 383–388,
2013.

[114] E. L. Garland, S. A. Gaylord, and B. L. Fredrickson, “Positive
reappraisal mediates the stress-reductive effects of mindful-
ness: an upward spiral process,” Mindfulness, vol. 2, no. 1,
pp. 59–67, 2011.

[115] S. Bryan, G. Pinto Zipp, and R. Parasher, “The effects of yoga
on psychosocial variables and exercise adherence: a random-
ized, controlled pilot study,” Alternative Therapies in Health
& Medicine, vol. 18, no. 5, pp. 50–59, 2012.

[116] B. M. Cappo and D. S. Holmes, “The utility of prolonged
respiratory exhalation for reducing physiological and psycho-
logical arousal in non-threatening and threatening situa-
tions,” Journal of Psychosomatic Research, vol. 28, no. 4,
pp. 265–273, 1984.

[117] T. Field, “Yoga clinical research review,” Complementary
Therapies in Clinical Practice, vol. 17, no. 1, pp. 1–8, 2011.

[118] S.-H. Park and K. S. Han, “Blood pressure response to medi-
tation and yoga: a systematic review and meta-analysis,” The
Journal of Alternative and Complementary Medicine, vol. 23,
no. 9, pp. 685–695, 2017.

[119] L. Nivethitha, A. Mooventhan, and N. Manjunath, “Effects of
various Prāṇāyāma on cardiovascular and autonomic vari-
ables,” Ancient Science of Life, vol. 36, no. 2, pp. 72–77, 2016.

[120] A. Tyagi and M. Cohen, “Yoga and heart rate variability: a
comprehensive review of the literature,” International Jour-
nal of Yoga, vol. 9, no. 2, pp. 97–113, 2016.

[121] P. Payne and M. A. Crane-Godreau, “Meditative movement
for depression and anxiety,” Frontiers in Psychiatry, vol. 4,
p. 71, 2013.

[122] R. R. Guddeti, G. Dang, M. A. Williams, and V. M. Alla, “Role
of yoga in cardiac disease and rehabilitation,” Journal of Car-
diopulmonary Rehabilitation and Prevention, vol. 1, p. 1, 2018.

[123] L. Nivethitha, N. Manjunath, and A. Mooventhan, “Heart
rate variability changes during and after the practice of Bhra-
mari Pranayama,” International Journal of Yoga, vol. 10,
no. 2, pp. 99–102, 2017.

[124] A. Zaccaro, A. Piarulli, M. Laurino et al., “How breath-
control can change your life: a systematic review on psycho-
physiological correlates of slow breathing,” Frontiers in
Human Neuroscience, vol. 12, p. 353, 2018.

[125] F. J. Schell, B. Allolio, and O. W. Schonecke, “Physiological
and psychological effects of Hatha-Yoga exercise in healthy
women,” International Journal of Psychosomatics, vol. 41,
no. 1-4, pp. 46–52, 1994.

[126] R. F. Afonso, J. B. Balardin, S. Lazar et al., “Greater cortical
thickness in elderly female yoga practitioners—a cross-
sectional study,” Frontiers in Aging Neuroscience, vol. 9,
p. 201, 2017.

[127] T. Gard, M. Taquet, R. Dixit et al., “Fluid intelligence and
brain functional organization in aging yoga and meditation
practitioners,” Frontiers in Aging Neuroscience, vol. 6, p. 76,
2014.

[128] A. Vasudev, A. Arena, A. M. Burhan et al., “A training pro-
gramme involving automatic self-transcending meditation
in late-life depression: preliminary analysis of an ongoing
randomised controlled trial,” BJPsych Open, vol. 2, no. 02,
pp. 195–198, 2016.

[129] R. Shao, K. Keuper, X. Geng, and T. M. C. Lee, “Pons to pos-
terior cingulate functional projections predict affective pro-
cessing changes in the elderly following eight weeks of
meditation training,” eBioMedicine, vol. 10, pp. 236–248,
2016.

[130] H. Lavretsky, E. S. Epel, P. Siddarth et al., “A pilot study of
yogic meditation for family dementia caregivers with depres-
sive symptoms: effects on mental health, cognition, and telo-
merase activity,” International Journal of Geriatric
Psychiatry, vol. 28, no. 1, pp. 57–65, 2013.

