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Abstract
Meditation describes a large variety of traditions that are extremely variable, but all include
the conscious focus or awareness of attention. By maintaining their attention, meditators
experience both acute and long-term changes in physiology, anatomy, and cognitive
performance. The literature shows that the type of performance benefits may depend on
the specific type of mental training. During meditation practice there is a documented
increase in neuronal coordination and slowing of neuronal firing across many regions in the
brain, a similar process to nonREM sleep physiology. Due to these commonalities,
meditation may reduce the homeostatic pressures of sleep need and positively impact sleep
architecture. Poor sleep and sleep loss are known to negatively affect performance, but
meditation may be able to overcome these fatigue-induced detriments. Another factor that
negatively affects performance is excessive stress, which is known to be impacted by
meditation and sleep. The bidirectional relationship of meditation and sleep is apparent, but
the mechanism is still unknown showing a need for more systematic investigations into the
relationship between meditation, sleep, and improved performance. Meditation shares
neurophysiological similarities with sleep, and these processes may have similar effects on
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improving attentional and cognitive performance. Also, limited evidence shows that
performance detriments due to sleep loss may be partially overcome by meditation.
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1. Introduction
The conscious control of attention is the similarity of all meditation traditions, but meditation
has been utilized for a variety reasons related to religion, self-actualization, stress reduction,
and/or improving mental well-being. Meditation comes from a variety of cultures, with some of its
earliest references in India going as far back as 3000 BCE. Since that time, almost all major
religions have developed some form of meditation, showing the pervasive appeal of these
practices.
Meditation research, at least in the “West”, became more popular in the 1960s and 70s when
researchers began looking at the physiology of yogis, and practitioners of Transcendental
meditation (TM) and mindfulness meditations in more detail. Yoga is wide variety of religious and
philosophical traditions that span many centuries in India, with meditative practices focusing on
inner peace or enlightenment achieved in part by reducing distractions due to internal or external
stimuli. TM is a type of concentrative meditation that focuses on a mantra/sound which was
brought to the West in the late 1950’s. Another widely studied type of meditation, mindfulness is
a broad category of practices that focus on external and internal observations without passing
judgement. Both mindfulness and yoga meditations were shown to induce a hypometabolic state,
with practitioners having slower respiration rates, decreased galvanic skin response, and reduced
heart rate [1-3]. TM and other concentrative meditations have also been shown to induce a
hypometabolic state during practice, as compared to baseline conditions [4-6]. These changes
have been attributed to lower sympathetic nervous system activation [7, 8] and increases
parasympathetic activation [9]. These findings are not conclusive with other studies showing
meditation did not change or was even shown to increase heart rate or respiration [10]. The
inconsistency of these results are likely attributed to the variability in meditation practices and
experimental designs.
Studies of this era showed that experienced meditators had different neurophysiology as
compared to non-meditators, with early studies using electroencephalography (EEG) to investigate
the neuronal dynamics during meditation. Early EEG studies show the slowing of cortical neuronal
firing as a result of meditation, resulting in the increased appearance of alpha and theta rhythms
when awake, although the interpretation of this cortical slowing differed between studies [2, 1115]. Specifically, some authors mischaracterized that their EEG traces showed increases in alpha
activity that were described as looking visually similar to early sleep [11, 16, 17]. When subjects
were asked, or when their meditation was interrupted, the meditators reported being awake,
showing that this visual similarity of the signal was misleading and misinterpreted [13]. Other EEG
studies of this time specifically reported that the cortical activity was clearly distinct from sleep
[18, 19].
Page 2/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

