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ABSTRACT

BACKGROUND

Cyclic meditation (CM) is a technique in which yoga postures are interspersed with
periods of supine rest in recurring cycles. Earlier studies have shown that CM is a potent
stress reduction strategy with facilitated cognitive performance. Such mind-modifying
practiced during the day may influence night — time sleep. Hence, the present study aimed

at studying quality of sleep following the practice of CM and supine rest.

AIM AND OBJECTIVES

The present study was designed to

e To compile the ancient information on sleep from ancient Indian scriptures and
allied literature.

e To study whether practicing cyclic meditation would influence the sleep structure
in normal persons.

e To compare the effects of practicing cyclic meditation in the day time with the

effects of supine rest practice, on the heart rate variability during sleep.

SUBJECTS AND DESIGN

Whole night polysomnography measures and the self-rating of sleep were studied on the
night following a day in which the participants practised cyclic meditation twice
(approximately 23 minutes each time). This was compared to another night when they had

two, equal duration sessions of supine rest (SR) on the preceding day. Recordings were




made on thirty volunteers (all males, group mean age = S.D., 26.3 + 4.6 years), from F4,
C4 and O, celectrode sites (EEG) referenced to linked earlobes, and bipolar
electroculography (EOG) and electromyography (EMG) sites. The sessions were one day
apart and the order of sessions was randomized. HRV was recorded (i) while awake and
(i1) during six hours of sleep (based on EEG, EMG and EOG recordings). This was

similarly recorded for the night's sleep following the day time practice of SR.

RESULTS

On the night following CM practice the percentage of slow wave sleep (SWS) was
significantly more than the night following relaxation in SR, the percentage of rapid eye
movement (REM) sleep was less, and the number of awakenings per hour was also less.
Following CM the self rating of sleep based on visual analog scales showed an increase in
the feeling that sleep was refreshing, an increase in feeling ‘good’ in the morning, an
impression of an overall increase in sleep duration, a decrease in the degree to which sleep
was influenced by being in a laboratory, as well as any associated discomfort. During the
night following day time CM practice there were the following changes; a decrease in heart
rate, LF power (n.u.), an increase in the HF power (n.u.) and, the total index of NN
intervals, TINN (p<0.001), in many cases, comparing sleep following CM compared with

sleep following SR). No change was seen on the night following SR.




CONCLUSION
Practicing cyclic meditation twice a day appeared to improve the objective and subjective
quality of sleep on the following night and a shift towards parasympathetic dominance

during sleep on the following night.




Meditation has been shown to reduce stress and increase feelings of peace and calm
(Oman, et al., 2008). This suggests several applications and possible benefits related to
practicing meditation. One of them is possibly an improvement in sleep. This assumption
may be made based on the fact that real-world stress influenced cardiorespiratory
functions during sleep, hence influencing the restorative function of sleep (Sakakibara, et
al., 2008). In keeping with this, meditation techniques have been found to improve the
quality of sleep, though this was chiefly based on subjective measures (Winbush, Gross
& Kreitzer, 2007).

The association between sleep and meditation has been of interest and an early
study actually showed that experienced practitioners of Transcendental Meditation (TM)
spent appreciable parts of meditation sessions in sleep stages 2, 3, and 4 (Pagano, et al.,
1976). However, this did not further the understanding about whether practicing
meditation can actually alter the sleep structure. A more recent study on TM
practitioners, using standard polysomnography did attempt to answer this question
(Mason, et al., 1997). There were eleven long term practitioners, nine short term
practitioners, and eleven non practitioners. While there were no significant differences
between groups in standard sleep measures, visual inspection of slow EEG records did
show specific differences between the groups for the first three cycles of stages 3 and 4
slow wave sleep. Long term practitioners had significantly greater theta 2-alpha 1 relative
power than the other two groups. In this report the increased theta-alpha activity co-
existing with delta activity of deep sleep was interpreted as suggestive of the practitioners

having reached periods of transcendental consciousness.




Changes in sleep architecture related to the practice of meditation were described in
another study (Sulekha, et al., 2006). Meditators were categorized as young (with ages
between 20 and 30 years) and middle — aged (ages between 31 and 55 years).
Comparisons were made with age-matched non-meditators. Middle-aged practitioners of
two types of meditation techniques [viz. Vipassana and Sudarshan Kriya Yoga (SKY)]
spent 12.0 percent of time in slow wave sleep (S3 and S4) compared to age matched non-
meditators, who spent 3.7 percent of time in those stages. Vipassana meditators also
spent significantly more time in rapid eye movement (REM) sleep compared to SKY
meditators and non-meditators. The study was interpreted as suggesting that yoga
practice helps to retain slow wave sleep and enhance the REM sleep state in middle-aged
meditators.

The recovery experiences during leisure time, sleep, and affect the next morning
are inter-related (Sonnetag, Binnewies & Mojza, 2008). Psychological detachment from
work on the preceding day predicted negative activation and fatigue the next morning,
whereas mastery experiences during the evening predicted positive activation, while
relaxation predicted serenity. Also, the quality of sleep showed a relation with all
affective variables. The results hence suggest that events on a particular day impact the
quality of sleep at night and the affect the following day. Various factors of diverse
behavioral and chemical origins are known to influence sleep (Jurkowski & Bobek-
Billwicz, 2007). Among the well recognized factors are sleep deprivation and high
intensity exercise (Dworak, et al., 2007).

In persons with sleep-onset and/or sleep-maintenance insomnia, as well as those

with primary or secondary insomnia, eight weeks of yoga practice improved the sleep




efficiency, total sleep time, total wake time, sleep onset latency, and the wake time after
sleep onset (Khalsa, 2004).

Also, a combination of yoga practices (i.e., physical postures, voluntarily
regulated breathing, relaxation techniques, and lectures on yoga philosophy), improved
the self-rated quality of sleep in older persons, compared to a group receiving an
ayurveda poly-herbal preparation and another wait-list control group (Manjunath &
Telles, 2005). The following benefits were self-rated by the older participants after six
months of yoga practice viz., a decrease in the time taken to fall asleep, an increase in the
total number of hours slept and in the feeling of being rested in the morning.

Among yoga techniques, meditation particularly has been shown to reduce stress
and increase feelings of calm (Oman, et al., 2008). Meditation in fact, forms the sixth and
seventh stages of the eight limbs (astanga) described by the sage Patanjali [Patanjali,
circa 900 B.C.] (Taimini, 1986). While many practitioners do learn meditation directly,
others find it easier to pass through the other stages, learning yoga postures (asanas) and
regulated breathing (pranayamas), first (Nagendra & Nagarathna, 1997). For those who
find it difficult to commence the practice of meditation there are two possible risks. Some
people may find that they feel drowsy and even fall asleep other people may have a series
of thoughts rushing through their minds preventing them getting into a meditative state.
For this reason a technique of ‘moving meditation’, which combines the practice of yoga
postures with guided meditation was devised, called cyclic meditation (CM), by H.R.
Nagendra, Ph.D., which is conducive to getting into a meditative state. This technique has
its’ origin in an ancient Indian text, Mandukya Upanishad (Chinmayananda, 1984a). It is

interesting to note that CM does induce a quiet state of mind, which is compatible with




the description of meditation (dhyana or effortless expansion), according to Patanjali.
This description states that ‘Tatra pratyayaikatanata dhyanam’ (Patanjali’s Yoga Sutras,
Chapter 3: Verse 2). This means that the uninterrupted flow of the mind towards the
object chosen for meditation is dhyana (Taimini, 1986). Indeed, all meditations,
irrespective of the strategies involved are believed to help reach this state. There are
several strategies in meditation. These include breath awareness, awareness of internal
sensations, directing the attention to a mantra or a koan, and keeping the eyes open with
the gaze fixed on the object of meditation, among other methods.

This technique i.e., CM consists of recurring cycles of physical postures (asanas)
and supine rest in a meditative state of mind. In normal volunteers cyclic meditation
practice reduced psychophysiological arousal based on a decrease in oxygen consumption
(Telles, Reddy & Nagendra, 2000; Sarang & Telles, 2006a); and changes in the heart rate
variability suggestive of a shift towards vagal dominance (Sarang & Telles, 2006b).
Despite these changes suggestive of reduced physiological arousal, practitioners
performed better in a cancellation task requiring selective attention (Sarang & Telles,
2007) and showed an increase in the P300 event related potential amplitude following
the practice (Sarang & Telles, 2006¢), also suggestive of enhanced sustained and
selective attention.

More directly a two-day yoga program which involved the practice of cyclic
meditation decreased occupational stress levels and baseline autonomic arousal (Vempati
& Telles, 2000). Specifically, when participants were categorized based on the

occupational stress index (OSI) at baseline, those with high OSI levels showed a decrease




in breath rate and a change in the heart rate variability suggestive of vagal dominance,
while those with low OSI levels to begin with showed no change.

There have been studies which have shown that day time stress influences the
sympathetic/parasympathetic ~ balance  during sleep. For example, reduced
parasympathetic activity, based on the heart rate variability was recorded during sleep in
the symptomatic phase of severe premenstrual syndrome (Baker, Colarin & Trinder,
2008).

Hence, considering that (i) day time activities influence sleep, including the level
of parasympathetic activity during sleep, and (ii) cyclic meditation is a relatively easy to
learn technique which influences the heart rate variability, with specific changes
associated with the levels of mental stress and cyclic meditation appears to help in stress
reduction and since stress influences sleep the present study was designed to compare the
effects of practicing cyclic meditation in the day time with the effects of supine rest
practice, on the heart rate variability during sleep and to study whether practicing cyclic

meditation would influence the sleep structure in normal persons.




“A sleep that intimates death in his repose”, writes Sri Aurobindo in describing our
ordinary sleep which is characterized by a fall into a state of semi-consciousness and a
discontinuity of conscious existence. In contrast to ordinary sleep of the yogi in which
there is full and unbroken consciousness while the outer being —physical, vital and
mental-is in a state of complete repose.

The spiritual value of sleep, however, does not depend solely on one’s ability to
understand one’s dreams. As previously stated, sleep is going inward and entering inner
realms of our being which are not aware of in our waking state because the physical
consciousness which dominates our waking state because the physical consciousness
which dominates our waking state is too much turned to things of the outer world. Thus,
“sleep gives us a right of secret entry’’ to deeper parts of our being which are normally
sealed to our waking consciousness. In ordinary sleep, in which the being is submerged in
the subconscious, we do not become aware of these deeper parts of our being. But if one
can learn to make sleep more and more conscious (Dalal, 2004).

Sleep is a valuable opportunity to become conscious within because it is easier to
do so in sleep than in the waking consciousness. The immobility and semi-consciousness
of the outer being during sleep enables the inner being to become “independent of the
physical form, conscious in itself and master of its own life.”

The agility of our mind flashes innumerable varieties of thoughts and
imaginations in the awakened state. Random reflections of similar fluctuations continue
in the subconscious state of sleep too and manifest their arbitrary mingling in variegated
expressions of dreams in general. Therefore, dreams most often appear vague and
meaningless. Unfolding the secrets of this free entertainment has been the center of

attraction of the inquisitive human mind since the time of yore. Equally important has




been the quest for identifying the nature, cause and mode of interpretation of the rare but
significant occurrence of meaningful dream.

In the early days of modern civilization, people in some parts of the occident
world used to believe that during the state of the deep sleep the soul traverses in a ‘new’
world out of the body. The information gathered by it during this visit of the
extraterrestrial world is expressed via dreams. So strong was this conviction that waking
up someone fast asleep was regarded risky because of the apprehension that his soul may
not have returned to his body before its ‘scheduled time’ and so waking up during this
period may amount to his untimely death (Acharya, 2005).
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Pramanaviparyayavikalpanidrasmrtayah 1611
Modification of mind is of four types and they are right knowledge, wrong knowledge,

fancy, sleep and memory. [P.Y.S.1.6]
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Bahisprajiiayo vibhurvisva hyantah prajiiastu taijasah ghanaprajiiastatha
prajiiaya eka eva tridha smyrrtah |1 111
Viswa, the first quarter (Pada) is he who is all pervading and who experiences the

external , the gross objects (the Waker) . Taijasa, the second quarter ( Pada), is he who
cognizes the internal , the subtle bodies ( the dreamer) . Prajnya is he, who is a mass of
consciousness . He is one alone who is thus known as three in the different planes of

consciousness. [M.K.1.1]
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Pra tadvoce amrtam tu vidvan gandharvo nama nihitam grhasu |
trini pada nihita grhasu yastadveda sabituh pita sat 111511




He in whom this universe originates and into whom it is absorbed . He who exist as the
warp and woof in all creadted beings. He by whom the three states of waking , dream,
and deep sleep are appointed in the intellects hidden in creature. He in whom the universe
finds a singe place of rest having seen that Paramatman , the Gandhrva named vena
became a true knower of all the worlds and proclaimed (to the desciples for the first time)
that reality as immortal. He who knows that all pervesive one becames worthy of

receiving the honour due to a father even from his own natural father. [M.N.U.1.15]

2.1 JAGRAT (THE WAKING STATE)
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Jagaritasthano bahisprajiiah saptanga ekonabimsatimukhah sthula
bhugbaisvanarah prathamah padah |1 3 11
The first quarter is vaisvanarah whose sphere of activity is the waking state, who is

conscious of the external world of objects, who has seven limbs and nineteen mouths, and

who enjoys the gross objects of the world. [M.K.1.3]
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Jagradabrtabapi tvantascetasa kalpitari tvasat |

bahiscetaogrhitarir sadyuktam baitathyametayaohl| 1011
Even in the waking state, whatever is imagined by the inner consciousness is false and

whatever is perceived by the outer consciousness is true. It is reasonable that both these

should be unreal. [M.K.2.10]
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Yatha svapne duyabhasam spandate mayaya manahl
tatha jagradaduyabhasarii spandate mayaya manah!129]|




As in dream the mind vibrates, as though having dual aspects, so in the waking state the

mind vibrates as through with two facets. [M.K.3.29]
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Caraifijagarite jagraddiksu bai dasasu sthitan |
andajan svedajan ba'pi jibanpasyati yansadall65]1
Jagracciteksaniyaste na bidyante tatah prthak!|

tatham tadadrsyamebedam jagratascitamisyatel|66]|
The creatures be they born from eggs or from moisture which the experiencer of the

waking state ever sees as existing in all the ten directions, While he is roaming in the
places of the waking state are but the objects of perception to the consciousness of the
man in the waking state, and they do not exist separately from that consciousness.
Similarly, this consciousness of the waking man is admitted to be only an object of
perception to the waking man. [M.K.4.65,66]
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Sabastu sopalambham ca diiyam laokikamisyate |

abastu sopalambhari ca Sudgham laokikamisyate | 18711
The ordinary (waking) state is admitted to be that quality, coexisting with things of

empirical reality and fit to be experienced. The object less ordinary (dream) state is

admitted to be without any object and yet as though full of experience. [M.K.4.87]
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Yatha svapnamayo jivo jayate mriyate'api ca |
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As dream jiva comes into being and disaapears , so also all egoes available in our waking

state appear and disappear. [M.K.4.68]
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Yatha mayamyo jivo jayate mriyate’api ca |
tatha jtva ami sarve bhavanti na bhavanti callll 6911
As the conjured up entity comes into being and passes away , so also all the jivas

perceived our waking hours appear and disappear. [M.K.4.69]
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Yatha nirmitako jivo jayate mriyate’api ca |
tatha jiva ami sarve bhavanti na bhavanti callll 7011
As all artificial ego centers come into being and pass away , so also all the jivas perceived

in the waking condition appear and disappear. [M.K.4.70]
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Savastu sopalambham ca dvayam laukik misyate |

avastu sopalambharir ca suddham laukika misyate 11 87 |1
Vedanta recognized the empirical state of waking in which plurality made up of the

contacts with the objects and ideas is known. If further recognizes another subtle state in
which is experienced a plurality, wherein the ideas come in contact with objects which do
not really exist. [M.K.4.87]
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Vaidharmydacva na svapnadivatl|| 2911
Consciousness between the waking and the dream state the experience of the waking

state is not like dreams etc. [B.S.1.29]
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Sandhye srstiraha |1 111
In the intermediate stage ( between waking and deep sleep there is a real) creation ,

because the sruti says so. [B.S.2.1]
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Mayamatrar tu kartsnyenanabhivyaktasvarupatvat!|3||
But ( the dream world is) mere illusion on account of its nature not being manifest with

the totality ( attributes of the waking state). [B.S.2.3]
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Sa eva tu karmanusmrtisabdavidhibhyah 11911
But the selfsame soul (returns from Brahman after susupti on account of work, memory ,

scriptural authority, and precept. [B.S.2.9]

2.2 SVAPNA (THE DREAM SLEEP)
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Svapnasthano ntahprajiiah saptanga ekonabimsatimukhah

prabibikta bhuktaijaso dditiyah padahl|4||
Taijasa 1is the second quarter, whose sphere (of activity) is the dream state, whose

consciousness is internal who is possessed of seven limbs and nineteen mouths and
enjoys subtle objects. [M.K.1.4]
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Vibhutim prasavam tvanye manyante sruisticintakah svapnamayasarupeati
srustiranyaieirvikalpitall 711
Some creationists believe it to be the projection of the glory of Gods own superhuman

power, while others consider the world to be of the same nature as dream or illusion.

[M.K.1.7]
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Anytha gruhnatah suapnoae nidra tatvamajanatah |

viparyase tayoh ksine turtyam padamasnutel|1511
Dream is the misapprehension of reality, sleep is the state in which one is in a state of

non-apprehension of reality. When the erroneous knowledge in these two disappears ,

Thurya is realised. [M.K.1.15]
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Adirghatvdcha kalasya gatva desannapasyatil
pratibuddhasca vai sarvastasmindese na vidyatell 211
On account of thr shortness of time, it is not possible for the dreamer to go and see the

dream objects. Nor does the dreamer ,when he wakes up , find himself in the paces seen
in his dream. [M.K.2.2]
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Abhavasca rathadinam sruyate nyayapurvakaml|

vaitathyarit tena vai praptam svapna ahuh prakasitam!|3||
Strictly conforming to reason and logic . Sruthi also declares the nonexistence of the

chariots,etc, perceived in his dream by the dreamer. Therefore it is said by the seers that
sruthi herself declares the illusory nature of dream experiences, and establishes the same
through logic and reason. [M.K.2.3]
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Antahsthanattu bhedanam tasmagjagarite smrtam|

yatha tatra tatha svapne sarivrtatvena bhidyatel14||
Different objects cognised in dream are illusory because they are being perceived to exist.

For the same reason the objects seen in the waking state are also to be considered as




illusory. As in the waking state so in the dream the nature of objects remains the same.
The only difference is the limitation of space in the case of dream objects they being seen
within. [M.K.2.4]
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Svapnajagaritasthane hyekamahurmanisinahl
bhedanarir hi samatvena prasiddhenaiva hetunall 511
The thoughtful persons speak of the sameness of the waking and dreamstates on account

of the similarly of the objects perceived in these two states and on the grounds already

described. [M.K.2.5]
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Saprayojanata tesam svapne vipratipadyatel
tasmadadyantavattvena mithyaiva khalu te smrtahl171|
That the objects of the waking state can serve our perpose in life is contradicted in the

dream state experiences. Therefore they are undoubtedly illusory on account of their

body waking and dream having a beginning and an end. [M.K.2.7]
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Apurvam sthanidharme hi yatha svarganivasinaml|

tanayam preksate gatva yathaiveha susiksitah!|8l|
The objects perceived by the dreamer when they are of such nature as not easily met

within the waking state, undoubtedly owe their existence to the practical condition in
which the dreamer with his mind works for the time being as in the case of those residing
in heaven. The dreamer associating himself with the dream condition s experiences those
objects even as one when sent with full instructions goes from one place to another and

sees the objects belonging to that place. [M.K.2.8]
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Svapnavrttavapi tvantascetasa kalpitan tvasat bahisceto grhitam sa drsti
vaitathyametayoh!19l|
Jagradavrttavapi tvantascetasa kalpitar tvasat bahisceto grhitam sadyuktam

vaitathyametayoh!11011
In the dream also what is imagined by the dreamer within his mind is illusory and what is

cognised by him outside in the dream appears to be real . But in truth both these are
known to be unreal, both belong to the dream . Similarly , in the waking state also what
is imagined within by the mind is considered illusory and what is experienced outside by
the mind appears to be real, but both these in fact , should be rationally held to be equally
unreal. [M.K.2.10]
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If the objects cognised in both the condition of dream and of waking be illusory, who

cognises all these illusory objects and who again imagines them. [M.K.2.11]
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Suapnamaye yatha drste gandharvanagaram yathal

tatha visvamidam drsam vedantesu vicaksanaih!13111
As the dream of the illusions or “ the palace city of the fairy Morgana” are seen in the

sky , so is the universe viewed by the experienced vedantins. [M.K.2.31]

HORST e & st |
AT [T Egaegar: | R
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The argument that they , the objects of the waking state , serve some perpose is
contradicted in the dream . Therefore they are undoubtedly accepted to be illusory by the

descriminate on account of their having a beginning and an end. [M.K.4.32]
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Sarve dharma mrusa svapne kayasyantarnidarsanat |

sarirorte’asminpradese vai bhutanarir kutah 11 33 ||
All objects cognised in the dreams are unreal because they are seen within the body. How

is it possible to perscive those things that are perceived to exist there to be realy within.
[M.K.3.33]
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Na yuktarir darSanam gatva kalasyaniyamadagatau |

pratibudhasca vai sarvastasmindese na vidyatell 34 ||
It is not possible for the dreamer to go to have the experiences of the dream objects on

account of the limited time involved in such journeys. Again on waking up the dreamer

does not find himself in the place where he dreamt himself to be. [M.K.4.34]
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Mitradyaih saha sammantrya sambuddho na prapadyate |
grrihitam capi yatkicit pratibuddho na pasyatill 3511
The dreamer on being awakened realises his illusory part of the conversations he had

with his companions ,etc, during his dream . Moreever he does not retain in the waking

state anything which he had acquired or received in his dream. [M.K.4.35]
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Svapne cavastukah kayah prithaganyasya darsanat|

yatha kayastatha sarvam cittadrsyarivastukaml| 36 11
The body which is actively participating in the dream life must necessarily be unreal

since the other body of the dreamer is perceived as lying in the bed as distinctly
different from his dream-body. Like the body everything cognised in the dream is
certenly unreal. [M.K.4.36]
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Grahanajjagaritavattaddetuh svapna isyate |
taddetutvattu tasyaiva sajjagaritamisyatell 3711

Since the experiences of objects in the dream are similar to the experience of objects in
the waking state to the experience of objects in the waking state, it is thought that the
waking experiences . On account of this reason , the vwaking experiences , which are

supposd to be the cause for the dream , appear as real to the dreamer alone. [M.K.4.37]
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Asajjagarite drustva svapne pasyati tanmayah |
asatsvapne’api drustva ca pratibuddho na pasyati 113911
Being deeply impressed with the unreal objects seen in the waking state, a men ‘sees’

these very things in his dreams as well. Moreover the unreal objects cognised in the
dream are not seen again in the waking state. [Ch IV-39]
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Viparyasadyatha jagradacintyanbhutavatspruset |
tatha svapne viparyasat dharmastatraeva pasyati || 41 ||




Just as one in the waking state considers as real , through false knowledge , the objects
whose nature cannot be described , similarly in the dream also one perceives, throgh false
knowledge, obejects whose exestence is possible only in that condition[M.K.4.41]
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Yatha svapne dvayabhasar citavi calati mayaya |

tatha jagraddvayabhasari citam calati mayaya |l 61 |1
As in dream the mind is seen to act through dillusion, producing the appearance of

duality in itself, so also in the waking state the mind is seen to act through maya
providing the pluralistic appearences. [M.K.4.61]
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Advayarir ca dvayabhasam citam svapne na samsayah!|

advayam ca dvayabhasam tatha jagranna samsayahl| 62 |1
There is no dout that the mind which is in fact non-dual, splits itself into many in dream .