[131] K. S. Carter and R. C. III, “Breath-based meditation: a mech-
anism to restore the physiological and cognitive reserves for
optimal human performance,” World Journal of Clinical
Cases, vol. 4, no. 4, pp. 99–102, 2016.

[132] J. Thomas, G. Jamieson, and M. Cohen, “Low and then high
frequency oscillations of distinct right cortical networks are
progressively enhanced by medium and long term Satya-
nanda Yogameditation practice,” Frontiers in Human Neuro-
science, vol. 8, p. 197, 2014.

[133] A. A. Fingelkurts, A. A. Fingelkurts, and T. Kallio-Tammi-
nen, “Long-term meditation training induced changes in
the operational synchrony of default mode network modules
during a resting state,” Cognitive Processing, vol. 17, no. 1,
pp. 27–37, 2016.

14 Neural Plasticity



[134] A. A. Fingelkurts, A. A. Fingelkurts, S. Bagnato, C. Boccagni,
and G. Galardi, “DMN operational synchrony relates to self-
consciousness: evidence from patients in vegetative and min-
imally conscious states,” The Open Neuroimaging Journal,
vol. 6, pp. 55–68, 2012.

[135] A. A. Fingelkurts, A. A. Fingelkurts, S. Bagnato, C. Boccagni,
and G. Galardi, “The chief role of frontal operational module
of the brain default mode network in the potential recovery of
consciousness from the vegetative state: a preliminary com-
parison of three case reports,” Open Neuroimaging Journal,
vol. 10, pp. 41–51, 2016.

[136] H. C. Lou, T. W. Kjaer, L. Friberg, G. Wildschiodtz, S. Holm,
andM. Nowak, “A 15O‐H2O PET study of meditation and the
resting state of normal consciousness,” Human Brain Map-
ping, vol. 7, no. 2, pp. 98–105, 1999.

[137] H. C. Lou, M. Joensson, and M. L. Kringelbach, “Yoga lessons
for consciousness research: a paralimbic network balancing
brain resource allocation,” Frontiers in Psychology, vol. 2,
p. 3389, 2011.

[138] R. J. Davidson and A. W. Kaszniak, “Conceptual and meth-
odological issues in research on mindfulness and medita-
tion,” American Psychologist, vol. 70, no. 7, pp. 581–592,
2015.

[139] M. Barinaga, “Buddhism and neuroscience: studying the
well-trained mind,” Science, vol. 302, no. 5642, pp. 44–46,
2003.

[140] B. K. Hölzel, S. W. Lazar, T. Gard, Z. Schuman-Olivier, D. R.
Vago, and U. Ott, “How does mindfulness meditation work?
Proposing mechanisms of action from a conceptual and neu-
ral perspective,” Perspectives on Psychological Science, vol. 6,
no. 6, pp. 537–559, 2011.

[141] P. Malinowski, A. W. Moore, B. R. Mead, and T. Gruber,
“Mindful aging: the effects of regular brief mindfulness prac-
tice on electrophysiological markers of cognitive and affective
processing in older adults,”Mindfulness, vol. 8, no. 1, pp. 78–
94, 2017.

[142] D. Sridharan, D. J. Levitin, and V. Menon, “A critical role for
the right fronto-insular cortex in switching between central-
executive and default-mode networks,” Proceedings of the
National Academy of Sciences, vol. 105, no. 34, pp. 12569–
12574, 2008.

[143] M. I. Posner, “Imaging attention networks,” NeuroImage,
vol. 61, no. 2, pp. 450–456, 2012.

[144] A. Chiesa and P. Malinowski, “Mindfulness-based
approaches: are they all the same?,” Journal of Clinical Psy-
chology, vol. 67, no. 4, pp. 404–424, 2011.

[145] P. R. Goldin and J. J. Gross, “Effects of mindfulness-based
stress reduction (MBSR) on emotion regulation in social anx-
iety disorder,” Emotion, vol. 10, no. 1, pp. 83–91, 2010.

[146] J. M. Sorrell, “Meditation for older adults: a new look at an
ancient intervention for mental health,” Journal of Psychoso-
cial Nursing and Mental Health Services, vol. 53, no. 5,
pp. 15–19, 2015.

[147] M. Goyal, S. Singh, E. M. S. Sibinga et al., “Meditation pro-
grams for psychological stress and well-being: a systematic
review and meta-analysis,” JAMA Internal Medicine,
vol. 174, no. 3, pp. 357–368, 2014.