During this time, analyses of performance changes and cognition and their relation to
meditation neurophysiology were not systematically studied. Few studies included some reaction
time studies, stating that TM practitioners had faster reaction times than non-meditator groups
[20] and TM practice increases reaction time from baseline [21]. Beyond this, there were
occasional reports of exceptional abilities in long-term meditators. Anand, Chhina, and Singh [11]
reported that a subset of their yogi subjects were more resistant to pain induced by putting one’s
hand in cold water for 45-55 min. The pain response to temperature has been more recently
studied in TM practitioners, showing that experienced meditators and also those with 5 months of
practice had lessened brain activation to painful hot water [22]. Another study of the 1960s,
Kasamatsu and Hirari [2], reported that some Zazen meditators in their study had increased farsighted vision. Other mentions of performance enhancement were seen in that experienced
meditators were found to be able to habituate more quickly to distracting and stressful stimuli,
showing the anxiety reducing properties of meditation [11, 22-24]. Meditation practice was also
shown to acutely reduce levels of anxiety [23, 25]. Although far from systematic, meditation
research did have these occasional mentions of potential performance enhancement.
Meditation research has gained popularity since this time, but there is still much unknown in
this field. The clinical benefits of meditation have been shown in a variety of clinical studies, to
improve insomnia, ADHD, anxiety disorders, and hypertension [26-31]. There have even been
claims that meditation elongates life [32]. Even though the benefits of meditation on disease
states have been shown, there is still very limited data and a general lack of knowledge of the
processes involved in meditation and how they interact with normal or abnormal physiology.
Normal attention and cognitive performance can be impacted by sleep quality and quantity,
meditation experience, and stress. This review will summarize the literature to date on how
meditation’s neurophysiological changes impact attentional and cognitive performance, as well
how meditation and performance interact with sleep.
2. Temporal Aspects of Meditation and Performance
Broadly, meditation traditions can be split into two broad categories based on the object of
focus: focused attention and open monitoring. Concentrative or focused attention (FA)
meditations rely on focus on a single “object” (such as the breath, body part, a single word, or a
mantra). One type of FA is transcendental meditation (TM), which specifically focuses on a mantra
or sound. The other category is, in some sense, the opposite with the focus of open monitoring
(OM) or mindfulness meditations not being on any single stimulus or experience, but having the
intention is to not pass judgment on any stimulus or thought. More recent categorization of
meditation also includes loving kindness meditation as a third distinct type of meditation [33].
Compassion or loving kindness (LK) meditations have elements of both FA and OM meditations,
but with the focus on developing love and kindness toward the self and then extending to others
[33]. Current research broadly considers each different type of meditation to induce specific
neuro-physiological changes. These specifics of each meditation type are outside the scope of this
paper and have been reviewed by others [34-36].
Regardless of the type of meditation, the changes induced by meditation can be broken into
two categories based on timing. State changes are those short-term changes that take place
directly during or after meditation practice. Trait changes, on the other hand, are more permanent
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changes that take place after extensive meditation practice and repetition of the same attentional
processes. These are thoroughly reviewed by Cahn and Polich [34].
2.1 States
When considering the timing of meditation’s effects, those taking place during meditation or
immediately after are classified as state changes. Due to the lack of long term changes due to
meditation, the neurological state changes that directly result from meditation practice can most
easily be studied in novice meditators. Without this experience and long term exposure to
meditation, there are no trait changes to influence the brain and performance. Most state effects
of meditation are directly due to the variable neuronal activity that takes place during the session.
Studies using EEG and fMRI support the notion that each type of meditation has some
characteristic neuronal dynamics; while there are also some similarities, each meditation type has
a different focus resulting in differential neuronal activation. This literature has been reviewed
previously [34, 35, 36].
One widely reported state change indicative of meditation practice are EEG alpha (8-13 Hz)
power increases and increases in alpha synchrony. This indicates the slowing and increasing
coordination of cortical neurons during meditation sessions. Alpha power increase are commonly
seen due to simply closing eyes in the occipital lobe [37-39], but this localization during meditation
is in the frontal and parietal lobes with distinct regionalization based on meditation type [12, 35,
40-42]. The amount of coordination may rely on the amount of meditation experience with
experienced meditators having higher alpha power than novices [2, 36, 43, 44]. This increase in
alpha power has been associated with increased relaxation and attention that takes place during
meditation [34, 45] and can even be induced from simple paced breathing [46, 47]. This increased
prevalence of alpha frequency represents a slowing and coordination of neuronal firing
throughout the cerebral cortex.
This slowing of neuronal firing can even extend into the theta frequency range (4-8 Hz). The
physiological change commonly attributed to FA meditation is increase in EEG theta power [12, 36,
46, 48]. This neuroelectrical activity is similar to that which takes place during attention tasks [49],
complex cognitive tasks [50], and during consciousness and sensory perception [51]. Also during
FA meditation, there is an increase in theta synchronization between prefrontal and posterior
association regions during meditation, showing the coordination of these regions [45, 52], which
are associated with working memory [53, 54] and learning [55]. It is possible that this coordination
of neuronal activity is improving performance after meditation due to the similar
neurophysiological activity between meditation and the task being tested [34].
FA meditations have been shown to increase performance after short training. Due to FA
utilizing attentional processes on a specific object of focus, attentional tasks may be more
susceptible to improvements from FA than other types of meditation. Three weeks of training in
FA (Dhammakaya Buddhist) meditation showed a faster reaction time [56]. This short amount of
training may not be necessary for improved performance; reaction time and psychomotor
vigilance have also been shown to improve after a single FA meditation session [57].
Meditation has been shown to mobilize mental resources and improve information processing.
Attentional blink is a term that describes a deficit in identifying the second of two quickly
presented stimuli, and meditation can lessen this via theta phase synchrony [58]. The mobilization
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of mental resources has been described in the literature to happen specifically after FA
meditations and not after other meditation subtypes [59]. These other types of meditations have
been shown to have performance benefits based on the focus being maintained during
meditation. For example, OM practices are based on a broader attentional scope. Long term OM
meditators have been shown to outperform FA meditators when there was an unexpected
stimulus [60]. OM meditations, although they still involve conscious control of attention, have
broader attention focuses than FA meditation, which could cause the ability to respond more
quickly to unexpected stimuli.
Due to the specifics of each meditation, different types may be limited in their ability to
improve task performance. But, meditation can benefit practitioners in other ways. Two studies
utilized an 8-week Mindfulness-Based Stress Reduction course (MBSR) and showed that subjects
had no differences in attention before and after their training [61, 62]. Even though attention was
not affected, improvements in amounts of mindfulness and emotional well-being were reported
after meditation [61].
OM may not affect attentional performance of normal, well-rested subjects, unlike FA
traditions, but OM may be able to improve attention after sleep deprivation [63]. Losing sleep
decreases attention and increases fatigue and sleepiness [63]. Rather than directly improving
attention regulation and the associated regions in the brain, Kohler and colleagues stated that
mindfulness can increase mental resource mobilization to counteract the increased sleep drive
from lack of sleep [63]. OM meditations have been shown to increase occipital gamma power and
decrease in delta power [64]. This bilateral, frontal decrease in delta power may reflect OM,
decreasing the homeostatic pressure of sleep.
2.2 Traits
Research with long-term meditators brings into question the trait changes from their practice,
and how these changes relate to task performance. One study of experienced Buddhist OM
practitioners analysed their ability to supress interfering information using the Stroop task and d2test of attention. During the Stroop task, subjects must say the color of the text rather than the
word, and the d2-task that has participants cross out the letter “d” with two marks above or below
it. These long-term practitioners showed that they had less Stroop interference than nonmeditators, indicating better cognitive control and control of automatic responses [65]. Another
study shows that this improved performance on the Stroop task demonstrates higher executive
control and better emotional control in meditators of a variety of traditions [66]. Experienced
meditators also performed better on the d2- test, having less errors of omission and commission,
which indicate better attentional and inhibitory control, and better speed and accuracy of
performance [65].
Hodgins and Adair used a large sample of meditators from different traditions [67]. When
compared to non-meditators, the meditators showed less change blindness and were able to
identify changes more quickly. They were also able to think more flexibly when describing an