In this manner in the waking state too undoubtedly the nondual mind appears as though

dual. [M.K.4.62]
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Svapnadrk pracaran svapne diksu vai dasasu sthitam |
andajan svedajanva’pi jtvanpasyati yansadall 6311
The whole veriety of livimg beings born of eggs, moisture , etc.,alwaysseen by the

dreamer when he lives his dream and goes about therein , in the ten directions , having no

existence ever, apart from the mind of the dramer. [M.K.4.63]
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Svapnadrkcittadrsyaste na vidyante tatah prthak |

tathatadadrusyamevedar svapnadrkcittamisyate || 64 11
These separative centers which are objects of the mind of the dreamer have no

indipendent existence of their own apart from his mind . Similarly , this mind of the
dreamer is admitted to be the object of perseption of the dreamer only . There fore , the

mind of the dreamer is not separate from the dreamer himself. [M.K.4.64]
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Yaesa svapne mahiyamanascaratyesa atmeti
hovacaitadamrtabhayametadbrahmeti sa ha santahradayah pravavrdja sa
haprapyaiva devanetadbhayar dadarsa tadyadyapidam sariramandham

bhavatyanandhah sa bhavati yadi sramamasramo naivaiso’sya dosena dusyati

(111
‘That person who goes around being worshipped in dreams is the Self. It is immortal and

fearless. It is Brahman.’ Indra then left happy in mind. But even before he returned to the
gods, a doubt arose in his mind: ‘A person may be blind, but when he is dreaming he is
not blind. He may be lame, but when he is dreaming he is not lame. There may be some

defects in his body, but his dream body is not affected by them. [K.U.8.1]
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Na vadhendasya hanyate nasya sramyena sramo ghnanti tvevainam
vicchadayantivapriyavetteva bhavatyapi roditiva nahamatra
bhogyam pasyamiti | 1211
““The body may be killed but the other is not killed. Nor is the dream lame if the body is

lame. Neverthless, in dreams it may seem as if people are killing him; it may seem as if




people are chasing him; it may seem as if there is something unpleasant. He may even

seem to be weeing. I see nothing good in this.” [K.U.8.2]

| Qi IRAE d € SSTHieaT™ Hea-a=alrdead: Mawmil: Fhtra-ga i g |
S qUI9Id WH: TR HEcaan: & WA i STHHel Aa8ISed 2T g8t 13 I
Sa samiptanih punareyaya tam ha prajapatiruvaca
maghavanyacchantahrdayah pravrajith kimicchanpunara gama iti sa hovaca
tadyadyapidar
bhagavah Sariramanadham bhavatyanandhah sa bhavati yadi

sramamasramo naivaiso’sya dosena dusyatil|311
Indra ruturned with fuel in hand . Prajapati asked : ‘ Indra, you left happy in mind. What

has made you come back?’ Indra replied : ‘Lord, a person may be blind , but when he is
dreaming he is not blind . He may be lame . There may be some defects in his body , but

his dream body is not affected by them.’ [K.U.8.3]
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Sa yatraitatsvapnyaya carati te hasya lokah taduteva mahardajo bhavati uteva
mahabrahmanah utevoccavacarii nigacchati sa yatha mahardajo janapadan
grhitva sve janapade yathaakamar parivarteta evamevaisa etatpranan

grhitva sve Sarire yathakaman paribartatell 1811
“ When the self thus stays in the dream state, these are the results of its past work .It then

becomes either a great king as it were or a woethy Brahmana as it were or recheses
high and law states as it were. As a great king may take his citizens and go about at will
in his own kingdom, so does this self thus take the organs and go about at will in its

own body. [B.U.2.18]
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Tasya va etasya purusasya dve eva sthane bhavatah idam ca paralokasthanam ca

sandhyam trutiyam svapnasthanam tasmin sandhyam sthane

tisthatrete ubhe sthanepasyati idan ca paralokasthanam ca |

atha yathakramo 'yarir paralokasthane bhavatitamakramamakramyo
bhayanpaapmana anandamsca pasyati sa yatra prasvapitiasya lokasya
sarvavato matramapadaya svayam vihatya svayarii nirmaya svenabhdsa svena
jyotisa prasvapiti atrayam purusah svayam jyotirbhabatil| 91|

This entity (the individual self ) mentioned above has only two places this life and the
next life . The dream state which is the third is at the junction (of the two). Staying in
that places at the junction it sees both places this life and the next. Now what ever
support it may have for the next life It betakes itself to that and sees both miseries.and
joys.When it dreams it takes away a little of this all sustaining body, itself makes ( the
body) insensible and itself creates (a dream body) and dreams through its own radiance
(illumined ) by its own light. In this state this entity ( the self) itself becomes the light.

[B.U.3.9]
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Tadete sloka bhavanti svapnena Sariramabhiprahatya
suptah suptanabhicakasiti sukramadaya punaraiti sthanari
hiranmayah purusa ekaharisahl| 1111




‘Regarding this there are the follow mantra verses. The effulgent, infinite entity that
travels alone makes the body inertthrough dream and itself awake and taking a luminous
bit of the organs it witnesses thinks that are dormant. Again it comes to the waking state.

[B.U.3.11]
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Svapnanta uccavacamiyamano rupani devah kurute bahuni |
uteva stribhih saha modamano jaksadutebapi bhayani pasyanl|1311

In dream the effulgent entity attaining higher and lower states, creates manifold forms (as
impressions) : It seems to rejoice in the company of women, or laugh or even see terrible

objects. [B.U.3.13]

SARHHE Tadied 7 & T Fe 3i
d TEd ATRRETE: |
ghivd e vy T =1 s |
N FOTG: AR 321 AN 1 A AT Tearafel A e g
SR 6N & SAfepiafal SisE Wiaa Hee g o I famiear s ugs 1

Aramamasya pasyanti na tam pasyati kascana itil |
Tarir nayatarir bodhoyedityahuh |
durbhisajyam hasmai bhavati yamesa napratipadyate |
atho khalahuh jagarite desa evasmaisa iti yani hyeva jagratpasyatitani supta
it
atrayam purusah syayam jyotirbhavati so’ham bhagavate sahastram

dadami ata urdhvam bimoksyaya brithitil 1141
“People see (only) its ( fanciful) play but none sees it.” They say,” Do not rouse a man

suddenly. (For) if it does not get back to the (proper) organ , the body is difficult to
doctor.On the other hand others say that the waking state itself is its dream state,for one

sees in dream only those object s that he sees in the waking state. (It is not so). In the




dream state this infinite entity itself becomes the lioght.” I give you a thousand (cows) ,

venerable sir. Plese tell me beyond this about liberation.[B.U.3.14]
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Sa va esa etasminsamprasade ratva caritva ddastaiva punyarvii ca papari ca
punah
pratinyayam pratiyonyadravati svapnayaiva sa yattatra
kificitpasyatyananvagatastena bhavati asango hyayam purusa iti
evamevaitadyajiiavalkya so’ham bhagabate sahartrarir dadami ata urdhvan

bimoksayaiva bruhitil 11511
‘After rejoicing and wandering (in dream) and merely seeing (the result of) good and evil

that entity (says) in the state of profound sleep, and hastens back in a reverse way just to
its previous state, the dream. It is unaffected by whatever it sees in that state, for this
infinite entity is unattached.” ‘It is indeed so, venerable sir. I give you a thousand (cows)

.Please tell me beyond this about libaration itself.” [B.U.3.15]
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Tadyatha mahamatsya ubhe kule'nusaficarati purvam caparari ca ebamevayam

purusaetabubhavantavanusaiicarati svapnantarir ca budghantam call 1811
‘As a large fish swims alternately to both the banks (of a river), eastern and western, even

so does this infinite entity move alternately to both thesestates — those of dream and

waking. [B.U.3.18]
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Ta va astaita hita nama nadayo yatha kesah saharatradha
bhirnnastavatanimna tisthanti Suklasya nilasya pingalasya haritasya
lohitasya purna atha yatrainam ghnantiva jinantiva hastiva vicchayayati
gartyamiva patati yadeva
jagradbhayam pasyati tadatravidyaya manyate atha yatra deva iva rajeva

ahamevedam sarva’smiti manyate so’sya paramo lokah!12011
In a man are those nerves called Hita, which are as fine as a hair split in to a thousand

parts and full of white , blue brown , green and red serums. Now when he feels as if
somebody was killing him , or overpowered him, or an elephant was cheasing him , or
he was falling into a pit- (in short) fancies at the time through ignorance what ever fears
he has experienced in the waking state , (that is dream). So also when he is a god , as it
were , or a king , as it were , or he thinks, ‘ T am this universe and comprise all” This last

is his highest state. [B.U.3.20]
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Sa va esa etasminsvapnante ratva caritva ddastaiva punyam ca papam ca
punah pratinyayan pratiyonyadravati budghanta yaival134||
This same individual self after rejoicing and wandering and merely seeing (the results of)

good and evil in the dream state , hastens back in a reverse way just to its previous state —

that of waking. [B.U.3.34]
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Tadabhavo nadisu tacchu teh atmani call71|




The absence of that (dreaming, i.e. dream less sleep takes place) in the nerves and in the
self as it is known from the sruti [B.U.4.7]

In summary the state of dream E&H(svapna) is very much axim to wakeful state. There are
multiplicities of thoughts, experience of emotions, pain & pleasure, etc. in both these
states. The scriptures bring out the differences in terms of grossness ¥gsof wakeful state

and says that dream is subtle state of consciousness (g&H); alsosimdhasexternalised

consciousness(@@®&) and dream is inernalised state of consciousness(3Fa:5&).

2.3 SUSUPTI (THE DEEP SLEEP)
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Yatra supto na kaficana kamam kamayate na kasicana
svapnam pasyati tat Susuptam |
susuptasthana ekibhutah prajianadhana eba nandamayo

hyanandabhuk cetomukhah prajiiasmrtiyah padahl| 511
That is the state of deep-sleep where in the sleeper does not desire any objects, nor does

he see any problem . The third quarter ( Pada) is the Prajnya whose sphere is deep-sleep
in whome all (experiences) become unified or undifferentiated, who is verily a
homogenious mass of consciousness entire, and who is the very gateway for the
projection of consciousness into the other two planes of consciousness the dream and the

waking. [M.K.1.5]
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Nigrhitasya manaso nirbikalpasya dhimatah |
pracarah sa tu bijiieyah susupte'nyo na tatsamahl!| 34|




The behavior that the mind has when it is under control, free from all ideation, and full
of discrimination, should be particularly noted. The behavior of our mind in deep sleep is
different and is not similar to that (of the control mind). [M.K.3.34]
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Tadyatraitatsuptah samastah samprasannah svapnari na vijanatyasu tada
nadisu srpto bhavati tarit na kascana papma sprsati tejasa hi tada sampanno
bhavatil 1311
When a person is sound asleep, all his organs are inactive and quiet. He is free from all

wories,and he does not have any dreams. The organs then disappear into the veins. No sin
can affect him then, for the rays of the sun have surrounded him. [C.U.8.3]
Deep sleep quietens all organs and provides deep rest.
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Yada tu manasi klante karmatmanah klamanvitahl|

visayebhyo nivartante tada svapiti manavah 1351
When the mind including sensory and motor organs is exhausted and they dissociate

themselves from their objects, then the individual sleeps. [C.S.10.35]
When the mind (as wll as the soul) gets exhausted or become inactive and the sensory
and motor organs become inactive then the individual gets sleep. Sleep is nothing buthe

location of the mind in a place unconnected with sensory or motor organs.




TRPICRgH: TP T €38 7 STy STeafa

SNAEHARHNAg SR | § Fdged: S @

SRS Al QT St AR waf
ATEHS AR T 1g 1

Tadyatraitasuptah samprasatrah samprasannah svapnarii na vijanatyesa
atmeti hovacaitadamrtamabhayametad brahmeti sa ha Santahrdayah
pravavrdja sa haprapyaiva devanetadbhayam dadarSa naha khalvayamevari
sampratyatmanam janatyayamahamasmiti no evemani bhiitani
vinasamevapito bhavati

nahamatra bhogyar pasyamitil 1111
Prajapati said : when the self is sleeping, with all its organs are inactive, it is free from

worry and has no dreams. This is what the the self is like [ i.e. it is spotless]. It is
immortal and fearless. It is Brahman.” Indra left happy in mind. But even before he got
back to the gods, he was troubled by a doubt: when the self is in deep sleep, it is not able
to recognize itself as “lam so-and-so” as it does when it is awake. Not only that, it does
not even recognize beings around it. It is as if the self has been oblitareted. I donot see
that anything good will come from this.” [C.U.8.1]
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Sa samitpanih punareyaya tam ha prajapatiruvaca
maghavanyacchantahradayah pravrajih kimicchanpunaragama iti sa hovaca

naha khalvayam bhagava evarii sampratyatmanan janatyayamahamasmiti no

evemani bhutani vinasamevapitobhavati nahamatra bhogyar pasyamiti 11211
Indra returned with fuel in hand. Prajapati asked: ‘Indra, you left happy in mind. What

has made you come back?’ Indra replied: ‘Lord, when the self is in deep sleep, it is not

able to recognize itself as “I am so-and-so,’” as it does when it is awake. Not only that, it




does not even recognize beings around it. It is as if the self has been obliterated. I donot

see anything good coming from this.” [C.U.8.2]
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Sa hovacajatasatru yatraisa etatsupto’bhudya esa bi jiiana bhayah purusah
tadesam prananam vijiianena vijianamadaya ya eso ntahrudaya
akasastasmirichete tani yada grhatyatha haitapturusah svapiti nama
tadangrhita eba prano bhavati grhita vak grhitam caksuh grhitam srotram
grhitam manah 111711

Ajatasatru said ¢ When this self that is associated with the intelect was thus asleep , it
withdraws by its specialised knowledge the functions of the organs and lies in the
supreme self that is within the heart. When it withdraws the organs it has the name of
swapiti. Then verily the nose is withdrawn, the eye is withdrawn , the organ of speech is
withdrawn, the eye is withdrawn, the ear is withdrawn, and the mind is withdrawn.

[B.U.1.17]
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Atha yada susupto bhavati yada na kasyacana beda hita nama nadayo
diiasaptati sahasrani hrudayapturitatamabhipratisthante tabhih
pratyavasrupya puritati Sete sa yathakumaro va maharajo va mahabrahmano

vatighrimanandasya gatva sayita ebamebaisa etacchete 111911
Again when the self becomes fast asleep when it is not aware of anything it returns to the

body along the seventytwo thousand nerves called Hita, which brach off from the heart to




all parts of the body or agreat king or a worthy Brahman lives having reached the very
limit of bliss so does the self remain. [B.U.1.19]

In deep sleep there is rest and entry into Pranamaya kosa.
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Tadyathasmitrakase syeno va suparno va viparipatya srantah sarithatya
paksyau samlayayaiva dhriyate evamevayarii purusa etasma antaya dhavati

yatra supto na kaficana kamam kamayate noa kaficana svapnari pasyatil ||

1911
‘As a hawk or a falcon , flying variously in the sky , is exhausted , and the stretching its

wings directs itself towards its nest only even so does this infinite entity hasten to the
state where , falling asleep, it seeks no desire and sees no dream. [B.U.2.19]
When fatigued, the body goes to deep sleep.
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Salila eko drastadvaito bhavati esa brahmalokah samra eti hainamanusasasa
yajiiavalkyah esasya parama gatih esasya parama sampat eso’sya paramo
lokah eso’sya parama anandah etasyaivanandasyanyani bhutani matramupa
jivantil | 3211
It becomes ( in deep sleep serene) like water, one, the seer and free from duality. This is

the world that is Brahman , O Emperor’. Thus did Yajnavalkya teach Janaka;’ this is its
highest goal, this is its highest glory, this is its highest world this is its highest bliss all
other being live on a particle of this very bliss. [B.U.2.32]

It is a state of no multiplicities of thought.
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Bhiimasamprasadadadhyupadesat 11811
The bhuman ( is brahman ) because it is taught after the state of deep-sleep ( i.e. after

prana or the vital force, which alone functions even in that state). [B.S.1.8]

This state, though unconscious is in the form of Prana.
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Susuptyutktrantyorbhedena |142||
Because of the supreme self being shown as different ( from the individual soul) in the

states of deep-sleep and death. [B.S.1.42]

There are differences differences between individuals in Susupti.
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Svapyayasampatyoranyatarapeksam abiskrtarvii hi |l 1611
(The declaration of absence of all cognition is made) having in view either of the two

states viz deep-sleep and absolute union ( with Brahman ) for this is made clear ( by the

scriptures). [B.S.2.16]
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Atrapitapitabhavati matamata loka alokah deva adevah |
atra steno’asteno bhavatibhrunaha’bhrunaha
candalo’candalah paiilokso paiiloksah sramano’sramanah tapaso tapasah
ananvagatam punyenananvagatam
papena tirno hi tadam sarvafichokahrdayasya bhavati | 12211

In this state a father is no father, a mother no mother, worlds no worlds, the gods no gods,

the Vedas no Vedas. In this state a thief is no thief, the killer of a noble Brahman no




killer, a Candala, no Candala, a Pulakasa, no Pulakasa, a monk no monk, a hermit no
hermit. (This form of his) is untouched by good work and untouched by evil work, for he

is then beyond all the woes of his heart (intellect). [B.U.4.3.22]

This is a state in which all responsibilities, pain & pleasure of Jagrata&Svapna

have been frozen to its seed form. It is called ®®uI, causal state designated as

Anandamaya Kosa. Trifold process of cognition (sser-seeing-seen tuplet) is frozen. But
still it is full of our personality traits in the form of vasanas and samskaras (inputs in the

subconscious mind). It is called a state of unconsciousness.




2.3.1 STATES IN STATES
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Atha va avasthatrayasyapi traividhyangikarat susuptavapi
duhkhamupapadyate| tatha hilpramajiianari
jagrajjagrat|suktirajatadivibhramah]agratsvapnahl
Sramadina stabdhibhavah jagratsusuptih|
evah svapne mantradipraptihsvapnajagrat|
svapne'pi svapnah maya drsta iti buddhihSvapnasvapnah!|
jagraddasayam kathayitum na Sakyate svapnavasthayar ca
yatkiiicidanubhiiyate tasvapnasusiiptih|
evah susuptyavasthayamapi sattviki ya sukhakara vrttih sa susuptijagrat|
tadanantarari sukhamahamasvapsamiti paramarsah!|
tatraiva ya rajasi vrttih sa susiiptisvapnahl
tadanantarameva duhkhamahamasvapsamiti paramarsotpattihl
tatraiva ya tamasi vrttih sa susuptisisuptihl
tadanantarar gadham miido hamiti paramarsah!|
yatha caitattatha vasisthavartikamrtadau drastavyaml8|
Alternately, another explanation is possible: Admitting the threefold nature of the three

states, grief can be explained even in deep sleep. Thus: Evidential knowing or cognition

is waking in waking, delusion like shell-silver are waking dream; stillness resulting from




fatigue and the like is waking sleep. Similarly, the getting of a mantra in a dream is
dream-waking the knowing ‘I am dreaming’ in the dream state is dream-dream; when the
experience cannot be retold in the subsequent waking state it is dream sleep. In the same
way, even in deep sleep the function of satva in the form of joy is waking-sleep; after that
there is memory ‘I slept happily’. In the same condition, the function of the rajas is sleep-
dream. After that only there is memory, “I sleep painfully”. In the same state in the
function of tamas is sleep-sleep. After that the memory is of the form “I slept in deep
non-knowing”. All this is clearly explained in the (yoga) Vasistha and the nectar-like

Vartika. [S.B.8]

In summary three types of SI®tq, &, and §Y@(susupti) are distinguished in the

scriptures mentioned below. Letus discuss three types of Jagrat.

»
»

1.5 dNormal cognition

A.Wakefulness
2. dDay dreaming Shell-Silver

SIEd

3.&&@[Calm state of mind due tofatigue

v

There are three types of dreams according to Yoga vasista as the the spectrum of dream is
limitless. It encompasses all the conscious, subconscious, unconscious, and super
conscious experiences and their timeless assimilation in the eternal flow of life. The three

types of dreams as mentioned in Yoga Vasista are of three types and they are




1. Subconscious stage of the dream: The dreams experienced in this stage mostly pertain
to the subconscious effects and activities, imaginations, and expressions of
suppressed desires and emotions.

2. Unconscious stage of dream: The dreams of this stage are expressions of the
unconscious mind with a possible linkage with the hidden intellect. The dreams that
lead to the flashes of creative ideas and scientific discoveries, etc are experienced in
this stage.

3. Conscious stage of dream: In this stage, the individual consciousness enters the
subtlest, the innermost, and the divine core of life. Realization of the soul and its
absolute linkage with the cosmic consciousness is attained in this stage. Divine
messages are received in such dreams that inspire sublime transmutation of the

individual self.

v

1.3 dChanting of mantra in dream

C.Dream
2.5 dKnowing that I am dreaming

—> 3.H§ﬁlNon remembrance of dreams

The deep sleep with enslavened tamas while second is rajas predominant §gftand third is

satvic susupti.




v

1.3 1 slept happily’ experience

B.Deep sleep
2.&9491 slept painful’ experience

g

— 3.&5@[ ‘I slept in deep non-knowing’

2.3.2 CLASSIFICATION OF SLEEP ACCORDING TO AYURVEDA
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Tamobhava $lesmasamudbhava ca manah$arirasramasambhava cal
agantuki vyadhynuvartini ca ratrisvabhavaprabhava ca nidra 11 58| |

Sleep is the following types:-

1.

2.

Caused by tamas;

Caused by (vitiated) kapha;

Caused by mental exhaustion;

Caused by physical exhaustion;

Agantuka or indicative of bad prognosis leading to imminent death;
Caused as complication of other diseases like samnipata jvara, etc.; and

Caused by the very nature of the night (physiological sleep). [C.S.10.58]




2.4 OTHER ASPECTS OF SLEEP
2.4.1 EFFECT OF SLEEP
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Happiness, misery, nourishment, emaciation, strength, weakness, virility, knowledge,

ignorance, life and death — all these occur depending on the proper or improper
sleep.[C.S. 10.36-38]

Like the night of destructions, untimely and excessive sleep and prolonged vigil
take away both happiness and longevity. The same sleep, if properly enjoyed brings
about happiness and longevity in human beings as the real knowledge brings about Siddhi

(spiritual power) in a yogin.




2.4.2 INDICATIONS OF DAY SLEEP
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Sleeping during day time in all seasons is prescribed for those who are exhausted by

singing, study, alcoholic drinks, sexual acts, elimination therapy, carrying heavy eight,

walking long distance; those suffering from phtisis, wasting thirst, diarrhoea, colic pain,

dysonea, hiccup, insanity, those wh are too old, too young, weak and emaciated; those

injured by fall and assult, those exhausted by journey by a vehicle, vigil, anger, grief and

fear, and those who are accustomed to day sleep. By this the equilibrium of dhatus and

strength are maintained and the kapha nourishes the organs and ensures longevity.




In summer season nights become shorter and vata gets aggravated in the body due to the
absorption of fluid (adana). Therefor, during this season, sleep during day time is
prescribed for all. [C.S.10.39-43]

2.4.3 CONTRA-INDICATIONS OF DAY SLEEP
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Sleeping during the day time in the seasons other than summer is not advisable as it

causes vitiation of kapha and pitta. Persons with excessive fat, those who addicted to




taking unctuous substance, those with slaismika constitution, those suffering from
diseases, due to the vitiation of kapha and those suffering from dusivias (artificial
poisoning) should never sleep during day time. If one violates the prescriptions regarding
sleep during the day time, he would subject himself to halimaka (serious type of
jaundice), headache, timidness, heaviness of the body, malaise, loss of digestive power,
hrdayopalepa (a feeling as if phlegm adhered to the heart), oedema, anorexia, nausea,
rhinitis, hemicrania, urticaria, eruption, abscess, pruitus, drowsiness, coughing, disease of
the throat, impairment of the memory and intelligence, obstruction of the circulating
channels of the body, fever, weakness of sensory and motor organs and enhancement of
the toxic effects of the artificial poisons. So one should keep in view the merits and
demerits of sleep in various seasons and situations inorder that it may bring happiness to
him.[C.S.10.44-49]

2.44EFFECT OF NIGHT AWAKENING
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Vigil during night causes roughness in the body; sleep during day time causes
unctuousness and dosing in sitting posture does neither cause roughness nor

unctuousness. [C.S.10.50]




2.4.5THE ROLE OF SLEEP IN OBESITY
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Like proper diet, proper sleep is also essential for maintaining of the body. Corpulence

and emaciation are specially conditioned by proper or improper sleep and diet.
[C.S.10.51]

2.4.6 CAUSES OF INSOMNIA
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Elimination of dosas from the body and head through purgation and emesis, fear, anxiety,

anger, smoke, physical exercise, blood letting, fast, uncomfortable bed, predominance of

sattva and suppression of tamas go a longway towrds overcoming the sleep in excess.