[148] R. Shaurya Prakash, A. A. de Leon, M. Klatt, W. Malarkey,
and B. Patterson, “Mindfulness disposition and default-
mode network connectivity in older adults,” Social Cognitive
and Affective Neuroscience, vol. 8, no. 1, pp. 112–117, 2013.

[149] R. E. Wells, G. Y. Yeh, C. E. Kerr et al., “Meditation’s impact
on default mode network and hippocampus in mild cognitive
impairment: a pilot study,” Neuroscience Letters, vol. 556,
pp. 15–19, 2013.

[150] J. A. Moynihan, B. P. Chapman, R. Klorman et al., “Mindful-
ness-based stress reduction for older adults: effects on execu-
tive function, frontal alpha asymmetry and immune
function,” Neuropsychobiology, vol. 68, no. 1, pp. 34–43,
2013.

[151] D. S. Black, F. Kurth, E. Luders, and B. Wu, “Brain gray mat-
ter changes associated with mindfulness meditation in older
adults: an exploratory pilot study using voxelbased mor-
phometry,” Neuro - Open Journal, vol. 1, no. 1, pp. 23–26,
2014.

[152] B. S. Oken, H. Wahbeh, E. Goodrich et al., “Meditation in
stressed older adults: improvements in self-rated mental
health not paralleled by improvements in cognitive function
or physiological measures,” Mindfulness, vol. 8, no. 3,
pp. 627–638, 2017.

[153] H. Wahbeh, E. Goodrich, and B. S. Oken, “Internet-based
mindfulness meditation for cognition and mood in older
adults: a pilot study,” Alternative Therapies in Health and
Medicine, vol. 22, no. 2, pp. 44–53, 2016.

[154] A. Moore and P. Malinowski, “Meditation, mindfulness and
cognitive flexibility,” Consciousness and Cognition, vol. 18,
no. 1, pp. 176–186, 2009.

[155] N. A. S. Farb, A. K. Anderson, H. Mayberg, J. Bean,
D. McKeon, and Z. V. Segal, “Minding one’s emotions: mind-
fulness training alters the neural expression of sadness,” Emo-
tion, vol. 10, no. 1, pp. 25–33, 2010.

[156] J. R. Krygier, J. A. J. Heathers, S. Shahrestani, M. Abbott, J. J.
Gross, and A. H. Kemp, “Mindfulness meditation, well-being,
and heart rate variability: a preliminary investigation into the
impact of intensive Vipassana meditation,” International
Journal of Psychophysiology, vol. 89, no. 3, pp. 305–313, 2013.

[157] S. Brand, E. Holsboer-Trachsler, J. R. Naranjo, and
S. Schmidt, “Influence of mindfulness practice on cortisol
and sleep in long-term and short-term meditators,” Neurop-
sychobiology, vol. 65, no. 3, pp. 109–118, 2012.

[158] P. Goldin, W. Ramel, and J. Gross, “Mindfulness meditation
training and self-referential processing in social anxiety dis-
order: behavioral and neural effects,” Journal of Cognitive
Psychotherapy, vol. 23, no. 3, pp. 242–257, 2009.

[159] N. A. S. Farb, Z. V. Segal, H. Mayberg et al., “Attending to the
present: mindfulness meditation reveals distinct neural
modes of self-reference,” Social Cognitive and Affective Neu-
roscience, vol. 2, no. 4, pp. 313–322, 2007.

[160] D. R. Vago and F. Zeidan, “The brain on silent: mind wander-
ing, mindful awareness, and states of mental tranquility,”
Annals of the New York Academy of Sciences, vol. 1373,
no. 1, pp. 96–113, 2016.

[161] L. Schmalzl and C. E. Kerr, “Editorial: neural mechanisms
underlying movement-based embodied contemplative prac-
tices,” Frontiers in Human Neuroscience, vol. 10, p. 169, 2016.

15Neural Plasticity


	Default Mode Network, Meditation, and Age-Associated Brain Changes: What Can We Learn from the Impact of Mental Training on Well-Being as a Psychotherapeutic Approach?
	1. Aging and Mental Diseases
	2. Default Mode Network, Aging, and Mental Disease
	3. Meta-Awareness: Attention Network vs. DMN
	4. Meditation: Voluntary Control of Brain Networks
	5. Integration of Basic and Clinical Research and Contemplative Practices in the Elderly
	5.1. Yoga
	5.2. Mindfulness

	6. Perspectives
	Conflicts of Interest