ambiguous image and were more flexibly able to redirect attention to new information. All of
these data imply better visual perception and flexibility in processing visual information [67].
These performance improvements can be considered trait effects, because the subjects did not
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systematically meditate before testing, meaning performance enhancement is not due to the
immediate effects of mediation.
But are these performance enhancements directly related to meditation experience? A study of
experienced OM Zen meditators showed a correlation between amount of meditation practice
and attention, mindfulness, and awareness [68]. As practitioners become more experienced and
have more extreme trait changes, attentional focus and mindfulness may improve.
These improvements in performance may be due to the functional and anatomical changes
associated with long-term meditation [69, 70]. One physiological trait positively correlated with
meditation practice is increased EEG gamma power. Studies have found that increased EEG
gamma power in the parietal-occipital area takes place in experienced meditators during
meditation but also during rest [71, 72]. FA, OM, and a combined FA/OM meditations have all
been shown to have higher mean gamma power both during meditation and an instructed mindwandering task [72]. Since this happens both during meditation and persists afterward, this
gamma power increase is most likely a trait change.
There have also been some reported anatomical changes due to long-term meditation practice.
Expert meditators have also been found to have changes in cortical thickness in the prefrontal,
frontal, and temporal cortices [73, 74]. These regions are associated with attention, interoception,
and sensory processing, which implies more cognitive function in these processes [73-76].
Meditation also leads to improved coherence between cortical regions, especially in the prefrontal
and frontal regions [34, 39].
The impact on drowsiness and fatigue may also be a trait of meditation. More years of daily OM
meditation have been correlated with less drowsiness during a non-meditative thinking task [64].
This same study showed a correlation between number of daily meditation hours and drowsiness
during meditation [64]. Meditation experience may impact how a person experiences lack of sleep
and general fatigue. To understand how sleepiness and fatigue are impacted by meditation, the
interactions between sleep and meditation must also be understood.
3. Meditation Experience and Sleep
Meditation and its impact on sleep was studied by Mason and colleagues [77] in TM. It was
found that experienced TM meditators had greater REM density and less muscular activity during
deep nREM sleep, as compared to short-training meditation controls [77]. This sample of
experienced practitioners were also shown to have more stage 1 sleep, which is indicative of
worse sleep. The implications of this study is that meditation can in fact impact sleep, although
from this single study it was unclear if their TM meditation improved or worsened sleep.
More recent studies support this idea that experienced meditators may sleep differently than
non-meditators. Total sleep time may be reduced in meditators, but this finding is based on only a
few studies with small sample sizes [57, 71]. Kaul and colleagues used actigraphy and self-report
to determine that their subset of concentrative meditators who meditated over 2hrs per day slept
only 5.2 hours as compared to the 7.8 hours of the non-meditating controls [57]. This effect of
long-term concentrative meditation on sleep amount was also reported by Ferrarelli and
colleagues, with experienced Buddhist meditators sleeping an average of 6.14 hours, as compared
to meditation novices which slept an average of 6.75 hours [71]. In contrast, research in
mindfulness and compassion meditations indicate no differences in total sleep time between longPage 6/18
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term meditators and non-meditator controls [65, 78-80]. It’s unclear if this is due to differences in
meditation practices, as there have been no systematic studies of sleep duration and meditation
experience. These findings raise the question: how does meditation influence sleep? Is this a trait
of meditation experience or a state effect?
3.1 How Can Meditation Impact Sleep?
To determine if sleep is different between meditators and non-meditators, investigations must
be made into the processes that control sleep, either via circadian influences or homeostatic drive.
Meditation may impact melatonin secretion. One study of experienced TM practitioners, showed
that meditation at night can increase melatonin, as compared to a night when they did not
meditate [81]. The subjects in this study meditated during an unusual time, and more research
needs to be completed with meditation during times of normal practice. Another study has shown
that 3 months of yoga and FA meditation training can increase the amplitude of the night-time
melatonin peak [82]. It is unclear by what mechanism meditation can impact melatonin dynamics.
The impact of meditation on other circadian rhythms such as body temperature and sleep timing
has yet to been studied in a comprehensive manner.
It is possible that meditation interacts with sleep via homeostatic processes. The most reliable
measure of sleep need is slow wave activity (SWA) during the first bout of nREM sleep. SWA
during nREM sleep can be predicted almost entirely by the amount of time spent awake, and this
SWA decreases rapidly during nREM sleep [83]. Limited research indicates that meditation
experience may have no effect on delta power during sleep [77, 80], but no one has assessed
acute effects of recent meditation on this process. If meditation works to decrease the
homeostatic pressure of sleep, this may take place in faster frequencies (theta or alpha), as
homeostatically controlled frequencies have been shown to extend from 0.25 to 12 Hz [83], well
beyond the widely accepted delta band (0.25 to 4 Hz).
Investigations into sleep homeostasis and meditation show that long term yogic meditators
have an increase in EEG lower frequency activity during nREM [80]. This study showed that the
amount of increased low frequency activity depended on the amount of sleep. During the first
episode of nREM sleep, meditators were found to have an increase in the EEG theta/alpha range
of the prefrontal and parietal electrodes. But later in the night, during the second nREM episode
and after some sleep debt has been “paid off”, this increase in low frequency wave shifts more
into the delta slow wave frequency [80]. The first increase in the theta/alpha range may mimic the
activity seen during meditation practice. By the third episode of nREM, there was no difference in
low frequency activity between meditators and non-meditators [80]. Each sleep episode pays off
more sleep debt, and the effects of meditation may dissipate as there is less homeostatic
pressure. These studies may be difficult to interpret, as there are likely multiple and potentially
opposing forces. For example, the neuronal synchronization seen in meditation may “pay-off” a
small portion of sleep debt, thus reducing subsequent EEG delta power during initial sleep periods,
but meditation may also reduce stress and improve sleep quality thus leading potentially to
increased EEG delta power. Whether frequencies higher than delta (theta/alpha range) are
relevant to paying off sleep debt is certainly not clear. Careful studies correlating specific
frequency bands over specific cortical regions during meditation and during subsequent sleep may
be able to parse these different processes.
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Vipassana meditators and Kriya yogis have been shown to have increased amount of REM sleep
[78, 79]. This fits into the meditation- homeostasis framework, causing a lesser need for nREM
sleep and allowing them to spend more time in REM sleep. These daily meditators did not have
their meditation practice temporally controlled around the sleep study [78, 79], and this raises
questions on whether their finding was a state or trait effect of meditation on sleep. OM
meditations have been shown to have differences in sleep architecture, although sleep time did
not differ between meditator and non-meditator groups [78-80]. These studies also broke up their
subjects into different age groups [78, 79]. Middle aged Vipassana meditators (31-55 years) had
enhanced amounts of REM sleep as compared to age matched controls [78]. These meditators
also didn’t show the reduced amount of SWS seen in middle aged controls [78]. These effects
seem to continue with more advanced aging, with a follow up study showing that older [50-60
years old] Vipassana meditators also had longer SWS duration and longer REM duration than age
matched controls [79].
Sleep undergoes organizational changes and qualitative declines while aging. Reports show that
older individuals are likely to have decreases in amount of SWS and REM sleep, and have increases
in stage 1 sleep, wake after sleep onset, and sleep fragmentation [84-86]. Aging is also associated
with lesser amplitude of delta power in SWS and lessened amplitudes of circadian rhythms [87,
88]. The causes of these sleep phenomena over the lifespan are poorly understood. This may
partially be due to the increased prevalence of sleep disorders such as insomnia, restless leg
syndrome, nocturia, and other ailments [89-91]. Meditation has been found effective in reducing
the severity of insomnia and restless leg syndrome [92-94]. If meditation is also able to protect
against changes in sleep architecture and sleep duration, then meditation should be investigated
to see if it prevents the cognitive decline seen with decreased sleep amounts [95]. Sleep issues are
starting to be shown to be predictors of cognitive decline [86] and other disorders. There is a need
for more longitudinal studies of experienced meditators and how their sleep and health changes
over their lifespan, with special considerations when they are elderly.
Our current knowledge on meditation’s effect on sleep is skewed based on the few types of
meditation that have been studied thus far. Detailed sleep of long-term Theravada or Tibetan
Buddhism meditators has been directly investigated [71]. These traditions include components of
both OM and FA (with focus on the breath) [71]. It was found that gamma power (25-42 Hz) during
nREM sleep is strongest in the frontal and prefrontal areas and weakest in temporal [71]. In
experienced meditators there was significantly higher gamma activity in parietal-occipital regions