The above mentioned factors along with overwork, oldage, disease, specially these due to
the vitiation of vatta like colic pain, etc. are known to cause sleeplessness even in normal

individuals. Some are insomniac even by nature. [C.S.10.55-57]




2.4 7TMETHODS AND MEASURES TO INDUCE GOOD SLEEP
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If for some reason or other, one is subjected to sleeplessness, he can be instantaneously cured by
massage, unction, bath, intake of soup of domestic marshy and aquatic animals, Sali rice with
curd, milk, unctuous substance and alcohol, psychic pleasure, smell of scents and hearing of
sounds of one’s own taste, samvahana (rubbing the body by hand), application of soothing
ointment to the eyes, head and face, comfortable bed and home and proper time. [C.S.10.52-54]

2.4.8 GOOD AND BAD SLEEP
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The sleep caused by the nature of the night is the sleep per excellence; this is known as

“bhutadhatri” (that nurses all living beings). The one caused by famas is the root cause of

all sinful acts. The remaining types are to be treated as diseases. [C.S.10.59]




2.4.9 OVERCOMING EXCESS SLEEP
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Black-pepper is grounded with honey and saliva of the horse and applied as Anjana in the

eye which destroys excessive sleep as the sun-rise destroys darkness. [S.S.13.10]
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Jatipuspa (Jasmine flowers), Pravala (coral), Marica (Black pepper), Katuki (Picrorrhiza

Kurrooa), Vaca (Acorus Calamus), and Siandhava (Rock salt) are grounded along with
goat’s urine and applied as Anjana to get ridd of sleep. The seeeds of Sirisa (Albezzia
lebbek), Cow’s urine, Krsna (long pepper), Marica (Black pepper) and Sajnadhava
(Rock salt) are grounded thoroughly and used as Anjana along with Rosana (garlic), Silva

(Realgar) and Vaca (Acorus Calamus) to wake up from sleep. [S.S.13.11,12]




2.4.10SUMMARY
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To sum up:

Lord Punarvasu on the chapter on “Eight Types of Undesirable Constitutions” has
explained the following.

1. Enumeration of undesirable constitutions;

2. The two most undesirable types of persons;

3. Cause of undesirability;

4. Demerits of undesirable persons;

5. Their tretment;

6. Indications and contra-indications of sleep depending upon the nature of the

individual and time;
7. Tretment of excessive sleep and sleeplessness;
8. Factors that are responsible for causation of sleep; and

9. Types and effects of sleep. [C.S.10.60-62]




The review of literature in this chapter has been divided into three parts.
1. Polysomnography Variables and Sleep Index
2. Autonomic & Respiratory variables and

3. Heart rate variability (HRV) studies.

3.1 POLYSOMNOGRAPHY VARIABLES AND SLEEP INDEX

3.1.1 TRANSCENDENTAL MEDITATION (TM)

Around 1960, Maharishi Mahesh yogi introduced Transcendental Meditation to the
world. This technique is neither a religion nor a way of life. It is a natural, effortless
technique, which aims at improving all aspects of life. Adapted from ancient Indian
techniques, it gained popularity and now has spread globally. The practice involves a
daily 20-minutes session during which the individual repeats a 'mantram'. The systematic
and standardized form in which Maharishi had put forward the TM technique greatly
encouraged scientific research (Mahesh Yogi, 1963).

When sleep research was being evolved, R.K. Wallace in 1968 made the first
serious investigation of the physiological effects of TM, which was published in his
Ph.D. thesis, entitled “The physiological effects of TM: A proposed fourth major state of
consciousness” (Wallace, 1970). In this, 27 subjects were studied. Each subject acted as
his own control. There was a pre control period; 10-min eyes open and 10-20 min with
eyes closed. This was followed by 20-40 min of meditation, after which the subjects sat
with eyes closed and then eyes open, each for 10 minutes. In this study there was no

repetition of meditation sessions, neither were there non-meditation sessions for further




comparison. Oxygen consumption in 5 subjects by the closed circuit system showed a
significant decrease in oxygen consumption during meditation in all the subjects. The
mean decrease in oxygen consumption was about 40 cc/min or 17% compared to the pre-
control period. The mean decrease in carbon dioxide elimination was about 30cc/min.
The cardiac output was studied in 5 subjects by the dye dilution method, and was found
to be significantly decreased in all the 5 subjects. Arterial blood gas analysis in ten
subjects revealed a slight decrease in pH and no significant changes in pO, and pCO;
levels. Blood lactate levels decreased at the onset and remained low during meditation.
EEG was recorded in 26 subjects. In 5 subjects EOG recording was also made. The most
notable change in EEG pattern was an increase in intensity of 8-9 cps waves (slow alpha)
in the central and frontal regions. Depending on the subject, there was an increase
/decrease/ no change in the intensity of 10-11 cps alpha. They had reported a feeling of
drowsiness at the onset of meditation and their EEG record showed a flattening of alpha
activity to low voltage mixed frequency waves, especially in the 2-7 cps range. EOG
showed no apparent change. Younger, Adriance & Berger in 1975 conducted an
experiment in which Electroencephalograms (EEGs) and Electroculograms (EOGs) were
recorded during Transcendental Meditation periods on 8 experienced subjects. It was
observed that two subjects out of eight spent considerable portions of their meditation
periods in unambiguous physiological sleep. Tebecis in 1976 reported that there were
some characteristic changes in eye movements during meditation with closed eyes in

subjects with experience in TM. The common changes that were seen were an increase in




slow, large-amplitude, 'rolling' eye movements and a continuous decrease in rapid, low-
amplitude, 'jerky' eye movements. It was also reported that the main changes in eye
movements during TM were similar to those during passive hypnosis. In another study
five experienced practitioners of transcendental meditation spent considerable parts of
meditation sessions in sleep stages 2, 3, and 4 (Pagano, et al., 1976). A comparison was
made with the Electroencephalogram records during meditation with those who took naps
at the same time. The range of states observed during meditation did not support the view
that meditation produces a single, unique state of consciousness.

In a survey, the EEG characteristics of persons practicing the Transcendental
Meditation technique, out of 78 subjects, 21 people demonstrated intermittent prominent
bursts of frontally dominant theta activity (Herbert & Lehmann, 1977). It was also
reported that theta bursts were followed by the alpha rhythms. Subjects reports elicited
during theta bursts indicated pleasant states and there were no subjective experiences
noticed related to sleep. Remaining subjects who were put in control did not show theta
bursts during relaxation and sleep onset. It was predicted that theta burst may be the
manifestation of a state adjustment mechanism which comes into play during prolonged
low-arousal states, and which may be related to EEG patterns of relaxation in certain
behavioral conditions. A polygraphic recording (EEG, EOG, heart rate) was done in
subjects during and after transcendental meditation (TM) as well as during night sleep
(Wachsmuth & Dolce, 1980). During TM the amplitude of the alpha-waves was higher

as before TM and appeared continuously. Also the same EEG changes were noticed




during relaxation with closed eyes. There were differences observed between the flat
EEGs recorded during TM or during sleep. It was also observed that subjects showed
slower heart rate with alpha rhythm. These findings suggested that that the subjects were
able to maintain themselves for unusually long time in a state of decreased alertness. In
an EEG study 13 experienced practitioners of transcendental meditation (TM) were
recorded for 5 min before TM, during 20 min of TM and 5 min after, as well as during
closed-eyed wakefulness, drowsiness, sleep onset and sleep (Stigsby, Rodenberg & Moth,
1981). Thirty volunteers were matched for age and gender and recruited to the control
group. The EEG frequency showed an increasing theta and delta activity and decreasing
alpha activity as the participants tended to fall asleep. The frequency spectrum noticed
during TM was like the spectrum observed between wakefulness and drowsiness and it
remained unchanged during the 20 min of meditation. Intra- or interhemispheric
differences between quantities of EEG activity did not remain stable during TM, nor any
theta burst was observed during the meditation. In a polygraphic study (Gallois, 1984), of
40 minutes duration, subjects were divided into three groups viz., autogenic training (n
=10) [TA], among 10 subjects transcendental meditation (n =10) [TM], compared to 10
controls. The TM group showed significantly less number of sleeping episodes during
relaxation and a decreased cardiac rhythm compared to the control. Subsequently
standard ambulatory night sleep electroencephalograph (EEG) of 11 long-term
practitioners of the Transcendental Meditation (TM) program reported "higher states of

consciousness" during sleep (the experimental group) as compared to that of nine short-




term practitioners and 11 non-practitioners (Mason, et al., 1997). EEG tracings during
stages 3 and 4 sleep showed that the experimental group had theta-alpha activity
simultaneously with delta activity and decreased chin electromyography (EMG) during
deep sleep compared to short-term practitioners. Also experimental long term practitioner
had an increase in rapid eye movement (REM) density during REM periods compared to
short-term practitioners. It was predicted that the interspersing of alpha and delta are
uncommon in other recordings. The maintenance of transcendental consciousness along
with deep sleep was one of the distinct criteria which were assumed to be the higher state
of consciousness. Long-term mediators subjects report that transcendental experiences
(TE), which first occurred during their Transcendental Meditation (TM) practice co-
existed with waking and sleeping states (Travis, et al., 2002). To investigate
neurophysiological correlates of this integrated state EEG was recorded in these subjects.
A comparison was made between the groups during simple and choice contingent
negative variation (CNV) tasks. Individuals reported the integration of the transcendent
with waking and sleeping, CNV was higher in simple but lower in choice trials, and 6-12
Hz EEG amplitude and broadband frontal EEG coherence were higher during choice
trials. So it was concluded that TM has an increasing integration of the transcendent with
waking and sleeping.

To investigate the autonomic variables along with the electrophysiological
variables, two experiments were conducted to measure the oxygen uptake (Experiment II)

and the carbon dioxide production (Experiment I) during transcendental meditation




(Fenwick, et al., 1977). A control group of non-meditators and few meditators listening to
music was used for both experiments. In Experiment I, there was a drop in oxygen
consumption and carbon dioxide production following the practice of TM. EEG
recordings were taken during Experiment II in the meditating group. The EEG results
showed that transcendental meditation is a method of holding the level of consciousness
at stage 'onset' sleep in meditators. No evidence was noticed that the EEG findings during
sleep have similarities with the onset of sleep. Also there was no evidence that meditation
is a hypo metabolic state. In this study there was no support that TM is a fourth stage of
consciousness described in ancient scripture of India. The effect of transcendental
meditation (TM) on breathing was studied in 16 experienced meditators and 16 control
subjects (Wolkove, et al., 1984). In meditators, minute ventilation decreased significantly
during quiet breathing and during meditation. The change in minute ventilation during
meditation was due to a decrease in tidal volume resulting from a shortened inspiratory
time. Meditation was associated with a decreased response to progressive hypercapnea
quiet breathing and during meditation trials. During meditation tidal volume was smaller
at a given alveolar PCO2 than during quiet breathing studies because of a decrease in
mean inspiratory flow rate. Based on these observations it was suggested that an
alteration in wakefulness, more subtle than sleep or the unconscious state, could
significantly affect the chemical and neural regulation of breathing.

Biochemical variables were used as objective variables along with the

electrophysiological measures viz., electrooculogram, electroencephalogram, and




electromyogram during the practice of meditation. The concentration of 13 neutral and
acidic plasma amino acids was measured before, during and after either 40 min of control
relaxation or 40 min during the process of transcendental meditation (TM) (Jevning,
Pirkle & Wilson, 1977). Increased phenylalanine concentration was noted during TM
practice whereas there was no change during control relaxation. Also no difference
between the groups of total time slept or sleep stage percent was observed. A lack of
correlation was observed with increased phenylalanine with sleep in the long-term
practitioners. The findings of the study suggested that there is a relationship between the
increased phenylalanine and TM practice. Although meditation has been practiced
worldwide for centuries, there are no reports that it causes epilepsy (Orme-Johnson,
2007). Medical care statistics and clinical studies indicate that individuals who regularly
practice the Transcendental Meditation technique had fewer problems of the nervous
system and specifically show decreased symptoms of epilepsy. Also there was no
evidence available that the Transcendental Meditation technique increases glutamate,

which has been associated with epilepsy and causes epilepsy.

Summary
The summary of the findings using transcendental meditation has been categorized into
three sections viz., electrophysiological, biochemical, autonomic & respiratory and
metabolic studies.

1. The electrophysiological studies suggested that during TM, few subjects spent

considerable portion of their meditation in physiological sleep. Subsequently in a




study subjects demonstrated theta bursts followed by alpha rhythm indicating
pleasant state of mind. Similar study reported that TM practitioners spent
appreciable parts of their meditation sessions in sleep stages 2, 3 and 4
suggestive of the onset of sleep during meditation. In one of the polygraphic
study, slower alpha rhythm was reported with slow heart rate which suggested
that meditators experienced the state of decreased alertness during meditation.
To evaluate the intra and inter hemispheric EEG activity, a study was done
which suggested that the EEG activity in intra and interhemisphere remained
stable. No conclusion could be drawn from this study. Other study which was
conducted using standard ambulatory EEG demonstrated a higher state of
consciousness during sleep. It was observed that experimental group had theta
and alpha activity simultaneously with delta activity apart from other findings of
EEG variables which was considered as the ‘higher state of consciousness’ or the
fourth state of consciousness as quoted in ancient Indian scriptures. A
polygraphic study on TM showed a rarity in the number of sleeping episodes
during relaxation, a significant decrease in cardiac rhythm and a decreased
respiratory rate. Respiratory suspensions were frequent in this group, reaching a
maximal duration of 50 seconds.

2. Biochemical studies revealed that there was increased concentration of
phenylalanine during TM practice suggestive of a deeper state of mind. This may

indicate a mood elevation like the effect of dopamine.




3. Metabolic studies suggested that there was a drop in oxygen consumption and
carbon dioxide production during the practice of TM. This study concluded that
meditation is not a hypometabolic state.

4. Studies on respiratory variables during meditation concluded that the tidal volume

was lower at a given PCO2 than during eyes open and awake. A decrease in
respiratory flow during meditation suggested that meditation alters the state of

wakefulness to a more subtle state than sleep.

3.1.2 MINDFULNESS BASED MEDITATION

Mindfulness meditation is a Buddhist meditation becoming popular globally for its
benefits. In 1993 a study was done to evaluate the effectiveness of a meditation-based
stress reduction program on fibromyalgia (Kaplan, Goldenberg & Galvin-Nadeau, 1993).
Seventy-seven patients with fibromyalgia took part in a 10-week group outpatient
program. Patients were evaluated before and after the program. Outcome measures
included visual analog scales to measure global well-being, pain, sleep, fatigue, and
feeling refreshed in the morning. Meditators were also evaluated with Symptom Check
List Revised (SCL-90-R), Coping Strategies Questionnaire, Fibromyalgia Impact
Questionnaire, and the Fibromyalgia Attitude Index. The mean scores of 51% of the
patients showed moderate to marked improvement and only they were counted as
"responders." These preliminary findings suggest that a meditation-based stress reduction
program is effective for patients with fibromyalgia. Solid-organ transplant surgery

patients are often compromised for their quality of life. Anxiety, depression, and




insomnia frequently occur despite excellent function of the transplanted organ (Kreitzer,
et al., 2005). Use of complementary and alternative medicine has been one of the
preferred treatment modality for chronic illnesses. In a clinical trial twenty solid-organ
transplant recipients were enrolled in a mindfulness-based stress reduction program.
During the 8-week course, subjects learned various forms of meditation and gentle Hatha
yoga practices. Participants were given audiotapes for individual practice and maintained
practice diaries. Significant improvements in the quality and duration of sleep were
observed even after 6 months of completion of the mindfulness-based stress reduction
course. It was concluded that mindfulness-based stress reduction program is an effective
treatment in improving the quality and duration of sleep. Sleep disturbance is a very
common problem in cancer patients (Carlson & Garland, 2005). The effects of an 8-week
Mindfulness-Based Stress Reduction (MBSR) program on the sleep quality of a
heterogeneous sample of 63 cancer patients was examined. Overall sleep disturbance was
significantly reduced and participants reported that their sleep quality had improved.
There was also a significant reduction seen in stress, mood disturbance, and fatigue. To
assess changes in quality of life and sense of coherence (SOC), a questionnaire study was
planned using mind body medicine as an intervention, (Fernros, Furhoff & Wiéndell,
2008). A health-related quality of life (HRQOL) inventory, SOC-13 scale, healthcare
utilization and medication were used as variables for eligible participants (n = 83).These
variables were studied before and 6 months after a one week course. Assessments were

also made on control group (CG) who had previously attended the course (n = 69).




Subjects in both the groups were matched for age and gender. Changes in HRQOL and
SOC of the 13 HRQOL subscales, eight showed clinically significant improvement in the
study group. Men and women of this group improved with their HRQOL and SOC after
the course intervention. Insomnia has become an associated problem for many physical
and psychological ailments. Another study assessed thirty adults with
psychophysiological insomnia (Ong, Shapiro & Manber, 2008) who underwent a six
week intervention using mindfulness meditation for sleep restriction, stimulus control,
sleep education, and sleep hygiene. Sleep diaries and self-reported pre-sleep arousal
questionnaires were assessed weekly while secondary measures of insomnia severity,
arousal, mindfulness skills, and daytime functioning were assessed before and after the
treatment. It was observed that there were significant improvements in several night time
symptoms of insomnia as well as statistically significant reductions in pre-sleep arousal,
sleep effort, and dysfunctional sleep-related cognitions. In addition, a significant
correlation was found between the number of meditation sessions arranged and arousal.
In general the findings indicate that mindfulness meditation can be combined with
cognitive behavioral therapy can become helpful in minimizing both sleep and sleep-
related arousal. In another study the objective was to examine the usefulness of a
mindfulness-based cognitive therapy (MBCT) for treating insomnia symptoms in patients
with anxiety disorder (Yook, et al., 2008). Nineteen patients with anxiety disorder were
assigned to an eight week MBCT clinical trial. Participants showed significant

improvement in Pittsburgh Sleep Quality Index, Penn State Worry Questionnaire,




Ruminative Response Scale, Hamilton Anxiety Rating Scale, and Hamilton Depression
Rating Scale scores at the end of the eight week program as compared with baseline.
These findings suggested that MBCT can be effective in relieving insomnia symptoms by
reducing worry associated sleep disturbances in patients with anxiety disorder.

A quantitative study was conducted based on grounded theory and used content
analysis of diary entries from older adults who had participated in a clinical trial of an
eight week mindfulness meditation program (Morone, et al., 2008). Twenty seven adults
with chronic low back pain with an average age of 65 years and a moderate severity of at
least 3 months duration participated in the study. Various techniques were used for pain
alleviation. Community-dwelling older adults with chronic low back pain experienced
numerous benefits from mindfulness meditation including less pain, improved attention,
better sleep, enhanced well-being, and improved quality of life. A number of participants
reported improved sleep latency as well as quality of sleep.

In a study the biochemical and immunological variables were investigated. Forty-
nine patients with breast cancer and 10 with prostate cancer participated in an eight week
MBSR program which included relaxation, meditation, gentle yoga (Carlson, et al.,
2003). Variables viz., quality of life, mood, stress, and various immunological assays
were assessed before and after the intervention. Significant improvements were seen in
overall quality of life, symptoms of stress, and sleep quality. Although there were no
significant changes observed in biochemical and immunological variables, the overall

number of lymphocytes or cell subsets, T cell production of Interleukin-4 (IL-4)




increased and Interferon-gamma (IFN-gamma) decreased, whereas Natural Killer (NK)
cell production of IL-10 decreased. MBSR participation was associated with enhanced
quality of life and decreased stress symptoms in breast and prostate cancer patients. This
study was first of its kind to show changes in cancer-related cytokine production
associated with program participation. A year later a study was conducted on fifty-nine
patients with breast cancer and 10 with prostate cancer who had enrolled for an eight-
week Mindfulness-Based Stress Reduction (MBSR) program which incorporated
relaxation, meditation, gentle yoga, and daily home practice. Demographic and health
behavior variables, quality of life, mood, stress, and the hormone measures of salivary
cortisol (assessed three times/day), plasma Dehydroepiandrosterone (DHEAS), and
salivary melatonin were assessed pre- and post-intervention (Carlson, et al., 2004).
Significant improvements were seen in overall quality of life; symptoms of stress, and
sleep quality. Improvements in quality of life were associated with decreases in afternoon
cortisol levels, but not with morning or evening levels. No overall changes in DHEAS or
melatonin were found. So, it was concluded that MBSR program was associated with
enhanced quality of life and decreased stress symptoms in breast and prostate cancer
patients, and resulted in possibly beneficial changes in hypothalamo-pituitary-adrenal
(HPA) axis functioning.

An article provided a description of a clinical study that used combined Tai Chi
and mindfulness-based stress reduction as an educational program (Wall, 2005). This

program was of five weeks for middle aged-school boys and girls. These boys and girls




participated in this five week program and experienced well-being, calmness, relaxation,
improved sleep, less reactivity, increased self-care, self-awareness, and a sense of
interconnection with nature. It was concluded that Tai Chi and mindfulness-based stress
reduction may be a transformational tool that can be used in educational programs
appropriate for middle aged-school children. Another article reported a systematic
review of the evidence of the effectiveness of Mindfulness-Based Stress Reduction for
cancer supportive care (Smith, et al., 2006). Cancer can leave a negative impact on both
psychological and physical health thereby affecting the quality of life. Using the main
biomedical and complementary medicine databases three randomized controlled clinical
trials and seven uncontrolled clinical trials were traced out. Studies reported positive
results, including improvements in mood, sleep quality and reductions in stress. Another
study systematically evaluated the evidence that sleep can be improved by mindfulness-
based stress reduction (MBSR), a formalized psycho-educational intervention that helps
individuals to self-manage and reframe the thoughts (Winbush, Gross, & Kreitzer, 2007).
Evidence suggest that increased practice of mindfulness techniques is associated with
improved sleep and that MBSR participants experience a decrease in sleep-interfering

cognitive processes (€.g., Worry).

Summary
Studies on fibromyalgia with the intervention of mindfulness based meditation benefited
many variables including quality of sleep. These findings suggested that meditation is an

effective treatment and can be used to alleviate the problem of fibromyalgia. Significant




improvements were seen in overall quality of life, symptoms of stress, and sleep quality.
The overall number of lymphocytes or cell subsets, T cell production of Interleukin-4
(IL-4) increased and Interferon-gamma (IFN-gamma) decreased, whereas Natural Killer
(NK) cell production of IL-10 decreased in a study conducted on patients with breast and
prostate cancer.

Subsequently another study was done on cancer patients with different
biochemical variables, mood, stress and quality of life index. It was found that the
cortisol amount decreased in the afternoon and there was an association between the
quality of life and afternoon cortisol levels. This showed that following the practice of
MBSR, there was an enhanced quality of life.

Another eight week course of MBSR benefited solid organ transplant surgery
patients in terms of improving their quality and duration of sleep. A questionnaire study
revealed that both men and women improved their quality of life after six months of a
one week MBSR program. A five week program of MBSR with Tai chi benefited the
school students with well-being, calmness, relaxation, less reactivity, increased self care,
self awareness, sense of interconnection with nature and sleep. In another study on
patients with psychophysiological insomnia there was a significant reduction in pre sleep
arousals, sleep effort, and dysfunctional sleep-related cognition.

In a qualitative study on MBSR an improvement was seen in their sleep latency,
quality of sleep and an improvement in chronic back pain experienced by the participants

in that study.




3.1.3 TANTRA YOGA MEDITATION

Tantra is an ancient path of meditation with roots in both Hindu and Tibetan Buddhist
spirituality. It is called the "Royal Path" because, in ancient times, Tantra was the
spiritual path taken only by those who had mastered all other paths. Tantric writings
dating back up to 5,000 years are still used in many modern meditation teachings today
(Venkata Reddy, 1979).

Autonomic and electroencephalographic (EEG) correlates of Tantra Yoga
meditation were studied in three groups with three varied levels of meditation proficiency
(Corby, et al., 1978). Measures of skin resistance, heart rate, respiration, autonomic
orienting responses, resting EEG, EEG alpha and theta frequencies, sleep-scored EEG,
averaged evoked responses, and subjective experiences were recorded. Proficient
meditators demonstrated increased autonomic activation during meditation while
inexperienced meditators demonstrated autonomic relaxation. Also an increase in alpha
and theta power, minimal evidence of EEG-defined sleep, and decreased autonomic
response orienting to external stimulation was seen. These findings challenged the current

"relaxation" model of meditative states.

Summary

Proficient Tantra yoga meditators showed increased alpha and theta power and minimum
evidence of EEG defined sleep with increased autonomic activation during meditation
whereas inexperienced meditators showed autonomic relaxation suggestive of the ecstatic

state of intense concentration.




3.1.4 KUNDALINI YOGA MEDITATION
According to Hindu tradition Kundalini yoga is a pure spiritual science that leads to
enlightenment and God-Realization under the guidance of a Spiritual Master. In Hindu
tradition, the techniques are only communicated from Master to disciple once the disciple
is deemed ready.

Very less scientific literature is available on the practice of Kundalini yoga. This
technique was found to be specific in treating obsessive-compulsive disorder (Khalsa,

2004).

Summary
Kundalini yoga an ancient yogic technique was found to be beneficial in treating

Obsessive compulsive disorder and related psychiatric disorders.