than naïve meditators. This did not take place during the first episode of nREM, but during the
later three nREM episodes across their night. This nREM gamma power is correlated to amount of
daily meditation practice [71]. Higher gamma during sleep could be reflecting that long term
meditators are able to still maintain some activation in the sensory regions and Default Mode
Network allowing them to maintain some level of awareness during sleep [71].
This potential increase of awareness during sleep has yet to be tested directly. Gamma power
increases have also been recorded in the third nREM episode of LK and FA, which may indicate the
traits of meditation in later sleep [80]. Gamma power increases may not be unique to meditators,
as a subset of novices show this, but Lutz and colleagues stated that all experienced LK meditators
in their study had the same increase in gamma power [96]. This may also be a result of this LK
meditation as compared to the changes seen in FA. The literature on gamma power is growing,
since historically gamma power has been filtered from different meditation EEG studies, but more
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recent analysis methods have allowed researchers to be able to distinguish gamma activity from
muscular artifacts and other EEG noise.
EEG theta and alpha frequency oscillations have also been linked to maintenance of
transcendental consciousness or awareness during sleep in TM practitioners, a process called
witnessing sleep [77, 97]. These experienced TM practitioners showed greater theta2 (6-8 Hz)–
alpha1 (8-10 Hz) relative power during nREM sleep [77]. This amount of power shows a graded
effect related to meditation experience, showing a trait of meditation in sleep [77]. More recently,
Dentico and colleagues reported the same greater theta and alpha power in experienced
meditators of both mindfulness and loving-compassion traditions [80]. The increase in theta and
alpha power was visible after 8 hours of meditation during nREM sleep and was considered to be
state changes as a “reactivation of the neuronal activity” during meditation [80]. This brings up the
question if concentrative traditions may interplay with sleep differently than mindfulness or
compassion based meditations. Reported results thus far may be skewed due to the few studies
done on sleep, meditation, and performance.
3.2 Meditation and Sleep Loss
Reaction time and attention tasks are very susceptible to improvements via meditation. But
after sleep loss, reaction time decreases due to fatigue and decreased maintenance of attention.
The PVT, psychomotor vigilance task, measures reaction time and sustained attention in response
to a visual stimulus [98]. Sleep restriction to 5 hours of sleep significantly worsens PVT
performance and PVT lapses [63]. Those who underwent a 21-day meditation training had a
performance boost after a session of meditation, which resulted in reaction times similar to presleep restriction values, and a reduced number of lapses. The non-meditation controls did not get
a performance boost nor a reduction in lapses [63]. Self-reported sleepiness after the sleep
restrictions was reduced due to meditation, but not due to the control condition [63]. Selfreported fatigue or having low energy was also measured and subjects had no difference in
amount of fatigue after meditation or their controls [63].
This same performance enhancing effect have been noted even after a whole night of sleep
deprivation. Novice meditators, with no prior meditation training, underwent a whole night of
sleep deprivation. The sleep deprivation significantly worsened PVT reaction time, but a single
session of FA meditation was able to return reaction times close to baseline values [57]. Because
of this strong effect in novices, meditation’s state changes can overcome some of the deficits due
to sleep loss.
Due to the limited number of studies that looked at sleep deprivation in meditators, limited
conclusions can be drawn. Meditation may be able to return PVT performance close to non-sleep
deprived levels, even in novices. Other performance measures need to be tested. There are no
data on how expert meditators respond to sleep deprivation. Also data need to be gathered on
the neuronal dynamics of these processes after sleep deprivation or restriction.
4. Interactions with Stress
Although anxiety and cognitive performance are not believed to be directly correlated [99],
stress can impact performance and memory [100]. Stress’ impact on performance has conflicting
literature and multiple hypotheses have been posited on this topic [101].
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Those with high anxiety are more prone to distractions and require more effort to complete a
task [102, 103]. Those with higher anxiety have been found to have longer reaction times, but
comparable accuracy relative to those with low anxiety [100]. The attentional control theory
states that stress may impair attentional control by shifting mental resources from the task at
hand and reduces the influence of the goal-directed attentional system [100]. Meditation
experience lowers basal levels of anxiety [104-106] and decreases the response to stress [107109]. Meditation also has been shown to activate areas involved in the relaxation response [110].
If proven, the attention control theory would fit into the meditation and performance paradigm
well, with meditation reducing stress and allowing more attentional resources to be utilized on
task performance, but more research is needed.
Anxiety and sleep have a bidirectional relationship. Stress levels can directly impact sleep, and
the amount and quality of sleep can impact anxiety. András and colleagues [111] found that higher
levels of anxiety can increase sleep latency, reduce amounts of slow wave sleep, and decrease the
amount of REM sleep. Since anxiety negatively impacts sleep, meditation may reduce anxiety
therefore improving sleep and performance. Even one meditation session can increase the
amount of mindfulness and positively affected mood [58, 112]. The next step is for research to
determine if this stress reduction caused by meditation can positively impact sleep as well.
Fragmented circadian rhythms have been associated with increased anxiety disorders in middle
aged and elderly people [113]. As stated earlier, there is a lack of studies on meditation and
circadian rhythms, so further circadian meditation research should also consider anxiety as part of
that equation. At this point, we can say there appears to be multiple interactions between stress,
meditation, sleep and performance. Future work in these areas should investigate causal
interactions more directly.
5. Limits of Meditation and Future Directions
This literature review details the relationship between meditation, sleep, and performance, but
most of these findings are based on very few papers that have limited conclusions. There is much
work that needs to be done to conclusively describe these relationships between meditation,
sleep, and performance.
Meditation can improve attention and emotional wellbeing, but has limitations on its
enhancements, and a dedicated “fan” base that may exaggerate the benefits, or have a vested
interest in positive results. The specific focus of meditation trains the associated regions in the
brain, and may not help processes taking place primarily in unrelated regions. For example, the
ability to improve cardiac interoception (the conscious perception of heart rate) was found to not
be associated with meditation training, although regions associated with interoception are found
to be increased during meditation [61, 114, 115]. Since cardiac interoception tasks are different
than what is practiced during meditation, this may explain the negative results seen. Kohler and
colleagues showed no difference in the Go/No-Go task between meditation and control activity
groups [63]. These subjects practiced FA, Nidra yoga, meditation which is distinct from the
response inhibition to a stimulus that is measured with the Go/No-Go task [116]. These results are
heavily based on the type of meditation, as other meditation practices may impact cardiac
interoception or the Go/No-Go task. The effects of meditation may be very specific and do not
improve all performance ubiquitously.
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Most of the studies included in this review use different types of meditation. Due to the
different neuronal aspects of each meditation subtype, conclusions drawn here are far from
conclusive on how meditation interacts with sleep and on subsequent performance. There is a
need for more systematic study of sleep from those who practice different meditation techniques.
Also, there needs to be more studies that directly compare different meditation types using
multiple panels of cognitive tasks.
It is also unknown how long a single meditation session can impact the meditator. No current
study has charted out the improvement in performance over time. Because the state effect of
meditation is of unknown duration, the trait effects of meditation are difficult to separate from
other influences. Beyond that, trait effects are also difficult to study, partly due to the difficulty of
finding a comparable control group to long-term meditators. There may be certain traits that
predispose someone to successful meditation and getting greater benefits from said meditation
[117]. There are also many different covariables that may vary drastically between long-term
meditators and non-meditators, such as diet, activity level, drug use, amount of motivation, and
the ability to master a task. It is impossible to determine if this is directly due to the meditation
training, or to other differences between groups. Performance studies need to be done on
subjects with meditation experience, but without recent meditation practice. This would allow for
traits to be clearly distinguished from state effects.
As this paper demonstrates sleep, meditation experience, and stress can all impact
performance. Many of these studies have found correlations between these variables, but the
causal relationship is unclear. The ability to meditate effectively and the subsequent performance
boost may depend on stress levels, a previous night’s sleep, circadian factors, or other variables.
Research on meditation is growing, but still has a long way to go.
Acknowledgments
We thank Shreyas Joshi for helping with compiling our sources.
Author Contributions
Both L.E. Guerriero and B.F. O’Hara contributed to the writing and conceptual ideas included in
this manuscript.
Competing Interests
The authors have declared that no competing interests exist.
References
1.
2.
3.

Bagchi BKW, M.A. Simultaneous EEG and other recordings during some yogic practices.
Electroencephalogr Clin Neurophysiol. 1958; 193.
Kasamatsu A, Hirai T. An electroencephalographic study on the zen meditation (Zazen). Folia
Psychiatr Neurol Jpn. 1966; 20: 315-336.
Wallace RK. Physiological effects of transcendental meditation. Science. 1970; 167: 17511754.

Page 11/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

4.

5.
6.
7.
8.
9.
10.

11.
12.
13.

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

Benson H, Steinert RF, Greenwood MM, Klemchuk HM, Peterson NH. Continuous
measurement of O2 consumption and CO2 elimination during a wakeful hypometabolic state.
J Hum Stress. 1975; 1: 37-44.
Elson BD, Hauri P, Cunis D. Physiological changes in yoga meditation. Psychophysiology. 1977;
14: 52-57.
Morse DR, Martin JS, Furst ML, Dubin LL. A physiological and subjective evaluation of
meditation, hypnosis, and relaxation. Psychosom Med. 1977; 39: 304-324.
Davidson JM. The physiology of meditation and mystical states of consciousness. Perspect
Biol Med. 1976; 19: 345-379.
Lang R, Dehof K, Meurer KA, Kaufmann W. Sympathetic activity and transcendental
meditation. J Neural Transm. 1979; 44: 117-135.
Bujatti M, Biederer P. Serotonin, noradrenaline, dopamine metabolites in transcendental
meditation-technique. J Neural Transm. 1976; 39: 257-267.
Das NNG, H. Variations de l'activite electrique du cerveau du coeur et des muscles
quelletiques au cours de la meditation et de l'extase yogique. Electroencephalogr Clin
Neurophysiol. 1957; 6: 211-219.
Anand BKC, G.S.; Singh, B. Some aspects of electroencephalograhic studies in Yogis.
Electroencephalogr Clin Neurophysiol. 1961; 13: 452-456.
Banquet JP. Spectral analysis of the EEG in meditation. Electroencephalogr Clin Neurophysiol.
1973; 35: 143-151.
Hebert R, Lehmann D. Theta bursts: an EEG pattern in normal subjects practising the
transcendental meditation technique. Electroencephalogr Clin Neurophysiol. 1977; 42: 397405.
Ghista DN, Nandagopal D, Ramamurthi B, Das A, Mukherji A, Srinivasan T. Physiological
characterisation of the ‘meditative state’during intuitional practice (the Ananda Marga
system of mediation) and its therapeutic value. Med Biol Eng. 1976; 14: 209-214.
Delmonte M. Electrocoritcal activity and related phenomena associated with meditation
practice: A literature review. Int J Neurosci. 1984; 24: 217-231.
Younger J, Adriance W, Berger RJ. Sleep during transcendental meditation. Percept Mot Skills.
1975; 40: 953-954.
Pagano RR, Rose RM, Stivers RM, Warrenburg S. Sleep during transcendental meditation.
Science. 1976; 191: 308-310.
Corby JC, Roth WT, Zarcone VP, Kopell BS. Psychophysiological correlates of the practice of
Tantric Yoga meditation. Arch Gen Psychiatry. 1978; 35: 571-577.
Barwood T, Empson J, Lister S, Tilley A. Auditory evoked potentials and transcendental
meditation. Electroencephalogr Clin Neurophysiol. 1978; 45: 671-673.
Appelle S, Oswald LE. Simple reaction time as a function of alertness and prior mental activity.
Percept Mot Skills. 1974; 38: 1263-1268.
Holt WR, Caruso JL, Riley JB. Transcendental meditation vs pseudo-meditation on visual
choice reaction time. Percept Mot Skills. 1978; 46: 726.
Orme-Johnson DW, Schneider RH, Son YD, Nidich S, Cho ZH. Neuroimaging of meditation's
effect on brain reactivity to pain. Neuroreport. 2006; 17: 1359-1363.
Puryear HB, Cayce CT, Thurston MA. Anxiety reduction associated with meditation: home
study. Percept Mot Skills. 1976; 42: 527-531.
Page 12/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