3.1.5 GENERAL SUMMARY OF MEDITATION TECHNIQUES AND THEIR
BENEFITS

Evolution of sleep-wake cycles focused on phylogenetic and ontogenetic appearances of
REM cycles (active sleep). A correlation has been made with EEG studies during states
of concentration (Yoga, Transcendental meditation, Zen meditation, Mindfulness
meditation). These states have been found to have specific brain activities but are
different from deep sleep, in spite of certain similarities in the EEG. Several hypotheses
are set forth to explain brain activities underlying sites of concentration. The possibilities
of developing a conscious mastery over dreams are also under research, and special

attention is given to the works of Saint Denys (1867), and Hindu tradition.




The state effects of meditation appear to include decreased electrocortical arousal. There
is also evidence that meditators more readily demonstrate alpha and theta activity than
non meditators, even when not meditating. Meditators appear to show both stronger
orienting and recovery responses to stressors while meditating. Meditation practice may
begin with left hemisphere type activity, which thereby gives more opportunity for
functioning of the right hemisphere — the spatial functioning of the brain. However, it
appears that during advanced meditation ("no thought") both left and right hemisphere
are actively inhibited or suspended. Depending on the individual, inexperienced
meditators may report sleep, hypnogogic reverie, trance or abreaction during practice.
The current evidence does not support the notion of unique state effects associated with
the practice of meditation.

Present day neurophysiology is attributed to think that thought processes are the
highest level of brain function. It has been common knowledge to oriental thinkers for
many centuries, that there are many further states of the human mind, culminating in the
state of thoughtless awareness; the fourth state of consciousness. This state must have a
physiological basis. The complicated structure of the brain, the extravagant abundance of
neural and glial elements in the brain, the infinite possibilities of synaptic junctions and
synaptic transmission, and the multitude of neurotransmitters and neuromodulators; all
these point to the definite possibility of a much greater level of performance and
achievement for the human brain than has been apparent so far. Not only the theories but

also the experience of Eastern seers has shown that the brain can transcend the




boundaries of logic and reason, and experience states of awareness, commonly
unrecognized. In the past few decades, knowledge about the functioning of the human
brain has been growing exponentially and scientists of diverse disciplines are
concentrating on unraveling its mysteries. It is necessary for scientists to investigate this
state with all available tools and find the neurophysiological basis of this state. A study
analyzed the correlation between contemplation and psychosis from three cases of
patients presenting psychotic symptoms subsequent to practicing meditation. Sleep loss
following a wrong doing in meditation was found to be the main cause in the first two
cases, and drug withdrawal was found to be the principal factor in causing a psychotic
eruption in the third case. In this last case, sleep deprivation subsequent to meditation was
only a minor influence.

Consciousness remains an elusive concept due to the difficulty to define what has
been regarded for many years as a subjective experience, therefore irrelevant for
scientific study. Recent research and development in the field of yoga has provided some
insight in defining consciousness. The extensive literature available on this domain
suggests following perspectives of consciousness. (1) Consciousness and attention may
not reflect the same process. (2) Consciousness during wake and sleep may not involve
the same mechanisms. (3) Besides physiological states of consciousness, human beings
can experience modified states of consciousness either by self-training (transcendental

meditation, hypnosis, etc.) or by drug intake (hallucinogens, anesthetics, etc.).




Meditation, a wakeful hypometabolic state of parasympathetic dominance, is compared
with other hypometabolic conditions, such as sleep, hypnosis, and the torpor of
hibernation. It is concluded that there are many analogies between the physiology of
long-term meditators and hibernators across the phylogenetic scale. These analogies
further reinforce the idea that plasticity of consciousness remains a key factor in

successful biological adaptation.

3.2 AUTONOMIC & RESPIRATORY CHANGES
3.2.1 TRANSCENDENTAL MEDITATION [TM]
The Transcendental Meditation (TM) technique is a simple, natural, effortless procedure
whereby the mind easily and naturally arrives at the source of thought, the settled state of
the mind -- Transcendental Consciousness -- pure consciousness, self-referral
consciousness, which is the source of all creative processes. Transcendental meditation is
practiced for 15-20 minutes in the morning and evening, while sitting comfortably with
the eyes closed. During this technique, the individual's awareness settles down and the
meditator experiences a unique state of restful alertness. As the body becomes deeply
relaxed, the mind transcends all mental activity to experience the simplest form of
awareness, Transcendental Consciousness, where consciousness is open to itself. This is
the self-referral state of consciousness.

In a study, Wallace, Benson and Wilson (1971), described their observations on
36 subjects. The self as control design was implemented for this study. The pre-control

period consisted of 10-30 min with eyes closed and eyes open for a similar period. After




20-30 min of meditation they were asked to stop meditating and sit with eyes closed for
10 min, followed by eyes open for the same time. They reported a decrease in oxygen
consumption of an average decrease of 17%. Minute ventilation decreased by about 1
liter/min and respiratory rate decreased by about 3 breaths / min during meditation. Mean
lactate concentration decreased from a pre-control level of 11.4 mg, to 8.0 mg/100 ml.
The average heart rate during meditation decreased by 3 beats per minute. Rectal
temperature remained fairly constant during meditation. The skin resistance increased
markedly at the onset of meditation with a mean increase of about 140 KQ. After
meditation, skin resistance decreased but remained higher than before meditation.

Rieckert (1977) reported a significant increase in forearm blood flow during
meditation, while the finger circulation showed a slight decrease. These changes were
contrasted with those in a group practicing autogenic training i.e., this group showed a
significant increase in a finger circulation and a slight increase in forearm circulation. A
study by Levander and others (1972) reported changes in the forearm blood flow
measured with a water plethysmograph in 5 TM subjects. There was a small but
significant increase in mean forearm blood flow during TM. There was a decrease on
non- TM days during the test and post-test periods.

Orme-Johnson (1973), reported a study on 16 subjects [8 meditators and 8
controls]. The meditators had a mean experience of 15 months. The GSR habituation and
spontaneous GSR fluctuations were studied. In a second experiment, 6 meditators (with

experience of meditation ranging from 2-54 months) and 8-non meditators were studied.




Though habituation was initially similar for the two groups, the meditators habituated in
significantly fewer trials than non-meditators. A study by Travis (2001) compared EEG
and autonomic patterns during transcending to "other" experiences during Transcendental
Meditation (TM) practice. To correlate specific meditation experiences with
physiological measures, the experimenter rang a bell three times during the TM session.
Subjects categorized their experiences around each bell ring. Transcending, in
comparison to "other" experiences during TM practice, was marked by: (1) significantly
lower breath rates; (2) higher respiratory sinus arrhythmia amplitudes; (3) higher EEG
alpha amplitude; and (4) higher alpha coherence. In addition, skin conductance responses
to the experimenter-initiated bell rings were larger during transcending. These findings
suggested that monitoring patterns of physiological variables may lead to dynamically
changing inner experiences during meditation practice. This could allow a more precise
investigation into the nature of meditation experiences and a more accurate comparison

of meditation states with other eyes-closed conditions.

Summary

To summarize, TM had following effects, (1) the minute ventilation decreased by 1
lit/min with the decrease in heart rate and rectal temperature, (2) there was an increase in
the mean forearm blood flow during TM. (3) meditators could habituate better than the
non-meditators.(4) there were marked changes in higher respiratory sinus arrhythmia,
higher alpha waves amplitude and higher alpha coherence. With these above findings TM

practice appeared to be associated with reduced sympathetic activity.




3.2.2 TIBETAN BUDDHIST MEDITATION

Spontaneous realization on the basis of transmission is possible but rare. Normally an
intermediate step is needed in the form of analytic meditation, i.e., thinking about what
one has heard. As part of this process, entertaining doubts and engaging in internal debate
over them is encouraged in some traditions. Analytic meditation is just one of two
general methods of meditation. When analytic meditation achieves the quality of
realization, one is encouraged to switch to "focused" or "fixation" meditation.

A study conducted by Cohen and others (2004) examined the effects of the
Tibetan yoga practices, which incorporated controlled breathing, visualization,
mindfulness techniques and low impact postures in patients with lymphoma. The yoga
groups were given 7 weekly yoga sessions. Patients in the yoga group reported
significantly lower sleep disturbance scores compared with the wait-list control group, in
terms of better subjective sleep quality; faster sleep latency, longer sleep duration and
less use of sleep medications.

G- Tum - mo meditation literally means 'heat'. This is an advanced Tibetan
Buddhist meditation practice. The belief is that during this practice, dissolution of the
Prana (subtle energy) occurs and the internal heat is ignited. Benson, et al., in 1982,
reported changes in the temperature of the digits in three senior meditators. There was an
increase in the digital temperature by 8.3°C during meditation. In this study the number
of recording sessions is not mentioned. Also, separate non-meditation control sessions

were not carried out.




Summary
The self-rated sleep studies suggested that Tibetan Buddhist meditation reduced mental

arousal and it was associated with extraordinary autonomic voluntary control.

3.2.3 ZEN MEDITATION

Zen meditation allows an aspirant to keenly attune to his environment—the idea is to tap
those vast resources of energy and enlightenment inherent in all of us. To effortlessly find
within, what we had been unsuccessfully trying to discover without. That, in essence, is
both the art and the science of meditation.

Hirai (1960) found changes in the breathing during Zen meditation. The breath
rate decreased to 4-5 breaths per minute. The amplitude of both abdominal and thoracic
breathing increased during meditation. However, the amplitude of abdominal breathing
was greater than that of thoracic. The same study reported an acceleration of the pulse
rate during meditation to between 80 and 100 beats/minute.

In a study on experienced Zazen meditators, Akishige (1968) reported a decrease
in spontaneous skin conductance responses during Zazen. The same study also showed
that there was a decrease in oxygen consumption and rate of respiration, associated with
Zen meditation. Sugi and Akutsu (1968) observed a 20% decrease in oxygen
consumption associated with meditation in ten experienced Zen monks.

Goyeche and others (1972) compared Zen meditation with relaxation. In their
design the order of treatment (i.e., quiet relaxation or meditation) was randomly assigned

to each of the eight subjects. It was found that the breath and heart rate decreased during




Zen meditation (cited from Woolfolk, 1975). A study, which recorded EKG and EEG
simultaneously, correlated the frontal midline theta rhythm with cardiac autonomic
activities during Zen meditation (Kubota, et al., 2001). Sustained attention and breath
control was employed (A standard procedure of Zen meditation) as the task to provoke
frontal midline theta rhythm (Fm theta). For the subjects in which Fm theta activities
were provoked (six men, six women, 48% of the total subjects), peripheral autonomic
activities were evaluated during the appearance of Fm theta as well as during control
periods. Successive inter-beat intervals were measured from the ECG, and a recently
developed method of analysis by Taichi based on heart rate variability was used to assess
cardiac sympathetic and parasympathetic functions separately. Both sympathetic and
parasympathetic indices were increased during the appearance of Fm theta compared to
control periods. Theta band activities in the frontal area were correlated negatively with
sympathetic activation suggesting a relationship between cardiac autonomic function and
activity of medial frontal neural circuitry.

Another study by Murata (2004) and others on EEG coherence and autonomic
nervous activity using heart rate variability (HRV) during Zen meditation showed EEG
coherence in the frontal region, an increase in high-frequency (HF) power (as a
parasympathetic index of HRV), and a decrease in the ratio of low-frequency to HF
power (as a sympathetic index of HRV). There was a negative correlation between the

percent change (with the control condition as the baseline) in slow alpha inter-




hemispheric coherence (reflecting internalized attention) and in HF (reflecting
relaxation).

More recently, a study (Cysarz & Bussing, 2005) reported the high degree of
cardio-respiratory synchronization during meditation in inexperienced meditators
suggesting that the physiological implication of meditation does not require prior

experience in meditation.

Summary
Zen meditation showed
1. both thoracic and abdominal breathing increased but the amplitude of abdominal
breathing was higher suggestive of a deeper level of meditation practice,
2. adecrease in heart rate and breath rate during the practice,
3. there was an increase in autonomic activity with frontal midline brain activity
4. there was a decrease in spontaneous skin conductance decrease in oxygen
consumption and rate.

These findings suggested that Zen meditation was a state of alertful rest.

3.2.4 BRAHMAKUMARIS RAJA YOGA MEDITATION
Brahmakumaris Raja Yoga Meditation is a method of relaxing, refreshing and clearing
the mind and heart. This particular meditation helps a subject to disconnect from
damaging habits of thought, feeling and reaction.

Autonomic and respiratory variables were studied in 18 experienced (5-25 years

of experience). Each meditator was studied in three test and three control sessions (Telles




& Desiraju, 1993). Group analysis showed a significant increase in the heart rate during
meditation compared to the pre period of meditation and non-meditation sessions. There
were no changes in palmar GSR, finger plethysmogram amplitude and respiratory rate.
Individual analysis revealed that changes in autonomic variables suggestive of both
activation and relaxation occurred simultaneously in different subdivisions of the
autonomic nervous system. To summarize, this study highlighted two points, (i)
meditation is best described as a physiological state of ‘alertful rest’, and (ii) considerable

physiological variation is seen within intra- and inter-individual comparisons.

Summary

During the practice of Brahmakumari Raja Yoga meditation there was an increase in
heart rate corresponding to ‘alertful state’ and no change in the other variables of
autonomic and respiratory variables suggested the ‘relaxation state’ of meditation. Thus
Brahmakumari Raja Yoga meditation is supposed to be the practice of ‘alertful rest’

practice.

3.2.5 RAJA YOGA MEDITATION
This technique involves the eight stages given by Patanjali in his treatise of aphorisms.
The meditators focus on an internal or external image. As described in Patanjali’s Yoga
Sutra, the ultimate stage is called Samddhi (fulfillment).

Bagchi and Wenger (1957) studied 14 subjects during Raja yoga meditation and
during rest, which was supposed to be the control period of the experiment. They did not

show changes in EEG patterns, heart rate or BP. However, there was an increase in skin




resistance and a decrease in respiratory rate during Raja yoga meditation. In a later report
(1961), Wenger and Bagchi assessed various physiological changes occurring during
Raja yoga meditation in 4 yoga students (2 to 7 years experience) and 4 subjects with
longer experience. In both the more and less experienced subjects, heart rate increased by
1 or 2 beats per minutes during meditation. This was clearer in the later studies of finger
pulse volume, showed slightly higher values after meditation began in the yoga students,
which returned to the pre-meditation level at the middle and late stages of meditation. In
the seniors, the mid-meditation pulse volume was almost 20% higher than the pre-
meditation values and on the whole, the basal levels were higher and changes more
pronounced, when compared to the yoga students. In both groups systolic and diastolic
BP readings were slightly more than the pre meditation period. All average BP readings
were greater for the older yogis than the yoga students in meditation. As far as the
respiratory system response is concerned, the yoga students showed a drop in breath rate
from about 14 to 6 or 7 breaths per minute which remained approximately constant
during the remainder of the meditative period. The study also reported that palmar
conductance was decreased in both groups during meditation. The decrease in palmar
conductance in yoga students was more than that seen during a period of relaxation. It
was observed from the findings that subjects, who had many years of experience, their
ambient breath rate was lower than those whose practice was of shorter duration and
hence the changes in their breath rates would be less marked than that of yoga students.

Gharote (1984) measured the changes in the metabolic rate during Raja Yoga meditation




in a single subject. The mean metabolic rate during meditation was lower than the pre-
meditation value though this was not statistically significant. The metabolic rate tested
soon after meditation showed a statistically significant increase compared to the mean
value during meditation. From these findings, it was observed that the subject go into a
profound meditative state in which there was non-responsiveness to external stimuli and a
diminution of EEG and EKG voltages.

Summary

To sum up, Raja yoga meditation showed

1. an increase in skin resistance and decrease in respiratory during Raja yoga

meditation practice,

2. the lowering of the ambient body temperature in the subjects having many years

of experience of yoga,

3. metabolic rate was more after meditation than during the practice.

3.2.5 OTHER MEDITATION TECHNIQUES

Peng et al. (2004) analyzed beat-to-beat heart rate and continuous breathing signals from
10 experienced meditators (4 females and 6 males with ages ranging between 29 and 55
years) during three traditional interventions: relaxation response, breath of fire, and
segmented breathing. Heart rate and respiratory dynamics were generally similar during
the relaxation response and segmented breathing. High amplitude, low frequency

oscillations due to respiratory sinus arrhythmia during both the relaxation response and




segmented breathing, along with a significantly increased coherence between heart rate
and breathing compared to baseline was observed. The third technique, breath of fire
marked by a significant increase in mean heart rate with respect to baseline, and a
significant decrease in coherence between heart rate and breathing. These findings
suggested that different meditative/breathing protocols might have evoked common heart
rate effects, as well as specific responses. These results supported the concept of a
"meditation paradox," since a variety of relaxation and meditative techniques may
produce active rather than quiescent cardiac dynamics, associated with prominent low
frequency heart rate oscillations or increases in mean resting heart rate.

The practice of yoga regulates body physiology through control of posture,
breathing, and meditation (Sathyaprabha, et al., 2008). Effects of yoga on autonomic
functions of patients with refractory epilepsy, as quantified by standardized autonomic
function tests (AFTs), were determined. The yoga group received supervised training in
yoga, and the exercise group practiced simple routine exercises. AFTs were repeated after
10 weeks of daily sessions. Data were compared with those of healthy volunteers. The
yoga group showed significant improvement in parasympathetic parameters and a
decrease in seizure frequency scores. There was no improvement in blood pressure
parameters in either group. Two patients in the yoga group achieved normal autonomic
functions at the end of 10 weeks of therapy, whereas there were no changes in the
exercise group. These findings suggested that yoga may have a role as an adjuvant

therapy in the management of autonomic dysfunction in patients with refractory epilepsy.




Summary
Different meditative/breathing protocols may evoke common heart rate and specific
responses of autonomic variables and also meditation can be used as a therapy in the

management of autonomic dysfunction in patients with epilepsy.

3.2.7 MEDITATION ON ‘OM’

Yoga teachings consider the syllable ‘OM’ to be the force behind all thoughts. Either
chanting or thinking about ‘OM’ is supposed to cause a quiet mental state. In ‘OM’
meditation aspirant repeats the syllable ‘OM " mentally and effortlessly.

The autonomic and respiratory variables were studied (Telles, Nagarathna &
Nagendra, 1995) in seven experienced OM meditators (with experience ranging from 5
to 20 years). Each subject was studied in two types of sessions-meditation (with a period
of mental chanting of OM) and control (with a period of non-targeted thinking). The
meditators showed a statistically significant reduction in heart rate during meditation
compared to the control period. During both types of sessions, there was a comparable
increase in the cutaneous peripheral vascular resistance. This was interpreted as a sign of
increased mental alertness even while being physiologically relaxed (as shown by the
reduced heart rate). When repetition of ‘OM’ was compared with the repetition of
‘ONE’ in 12 meditators, there was a difference in the autonomic and respiratory
responses (Telles, Nagarathna & Nagendra, 1998). Both types of sessions resulted in a
decrease in the heart and breath rates, but repetition of OM alone reduced the skin

resistance, suggesting a subtle change in the mental state, related to the significance of




the syllable. Finally, it was interesting to note in a single case study that an
accomplished meditator was able to switch between ‘single thought’ and ‘no thought’
states at will, with significant differences in the breath rate and pattern between the

states (Telles & Desiraju, 1992).

Summary
‘OM’ repetition reduced the skin resistance and heart rate, attaining the state of mental

alertness with relaxation.

3.3 CHANGES IN HEART RATE VARIABILITY

3.3.1 CYCLIC MEDITATION

Hear rate variability (HRV) was studied in cyclic meditation (CM) and supine rest (SR)
(Sarang & Telles, 2006). CM included yoga postures followed by guided relaxation.
Forty two male volunteers were assessed in CM and SR sessions of 35 minutes, where
CM or SR practice was preceded and followed by 5 minutes of SR. During the yoga
postures of CM and after CM, low frequency power and the low frequency to high
frequency power ratio decreased, whereas high frequency power increased. Heart rate
increased during the yoga postures and decreased in guided relaxation and after CM.
There was no change in SR. Hence, it appeared that predominantly sympathetic
activation occurred in the yoga posture phases of CM while parasympathetic dominance

increased after CM.




Summary
During the practice of CM, there was sympathetic activation whereas parasympathetic

dominance improved following the practice of CM.

3.3.2 INTEGRATED APPROACH OF YOGA

The integrated yoga practice and guided yogic relaxation on both perceived stress and
autonomic responses in healthy pregnant women were measured (Satyapriya, et al.,
2009). The 122 healthy women were recruited in the study between 18 and 20 weeks of
pregnancy. Subjects were randomized to practicing yoga and deep relaxation or standard
prenatal exercises 1-hour daily. Perceived stress decreased in the yoga group and
increased in the control group. During a guided relaxation period in the yoga group,
compared to baseline, the high-frequency band of the heart rate variability spectrum
(parasympathetic) increased in the 20th week and in the 36th week, and both the low-
frequency band (sympathetic), and the low-frequency to high-frequency ratio were
continuously reduced Moreover, the low-frequency band remained decreased after deep
relaxation in the 36th week in the yoga group. The findings of the study suggested that
yoga reduced perceived stress and improves adaptive autonomic response to stress in

healthy pregnant women.

Summary
Yoga practice increased the high frequency bands of HRV and reduced low-frequency to
high frequency ratio suggestive of adaptive autonomic response to stress in healthy

pregnant women.




3.3.3 IYENGAR YOGA

A study investigated the vagal modulation during yoga practice in cardiac patients
(Khattab, et al., 2007). Eleven healthy yoga practitioners (7 women and 4 men, ages
ranging between 26 and 58 years) were examined. Each individual was subjected to
training units of 90 min once a week for five weeks. During session two, they practiced a
yoga program developed for cardiac patients by B.K.S. Iyengar. On session three, they
practiced a placebo program of relaxation. On each training day they underwent
ambulatory 24 hour Holter monitoring. Mean RR interval (interval between two R-waves
of the ECG) was significantly higher during the time of yoga intervention compared to
placebo and to control. The increase in HRV parameters was significantly higher during
yoga exercise than during placebo and control especially for the parameters associated
with vagal tone, i.e. mean standard deviation of NN (Normal Beat to Normal Beat of the
ECG) intervals for all 5-min intervals (SDNNI) and root mean square successive
difference (RMSSD). These above findings suggested that relaxation by yoga training is
associated with a significant increase of cardiac vagal modulation. This specific yoga
module could be a suitable intervention in cardiac rehabilitation programs. In another
study, twenty-seven women and 10 men were enrolled for the study (Shapiro, et al.,
2007). The intervention consisted of 20 classes led by senior Iyengar yoga teachers, in
three courses of 20 yoga classes each. All participants were diagnosed with unipolar
major depression in partial remission. Psychological and biological characteristics were

assessed pre- and post-intervention, and participants rated their mood states before and




after each class. Significant reductions were shown for depression, anger, anxiety,
neurotic symptoms and low frequency heart rate variability. Moods improved from
before to after the yoga classes. So, yoga appears to be a promising intervention for
depression.

Summary

Yoga practice showed significant reductions in anxiety, depression, anger, neurotic
symptoms and low frequency of heart rate variability. These above findings produced

many beneficial emotional, psychological and biological effects.

3.3.4 OTHER TECHNIQUES OF YOGA

Cardiovascular and respiratory changes during yogic breathing exercise kapalabhati
(KB) was studied in 17 advanced yoga practitioners (Stancak, et al., 1991). Blood
pressure, ECG and respiration were recorded continuously for 5 min periods of KB
during pre- and post-KB resting periods. The beat-to-beat series of systolic blood
pressure (SBP) and diastolic blood pressure (DBP), R-R intervals and respiration were
analyzed by spectral analysis of time series. The mean modulus calculated between SBP
and R-R intervals was used as a parameter of baroreceptor-cardiac reflex sensitivity
(BRS) with increase in SBP and DBP. All frequency bands of R-R interval variability
were reduced in KB. Also the BRS parameter was reduced in KB. The amplitude of the
high-frequency oscillations in SBP and DBP increased during KB. The low-frequency

blood pressure oscillations were increased after KB. It was observed that decreased




cardiac vagal tone during KB which was due to changes in respiratory pattern and due to
decreased sensitivity of arterial baroreflex.

Another study was conducted to study the HRV in two yoga practices. Twelve
male volunteers (age range, 21 to 33 years) were assessed before and after each practice
on separate days (Raghuraj, et al., 1998). Heart rate variability measures were recorded in
these subjects. The results showed a significant increase in low frequency (LF) power and
LF/HF ratio while high frequency (HF) power was significantly lower following
kapalabhati. There were no significant changes following nadishuddhi. The results
suggested that kapalabhati modified the autonomic status by increasing sympathetic
activity with reduced vagal activity. Nineteen human subjects were studied to assess the
influence of different breathing patterns on autonomic cardiovascular modulation during
acute exposure to altitude-induced hypoxia (Bernardi, et al., 2001). Nine controls and 10
Western yoga trainees of similar age, while breathing spontaneously, at 15 breaths/min
(controlled breathing) and during 'complete yogic breathing' (slow diaphragmatic +
thoracic breathing, approximately 5 breaths/min) in yoga trainees, or simple slow
breathing in controls were studied. Simulated altitude increased VE in controls but not in
yoga trainees; % SaO2 decreased in all subjects, but more in controls than in yoga
trainees. Simulated altitude decreased RR interval and increased indices deducted from
spectral analysis of heart rate variability (low frequency/high frequency (LF/HF) ratio

and systolic blood pressure in controls, indicating sympathetic activation; these changes




were blunted in yoga trainees, and in both groups during slow or yogic breathing. No
effect of altitude was seen on stimulation of carotid baroreceptors in both groups.

In an another study, thirty five male volunteers whose ages ranged from 20 to 46
years were studied in two sessions of yoga-based guided relaxation and supine rest
(Vempati & Telles, 2002). Assessments of autonomic variables were made for 15
subjects, before, during, and after the practices, whereas oxygen consumption and breath
volume were recorded for 25 subjects before and after both types of relaxation. A
significant decrease in oxygen consumption and increase in breath volume were recorded
after guided relaxation. During guided relaxation the power of the low frequency
component of the heart-rate variability spectrum reduced, whereas the power of the high
frequency component increased, suggesting reduced sympathetic activity. Also, subjects
with a baseline ratio of LF/HF showed a significant decrease in the ratio after guided
relaxation. The results suggest that sympathetic activity decreased after guided relaxation
based on yoga, depending on the baseline levels. In another study, HRV was measured
using head stand as intervention (Manjunath & Telles, 2003). To assess heart rate
variability (HRV) along with non-specific autonomic measures (used in earlier studies),
before and after two minutes of the head stand, to compare changes in two categories of
subjects, i.e., those who practiced the headstand in a traditional way (without any
support) and those who used the support of the wall (a present day adaptation) were the
aims of the present study. Forty male volunteers with twenty subjects under each

category. The results showed that both categories had an increase in the power of the low




frequency component (LF) and a decrease in the high frequency component (HF) of the
HRYV spectrum, increased LF/HF ratio, and decreased heart rate. Subjects who practiced
the head stand with the support of a wall showed reduced finger plethysmogram
amplitude suggesting increased sympathetic vasomotor tone and practicing the headstand
without support was associated with an increase in the skin conductance level, suggestive
of increased sympathetic sudomotor tone. Hence, both categories showed similar changes
in the HRV components though changes in sympathetic vasomotor and sudomotor
activity were different. These changes suggest sympathetic activation, irrespective of the
method of practice.

Summary

Kapalabhati was found to decrease the systolic blood pressure and low frequency
oscillations after its practice. These findings suggested that there was a differentiated
pattern of vegetative activation and inhibition associated with KB.

Kapalabhati modified the autonomic status by increasing sympathetic activity
with reduced vagal activity. In subjects exposed to high altitude induced hypoxia, slow
yogic breathing was found to maintain better blood oxygenation without increasing
minute ventilation and reduced sympathetic activation during altitude induced hypoxia.
Other study based on guided relaxation technique, there was a decrease in sympathetic
activity following the practice of guided relaxation technique. Heart rate variability was

studied on head stand posture in another study suggested that there is sympathetic
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activation irrespective of the practice of headstand posture either with support or without

support.

SVYASA |Effect of cyclic meditation on sleep architecture and subjective sleep rating



Table 3.4.1. Summary table of literature review on Polysomnography and sleep index (Transcendental meditation)

Authors & year of N Experimental Design Variables Findings
publication (sample size) studied
Single group with Two subjects spent considerable portions of
. . . time assessment their ~meditation periods in uncertain
Younger, Adriance & | Eight subjects one . .
’ > EEG & EOG | physiological sleep
Berger (1975) [n=8] Recording was made
during the practice of TM
Eight subjects Single group with Slow large amplitude, rolling, eye movement
[n = 28] onetime assessment increased and a decrease in rapid, low
Tebecis (1976) Experimental- . EOG amplitude, jerky eye movement.
14 Recording was made
during the
Control-14 practice of TM
Two groups with onetime Practitioners of transcendental meditation
P tal ‘ ‘ assessment spent considerable parts of meditation sessions
ag??;%g) e Five subjects EEG in sleep stages 2, 3 & 4.
n=>5 ecording was made
[n=5] Recording d
during the practice of
TM and during naps
One hundred Two groups with onetime Twenty one subjects reported frontally
and thirty two assessment dominated theta bursts and no subjective
sub'eZts . experience of sleep. Fifty-four non- meditating
Herbert & Lehmann _J 132 Recording was made EEG showed no burst during relaxation and sleep
1977 [n - ] during the practice of onset.
( ) Experimental .
p 8 ) TM and relaxation
Control-54




Single group with three
time assessments

Amplitude of alpha waves and bilateral theta
bursts were observed during TM and during

\g?)(f?esralggo? Five subjects . EEG, EOG relaxation.
[n=75] Recording was made and heart rate | The heart rate was slower during meditation as
during & after TM and well as light sleep.
during sleep
Twenty six Two groups with three The EEG mean frequency of the TM group
subjects times assessments was about 1 c/sec slower 'than that .of the
. [n = 26] ' control group. Intra or inter hemisphere
Stigsby, et al., (1981) Experimental- Regordmg was made.ﬁve EEG differences between quantities of EEG activity
13 minutes before, during remained stable during TM.
twenty minutes and after
Control-13 five minutes of TM
Three groups and one CNV was higher in simple but lower in choice
Fifty one time assessment trails and 6-12 Hz. EEG amplitude and broad
subjects band frontal EEG coherence were higher
[n=51] Recording was made in during choice trials.
Travis, et al., (2002) Rare TE-17 two comparison groups EEG
Occasional during choice and simple
TE-17 contingent
Cont TE-17 negative variation
tasks
Two groups with one Drop of O2 consumption have small EEG
time assessment Oxygen results showed that TM meditation could hold
Fifteen uptake & the level of consciousness at stage onset sleep.
Fenwick, et al., (1997) subjects Recording was made | carbondioxide
[n=15] between the meditators | production
and non-meditators using | and EEG

EEG and other variables




Three groups with one
time assessment

Long term progressive relaxation group lower
levels of somatic activity across all condition
composed to both novice PR and long term

Thirty one Recording was made by EEG & TM groups
Warrenburg, et al., ; o three diff measure of
1980) subjects ~ using t ree di erent somatic
( [n=31] interventions viz., PRT & laxati
meditation, sitting with felaxation
eyes closed and reading
from a travel book
One group with two times
assessments Increased phenylalanine was noted during TM
- : Thirteen Plasma amino | practice and no difference between the groups
Jevning, Pirkle & : Recordi d : X
Wilson (1977) subjects ecording was made | acid EOG, of total time slept or sleep stage percent was
[n=13] before and after the EEG & EMG | observed.
practice of TM
Two groups with one In meditation minute ventilation decreased
Thirty two time assessments Minutes significantly during quick breathing while eyes
W | conting vt | vnion | 00 ke Medion was o
Wolkove, et al. Experimental- between experienced and . rogressive hypercapnia. During meditation
’ ’ p . respiratory prog ypereapt &
(1984) 16 meditators vs. atterns VT was smaller at a given alveolar PCO2 than
Control-16 Control P during MA studies because of a decrease in
mean inspiratory flow rate (VT/TI).
One group with During TM the amplitude of the alpha wave
three time assessments was higher as before TM and appeared
Wachsmuth . 1980 Five subjects . EEG, EOG & | continuously bilateral theta — bursts have also
’ [n=5] Recording was made heart rate observed. The heart rate was significantly

before, during, after TM

slower during meditation light sleep.




Three groups with two-

The number of sleeping episodes during

Twenty cight times assessment relaxation, cardiac rhythm, significantly

subjects . . o
[n=30] . decreased in the TM group, increased stab1'11ty
Gallois (1984) TM-10 Recording was madq Polygraph of the E.D.G. during and after relaxation,
Autogenic-10 between TM, autogenic respiratory rate decregsed to a value pf 33% of
Control-10 training & control the initial rate, respiratory suspensions were
subjects frequent in the TM group, reaching a maximal

duration of 50 seconds.
Thirty one Three groups with There is a graded difference across groups
subjects onetime assessment during stages 3 & 4 in theta 2 — alpha 1
[n=31] power  with experimental having greater
Long term-11 Recording was made power then non practitioner , long term
Mason, etal., (1997) Short term-9 between long term vs. EEG practitioner also had increased rapid eye
Non- short term vs. non- movement (REM) density during REM periods
practitioners- practitioners compared to short term practitioner.
11




Table 3.4.2. Summary table of literature review on Polysomnography and sleep

index (Mindfulness based meditation

techniques)
Author & year of N (sample size) Experimental Design | Variable Findings
publication studied

Kapla, Goldenberg &
Galvin-Nadeau (1993)

Seventy seven
subjects
[n=77]

One group with two
times assessments

Recording was made
before and after the
practice of Mindfulness
based Meditation

Analog scales
of Global
wellbeing, Pain,
Sleep, Fatigue,
Feeling
refreshed in the
morning, SCL-
90 R, Coping
strategies
questionnaire,
Fibromyalgia
impact
questionnaire
and
Fibromyalgia
attitude index.

Fifty one percent showed moderate to
marked improvement and only they
were counted as "responders."

Carlson, et al.,
(2003)

One hundred and
one subjects
[n=101]
Experimental-59
Control-42

Two groups with two
times assessments

Recording was made
before and after the
practice of
Mindfulness based
meditation in breast

Demographic&
health behavior
variables
quality of life,
mood, stress
and counts of
NK, NKT,B,T
total, T helper

Significant improvements were seen in
overall quality of life, symptoms of
stress, and sleep quality. But, there were
no significant changes in the overall
number of lymphocytes or cell subsets,
T cell production of IL-4 increased and
IFN-gamma decreased, whereas NK cell
production of IL-10 decreased.




cancer and prostate
cancer patients

and T cytotoxic
cells as well as
NKand T cell
production of
TNE, IFM —
gamma, [L-4
and IL-10

Two groups with two
times assessments

Qualities of life,
mood stress and

Improvements were seen in overall
quality of life, symptoms of stress, and

One hundred the hormones sleep quality. No significant
subjects Recording was made | measure of improvements were seen in mood
Carlson, et al., [n=100] before and after the | alivary cortisol, | disturbance.
(2004) Experimental-58 practice of Plasma HEAS, | Approximately 40% of the sample
Control-42 Mindfulness based | and salivary demonstrated abnormal cortisol
meditation in breast | melatonin secretion patterns in both pre- and post-
cancer and prostate intervention. No other changes were
cancer patients observed in other variables.
One group with two Scales for There was significant reduction in stress
times assessments Stress, Mood mood disturbance and fatigue
Sixty three ' dist.urbance and
Carlson & Garland subiccts Recording was made | Fatigue
arison aria : before and after the
(2005) [n=63]

practice of Mindfulness
meditation to evaluate
the sleep quality of
cancer patients

Kreitzer, etal., Twenty subjects 01.1e group with two nghty of life Slgmﬁcan't improvements in the quality
(2005) [n=20] times assessments anxiety and duration of sleep continued for 6
depression months after completion of the




insomnia mindfulness-based  stress  reduction
Recording was made course.
before and after the
practice of Mindfulness
based stress reduction
Program in solid organ
transplant recipients
One group with two | Penn state Participants showed significant
times assessments worry improvement in  Pittsburgh  Sleep
questioner Quality Index, Penn State Worry
Recording was made | ruminative Questionnaire, Ruminative Response
) . before and after the response scale, | Scale, Hamilton Anxiety Rating Scale,
Nineteen subjects . . . . s .
N practice of Mindfulness | Hamilton and Hamilton Depression Rating Scale
Yook, et al., (2008) [n=19] . .
based cognitive therapy | anxiety scores at the end of the 8-week program
in patients with anxiety | rating scale, as compared with baseline.
disorders Hamilton
depression

rating scale
score.

Morone, et al., (2008)

Twenty seven
subjects
[n=89]

One group with two
times assessments

Recording was made
before and after the
practice of Mindfulness
meditation program of
8 Months’ in two
groups of chronic low
back pain patients

Diary entries

A number of participants reported
improved sleep latency as well as
quality of sleep. Participants described
achieving well-being during and after a
meditation session that had immediate
effects on mood elevation but also long-
term global effects on improved quality
of life.




Two groups with two | Health related Men and women improved their health
One hundred and times assessments quality of life related quality of life and sense of
Fernros, Furhoff & fifty two subjects | Recording was made | (HRQOL) coherence.
Wandell (2008) [n=152] before and six months | having 30
Experimental-83 | after a 1- week course | subscales.
Control-69 of Mind body

medicine




Table 3.4.3. Summary table of literature review on Polysomnography and sleep index (Tantra yoga meditation)

Authors & Year of N Experimental Design Variables Findings
publication (sample size) studied
Three groups with one | Skin resistance , | Proficient —meditators = demonstrated
time assessment heart rate, increased alpha and theta power
. . respiration, minimal evidence of EEG defined sleep
Thirty six . . . S
. Recording was made autonomic and decreased autonomic orienting to
subjects . o . .
Corby, et al., (1978) [n=36] during the meditation of | orienting external situation.
three groups as they responses and
were divided based on | subjective
the level of meditation | experience

proficiency




Table 3.4.4. Summary table of literature review on Polysomnography and sleep index (Music therapy)

Authors & Year of N Experimental Variables Findings
publication (sample size) Design studied
Two groups with | Scales that Audio-visual relaxation training
two times measures significantly improved anxiety, sleep, and
One hundred subjects assessments anxiety, sleep, relaxation in the treatment group as
) [n=100] relaxation compared to the control grou
Tsai (2004) Experimental-41 Recording was P B
Control-59 made before and
after the
audiovisual training
Two groups with | Pittsburgh sleep | Music resulted in significantly better sleep
repeated quality index quality in the experimental group, as well
assessments (PSQ) and as significantly better components of sleep
Lai (2005) Sixty subjects Epworth quality: better perceived sleep quality,

[n=60]

Recording was
made before and
after three weeks of
music listening

sleepiness scale

longer sleep duration, greater sleep
efficiency, shorter sleep latency, less sleep
disturbance and less daytime dysfunction.

Khalsa, et al., (2009)

Forty five subjects
[n=45]

Life style-15
Yoga & meditation-
15
Control-15

Three groups with
two times
assessments

Recording was
made before and
after the
interventions in
three groups

Self-report
questionnaires
that evaluated
music
performance
anxiety, mood,
PRMDs,
perceived
stress, and sleep
quality

Both yoga groups showed a trend towards
less music performance anxiety and
significantly less general anxiety/tension,
depression, and anger at end-program
relative to controls, but showed no
changes in PRMDs, stress, or sleep.




Table 3.4.5. Summary table of literature review on Polysomnography and sleep index (Other yoga techniques)

intervention of
yoga and control
groups

Author & year of N Experimental Variables Findings
publication (sample size) Design studied
Two groups with | Sleep quality, Most of the mental health indicators of
two times depression, and | the participants in the experimental
One twenty cight assessments self-perception group had signi.ﬁcantly .improved after
subjects . of health status | the sﬂver‘ yoga 1nterYent10ns, and many
[n=128] Recording was of the indicators improved after 3
Chen, et al., (2009) Experimental-62 made before and months of intervention and were
Control-66 after the maintained throughout the 6 months

study.

Vera, et al., (2009)

Twenty six subjects
[n=26]
Experimental-16
Control-10

Two groups with
two times
assessments

Recording was
made before and
after the
intervention of
yoga and control
groups

Subjective
Sleep

Quality (SSQ),
Adrenocorticotr
opic hormone
(ACTH),
cortisol and
dehydroepiandr
osterone
sulphate
(DHEA-S)

The yoga group had lower PSQI scores
and higher blood cortisol levels than
control subjects.




Table 3.4.6. Summary table of literature review on autonomic and respiratory variables (Zen meditation)

Authors & Year of N Design of the Variables Findings
Publication (Sample size) study studied
One group with one | EEG, ECG Increased sympathetic and
time parasympathetic indices during the
assessment appearance of Fm theta; Negative
Simultaneous correlation -Theta band activities

Kubota et al.,
(2001)

Twelve subjects
[n=12]

recording was made
during the practice
of zen meditation in
both men and
women

[frontal] & sympathetic activation

Table 3.4.7. Summary table of literature review on autonomic and respiratory variables ( Brahma kumari raja yoga meditation)

Authors & Year of N Design of the Variables Findings
Publication (Sample size) study studied

One group with Autonomic & Increased heart rate in meditation;
repeated respiratory Changes in autonomic variables -both
assessments variables activation and relaxation -
simultaneously in different subdivisions

Telles & Desiraju, Eighteen males Recording was of the autonomic nervous system.

(1993) [n=18] made during the

practice session of
meditation and
three control
sessions




Table 3.4.8. Summary table of literature review on autonomic and respiratory variables (Raja yoga meditation)

Authors & Year of
Publication

N
(Sample size)

Design of the
study

Variables
studied

Findings

Bagchi & Wenger (1957)

Fourteen subjects
[n=14]
Experimental-7
Control-7

Two groups with
two times
assessments

Recording was
made before and
after the practice of
intervention in both
experimental and
control groups

Autonomic &
respiratory
variables

Increase in skin resistance & decrease in
respiratory rate

Wenger & Bagchi (1961)

Eighteen subjects
[n=8]
Experimental-9
Control-8

Two groups with
two times
assessments

Recording was
made before and
after the practice of
intervention in both
experienced and
novices
practitioners

Autonomic &
respiratory
variables

Increased heart beat-both  groups;
Decreases respiratory rate & palmar
conductance-both groups; 20% reduction
in pulse volume in experienced
meditators




Table 3.4.9. Summary table of literature review on autonomic and respiratory variables (Other meditation techniques)

Authors & Year of N Design of the Variables Findings
Publication (Sample size) study studied
One group with Beat-to-beat An increase in mean heart rate during
repeated heart rate and | the intervention of ‘breath of fire’ and
assessments continuous also change in other intervention were
breathing observed.
Eleven subjects ri:;g?&ﬁi;tfe signals
Peng, et al., (2004) [n=11] practice of three
protocols viz.,
relaxation response,
breath of fire &
segmented
breathing.
Three groups with | Autonomic The yoga group showed significant
two times function tests improvement  in  parasympathetic
One seventy two assessments (AFTs) parameters and a decrease in seizure

Satyaprabha, et al., (2008)

subjects
[n=176]
Yoga-18
Exercise-16
Healthy controls-142

Recording was
made before and
after the
intervention of ten
weeks in yoga
group, exercise
group and healthy
volunteers

frequency scores. There was no
improvement in blood pressure in either
of the group was observed.




Table 3.4.10. Summary table of literature review on autonomic and res

piratory variables (Kundalini meditation)

Authors & Year of (N) Experimental Variables
Publication Sample size Design studied
Single subject with | EEG, Heart rate | Decreased breath rate; increased alpha
three times [HR], Skin power in parietal and occipital electrodes
assessments Conductance and a shift in breathing patterns with the
Single subject level [SCL], increase in alpha frequencies.
Arambula, et al., (2001) [n=1] Recording was Blood Volume
made before, Pulse [BVP] &
during and after | Respiration

the intervention

Table 3. 4.11. Summary table of literature review on autonomic and respiratory variables (Meditation on ‘OM”’)

Telles & Desiraju (1992)

Single subject
[n=1]

Recording was
made during single
thought state and
no thought state of

Authors & Year of N) Experimental Variables
Publication Sample size Design studied
Single subject with | Autonomic & Distinct breath rate & pattern in the two
two times respiratory
assessments variables

Nagendra (1995)

[n=7]

the mind
Telles, Nagarathna & Seven subjects One group with | Autonomic & Decrease in breath rate; Increase in the
two times respiratory skin resistance in both conditions




assessments

Recording was
made during
mental chanting of

variables

Telles, Nagarathna &
Nagendra (1998)

Twelve subjects
[n=12]

‘OM’ and non-

targeted thinking

One group with | Autonomic & The two sessions viz., mental repetition
three times respiratory of ‘one’ and ‘non-targeted thinking’
assessments variables decreased heart rate & breath rate

Recording was
made before,
during and after
each practice for
three interventions

whereas in meditation session skin

resistance was reduced

Table 3.4.12. Summary table of literature review on the measures of heart rate variability (Cyclic meditation)

Authors & Year of N) Experimental Variables Findings
Publication Sample size Design studied

Two groups with two | Frequency During cyclic meditation (CM) and after
times assessments | domain CM, low frequency power and the low
Forty two subjects measures of frequency to high frequency power ratio
[n=42] Recording was made | heart rate decreased, whereas high frequency
Sarang & Telles (2006) Experimental-42 before, during and | variability power increased. Heart rate increased
Control-42 after the practice of during the yoga postures and decreased

two independent in guided relaxation and after CM.

interventions




Table 3. 4.13. Summary table of literature review on the measures of heart rate variability (Integrated approach of yoga)

week of pregnancy
in both yoga and
control groups

Authors & Year of N) Experimental Variables Findings
Publication Sample size Design studied
Two groups with | Frequency The high-frequency band of the heart rate
repeated domain variability spectrum increased by 64% in the
assessments measures of 20th week and by 150% in the 36th week, and
Ninety subjects heart rate both the low-frequency band and the low-
. [n=90] Recording was | variability frequency to high-frequency ratio were reduced
Satyapriya, et al., (2009) Experimental-45 made before, 20" continuously.
Control-45 week and 36"

Table 3.4.14. Summary table of literature review on the measures of heart rate variability (Other techniques of yoga)

Raghuraj, et al., (1998)

Twelve subjects
[n=12]

Recording was made
before and after the
practice of Kapalbhati
and Nadisuddhi as two
separate interventions

Authors & Year of N) Experimental Design Variables Findings
Publication Sample size studied
One group with two Frequency An increase in low frequency (LF) power and
times assessments domain LF/HF ratio while high frequency (HF) power

measures of
HRV

was lower following kapalabhati was
observed. There were no significant changes
following nadisuddhi.




Thirty five subjects | Two groups with three | Autonomic The power of the high frequency component
[n=35] times assessments variables and increased following the practice of guided
Vempati & Telles Yoga base?d guided . freque;ncy relaxation'technique and‘ a'ISO, subjects aft'er
(2002) relaxation-15 Recordmg was made domain the recording showed a significant decrease in
Guided relaxation- | before, during and after | measures of the ratio of LF/HF < or = 0.5.
25 the practice of Guided | HRV
relaxation technique
Two groups with two | Frequency Both categories of subjects had an increase in
times assessments domain the power of the low frequency component
Forty subjects measures of (LF) and a decrease in the high frequency
[n=40] Recording was made HRV component (HF) of the HRV spectrum,
Manjunath & Telles With support-20 before and two minutes increased LF/HF ratio, and decreased heart
(2003) Without support-20 | after the practice of the rate.

interventions viz., head
stand posture without
support and with
support




4.1 AIM OF THE STUDY
The present study was aimed to study the effect of cyclic meditation on sleep architecture
using polysomnography measures and measuring the indicators of polysomnography

measures, subjective rating of sleep and heart rate variability.

4.2 OBJECTIVES OF THE STUDY
Following are the objectives of the study
i. Comparing Polysomnogrphy measures viz., EEG, EMG and EOG following the
practice of cyclic meditation (CM) with respect to supine rest (SR) using a
Polysomnogrphy equipment.
ii. Comparing the subjective rating of sleep following the practice of CM with SR
using a self rated sleep scale.
iii. Comparing the frequency and time domain variables of heart rate variability in

CM with SR through a polygraph.

4.3 RATIONALE OF THE STUDY

In several previous studies meditation practice has been shown to reduce physiological
arousal (in terms of metabolism, sympathetic activity and levels of attention). However,
the results varied across meditation practitioners and techniques. In spite of this inter and
intra meditation variability, there remains a view that meditation is a state of hypo-
arousal. Hypo-arousal may suggest that mental alertness is reduced Meditation also has
been shown to reduce stress and increase feelings of peace and calm. An assumption may

be made based on the facts that real-world stress influenced cardio-respiratory functions
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during sleep, hence influencing the restorative function of sleep. The present study was
planned to measure the sleep architecture (based on Polysomnogrphy variables and self
rated sleep scale) and heart rate variability (both frequency domain and time domain
measures) during sleep following the practice of cyclic meditation. This was considered
important to get a comprehensive model of the meditation technique, in this case cyclic
meditation.