24. Goleman D, Schwartz G. Meditation as an intervention in stress reactivity. J Consult Clin
Psychol. 1976; 44: 456.
25. Wallace RK, Benson H. The physiology of meditation. Scientific American. 1972; 226: 84-90.
26. Janssen L, Kan CC, Carpentier PJ, Sizoo B, Hepark S, Grutters J, et al. Mindfulness based
cognitive therapy versus treatment as usual in adults with attention deficit hyperactivity
disorder (ADHD). BMC psychiatry. 2015; 15: 216.
27. Zylowska L, Ackerman DL, Yang MH, Futrell JL, Horton NL, Hale TS, et al. Mindfulness
meditation training in adults and adolescents with ADHD: a feasibility study. J Atten Disord.
2008; 11: 737-746.
28. Miller JJ, Fletcher K, Kabat-Zinn J. Three-year follow-up and clinical implications of a
mindfulness meditation-based stress reduction intervention in the treatment of anxiety
disorders. Gen Hosp Psychiatry. 1995; 17: 192-200.
29. Mitchell JT, McIntyre EM, English JS, Dennis MF, Beckham JC, Kollins SH. A pilot trial of
mindfulness meditation training for ADHD in adulthood: impact on core symptoms, executive
functioning, and emotion dysregulation. J Atten Disord. 2017; 21: 1105-1120.
30. King MS, Carr T, D'Cruz C. Transcendental meditation, hypertension and heart disease. Aust
Fam Physician. 2002; 31: 164.
31. Walton KG, Pugh ND, Gelderloos P, Macrae P. Stress reduction and preventing hypertension:
preliminary support for a psychoneuroendocrine mechanism. J Altern Complement Med.
1995; 1: 263-283.
32. Alexander CN, Langer EJ, Newman RI, Chandler HM, Davies JL. Transcendental meditation,
mindfulness, and longevity: an experimental study with the elderly. J Pers Soc Psychol. 1989;
57: 950.
33. Lippelt DP, Hommel B, Colzato LS. Focused attention, open monitoring and loving kindness
meditation: effects on attention, conflict monitoring, and creativity–A review. Front Psychol.
2014; 5: 1083.
34. Cahn BR, Polich J. Meditation states and traits: EEG, ERP, and neuroimaging studies. Psychol
Bull. 2006; 132: 180-211.
35. Kaur C, Singh P. EEG derived neuronal dynamics during meditation: Progress and challenges.
Adv Prev Med. 2015; 2015: 614723.
36. Lee DJ, Kulubya E, Goldin P, Goodarzi A, Girgis F. Review of the neural oscillations underlying
meditation. Front Neurosci. 2018; 12: 178.
37. Schürmann M, Başar E. Functional aspects of alpha oscillations in the EEG. Int J Psychophysiol.
2001; 39: 151-158.
38. Cantero JL, Atienza M, Salas RM. Human alpha oscillations in wakefulness, drowsiness period,
and REM sleep: different electroencephalographic phenomena within the alpha band.
Neurophysiol Clin. 2002; 32: 54-71.
39. Jian-Zhou Z, Jing-Zhen L, Qing-Nian H. Statistical brain topographic mapping analysis for EEGs
recorded during Qi Gong state. Int J Neurosci. 1988; 38: 415-425.
40. Klimesch W, Doppelmayr M, Schimke H, Pachinger T. Alpha frequency, reaction time, and the
speed of processing information. J Clin Neurophysiol. 1996; 13: 511-518.
41. Dunn BR, Hartigan JA, Mikulas WL. Concentration and mindfulness meditations: unique forms
of consciousness? Appl Psychophysiol Biofeedback. 1999; 24: 147-165.

Page 13/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

42. Lomas T, Ivtzan I, Fu CH. A systematic review of the neurophysiology of mindfulness on EEG
oscillations. Neurosci Biobehav Rev. 2015; 57: 401-410.
43. Takahashi T, Murata T, Hamada T, Omori M, Kosaka H, Kikuchi M, et al. Changes in EEG and
autonomic nervous activity during meditation and their association with personality traits. Int
J Psychophysiol. 2005; 55: 199-207.
44. Arambula P, Peper E, Kawakami M, Gibney KH. The physiological correlates of Kundalini Yoga
meditation: a study of a yoga master. Appl Psychophysiol Biofeedback. 2001; 26 : 147-153.
45. Aftanas L, Golocheikine S. Human anterior and frontal midline theta and lower alpha reflect
emotionally positive state and internalized attention: high-resolution EEG investigation of
meditation. Neurosci Lett. 2001; 310: 57-60.
46. Stancák JA, Pfeffer D, Hrudfová L, Sovka P, Dostálek C. Electroencephalographic correlates of
paced breathing. Neuroreport. 1993; 4: 723-726.
47. Fumoto M, Sato-Suzuki I, Seki Y, Mohri Y, Arita H. Appearance of high-frequency alpha band
with disappearance of low-frequency alpha band in EEG is produced during voluntary
abdominal breathing in an eyes-closed condition. Neurosci Res. 2004; 50: 307-317.
48. Mizuki Y, Tanaka M, Isozaki H, Nishijima H, Inanaga K. Periodic appearance of theta rhythm in
the frontal midline area during performance of a mental task. Electroencephalogr Clin
Neurophysiol. 1980; 49: 345-351.
49. Kubota Y, Sato W, Toichi M, Murai T, Okada T, Hayashi A, et al. Frontal midline theta rhythm
is correlated with cardiac autonomic activities during the performance of an attention
demanding meditation procedure. Brain Res Cogn Brain Res. 2001; 11: 281-287.
50. Mizuhara H, Wang L-Q, Kobayashi K, Yamaguchi Y. A long-range cortical network emerging
with theta oscillation in a mental task. Neuroreport. 2004;15:1233-1238.
51. Kjaer TW, Bertelsen C, Piccini P, Brooks D, Alving J, Lou HC. Increased dopamine tone during
meditation-induced change of consciousness. Brain Res Cogn Brain Res. 2002; 13: 255-259.
52. Aftanas LI, Golosheikin SA. Changes in cortical activity in altered states of consciousness: the
study of meditation by high-resolution EEG. Hum Physiol. 2003; 29: 143-151.
53. Sarnthein J, Petsche H, Rappelsberger P, Shaw G, Von Stein A. Synchronization between
prefrontal and posterior association cortex during human working memory. PNAS. 1998; 95:
7092-7096.
54. Klimesch W. EEG alpha and theta oscillations reflect cognitive and memory performance: a
review and analysis. Brain Res Rev. 1999; 29: 169-195.
55. Laukka SJ, Järvilehto T, Alexandrov YI, Lindqvist J. Frontal midline theta related to learning in a
simulated driving task. Biol Psychol. 1995; 40: 313-320.
56. Sudsuang R, Chentanez V, Veluvan K. Effect of Buddhist meditation on serum cortisol and
total protein levels, blood pressure, pulse rate, lung volume and reaction time. Physiol Behav.
1991; 50: 543-548.
57. Kaul P, Passafiume J, Sargent RC, O'Hara BF. Meditation acutely improves psychomotor
vigilance, and may decrease sleep need. Behav Brain Funct. 2010; 6: 47.
58. Slagter HA, Lutz A, Greischar LL, Nieuwenhuis S, Davidson RJ. Theta phase synchrony and
conscious target perception: impact of intensive mental training. J Cogn Neurosci. 2009; 21:
1536-1549.
59. Johnson S, Gur RM, David Z, Currier E. One-session mindfulness meditation: a randomized
controlled study of effects on cognition and mood. Mindfulness. 2015; 6: 88-98.
Page 14/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