Cyclic meditation has been found to be an effective technique in altering the
autonomic status and establishes an equilibrium state in autonomic nervous system.
Hence the practice of cyclic meditation might induce the slow wave sleep and establish

the autonomic balance.

4.4 HYPOTHESIS
Cyclic meditation combines ‘stimulating’ and ‘calming’ practices, based on a statement
in a yoga text, Karika (commentary) on Mandukya Upanisad, which suggests that this
combination will be most helpful to reach mental equilibrium. The underlying idea is that
for most persons the mental state is routinely somewhere between the extremes of being
‘inactive’ or of being ‘agitated’. Stimulations are necessary to activate the inactive and
calming process leads an agitated mind to balance.

The hypothesis of this study was that the practice of cyclic meditation would
induce positive impact in sleep architecture along with heart rate variability during sleep
characterized by producing more calmness and serenity and reducing the amount of

stress.
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4.5 NULL HYPOTHESIS

Null hypothesis postulates that

1.

CM has no beneficial effects on Rapid eye movement sleep (REM) and NREM
(Non rapid eye movement) states of sleep.
CM does not bring about autonomic balance, and

Subjective rating of sleep shows no benefits of CM as an intervention.
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5.0 METHODOLOGY

In this thesis the changes in (i) polysomnography measures, (ii) autonomic & respiratory
variables and heart rate variability, (iii) a questionnaire to self-rate the sleep during
previous night, were studied in normal volunteers following the practice of two yoga

relaxation techniques viz., cyclic meditation and supine rest.

5.1 SUBJECTS

5.1.1 SAMPLE SIZE

Thirty subjects were studied in two separate sessions i.e., cyclic meditation and supine
rest. The sample size was calculated based on an effect size obtained from the previous
study of changes in cyclic meditation (Sarang and Telles, 2006¢). It was calculated using
G*Power software, Version 3.0.10 (Faul, et al., 2007), where the ‘a’ was 0.05, power =
0.95 and the effect size was calculated as 0.7 and 0.65 respectively (Cohen’s effect size =
0.7and 0.65). Hence, the recommended sample size was thirty for Polysomnography
recording and forty for Heart rate Variability measures. The number of subjects varied

across the variables studied. The details are as follows:

SIL. Variables studied No. of No. of recording
No. Subjects sessions

1. Polysomnography measures 30 30x2=60

2. Autonomic & respiratory 40 40x 2 =280

variables and heart rate variability

3. Self rated sleep during previous 30 30x 2 =60
night
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5.1.2 AGE AND SOURCE OF SUBJECTS

The subjects were 30 male volunteers with age range: 20-33 years (mean +=SD: 26.34+4.6
years).

The subjects with minimum one year experience of cyclic meditation and supine
rest were selected for the study. The subjects were residential graduate and postgraduate
students of Swami Vivekananda Yoga Anusandhana Samsthana, a Deemed University,

Prashanti Kutiram, Bangalore, India.

The details about the subjects and their experience are presented in Table 5.1.2.
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Table 5.1.2: Explains about the subjects and their experience in Cyclic Meditation

SI. No. Experience No. Number of
Name Gender Age . .

in months | minutes/day | days/month
1. DDD M 19 3 30 25
2. APM M 26 2 45 24
3. BKT M 27 6 60 21
4. HRS M 24 6 30 24
5. Jsc M 39 S 45 24
6. OPS M 26 6 60 27
7. VRD M 29 4 45 27
8. VTS M 24 5 60 27
9. KKG M 30 4 30 24
10. SPS M 26 4 45 24
11. SMG M 26 3 60 24
12. MKP M 28 3 30 28
13. SKK M 33 3 30 28
14. BRS M 26 4 30 28
15. JPP M 30 6 30 28
16. DND M 24 6 45 27
17. RKS M 26 6 45 24
18. MHM M 28 6 45 24
19. RKR M 28 6 30 24
20. SHM M 23 6 30 24
21. DVR M 20 6 30 24
22. VKG M 20 6 30 24
23. IMS M 25 3 30 21
24. AKS M 20 3 30 21
25. SMS M 20 3 45 21
26. JKS M 34 3 45 21
27. TSG M 30 3 45 24
28. SKG M 25 3 30 24
29. BPS M 21 4 30 24
30. RRV M 31 2 45 24
31. SHV M 25 2 30 21
32. RPS M 26 3 45 24
33. AKT M 24 3 60 24
34. MK]J M 25 4 30 21
35. PKR M 25 2 45 18
36. DBS M 26 3 30 24
37. RSK M 25 3 40 27
38. ABT M 26 3 30 24
39. MKS M 27 4 30 24
40. DKH M 24 2 30 30

Mean 26.03 3.98 38.88 24.28

SD 4.02 1.44 10.59 2.49
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5.1.3 INCLUSION CRITERIA

The subjects who fulfilled following conditions were included in the study: (i) healthy
volunteers based on a routine clinical examination with age range between 18 and 33
years, (i1) male subjects [as polysomnography (Baker & Driver, 2004) and autonomic &
respiratory variables (Yildirir, et al., 2002) have been shown to vary with the phases of
the menstrual cycles in females] (iii) sleep and wakeful cycles of all the subjects were
taken into consideration to include them in the trial (iv) subjects with a minimum one

year experience practicing CM and SR.

5.1.4 EXCLUSION CRITERIA

The following criteria were used to exclude the volunteers: (i) the presence of cognitive
and/or neurological and/or metabolic disorders based on a medical history and routine
clinical examination, (ii) volunteers who showed extra systoles during ECG recording,
(ii1) intake of medications which are known to influence cognitive, autonomic and
metabolic functions and sleep (e.g. tranquilizers, anti histaminics), (iv) smoking or
alcoholism which may have influenced the respiratory and autonomic variables and (v)

any sleep disorders.
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5.1.5 ETHICAL CONSIDERATIONS
A signed informed consent was obtained from all the subjects following a detailed
explanation of the study. The study was approved by the Institutional Ethics Committee.

5.1.6 RANDOMIZATION

The cyclic meditation and supine rest sessions were randomly allocated using a random
number table. This was to prevent the influence of being exposed to the laboratory for the
first time (‘order effect’) from influencing the results. The recordings were made on

different nights, not necessarily on consecutive nights but at the same time during night.

5.2 DESIGN OF THE STUDY

The pilot trials were conducted on ten subjects for polysomnography measures,
autonomic & respiratory variables, and self rated sleep of the previous night in order to
find out the effectiveness of the study design and duration of meditation experience,
appropriateness of study variables, and to observe the trends following the practice of
cyclic meditation.

The details about the trial profile is presented in Fig. 5.2
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Fig.5.2: TRIALPROFILE
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5.2.1: REASONS FOR DROP OUT
1. Participants fell ill after the recruitment.
2. Found it difficult to attend the meditation class.

3. Participants were not interested to continue the study further.

5.2.2 STRUCTURE OF SESSIONS

Subjects were assessed on three separate nights in the sleep laboratory. The first night
was for acclimatization to the laboratory environment. The electrodes were connected as
for a standard recording but no recording was taken. The other two recording sessions
were three days apart. On one day participants were asked to practice cyclic meditation
two times a day, i.e., at 6 a.m. and 6:45 p.m. After that they were asked to report to the
sleep laboratory at 9:00 p.m. and a whole night recording was made. On the other day of
recording participants were asked to practice unguided supine rest in shavasana (SR), as
a control for cyclic meditation, twice in the day, and at the same time and for the same
duration as the cyclic meditation sessions. Similarly participants reported to the sleep
laboratory at 9:00 p.m. and a whole night polysomnography record was taken. The order
of the sessions was randomized using a random number table. On both recording days
[i.e., cyclic meditation (CM) and supine rest (SR)], participants were asked to avoid all
other physical activity (e.g., walking, jogging, or other yoga practices). However they
continued with the rest of their routine (e.g., listening to lectures on yoga). Since all of
them were residing in the same yoga center, the rest of their routine was relatively

comparable. The design of the study is presented in Figure 5.2.1.A and Figure 5.2.1.B.
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Figure 5.2.1.A: Design of the study of polysomnography variables and self rated

sleep
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Figure 5.2.1.B: Design of the study of heart rate variability
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5.2.3 ORDER OF SESSIONS

The cyclic meditation and supine rest sessions were randomized using a random number

table.

Table 5.2.2.A: Subjects assigned to CM session after randomization

SL. NO. SUBJECT CODE SESSION
1. JSC CM
2. DND CM
3. VRD CM
4. KKG CM
3. APM CM
6. IMS CM
7. AKS CM
8. RKS CM
9. BKT CM
10. SMS CM
11. JKS CM
12. BKS CM
13. RRV CM
14. SHM CM
15 RPS CM
16. AKT CM
17. MKJ CM
18. PKR CM
19. DBS CM
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Table 5.2.2.B: Subjects assigned to SR session after randomization

SL. NO. SUBJECT CODE SESSION
1. VDD SR
2. TSG SR
3. SHM SR
4. SMG SR
5. SKG SR
6. SKK SR
7. MHM SR
8. HRS SR
9. BPS SR
10. RKR SR
11. DVR SR
12. VKG SR
13. VTS SR
14. SPS SR
15. MKP SR
16. OPS SR
17. JPP SR
18. RSK SR
19. ABT SR

20. MKS SR
21. DKH SR
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5.3 VARIABLES STUDIED

The following variables were studied:-
5.3.1 POLYSOMNOGRAPHY VARIABLES

Polysomnography variables viz., EEG, EMG and EOG were measured to score the
different stages of sleep and in order to assess the changes following the nights of cyclic
meditation and supine rest (Nicolet, Model No.OEM-S2122D00NM, Alliance Biomedica
for Windows NT, USA). A subject connected with electrodes and sensors is presented in
Plate 5.3.1.A

Recordings of electroencephalogram (EEG), Electro-oculogram (EOG), and
electromyogram (EMG) were carried out using the same machine. The system has 32

amplifiers so that the EEG could be recorded in 32 channels with 128 possible montages.
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Plate 5.3.1.A: A subjects hooked with electrodes and sensors at
sleep laboratory

Recording of
EEG, EOG,
EMG and other
variables were
made using the
Biomedical
Ultrasom System
(Nicolet, USA)

800¢/¢0/L0

1 A subject is at
the recording

. site in a sound
attenuated
room.

A closed
circuit camera
records the
whole night
recording of a
subject
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5.3.1. A Electroencephalogram (EEG)

EEG activity was the core variable of polysomnographic monitoring. Indeed while it was
not possible to score part of sleep without using EMG or EOG (Looris, Harvey & Hobort,
1937).

5.3.1. Al Electrode placement

The standard 10-20 system terminology developed by Jasper (Jasper, 1958) was followed
for the recording of EEG. This system involved measuring electrode placements using
four landmarks: the nasion, inion and left and right pre auricular points. The distances
between nasion-inion and left and right pre auricular points were measured accurately as
they were specific to each individual. The electrodes were placed at intervals of 10 or 20
percent of total distance between landmarks. A picture depicting the International 10-20
system is shown in Plate 5.3.1.A1a.

Once the measurements were taken and the precise location of the electrodes
marked, the hair follicles were separated to cleanse the scalp with spirit. Electrode cups
were then attached to the scalp. A conducting paste (Ten20 conductive paste) was added
through a small hole at the top of the electrode cup. A 10-20 conductive paste was
applied to the inside of the electrode cups before attaching them. Silver chloride

electrodes were used as the mixture of some metals in electrodes might cause artifacts.
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5.3.1. A2 Derivations

The manual published by Rechtschaffen and Kales (Rechtschaffen & Kales, 1968)
recommends referential recording with single EEG lead, either C3 or C4, referenced to
indifferent electrode placed on the ear lobe or contralateral mastoid (Al or A2). The
derivations used were C3-A2 or C4-Al. But according to the American Academy of
Sleep Medicine (AASM) the recommended derivations were F4-A1, C4-Al and O1-A2.
Those proposed derivations were recommended not because of focalized EEG activity
but for reasons of safety. Moreover in the present study the indifferent electrodes on the
mastoid rather than ear lobes were used. There were many advantages in using C4-Al
derivation. On one hand the relatively large inter electrodes optimizes EEG signal
amplitudes for sleep analysis, and on the other most sleep graph-elements, sleep staging
criteria (vertex sharp waves, K complexes and spindles) are well visualized in these
regions. F4-A1 derivation were used for high voltage NREM slow waves seen maximally
in frontal regions whereas O1-A2 derivation was used for alpha rhythm of relaxed
wakefulness which is maximal over the occipital poles. These derivations were also
useful in recognizing sleep onset, particularly in subjects with complex onsets,

particularly in subjects with few slow eye movements.

5.3.1. A3 EEG channel setting
5.3.1.43a Gain
The recommended calibration gives a wave deflection of 7.5 to 10 mm for 50 microvolt

signal. It was necessary to use 5 mm amplification for a 50 microvolt signal and in
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subjects with very low voltage EEG signals, 14 mm amplification for a 50 microvolt
signal.

5.3.1. A3b Time constant

The time constant was 0.3 seconds. It comprised a high pass 35 Hz filter. The time
constant was not changed or shortened in any way (0.1) even if there was interference
from slow potentials due to sweat as this would have an effect on the EEG signal such as

inhibiting the slow waves in deep NREM sleep.

5.3.1. A3c Filters

These were indeed to provide the maximal visualization of sleep frequency bands, the
delta band, spindles as well as the beta band (15 to 35 cps), and minimize high frequency
interference, particularly that produced by EMG. Filters of 0.1 to 35 Hz were used in the

present study.

5.3.1. B Electrooculogram (EOG)
To assess sleep accurately it is essential to recognize eye movement activity during sleep.
It is essential to easily figure out differences in eye movements corresponding to different
sleep stages.

An electrooculogram records the corneo-retinal potential difference which is

reflected in form of in phase and out of phase deflections.
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5.3.1. B1 Electrode placement (EOG)
The electrodes were placed as recommended by Rechtschaffen and Kales (Rechtschaffen
& Kales, 1968) i. e., the right and left outer canthus (right and left eye movements). To
detect horizontal and vertical eye movements, electrodes were offset from the horizontal,
at approximately 1 cm above and 1 cm below the horizontal plane.

The skin surface to which the electrodes were applied was cleansed with spirit.
This is particularly true for extended recordings. Like the EEG electrodes, the electrodes
were placed on the places mentioned above with Ten20 paste. To stick on to the surface
of the skin and to have uninterrupted recording, electrodes were held tight with micro
pore tapes.
5.3.1. B2 Derivation
It was recommended that the two ocular electrodes be referenced to the same Al or A2
electrode, either ROC/A2, or LOC/A1, or the contrary. The same reference was
recommended as that for the EEG signal. This had the advantage of registering eye
movements as out-of-phase per deflection while EEG activity (K complexes and slow
waves, for example) could be seen as in-phase deflections. This eliminates certain
artifacts, while having the capacity to distinguish eye movements in certain difficult
cases.

These derivations were adequate to analyze human sleep satisfactory.
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5.3.1. B3 EOG channel settings

EOG channel settings were the same as for EEG although some changes were made
notable for the low-pass filter which must be limited to 0.5 Hz as there is no rapid
component in eye movements and even a nystagmus can be detected with this filter. On
the contrary, high frequency interference (EMG) was particularly problematic in
observing certain low amplitude eye movements which should thus be completely
eliminated. Some laboratories use shorter time constant (0.15) to minimize contamination
from the slow wave in deep NREM sleep on EOG lines. The danger of this type of
calibration a part from the fact that it does not completely eliminate contamination from
slow sleep waves, is that it makes it impossible to actually distinguish the slow eye

movements which are so useful in determining sleep onset.

5.3.1. C Electromyogram (EMG)

The electrodes were placed on muscles beneath the chin (mentalis and submentalis) to
evaluate muscular activity during sleep.

5.3.1. C1 Electrode placement

The electrodes were placed beneath the chin, overlying the chin muscles. It was advisable
to fix at least three electrodes to allow for a back-up electrode during the night but in the
present study two electrodes were used. The chin was thoroughly cleansed before fixing
the electrodes and to make sure that they were securely fixed, particularly in case of

patients with a beard.
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5.3.1. C2 Derivations
Any combination of the two placements was used. When calibrating at patient’s bedside,

the derivation producing the best quality was used.

5.3.1. C3 EMG channel setting

5.3.1. C3a Gain

Gain was as high as possible. Fourteen to fifteen mm amplification for a 50 microvolt
signal was used. Muscle activity during sleep was essentially used to differentiate REM
sleep from the other stages. As the EMG signal may be very weak, particularly at the end
of the night, it was essential to use high amplification.

5.3.1. C3b Time constant

As EMG signal was the high frequency recorded in polysomnography and it was
necessary to use a short time constant. The reference manual (Rechtschaffen & Kales,
1968) recommends using a time constant of 0.1 second, i.e., a 1 KHz high-pass filter. So
in the present study the high filter was made higher to 1 KHz.

5.3.1. C3c Filters

The filter was at 0.5 Hz to monitor the maximum frequencies used in indicating muscular

signals.

5.3.1. D calibrating of bio-signals while subject is in the bed
Preparation was meticulously checked when the subject was in bed. Each laboratory has

its own checking procedure so only essential steps have been listed here, to ensure that
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the system operates during the night. It was also ensured that subject was comfortable at
the bed before starting the calibration process described below.

5.3.1. DI EEG

Subject was asked to relax, with eyes closed for 30 seconds. It was also ensured that the
alpha rhythm was adjusted correctly, modifying the amplitude if necessary.
Disconnecting the 50Hz rejecter filter and checking that tracing continues normally,
correcting any faults. Reconnecting the 50 Hz rejecter filters and proceed with the other
calibrations.

5.3.1. D2 EOG

Subjects were asked to look up, down, right and left. The EOG tracings were marked for
the respective calibration for standardized scoring.

5.3.1. D3 EMG

Subject was also asked to clench the teeth, chew, etc.; the amplification gains were

adjusted at this stage

5.3.1. E Autonomic variables; Electrocardiogram (ECG)
In the present study, polysomnography recording involved large number of autonomic
variables. One of them is ECG.

Electrodes were cupped, fixed with cotton used for sleep recordings, but in the
interests of patient comfort, self-adhesive electrodes which stick easily to skin and which

could be cleansed easily with spirit.
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5.3.1. E1 Placing electrodes
Several electrode positions exist. One of the most common is recording with Limb lead-I

electrodes.

5.3.1. E2 ECG channel setting

ECG sensitivity varies according to the position of the electrodes, which was adjusted
when recording started and during calibration. A constant of 0.1 sec, i.e. a 0.5 Hz low-
pass filter with a 10 Hz high-pass filter was set during the recording.

5.3.1. E3 Calibrating the subject

When monitoring started, the gain was set according to the position of the electrodes. It
was important to note that the speed during sleep recording (10 or 15 mm/sec) and the
subject’s movements modified inter electrode distances. The ECG’s carried out in
polysomnography could only provide partial elements. It was however necessary to make

sure that the P and QRS waves were detectable.

5.3.1. F Respiratory variables

There were two types of measurements for respiratory variables: qualitative measurement
and self-qualitative measurements.

5.3.1. F1 Thoracic and abdominal straps

Mercury capillary length gauzes consist of sealed, electric tube, containing an electric
conductor (mercury). The gauze stretched and reduced by the respiratory movements
which modified its length and section, and thus increased its resistance. This resistance

variation was transformed into an electrical variation through the intermediary of a wheat
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stone link operated by a high electric battery. As the current fluctuation is inversely
proportional to the length of the gauze, two relatively long gauzes (circumference gauzes)
gives an approximate measurement of volume (Loveridge, Perez-padilla & West, 1984).
Graphite straps comprised of a small rubber cylinder made in graphite. Variation
in volume created by the movement of the rib cage for the abdomen cause the strap,
stretches and modifies the section provoking a change in the resistance. The resistance
variation was transformed into an electrical variation through a wheat stone link operated
by a high capacity electric battery. It was more difficult to obtain a quantitative measure
of the volume with this type of gauze. The amplitude observed is proportionate to
stretching. The advantage with this type of monitor is its great stability and high
sensitivity.
5.3.1. Fla Placing the straps
It was essential to use two straps, one to measure variation in the volume of ribcage and
the other to the abdomen. The thorax and abdomen normally expands in synchronization.
This mechanism appears on the trace as phased respiratory movement recorded for each
strap. In the case of particular respiratory events involving either a reduction of
diaphragm tone or respiratory muscle tone or the partial or total obstruction of the upper
airways, respiration of paradoxical type may appear. This deviation is characterized on
the recording by de-phasing and amplitude changes of the two tracks monitoring the

thoracic movements and abdominal movements.
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5.3.1. F2 Oronasal sensors

The use of single strap was insufficient to detect apneas during sleep, which are
characterized by a blockage of the air passage. A quantitative assessment of the blockage
of the air passage could be carried out effortlessly by detecting the variations in the
temperature of the exhaled air. By using sensors which were sensitive to temperature
variations (Berendes, Kipp & Hanioya, 1982) thermocouples and thermisters, the passage
or non-passage of air could be detected.

The thermocouple consists of a closed circuit composed of two different metallic
conductors. A current circulates when the two junctions were kept at different
temperatures (Plter effect). A variation in temperature in electric potential proportionate
to the temperature variation is directly monitored by the polygraph.

The thermister, an electric component in the form of a glass droplet is a resistor
whose value fluctuates in function of temperature variations. The thermisters used are of
the NTC type (negative temperature co efficient) as their value diminishes when the
temperature rises. The warmer exhaled air modifies the ohm resistance which is
transformed into an electric variation through a wheat stone link operated by a high
capacity electric battery. This montage ensured high sensitivity and good reliability. A
number of precautions were taken. The thermisters was placed under an air conditioning
outlet as the cool air could modify thermister sensitivity; it was also important to check

thermister sensitivity; it was also important that the temperature of the room was not too
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high; finally at body temperature (the temperature to which it is sensitive) and would no

longer be able to record changes in temperature.

5.3.1. F2a Placing the sensors
The airway was monitored at mouth and nostril level. Thermistors can be mounted in
series on the same track with two thermistors for the nostrils and one for the mouth.
Unlike straps, thermocouples and thermistors give no indication of volume, as
they are sensitive to thermal variations only, and exhaled air, even in small quantities,
will not show sufficient thermal variation to proportionately modify the amplitude of the
signal.
So in the present study, the sensor was fixed above the upper lip directing two

sensors towards nostrils and one towards the mouth.

5.3.1. F3 Respiratory airway setting
Whether the upper airways or thoracoabdominal movements, the setting was more or less
the same apart from amplitudes.

Gain depends on a large number of factors (position stretching of the straps etc.)
and can only be properly established when calibration was carried out on the subject in
bed. As respiratory movements are very slow, a time constant of 1 sec i.e. a 0.15 high

pass filter associated with a 15 Hz low pass filter was set during recording.
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5.3.1. F4 Calibrating the bio-signals acquired during recording
Respiratory air way amplification was set at this stage.
The straps: subject was asked to breathe normally, inhaling and exhaling deeply.
Checking that the amplitude was not saturated (plateau signal on the polygraph). It was
important to check that the two thoracic and abdominal airways were in phase. It was also
important to note the movements of inhalation and exhalation air.

Naso-buccal sensors; it was checked in the same way as for the abdominal and
thoracic straps, asking the subject for opening his mouth.
The static charge —sensitive mattress measures variations in the electrostatic field setup
by the subject’s movement or from the dilation and contraction movements of the heart in
the ribcage (balisto cardiography). This system not only discriminated between different
types of apneas but will also indicate respiratory effort and objectify certain events such
as partial obstruction or an increase in respiratory resistance which is difficult to isolate
without using more invasive quantitative methods.

This device was operated at a low speed (</=15 mm/s) to be read on the computer

screen, which was compatible with sleep recordings.

5.3.1. F5 Measurement of tracheal sounds

Tracheal sounds were measured by small microphone placed on the neck overlying the
trachea, or on the upper thorax. They provided an indication of snoring and breathing
uptake after unspecified respiratory events. They also provided quantitative indications

when combined with computerized techniques (Meslier & Racineux, 1987).
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5.3.1. F6 Oximetry (SaO2 measurement)
A probe was placed on the patient’s middle finger to assess arterial blood oxygen
saturation by beaming red and infrared lights into the skin and measuring the ratio of the

reemitted pulsing light intensities. Pulse oximetry provides estimates of Sao2.

5.3.2 SELF RATED SLEEP
This is a questionnaire having four item questions and four visual analog scales. This was
tested with its’ reliability and validity. The detail of the questionnaire is presented in

Appendix-2.

5.3.3 HEART RATE VARIABILITY (HRYV)

Heart rate variability (HRV) describes the variations between consecutive heartbeats. The
regulation mechanisms of HRV originate from the sympathetic and parasympathetic
nervous systems in addition to other controls and hence, HRV is used as a quantitative
marker of the autonomic control over the heart (Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology, Heart Rate
Variability: standards of measurement, physiological interpretation, and clinical use,
1996). The ECG for HRV spectrum was acquired using a four channel polygraph
(Medicaid, Chandigarh, India). The EKG was recorded using Ag/AgClI electrodes with
conducting gel (Electrode Gel, Recorders and Medicare Systems, Chandigarh, India) and
recording was made using standard Limb lead II configuration. Data were acquired at the

sampling rate of 1024 Hz and were analyzed offline.
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5.3.3. A Recording conditions
The subjects were studied in an air conditioned, sound attenuated room with dim lighting

and the temperature was maintained between 20 and 25 ° Celsius.

5.3.3. B Specifications of Medicaid system

Analog Inputs:

No. of channels 16 Channels (5 -DC)

Input Voltage Range +/-5V

Input Impedance 1000G, i.e. IT

A/D resolution 14 Bits Bipolar

Max. Input Voltage +/-5V

Input Coupling DC or 0.1 Hz (AC Mode)

Low-Pass Frequency (Hz) DC, 0.1,0.3,0.5,1,3,5,7, 10

High-Pass Frequency (Hz) 0.1,0.3,0.5, 2, 10, 15, 35, 70, 99

Sensitivity (uV) 1,2,3,5, 7,5, 10, 15, 20, 30, 50, 75, 100,

200, 300, 500, 750, 1000, 1500
Sampling Rate 1024Hz

Digital Input/Output:-

Voltage Levels RS —-232

Output Drive Current +/-20mA (Max)
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5.3.3. C Testing procedure

The EKG was recorded using Ag/AgCI electrodes with conducting gel (Electrode Gel,
Medicaid Systems, Chandigarh, India) and recording was made using standard limb lead
II configuration. Data were acquired at the sampling rate of 256 Hz and were analyzed
offline. Noise free data were included for analysis. Records of six participants had artifact
and these recordings were excluded but repeat recordings were taken on the same
participants and included for analysis. The R waves were detected to obtain a point event
series of successive response-response intervals, from which the beat-to-beat heart series
was computed. The data were analyzed with an HRV analysis program developed by the
Biomedical Signal Analysis Group, University of Kuopio, Finland (Niskanen et al.,
2004). The respiration was recorded using a stethograph connected to an AC amplifier
and fixed around the trunk approximately 8 cm below the lower costal margin when the
participants stood erect. Schematic representation of EKG and Heart rate (HRV) are

presented in Figure 4.5.2.

5.3.3. D Variables measured

The following variables were measured (i) LF: Low frequency power of HRV spectrum
is known to correspond to sympathetic modulation when expressed in normalized units.
Low frequency band ranges between 0.05-0.15 Hz. (ii) HF: High frequency power
(normalized units) of HRV spectrum between 0.15-0.4 Hz. The efferent vagal activity is a
major contributor to the HF component. (iii) Ratio of low and high frequency powers

(LF/HF ratio) is correlated with the sympatho-vagal balance. (iv) HR: Heart rate in
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number of beats per minute (b/min). Normally, heart rate ranges between 70 and 80 beats
per minute (Task Force of the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology, Heart Rate Variability: standards of

measurement, physiological interpretation, and clinical use, 1996).
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5.4 INTERVENTIONS
5.4.1 CYCLIC MEDITATION

Throughout the practice of cyclic meditation subjects kept their eyes closed, and followed
taped instructions with ear phones. The instructions emphasized carrying out the practice
slowly, with awareness and relaxation. The practice began by repeating a verse from the
yoga text, the Mandukya Upanisad (40 seconds); followed by isometric contraction of the
muscles of the body ending with supine rest (1 minute): standing at ease (called tadasana)
and ‘balancing’ the weight on both feet (2 minutes): then the first actual posture, bending to
the right (ardhakatichakrasana, 1 minute 20 seconds); a gap of 1 minute 10 seconds with
instructions about relaxation and awareness; bending to the left (1 minute 20 seconds); a gap
as before (1 minute 10 seconds); forward bending (padahastasana, 1 minute 20 seconds);
another gap (1 minute 10 seconds ); backward bending (ardhachakrasana, 1 minute 20
seconds); supine rest with instructions to relax different parts of the body in sequence (10
minutes). The pictorial description of these postures in CM is given in Plate RL1. The
postures were practiced slowly, with awareness of all the sensations that are felt. The total
duration of the practice was 23 minutes (Nagendra, & Nagarathna, 2003). The basis of CM

and its practical details are elaborated in Appendix-3.

5.4.2 SUPINE REST

During supine rest session, the subjects were lying supine with legs apart and arms away
from the sides of the body and eyes closed. The subjects were left for 23 minutes without

any specific guided instruction. This is considered as control session for the trial.

131



Table 5.4.2.A-: Time allocation during CM session

Cyclic meditation ( 22:30 minutes: eyes closed)
Phase -1 Phase-II Phase-I1I Phase-IV
5 minutes 5 minutes 5 minutes 7:30 minutes
Prayer Observation of DRT
IRT Observation of changes ‘A’ chanting
h ;
Linear awareness chanees Ar dhacalfr asana ‘U’ chanting
) ArdhakaGicakrdsana | Observation of s .
Standing up changes M’ chanting
(Left side) .
Tdodsana Lying down AUM chanting
) Observation of .
Centering changes Linear awareness Coming out of body
Observation of Balance Surface awareness | Merging with sky
changes ; .
Pddahastisana Sukhdi
Ardhakadicakrdsana Part b¥ part urnasand
(Rl ght si de) relaxation Prayer
Table 5.4.2.B: Time allocation during SR session
Supine rest ( 22:30 minutes: eyes closed)
Phase -1 Phase-I1 Phase-I11 Phase-IV
5 minutes 5 minutes 5 minutes 7:30 minutes

Supine rest
No guided

instruction

Supine rest
No guided

Instruction

Supine rest
No guided

instruction

Supine rest
No guided

instruction
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6.1 DATA EXTRACTION

6.1.1 POLYSOMNOGRAPHY RECORDING

The 60 polysomnography (i.e., 2 sessions in 30 participants) records were subdivided into
30-second epochs and sleep stages were scored according to the standard criteria of
Rechtschaffen and Kales (Rechtschaffen & Kales, 1968). The data files were coded to
mask their identity from the scorer. All stages of sleep were visually inspected the actual
tracing of each stage of sleep is presented in Figure 6.1.1.A, Figure 6.1.1.B, Figure
6.1.1.C, Figure 6.1.1.D, Figure 6.1.1.E and Figure 6.1.1.F.

The following variables were evaluated: (i) time in bed, (ii) sleep period time, i.e.,
the time from sleep onset to sleep end, (iii) total sleep time, i.e., the time from sleep onset
to the end of the final sleep epoch minus time awake, (iv) sleep onset latency, i.e., the
time from lights out to sleep onset. Where sleep onset is defined as the first of two
consecutive epochs of sleep stage 1 or one epoch of any other stage, (v) REM latency,
i.e., the time from sleep onset to the first REM sleep epoch, (vi) number of
awakenings/hour, (vii) sleep efficiency, i.e., the percentage ratio between total sleep time
and time in bed (TST/TIB*100), (vii) percentage of sleep period time in wakefulness
after sleep onset (WASO percentage), and (viii) to (xi) percentage of SPT spent in sleep

stages 1 (S1 percent), 2 (S2 percent), SWS percent, and REM sleep percent.
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Tables 6.1.1. A: Sleep Scoring Criteria according to the Rechtschaffen & Kales,
1968 manual

Stages Scoring Criteria
EEG EOG EMG
5 — .
AWAKE > 50% of ..':llpha activity and low Rapid Eye Normal muscle tone
voltage mixed frequency movements
NREM 1 | <50% of alpha activity Slow rolling eye Normal muscle tone
: movements i
NREM 2 Presence of sleep spindles or K No eye Relatively low muscle
complexes movements tone
NREM 3 Presence of 20 to 50 % of waves less No eye Relatively low muscle
than 2cps and greater than 75 uV movements tone
o,
NREM 4 > 50 % of waves less than 2cps and No eye Low muscle tone
greater than 75 uV movements
REM Low voltage mixed frequency Rapid eye Atonia
movements

6.1.2 SELF RATING OF SLEEP

The four item questionnaire consisted of questions, the responses to which were either the
‘number of times’ or ‘time in minutes’ and hence did not require further data extraction.
The four VAS were scored by measuring the distance from the ‘0’ end of the scale to the

mark made by the participant. All values were in cm.

6.1.3 AUTONOMIC AND RESPIRATORY VARIABLES

The heart rate in beats per minute (bpm) was obtained by continuously counting QRS
complexes in successive 60s periods. The breath rate (in cycles per minute) was
calculated by counting the breath cycles in 60s epochs, continuously.

Heart rate and heart rate variability spectrum (HR V) as well as breath rate were
recorded for six hours during sleep and the first five minutes and the last five minutes of

each hour was included for analysis. Hence in each six-hour sleep recording there were
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twelve epochs each of five minutes, for analysis. For the pre-sleep recording the first five
minutes out of a ten minute period was used.

Following the European Guidelines of the Task Force of the European Society of
Cardiology, the following components of time domain HRV were analyzed viz., the
number of pairs of Normal to Normal RR intervals differing by more than 50 ms (NN50),
NN50 divided by total number of all NN intervals (pNN50), the square root of the mean
squared differences of successive NN intervals (RMSSD), the standard deviation of NN
intervals per seconds (STD/sec) and total index of NN intervals (TINN). In addition, the
HRYV power spectrum was obtained using Fast Fourier Transform analysis (FFT). The
energy in the HRV series in the following specific frequency bands was studied viz., the
very low frequency band (0.0-0.05 Hz), low frequency band (0.5-0.15 Hz), and high
frequency band (0.15-0.50 Hz). The low frequency and high frequency band values were
expressed as normalized units (Task Force of the European Society of Cardiology, 1996).
Hence the HRV data were analyzed to obtain both time domain and frequency domain

measurcs.

6.2 DATA ANALYSIS
Since the data were normally distributed, an independent samples ‘t’ test was done to
compare the nights following CM practice with the nights following SR practice for

polysomnography variables.
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Repeated measures analysis of variance (ANOVA), post-hoc tests with Bonferroni
adjustment, comparing During-sleep (CM) with During-sleep (SR) for autonomic &
respiratory variables and hear rate variability measures.

For self rated sleep, data were not normally distributed. So, a non parametric test

‘Mann- Whitney U test’ to compare CM data sets with SR.
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Plate 6.1.1. A: Tracing indicating the Stage -Wakefulness

Utz’k’ﬁ;es| Patient| Muntagel SemirSeJec!z’an| Edit Data| Edit Stages| EditPattern|

Exit |

Patient: Maheshwar P 15BB948 1

5 |1

All ﬁ :fimebass|ms"‘i8“‘

30s

Auta ->

<~ Auto

g

Search

3
Time

JGEREY

Wﬂw

R
)

LERA
)

B0
I

Jre P[>

[ndy
100

:

v

.

/

Fhonb

RN
-

\

{

s

s

L

il
gl

J

S
o

Nk

1s
A i P
o T
ls
ool et y peimbs e M
i
s |

e | /] q /) LA V]
N Te ]
Time 04:39:49 07:19:30 Epoch: 880 ﬂl 0.0 0.0 ﬂl 0.0 POSITION: | onBACK | 1124 E

137



Plate 6.1.1. B: Tracing indicating the Stage -NREM-1
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Plate 6.1.1. C: Tracing indicating the Stage -NREM-2:
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Plate 6.1.1. F: Tracing indicating the Stage -REM
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Plate 6.1.1. G: Tracing indicating the Movement time of the subject (MT)
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Plate 6.1.1. H: A manually scored Hypnogram of a subjecting showing different
stages of sleep
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7.1 POLYSOMNOGRAPHY (PSG)

The variables recorded during the whole night PSG session following the day
during which participants practiced CM (called ‘CM-PSG’) were compared with
those recorded during the PSG session following SR practice (called ‘SR-PSG’).

The CM-PSG showed higher SWS percentage (p<0.01), and lower REM
percentage (p<0.001) and fewer awakenings per hour (p<0.05). Group mean values
+ S.D. are given in Table 7.1. A.

7.2 SELF RATED SLEEP

Self rated sleep based on the four item questionnaire showed that the time taken to
fall a sleep (p<0.05) was lower, duration of sleep (p<0.01) was higher and number
of dreams recollected (p<0.05) was less following CM than following SR.

Self rated sleep based on the subjective VAS rating showed that the
following were better after CM compared to SR: (i) a feeling of being refreshed
after sleep (»p<0.001), (ii) feeling good in the morning (p<0.01), (iii) feeling less
disturbed by sleeping in a laboratory (p<0.001) and (iv) less inconvenience
experienced related to the electrodes used for recording. Group mean values + S.D.

are given in Table 7.2. A.
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7.3 HEART RATE VARIABILITY

The groups mean values + S.D. for heart rate, breath rate, time domain and
frequency domain measures of HRV spectrum are given in Table 7.3.1.
Repeated Measures Analysis of Variance (REMANOVA)
There was a significant difference between sessions for (1) Very low frequency [F
= 4.568, df = 1, 41, P<0.05; Huynh-Feldt ¢ = 1.000]; (2) Low frequency [F =
20.496, df = 1, 41, P<0.001; Huynh-Feldt ¢ = 1.000]; (3) High frequency [F =
20.355, df =1, 41, P<0.001; Huynh-Feldt ¢ = 1.000]; (4) The standard deviation of
NN intervals per seconds [F' = 10.854, df =1, 41, P<0.01; Huynh-Feldt ¢ = 1.000];
(5) The square root of the mean squared differences of successive NN intervals [F =
10.316, df = 1, 41, P<0.01; Huynh-Feldt ¢ = 1.000]; (6) The number of interval
differences of successive NN intervals greater than 50 ms [F = 6.085, df = 1, 41,
P<0.05; Huynh-Feldt ¢ = 1.000]; (7) and total index of NN intervals [F = 14.102,
df=1, 41, P<0.05; Huynh-Feldt ¢ = 1.000].

Between states, there was a significant changes in (1) Low frequency [F' =
7.081, df = 1, 41, P<0.01; Huynh-Feldt ¢ = 1.000]; (2) and High frequency [F =
7.568, df =1, 41, P<0.01; Huynh-Feldt ¢ = 1.000].

There was a significant interaction between sessions and states in (1) The
standard deviation of NN intervals per seconds [F' = 5.34, df = 1, 41, P<0.05;
Huynh-Feldt ¢ = 1.000]; (2) The square root of the mean squared differences of

successive NN intervals [F = 5.827, df = 1, 41, P<0.05; Huynh-Feldt € = 1.000]; (3)
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The number of pairs of Normal to Normal RR intervals differing by more than 50
ms [F = 7.026, df = 1, 41, P<0.05; Huynh-Feldt ¢ = 1.000]; (4) The NN50 divided
by total number of all NN intervals [F' = 6.124, df =1, 41, P<0.05; Huynh-Feldt € =
1.000] (5) And the total index of NN intervals [F = 7.910, df = 1, 41, P<0.01;
Huynh-Feldt € = 1.000].
Post Hoc Tests for Multiple Comparisons
Post hoc tests for multiple comparisons were performed with Bonferroni
adjustment. Comparisons were made between During-sleep following CM with
During-sleep following SR, Pre sleep CM with During-sleep CM, and Pre-sleep SR
with During-sleep SR sessions.

A significant decrease in HR (p <0.01), LF (p <0.001), HF (p <0.001), and
TINN (p <0.01) was observed when a comparison was made between During-sleep
following CM with During-sleep following SR sessions. Also a significant decrease
in LF (p <0.05), HF (p <0.05), and TINN (p <0.001) was also observed, when a
comparison was made following Pre-sleep following CM with Pre-sleep with SR
session.

Time domain measures are given in rows 8 to 13 and frequency domain

measures in rows 3 to 6.
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Table 7.1.1 : Polysomnography related variables recorded on the nights following cyclic meditation

(CM) practice and following supine rest (SR). Values of group mean £S.D.

Variables Sessions

Recording after Cyclic Recording after Supine
Meditation (CM) Mean +S.D. Rest (SR) Mean = S.D.

Sample size( n = 30)

Age (years) 26.27+4.61 26.27+4.61
Bedtime, clock time 22:24 (minutes) 22:18 (minutes)
Wake-up time, clock time 05:24 (minutes) 05:28 (minutes)
Total time in bed (TIB), min 406.10+33.88 412.73+34.10
Sleep period time (SPT) , min 377.03+£34.76 382.27+£35.74
Sleep- onset latency(SOL), min 17.63£19.91 18.80£15.41
Total sleep time (TST), min 352.77+41.35 353.03+35.90
Sleep efficiency (SE), % 86.92+7.59 85.85+6.25
Sleep stages in minutes

1 (S1) 61.85+£33.17 61.78+28.83
2(S2) 117.25436.38 114.80+28.21
SWS 105.62429.16%*** 82.85+28.91
REM 58.22+42(.82%** 79.63+20.53
REM latency, min 149.90+46.77 146.13+38.27
Number of awakenings/hr. 1.67+£0.55* 2.03+0.72
(AWN/hr.)

Sleep stage, %

Wake after sleep onset,(WASO) 5.31 7.44
1(S1) 16.40 16.16
2(S2) 31.09 30.03
SWS 28.01 21.67
REM 15.44 20.83

***p<0.001, using a paired t - test and *p<0.05, Wilcoxon signed ranked test, comparing the nights following CM
practice with the nights following SR practice
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Table 7.2.1: Scores in the self-rating of the sleep on night after practicing cyclic meditation
(CM), compared with after practicing supine rest (SR). Values are group mean + S.D.

Variables Sessions
Recording after Cyclic Recording after Supine
Meditation (CM) Rest (SR)
Sample size (n=30)

Part-1
Feeling that sleep was 7.49 £1.46%** 5.63+1.80
refreshing
Feeling ‘good’ in the morning 7.73 £1.65%* 6.45+2.07
on awakening
Degree to which sleep was 2.05 £1.63%** 3.99 +2.32
influenced by being in a
laboratory
Discomfort induced by sleeping 1.82 £ 1.33%** 3.44+2.17
with electrodes
Part-11
Time taken to fall asleep 20.90 + 15.17* 28.63 £25.99
Number of awakenings 2.33+1.56 2.80 £ 1.65
Duration of sleep from start to 6.08 + 0.80** 5.52+1.16
finish
Number of dreams recollected 1.87 +£1.33* 2.50+1.93

***p<0.001, **p<0.01, ‘CM’ session compared to ‘SR’ using a Wilcoxon signed ranked test for a paired data
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Table 7.3.1: Heart rate, breath rate and measures of heart rate variability recorded Pre and
During-sleep following cyclic meditation (CM) practice and following supine rest (SR).
Values are group mean + S.D.

Variables Pre sleep Pre sleep During sleep During sleep
(CM) (SR) (CM) (SR)
Sample size (n=40)
Heart rate 62.95 +7.10* 63.88 + 7.89 62.73 + 4.94* 67.00 + 6.37
(bpm)
Breath rate 18.72 + 2.50 19.15 + 3.45 18.72 + 2.50 19.15 +3.45
(cpm)
Very Low
Frequency 14.44 +12.88 18.72 £ 10.77 16.75 +5.00 18.69 £ 6.72

VLF (n.u.)

Low frequency| 46.21 + 20.66* 53.85+18.58 | 52.79 + 13.59*** | 60.86+ 11.75
LF (n.u.)

High frequency| 53.81 +20.68* 46.16 +18.58 | 47.21 £13.59%*%* | 3914+11.75
HF (n.u.)

LF/HF ratio 130+ 1.29 1.67 +1.48 1.67 + 1.09 229+ 124
STD/Sec 0.19+021 0.09 + 0.08 0.16+0.14 0.12+0.11
STD/Min 111.24 + 162.01 30.82 + 79.60 71.51 £90.28 36.46 + 67.26
RMSSD 204.05 + 266.38 77.96 + 70.45 162.39 +156.84 | 117.24 + 118.69

NN50 (counts)| 149.38 + 134.97 85.75 + 85.37 109.43 +58.89 95.91 + 56.20

pPNN50 (%) 41.98 +27.69 27.21 +£20.33 34.61 + 16.30 39.70 + 57.50

TINN (ms) | 848.25 + 703.80*** 440.50 +391.41 | 661.78 + 428.26** | 497.58 + 320.81

*£P<0.01, *P< 0.05, using Repeated measures analysis of variance (ANOVA), post-hoc tests with Bonferroni
adjustment, comparing CM with SR
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Fig. 7.1.1: Total Time in Bed (minutes) following CM vs. SR.

Values are group mean £S.D.
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Fig.1.1.2: Sleep Period Time (minutes) following CM vs. SR.
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Fig.7.1.3: Sleep Onset Latency (minutes) following CM vs. SR.
Values are group mean + S.D.
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Fig.7.1.4: Total Sleep Time (minutes) following CM vs. SR.
Values are group mean + S.D.
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Fig.7.1.5: Sleep Efficiency (percentage) following CM vs. SR.
Values are group mean + S.D.
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Fig.7.1.6: Non Rapid Eye Movements Sleep-I (minutes) following
CM vs. SR. Values are group mean + S.D.
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Fig.7.1.7: Non rapid eye movement sleep-II (minutes) following
CM vs. SR. Values are group mean + S.D.
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Fig.7.1.8: Slow wave sleep (minutes) following CM vs. SR.
Values are group mean + S.D.
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Fig. 7.1.9: Rapid eye movement sleep (minutes) following CM vs.
SR. Values are group mean + S.D
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Fig.7.1.10: Rapid eye movement sleep latency (minutes) following CM
vs. SR. Values are group mean = S.D.
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Fig. 7.1.11: Number of awakenings per hour (numbers)
following CM vs. SR. Values are group mean + S.D.
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Fig.7.1.12: Wake after sleep onset (percent) following CM vs. SR.
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Fig.7.2.1: Visual analog scale-I (feeling that sleep was refreshing;
cm) following CM vs. SR. Values are group mean * S.D.
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Fig.7.2.2: Visual analog scale-II (feeling good in the morning on
awakening; cm) following CM vs. SR. Values are group mean + S.D.
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Fig.7.2.3: Visual analog scale-III (degree to which sleep was influenced
by being in a laboratory; cm) following CM vs. SR. Values are group
mean + S.D.
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Fig.7.2.4: Visual analog scale-IV (discomfort induced by sleeping
with electrodes; cm) following CM vs. SR. Values are group mean +
S.D.
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Fig.7.2.5. Time taken to fall asleep (minutes) following CM vs. SR.
Values are group mean = S.D.
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Fig.7.2.6: Number of awakenings (numbers) during night following
CM vs. SR. Values are group mean £ S.D.
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Fig. 7.2.7: Duration of sleep from start to finish (hours) following CM vs.
SR. Values are group mean + S.D.
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Fig.7.2.8: Number of dreams recollected (numbers) Following CM vs. SR.
Values are group mean + S.D.
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Fig.7.3.1: Hear rate (bpm) following CM vs. SR before sleep. Values are

group mean = S.D.
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Fig.7.3.2: Hear rate (bpm) following CM vs. SR during sleep. Values are

group mean £ S.D.
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Fig.7.3.3: Breath rate (cpm) following CM vs. SR before sleep.
Values are group mean + S.D.
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Fig.7.3.4: Breath rate (cpm) following CM vs. SR during sleep.

Values are group mean = S.R.
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Fig.7.3.5: Very Low frequency (n.u.) following CM vs. SR before sleep.
Values are group mean + S.D.