60. Valentine ER, Sweet PL. Meditation and attention: A comparison of the effects of
concentrative and mindfulness meditation on sustained attention. Ment Health Relig Cult.
1999; 2: 59-70.
61. Anderson ND, Lau MA, Segal ZV, Bishop SR. Mindfulness‐based stress reduction and
attentional control. Clin. Psychol. Psychother. 2007; 14: 449-463.
62. Melloni M, Sedeño L, Couto B, Reynoso M, Gelormini C, Favaloro R, et al. Preliminary
evidence about the effects of meditation on interoceptive sensitivity and social cognition.
Behav Brain Funct. 2013; 9: 47.
63. Kohler M, Rawlings M, Kaeding A, Banks S, Immink MA. Meditation is effective in reducing
sleepiness and improving sustained attention following acute sleep restriction. J Cogn
Enhanc. 2017; 1: 210-218.
64. Cahn BR, Delorme A, Polich J. Occipital gamma activation during vipassana meditation. Cogn
Process. 2010; 11: 39-56.
65. Moore A, Malinowski P. Meditation, mindfulness and cognitive flexibility. Conscious Cogn.
2009; 18: 176-186.
66. Teper R, Inzlicht M. Meditation, mindfulness and executive control: the importance of
emotional acceptance and brain-based performance monitoring. Soc Cogn Affect Neurosci.
2012; 8: 85-92.
67. Hodgins HS, Adair KC. Attentional processes and meditation. Consciousness and cognition.
2010; 19: 872-878.
68. Hauswald A, Übelacker T, Leske S, Weisz N. What it means to be Zen: Marked modulations of
local and interareal synchronization during open monitoring meditation. NeuroImage. 2015;
108: 265-273.
69. Lutz A, Slagter HA, Rawlings NB, Francis AD, Greischar LL, Davidson RJ. Mental training
enhances attentional stability: neural and behavioral evidence. J Neurosci. 2009; 29: 1341813427.
70. Hölzel BK, Carmody J, Vangel M, Congleton C, Yerramsetti SM, Gard T, et al. Mindfulness
practice leads to increases in regional brain gray matter density. Psychiatry Res
Neuroimaging. 2011; 191: 36-43.
71. Ferrarelli F, Smith R, Dentico D, Riedner BA, Zennig C, Benca RM, et al. Experienced
mindfulness meditators exhibit higher parietal-occipital EEG gamma activity during NREM
sleep. PLoS One. 2013; 8: e73417.
72. Braboszcz C, Cahn BR, Levy J, Fernandez M, Delorme A. Increased gamma brainwave
amplitude compared to control in three different meditation traditions. PloS one. 2017; 12:
e0170647.
73. Lazar SW, Kerr CE, Wasserman RH, Gray JR, Greve DN, Treadway MT, et al. Meditation
experience is associated with increased cortical thickness. Neuroreport. 2005; 16: 1893.
74. Kang D-H, Jo HJ, Jung WH, Kim SH, Jung Y-H, Choi C-H, et al. The effect of meditation on brain
structure: cortical thickness mapping and diffusion tensor imaging. Soc Cogn Affect Neurosci.
2012; 8: 27-33.
75. Davidson RJ, Kabat-Zinn J, Schumacher J, Rosenkranz M, Muller D, Santorelli SF, et al.
Alterations in brain and immune function produced by mindfulness meditation. Psychosom
Med. 2003; 65: 564-570.

Page 15/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

76. Pagnoni G, Cekic M. Age effects on gray matter volume and attentional performance in Zen
meditation. Neurobiol Aging. 2007; 28: 1623-1627.
77. Mason LI, Alexander CN, Travis FT, Marsh G, Orme-Johnson D, Gackenbach J, et al.
electrophysiological correlates of higher states of consciousness during sleep in long-term:
practitioners of the transcendental meditation program. Sleep. 1997; 20: 102-110.
78. Sulekha S, Thennarasu K, Vedamurthachar A, Raju TR, Kutty BM. Evaluation of sleep
architecture in practitioners of Sudarshan Kriya yoga and Vipassana meditation. Sleep and
Biological Rhythms. 2006; 4: 207-214.
79. Pattanashetty R, Sathiamma S, Talakkad S, Nityananda P, Trichur R, Kutty BM. Practitioners of
vipassana meditation exhibit enhanced slow wave sleep and REM sleep states across
different age groups. Sleep Biol Rhythms. 2010; 8: 34-41.
80. Dentico D, Ferrarelli F, Riedner BA, Smith R, Zennig C, Lutz A, et al. Short meditation trainings
enhance non-REM sleep low-frequency oscillations. PLoS One. 2016; 11: e0148961.
81. Tooley GA, Armstrong SM, Norman TR, Sali A. Acute increases in night-time plasma melatonin
levels following a period of meditation. Biol Psychol. 2000; 53: 69-78.
82. Harinath K, Malhotra AS, Pal K, Prasad R, Kumar R, Kain TC, et al. Effects of Hatha yoga and
Omkar meditation on cardiorespiratory performance, psychologic profile, and melatonin
secretion. J Altern Complement Med. 2004; 10: 261-268.
83. Aeschbach D, Borbely AA. All‐night dynamics of the human sleep EEG. J Sleep Res. 1993; 2:
70-81.
84. Scullin MK, Gao C. Dynamic contributions of slow wave sleep and REM sleep to cognitive
longevity. Curr Sleep Med Rep. 2018; 4: 284-293.
85. Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis of quantitative sleep
parameters from childhood to old age in healthy individuals: developing normative sleep
values across the human lifespan. Sleep. 2004; 27: 1255-1273.
86. Scullin MK, Bliwise DL. Sleep, cognition, and normal aging: integrating a half century of
multidisciplinary research. Perspect Psychol Sci. 2015; 10: 97-137.
87. Bliwise DL, Scullin MK. Normal Aging. In: Kryger MH, Roth T, eds. Principles and practices of
sleep medicine. 6th ed. Philadelphia: Elsevier; 2017. p. 25-38.
88. Richardson GS, Carskadon MA, Orav EJ, Dement WC. Circadian variations of sleep tendency in
elderly and young adult subjects. Sleep. 1982; 5: 82-94.
89. Foley DJ, Monjan AA, Brown SL, Simonsick EM, Wallace RB, Blazer DG. Sleep complaints
among elderly persons: an epidemiologic study of three communities. Sleep. 1995; 18: 425432.
90. Högl B, Kiechl S, Willeit J, Saletu M, Frauscher B, Seppi K, Müller J, Rungger G, Gasperi A,
Wenning G, Poewe W. Restless legs syndrome: a community-based study of prevalence,
severity, and risk factors. Neurology. 2005; 64: 1920-1924.
91. Bliwise DL, Foley DJ, Vitiello MV, Ansari FP, Ancoli-Israel S, Walsh JK. Nocturia and disturbed
sleep in the elderly. Sleep med. 2009; 10: 540-548.
92. Gong H, Ni CX, Liu YZ, Zhang Y, Su WJ, Lian YJ, Peng W, Jiang CL. Mindfulness meditation for
insomnia: A meta-analysis of randomized controlled trials. J Psychosom Res. 2016; 89: 1-6.
93. Innes KE, Selfe TK, Agarwal P, Williams K, Flack KL. Efficacy of an eight-week yoga intervention
on symptoms of restless legs syndrome (RLS): A pilot study. J Altern Complement Med. 2013;
19: 527-535.
Page 16/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

94. Bablas V, Yap K, Cunnington D, Swieca J, Greenwood KM. Mindfulness-based stress reduction
for restless legs syndrome: A proof of concept trial. Mindfulness. 2016; 7: 396-408.
95. Ferrie JE, Shipley MJ, Akbaraly TN, Marmot MG, Kivimäki M, Singh-Manoux A. Change in sleep
duration and cognitive function: Findings from the Whitehall II Study. Sleep. 2011; 34: 565573.
96. Lutz A, Greischar LL, Rawlings NB, Ricard M, Davidson RJ. Long-term meditators self-induce
high-amplitude gamma synchrony during mental practice. PNAS. 2004; 101: 16369-16373.
97. Travis F. The junction point model: A field model of waking, sleeping, and dreaming, relating
dream witnessing, the waking/sleeping transition, and Transcendental Meditation in terms of
a common psychophysiologic state. Dreaming. 1994; 4: 91.
98. Dorrian J, Rogers N, Dinges D, Kushida C. Psychomotor vigilance performance: Neurocognitive
assay sensitive to sleep loss. In: Sleep deprivation: Clinical issues, pharmacology and sleep
loss effects. NY: Marcel Dekker, Inc.; 2005. p. 39-70.
99. Takizawa R, Nishimura Y, Yamasue H, Kasai K. Anxiety and performance: the disparate roles of
prefrontal subregions under maintained psychological stress. Cerebral Cortex. 2013; 24:
1858-1866.
100. Eysenck MW, Derakshan N, Santos R, Calvo MG. Anxiety and cognitive performance:
attentional control theory. Emotion. 2007; 7: 336.
101. Eysenck MW, Derakshan N. New perspectives in attentional control theory. Pers Individ Dif.
2011; 50: 955-960.
102. Elliman NA, Green MW, Rogers PJ, Finch GM. Processing-efficiency theory and the workingmemory system: Impairments associated with sub-clinical anxiety. Pers Individ Dif. 1997; 23:
31-35.
103. Pacheco-Unguetti AP, Lupiáñez J, Acosta A. Atención y ansiedad: relaciones de la alerta y el
control cognitivo con la ansiedad rasgo. Psicológica. 2009; 30: 1-25.
104. Smith JC. Psychotherapeutic effects of transcendental meditation with controls for
expectation of relief and daily sitting. J Consult Clin Psychol. 1976; 44: 630-637.
105. Mohan A, Sharma R, Bijlani RL. Effect of meditation on stress-induced changes in cognitive
functions. J Altern Complement Med. 2011; 17: 207-212.
106. Burger KG, Lockhart JS. Meditation's effect on attentional efficiency, stress, and mindfulness
characteristics of nursing students. J Nur Edu. 2017; 56: 430-434.
107. Dillbeck MC, Orme-Johnson DW. Physiological differences between transcendental
meditation and rest. Am Psychol. 1987; 42: 879-881.
108. Tang Y-Y, Ma Y, Wang J, Fan Y, Feng S, Lu Q, et al. Short-term meditation training improves
attention and self-regulation. Proc Natl Acad Sci USA. 2007; 104: 17152-17156.
109. Singh Y, Sharma R, Talwar A. Immediate and long-term effects of meditation on acute stress
reactivity, cognitive functions, and intelligence. Altern Ther Health Med. 2012; 18: 46-53.
110. Lazar SW, Bush G, Gollub RL, Fricchione GL, Khalsa G, Benson H. Functional brain mapping of
the relaxation response and meditation. Neuroreport. 2000; 11: 1581-1585.
111. András H, Anna S, Montana X, Lanquart JP, Hubain P, Flamand M, et al. Egyéni különbségek az
alvási makrostruktúrában: A szorongás, a depresszió, az öregedés és a nem hatása.
Neuropsychopharmacol Hung. 2015; 17: 146-156.
112. Elder C, Nidich S, Moriarty F, Nidich R. Effect of transcendental meditation on employee
stress, depression, and burnout: a randomized controlled study. Perm J. 2014; 18: 19-23.
Page 17/18

OBM Integrative and Complementary Medicine 2019; 4(2), doi:10.21926/obm.icm.1902031

113. Luik AI, Zuurbier LA, Direk N, Hofman A, Van Someren EJ, Tiemeier H. 24‐hour activity rhythm
and sleep disturbances in depression and anxiety: A population‐based study of middle‐aged
and older persons. Depress Anxiety. 2015; 32: 684-692.
114. Nielsen L, Kaszniak AW. Awareness of subtle emotional feelings: a comparison of long-term
meditators and nonmeditators. Emotion. 2006; 6: 392-405.
115. Khalsa SS, Rudrauf D, Damasio AR, Davidson RJ, Lutz A, Tranel D. Interoceptive awareness in
experienced meditators. Psychophysiology. 2008; 45: 671-677.
116. Simmonds DJ, Pekar JJ, Mostofsky SH. Meta-analysis of Go/No-go tasks demonstrating that
fMRI activation associated with response inhibition is task-dependent. Neuropsychologia.
2008; 46: 224-232.
117. Pace TW, Negi LT, Adame DD, Cole SP, Sivilli TI, Brown TD, et al. Effect of compassion
meditation on neuroendocrine, innate immune and behavioral responses to psychosocial
stress. Psychoneuroendocrinology. 2009; 34: 87-98.

Enjoy OBM Integrative and Complementary
Medicine by:
1. Submitting a manuscript
2. Joining in volunteer reviewer bank
3. Joining Editorial Board
4. Guest editing a special issue

OBM Integrative and Complementary Medicine

For more details, please visit:
http://www.lidsen.com/journals/icm

Page 18/18