Very low frequency following CM vs. SR

37 before sleep (VLF)
30
25
s 20 EESies Ee |@BCcMm
15 P 0OSR

N\

10

<

LF

Fig.7.3.6: Very Low frequency (n.u.) following CM vs. SR during sleep.
Values are group mean + S.D.
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Fig.7.3.7: Low frequency (n.u.) following CM vs. SR before sleep.
Values are group mean = S.D.
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Fig.7.3.8: Low frequency (n.u.) following CM vs. SR during sleep.
Values are group mean + S.D.
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Fig.7.3.9: High frequency (n.u.) following CM vs. SR before sleep.
Values are group mean = S.D.
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Fig.7.3.10: High frequency (n.u.) following CM vs. SR during sleep.
Values are group mean + S.D.
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Fig.7.3.11: Low frequency and High frequency ratio following CM vs.
SR before sleep. Values are group mean + S.D.
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Fig.7.3.12: Low frequency and High frequency ratio following CM vs.
SR during sleep. Values are group mean + S.D.
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Fig.7.3.13: Standard deviation of the mean heart rate per second
following CM vs. SR before sleep. Values are group mean £ S.D.
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Fig.7.3.14: Standard deviation of the mean heart rate per second following
CM vs. SR during sleep. Values are group mean+ S.D.
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Fig.7.3.15: Standard deviation of the mean heart rate per minute
following CM vs. SR before sleep. Values are group mean £ S.D.
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Fig.7.3.16: Standard deviation of the mean heart rate per minute
following CM vs. SR during sleep. Values are group mean £ S.D.
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Fig.7.3.17: Root mean square of successive NN interval differences
following CM vs. SR before sleep. Values are group mean = S.D.
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Fig.7.3.18: Root mean square of successive NN interval
differences following CM vs. SR during sleep. Values are group
mean = S.D.
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Fig.7.3.19: Successive NN intervals differing more than S0ms following
CM vs. SR before sleep. Values are group mean = S.D.
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Fig.7.3.20: Successive NN intervals differing more than 50ms
following CM vs. SR during sleep. Values are group mean + S.D.
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Fig.7.3.21: Percentage value of NN50 counts following CM vs. SR

before sleep. Values are group mean + S.D.
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Fig.7.3.22: Percentage value of NN50 counts following CM vs. SR

during sleep. Values are group mean + S.D.
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Fig.7.3.23: Total index of Normal to Normal intervals following CM vs.
SR before sleep. Values are group mean + S.D.
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Fig.7.3.8: Total index of Normal to Normal intervals following CM vs.
SR during sleep. Values are group mean + S.D.
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9.1SUMMARY

On the night following CM practice the percentage of slow wave sleep (SWS) was
significantly more than the night following relaxation in SR, the percentage of rapid eye
movement (REM) sleep was less, and the number of awakenings per hour was also less.
Following CM the self rating of sleep based on visual analog scales showed an increase
in the feeling that sleep was refreshing, an increase in feeling ‘good’ in the morning, an
impression of an overall increase in sleep duration, a decrease in the degree to which
sleep was influenced by being in a laboratory, as well as any associated discomfort.

So, practicing cyclic meditation twice a day appeared to improve the objective
and subjective quality of sleep on the following night.

When heart rate variability was taken into account, it was observed that the night
following day time CM practice there were the following changes; a decrease in heart
rate, LF power (n.u.), an increase in HF power (n.u.) and an increase in the total index of
all NN intervals (TINN). No change was seen on the night following SR. Hence yoga
practice during the day appears to shift towards the parasympathetic dominance during

sleep on the following night.

9.2 CONCLUSION

Persons who were already experienced in yoga practice, including meditation, practicing

cyclic meditation (CM)
1. increased the percentage of time spent in slow wave sleep (SWS)
il. decreased the time spent in rapid eye movement (REM) sleep
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iii. reduced the number of awakenings per hour.
iv. the participants’ subjective rating of sleep was also better following CM
compared to the other recording day, after SR.
Therefore, it was concluded that the practice of Cyclic meditation during day time
improved the objective and subjective quality of sleep on the following nights.
When heart rate variability was taken into account, it was observed that
1. there was a reduction in low frequency power (LF)
ii. Increase in high frequency (HF)
1ii. increase in total index of NN intervals (TINN)
Hence, it was concluded that the cyclic meditation practice (CM) during the day appears

to shift towards the parasympathetic dominance during sleep on the following night.

9.3 STRENGTH OF THE STUDY

The strength of the study is in the fact that it has attempted to derive a comprehensive
model of a meditation technique based on both the psycho- physiology and sleep
structure following the practice of cyclic meditation during day time.

Studies on states within states (3 types of Jagrat, etc.) would unravel mysteries about the
3 states of consciousness. Day sleeping recording can be compared to night sleep studies.
Effect of CM on day sleep to be investigated. Sleep structures in different disease states
to be investigated and standardized. Their structure to be compared to normal sleep

structure.
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9.4 WEAKNESS OF THE STUDY

The main weakness or limitation of the study is that the yoga trainees would probably
have been aware of the previous published findings on the effects of cyclic meditation
compared to supine rest. This could be expected to have influenced their subjective
ratings of sleep on the nights following the practice of cyclic meditation or supine rest in
shavasana and variations in the subjects' routine as well as inherent differences between
individuals may have accounted for the fact the participants' baseline values differed
widely, which is a weakness of the study in heart rate variability during sleep. Volunteers

with no experience in yoga should have been recruited in the study.

9.5 APPLICATIONS OF THE STUDY

The applied value of this present research are the following

1. the present technique (CM) can be used as a tool for stress reduction as it appears
to shift sympatho-vagal balance in favor of parasympathetic dominance during

sleep on the following night.

2. CM technique can also be used as a technique to alleviating the problems of acute

as well chronic insomnia and other sleep related problems.
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9.6 SUGGESTIONS FOR THE FUTURE

Further studies are required to understand the long term effects of practicing CM, and
also to know whether the sleep architecture of long term practitioners differ from non-
practitioners.

In the present study no attempt was made to correlate the HRV with the stages of
sleep; as this presented certain technical difficulties. A future study with such a

correlation would overcome this limitation and provide additional information.

189



Acharya, P.S.S. (2005). Sleep, dream <& Spiritual Reflections. Mathura: Yug
Nirmana Yojna Gayatri Tapobhumi.

Akerstedt, T., Hume, K., Minors, D. & Waterhouse, J. (1998). Experimental
separation of time of day and homeostatic influences on sleep. American Journal
of Physiology, 274 (4 Pt 2), R1162-1168.

Akishige, Y. (1968). A historical survey of the psychological studies in Zen.
Kyushu psychological studies, V, Bulletin of the faculty of Literature of Kyushu
University, 11, 1-56.

Altman, D.G., Gore, S.M., Gardner, M.J. & Pocock, S.J. (1983). Statistical
guidelines for contributors to medical journals. British Medical Journal, 286,
1489-1493.

Anand, B. K., Chhina, G. S. & Singh, B. (1961). Some aspects of
electroencephalographic studies in yogis. EEG and Clinical Neurophysiology, 13,
452-456.

Arambula, P., Peper, E., Kawakami, M. & Gibney, K.H. (2001). The
physiological correlates of Kundalini Yoga meditation: A study of a Yoga master.
Applied Psychophysiology and Biofeedback, 26, 147-153.

Astin, J.A., Shapiro, S.L., Eisenberg, D.M. & Forys, K.L. (2003). Mind-body
medicine: state of the science, implications for practice. Journal of American
Board of Family Practice, 16(2), 131-147.

Bagchi, B. K. & Wenger, M.A. (1957). Electrophysiological correlates of some
yogic exercises. Electroencephalography and Clinical Neurophysiology, 7, 132-

149.

190



Baker, F. C., Colrain, I. M. & Trinder, J. (2008). Reduced parasympathetic
activity during sleep in the symptomatic phase of severe premenstrual syndrome.
Journal of Psychosomatic Research, 65(1), 13- 22.

Baker, F.C. & Driver, H.S. (2004). Self reported sleep across the menstrual cycle
in young, healthy women. Journal of Psychosomatic Research, 56(2), 239-243.
Bernardi, L., Passino, C., Wilmerding, V., Dallam, G.M., Parker, D.L., Robergs,
R.A. & Appenzeller, O. (2001). Breathing patterns and cardiovascular autonomic
modulation during hypoxia induced by simulated altitude. Journal of
Hypertension, 19(5), 947-958.

Berendes, J., Kipp, J. & Hanioya, P.L. (1949). Technique of Polysomnography.
American Journal of EEG technology, 22, 63-66.

Brown, R.P. & Gerbarg, P.L. (2005). Sudarshan Kriya yogic breathing in the
treatment of stress, anxiety, and depression: part I-neurophysiologic model.
Journal of Alternative and Complementary Medicine, 11(1), 189-201.

Carlson, L. E. & Bultz, B.D. (2008). Mind-Body Interventions in Oncology. Curr
Treat Options Oncol, 9(2-3), 127-134.

Carlson, L.E. & Garland, S.N. (2005). Impact of mindfulness-based stress
reduction (MBSR) on sleep, mood, stress and fatigue symptoms in cancer
outpatients. International Journal of Behavioral Medicine, 12(4), 278-285.
Carlson, L.E., Speca, M., Patel, K.D. & Goodey, E. (2003). Mindfulness-based
stress reduction in relation to quality of life, mood, symptoms of stress, and
immune parameters in breast and prostate cancer outpatients. Psychosomatic

Medicine, 65(4), 571-581.

191



Carlson, L.E., Speca, M., Patel, K.D. & Goodey, E. (2004). Mindfulness-based
stress reduction in relation to quality of life, mood, symptoms of stress and levels
of cortisol, dehydroepiandrosterone sulfate (DHEAS) and melatonin in breast and
prostate cancer outpatients. Psychoneuroendocrinology, 29(4), 448-474.
Carskadon, M.A. & Dement, W. C. Normal human sleep: an overview In:
Kryger, M.H., Roth, T., Dement, W.C.editors, Principles and practice of sleep
medicine, 2nd ed. Philadelphia: WB Saunders; 1994, 15-25.

Carson, J.W., Carson, K.M., Porter, L.S., Keefe, F.J. & Seewaldt, V.L. (2009).
Yoga of Awareness program for menopausal symptoms in breast cancer
survivors: results from a randomized trial. Support Care Cancer, 17(10), 1301-
1309.

Chan-Ob, T. & Boonyanaruthee, V. (1999). Meditation in association with
psychosis. Journal of the Medical Association of Thailand, 82(9), 925-930.

Chen, K.M., Chen, M.H., Chao, H.C., Hung, H.M., Lin, H.S. & Li, C.H. (2009).
Sleep quality, depression state, and health status of older adults after silver yoga
exercises: cluster randomized trial. International Journal of Nursing Studies,
46(2), 154-163.

Chinmayananda, S. (1984). Kaivalyopanishad. Madras: Chinmayananda
publication Trust.

Chinmayananda, S. (1984a). Mandukya Upanisad. Bombay: Sachin Publishers.
Chinmayananda, S. (1984b). Mandukya Upanishad with Gaudapada’s karika.

Bombay: Central Chinmaya Mission Trust.

192



Cohen, L., Warneke, C., Fouladi, R.T., Rodroguez, M.A. & Chaoul-Reich, A.
(2004). Psychological adjustment and sleep quality in a randomized trial of the
effects of a Tibetan yoga intervention in patients with lymphoma. Cancer,
100(10), 2253-2260.

Corby, J.C., Roth, W.T., Zarcone, V.PJr. & Kopell, B.S. (1978).
Psychophysiological correlates of the practice of Tantric Yoga meditation.
Archives of General Psychiatry, 35(5), 571-577.

Cysarz, D. & Bussing A. (2005). Cardiorespiratory synchronization during Zen
meditation. European Journal of Applied Physiology, 95(1):88-95.

Dalal, A.S. (2004). The Yoga of Sleep and Dreams; The Night-School of Sadhana.
Pondicherry: Sri Aurobindo Ashram.

Davidson, J.M. (1976). The physiology of meditation and mystical states of
consciousness. Perspectives in Biology and Medicine, 19(3), 345-379.

Delmonte, M.M. (1984). Electrocortical activity and related phenomena
associated with meditation practice: a literature review. International Journal of
Neurosience, 24(3-4), 217-231.

Dworak, M., Diel, P., Voss, S., Hollmann, W. & Struder, H.K. (2007). Intense
exercise increases adenosine concentrations in rat brain: implications for a
homeostatic drive. Neuroscience, 150(4), 789-795.

Faul, F., Erdfelder, E., Lang, A.G. & Buchner, A. (2007). G*Power 3: A flexible
statistical power analysis program for social, behavioral, and biochemical

sciences. Behavior Research Methods, 39, 175-191.

193



Feige, B., Al-Shajlawi, A., Nissen, C., et al. (2008). Does REM sleep contribute
to subjective wake time in primary insomnia? A comparison of polysomnographic
and subjective sleep in 100 patients. Journal of Sleep Research, 17(2), 180-190.
Fenwick, P.B., Donaldson, S., Gillis, L., Bushman, J., Fenton, G.W., Perry, 1.,
Tilsley, C. & Serafinowicz, H. (1997). Metabolic and EEG changes during
transcendental meditation: an explanation. Biological Psychology, 5(2), 101-118.
Fernros, L., Furhoff, A.K. & Windell, P.E. (2008). Improving quality of life using
compound mind-body therapies: evaluation of a course intervention with body
movement and breath therapy, guided imagery, chakra experiencing and
mindfulness meditation. Quality of Life Research, 17(3), 367-376.

Ferrara, M., Gennaro, L. & Bertini, M. (1999). The effects of slow wave sleep
(SWS) deprivation and time of night on behavioral performance upon awakening.
Physiology and Behavior, 68(1-2), 55-61.

Gallois, P. (1984). Neurophysiologic and respiratory changes during the practice
of relaxation techniques. Encephale, 10(3), 139-144.

Gambhirannada, S. (2004). Aitreya Upanishad. Calcutta: Advaita Ashram.
Germain, A., Buysse, D.J., Ombao, H., Kupfer, D.J., Hall, M. (2003).
Psychophysiological reactivity and coping styles influence the effects of acute
stress exposure on rapid eye movement sleep. Psychosomatic Medicine, 65, 857-
64.

Gharote, M.L., Bhagavat, J.M. & Gore, M.M. (1984). Effect of high frequency

abdominal breathing and high frequency thoracic breathing on some physiological

194



parameters: A comparison. In: Abstracts of Yoga and Research International
Conference, Kaivalyadhama, Lonavla, Maharastra, India.

Gooneratne, N.S. (2008). Complementary and alternative medicine for sleep
disturbances in older adults. Clinics in Geriatric Medicine, 24(1), 121-138.
Goyeche, J.R.M., Chihara, T. & Schimizu, H. (1972). Two concentration
methods: A preliminary comparison. Psychologia, 15, 110-111.

Grossman, P., Wilhelm, F.H., Kawachi, I. & Sparrow, D. (2001).Gender
differences in psychophysiological responses to speech stress among older social
phobics: congruence and incongruence between self-evaluative and
cardiovascular reactions. Psychosomatic Medicine, 63(5), 765-777.

Hadase, M., Azuma, A., Zen, K., Asada, S., Kawasaki, T., Kamitani, T., et al.
(2004). Very low frequency power of heart rate variability is a powerful predictor
of clinical prognosis in patients with congestive heart failure. Circulation, 6, 343-
347.

Herbert, R. & Lehmann, D. (1977). Theta bursts: an EEG pattern in normal
subjects practising the transcendental meditation technique.
Electroencephalography and Clinical Neurophysiology, 42(3), 397-405.

Hirai, T. (1974). Psychophysiology of Zen. Tokyo: Igaku Shoin. Holmes, D. S.
(1984). Meditation and somatic arousal reduction. A review of the experimental
evidence. American Psychologist, 39, 1-10.

Innes, K.E., Selfe, T.K. & Taylor, A.G. (2008). Menopause, the metabolic

syndrome, and mind-body therapies. Menopause, 15(5), 1005-1013.

195



Jasper, H.H. (1958). The ten twenty electrode system of the International
Federation. Electroencephaloy and Clinical Neurophysiology, 10, 371-375.
Jevning, R., Pirkle, H. C. & Wilson, A. F. (1977). Behavioral alteration of plasma
phenylalanine concentration. Physiology and Behavior, 19(5), 611-614.

Jevning, R., Wilson, A.F. & Davidson, J.M. (1978). Adrenocortical activity
during meditation. Hormones and Behavior, 10(1), 54-60.

Johnson, L.C. (1980). The REM cycle is a sleep-dependent rhythm. Sleep, 2(3),
299-307.

Jurkowski, M. K. & Bobek-Billwicz, B. (2007). Natural factors influencing sleep.
Prezegl Lek, 64(9), 572-582.

Kaplan, K.H., Goldenberg, D.L. & Galvin-Nadeau, M. (1993). The impact of a
meditation-based stress reduction program on fibromyalgia. General Hospital
Psychiatry, 15(5), 284-289.

Khalsa, S.B. & Cope, S. (2006). Effects of a yoga lifestyle intervention on
performance-related characteristics of musicians: a preliminary study. Medical
Science Monitor, 12(8), CR325-331.

Khalsa, S.B. (2004). Treatment of chronic insomnia with yoga: a preliminary
study with sleep- wake diaries. Applied Psychophysiology and Biofeedback,
29(4), 269-278.

Khalsa, S.B., Shorter, S.M., Cope, S., Wyshak, G. & Sklar, E. (2009). Yoga
Ameliorates Performance Anxiety and Mood Disturbance in Young Professional

Musicians. Appied Psychophysiology and Biofeedback, 34(4): 279-89.

196



Khattab, K., Khattab, A.A., Ortak, J., Richardt, G. & Bonnemeier, H. (2007).
Iyengar yoga increases cardiac parasympathetic nervous modulation among
healthy yoga practitioners. Evidence-based Complementary and Alternative
Medicine, 4(4), 511-517.

Kreitzer, M.J., Gross, C.R., Ye, X., Russas, V. & Treesak, C. (2005).
Longitudinal impact of mindfulness meditation on illness burden in solid-organ
transplant recipients. Progress in Transplantation, 15(2), 166-172.

Kubota, Y., Sato, W., Toichi, M., Murai, T., Okada, T., Hayashi, A. & Sengoku
A. (2001). Frontal midline theta rhythm is correlated with cardiac autonomic
activities during the performance of an attention demanding meditation procedure.
Cognitive Brain Research, 11 (2), 281-287.

Lai, H.L. & Good, M. (2005). Music improves sleep quality in older adults.
Journal of Advanced Nursing, 49(3), 234-244.

Landolt, H.P. & Gillin, J.C. (2001). Sleep abnormalities during abstinence in
alcohol-dependent patients. Aetiology and management. CNS Drugs, 15(5), 413-
425.

Larzelere, M.M. & Wiseman, P. (2002). Anxiety, depression, and insomnia.
Primary Care, 29(2), 339-360.

Lehrer, P. (2003). Applied psychophysiology: beyond the boundaries of
biofeedback (mending a wall, a brief history of our field, and applications to
control of the muscles and cardiorespiratory systems). Applied Psychophysiology

and Biofeedback, 28(4), 291-304.

197



Lehrer, P.M., Va schillo, E., Vaschillo, B., Lu, S.E., Eckberg, D.L., Edelberg, R.,
et al. (2003). Heart rate variability biofeedback increases baroflex gain and peak
expiratory flow. Psychosomatic Medicine, 65(5), 796-805.

Lehrer, P.M., Vaschillo, E. & Vaschillo, B. (2000). Resonance frequency
biofeedback training to increase cardiac variability: Rationale and manual for
training. Applied Psychophysiology and Biofeedback, 25(3), 177-191.

Lerner, M. (1975). Recent medical research on yoga and states of concentration.
Acta Psiquiatrica Y Psicologica De América Latina, 21(1), 56-63.
Lokeshwarananda, S. (1998). Chandogya Upanisad. Kolkata: The Ramkrishna
Institute of Culture.

Lokeshwarananda, S. (2002). Katha Upanisad. Kolkata: The Ramkrishna Mission
Institute of Culture.

Looris, A.L., Harvey, E.N., Hobart, G.A. (1937). Cerebral states during sleep as
studied by human brain potentials. Journal of Experimental Psycholohy, 21, 127-
144.

Loveridge, B., Prez-padilla, R. & West, P. (1984). Comparison of the stability of
the inductance plethysmography versus mercury stain gauges in measuring
ventilation. American Review of Respiratory Diseases, 129(4), A82.

Lu, W.A. & Kuo, C.D. (2003). The effect of Wai Tan Kung on autonomic
nervous modulation in elderly. Journal of Biomedical Science, 10(6 Pt 2), 697-
705.

Madanmohan, M., Bhavanani, A.B., Prakash, E.S., Kamath, M.G. & Amudhan, J.

(2004). Effect of six weeks of shavasan training on spectral measures of short-

198



term heart rate variability in young healthy volunteers. Indian Journal of
Physiology and Pharmacology, 48(3), 370-373.

Madhavananda, S. (1993). The Brhadaranyaka Upanisad. Calcutta: Advaita
ashram.

Mahesh Yogi, M. (1963). The science of being and art of living. New York:
Penguin Books.

Malliani, A., Pagani, M., Lombardi, F. & Cerutti, S. (1991).Cardiovascular
neural regulation explore in the frequency domain. Circulation, 84, 482-492.
Manjunath, N.K. & Telles, S. (2003). Effects of Sirsasana (headstand) practice on
autonomic and respiratory variables. Indian Journal of Physiology and
Pharmacology, 47(1), 34-42.

Manjunath, N.K. & Telles, S. (2005). Influence of Yoga and Ayurveda on self-
rated sleep in a geriatric population. Indian Journal of Medical Research, 121,
683-690.

Mason, L.I., Alexandar, C.N. &Travis, F.T., et al. (1997). Electrophysiological
correlates of higher states of consciousness during sleep in long-term practitioners
of the Transcendental Meditation. Sleep, 20(2), 102-10.

Massicotte-Marquez, J., Decary, A., Gagon, J.F., et al. (2008). Executive
dysfunction and memory impairment in idiopathic REM sleep behavior disorder.
Neurology, 70(15), 1250-1257.

Massin, M.M., Derkenne, B. & Bernuth, G. (1999). Correlations between heart
rate variability in healthy children and children with congenital heart disease.

Cardiology, 91(2), 109- 113.

199



Meslier, N. & Racineux, J.L. (1987). Use of tracheal sound recording to monitor
airflow during sleep. In; sleep related disorders and internal diseases, Peter, J.H.,
Podszus, T. & Wichert, V.P. (eds), springer, Berlin, 12, 124.

Morone, N.E., Lynch, C.S., Greco, C.M., Tindle, H.A. & Weiner, D.K. (2008). "I
Felt Like a New Person." The Effects of Mindfulness Meditation on Older Adults
With Chronic Pain: Qualitative Narrative Analysis of Diary Entries. Journal of
Pain, 9(9), 841-848.

Murata, T., Takahashi, T., Omari, M., Kosaka, H., Yoshida, H. & Wada, Y.
(2004). Individual trait anxiety levels characterizing the properties of zen
meditation. Neuropsychobiology, 50(2), 189-194.

Murthy, P.H.C. (2001). Sarangadhara Samhita of Sarangadharacharya.
Varanasi: Chowkhamba Sanskrit Series Office.

Nagendra, H.R. & Nagarathna, R. (1997). New perspectives in stress
management. Bangalore: Swami Vivekananda Yoga Prakashan.

Naveen, K.V. & Telles, S. (2003). Sensory perception during sleep and
meditation: common features and differences. Perceptual and Motor Skills, 96(3
Pt 1), 810-811.

Niskanen, J.P., Tarvainen, M.P., Ranta-aho, P.O. & Karjalainen, P.A. (2004).
Software for advanced HRV analysis. Computer Methods and Programs in
Biomedicine, 76, 73-81.

Oman, D., Shapiro. S.L., Thoresen, C.E., Plante, T.G. & Flinders, T. (2008).
Meditation lowers stress and supports forgiveness among college students: a

randomized controlled trial. Journal of American College Health, 56(5), 69-78.

200



Ong, J.C., Shapiro, S.L. & Manber, R. (2008). Combining mindfulness meditation
with cognitive-behavior therapy for insomnia: a treatment-development study.
Behavior Therapy, 39(2), 171-182.

Orme-Johnson, D. (2007). Evidence that the Transcendental Meditation program
prevents or decreases diseases of the nervous system and is specifically beneficial
for epilepsy. Medical Hypotheses, 68(4), 916-917.

Orme-Johnson, D.W. (1973). Autonomic stability and Transcendental Meditation.
Psychosomatic Medicine, 35, 341-349.

Pagano, R.R., Rose, R.M., Stivers, R.M. & Warrenburg, S. (1976). Sleep during
transcendental meditation. Science, 23, 191(4224), 308-310.

Panjwani, U., Selvamurthy, W., Singh, S. H., Gupta, H. L., Mukhopadhyah. S. &
Thakur, L. (2000). Effect of Sahaja yoga meditation on auditory evoked potentials
(AEP) and visual contrast (VCS) in epileptics Applied Psychophysiology and
Biofeedback, 25(1), 1-12.

Parati, G., Saul, J.P., Di Rieuzo, M. & Mancia, G. (1995). Spectral analysis of
blood pressure and heart rate variability in evaluating cardiovascular regulation: A
critical appraisal. Hypertension, 25, 1276-1286.

Peng, C.K., Henry, I.C., Mietus, J.E., Hausdorff, J.M., Khalsa, G., Benson, H. &
Goldberger, A.L. (2004). Heart rate dynamics during three forms of meditation.
International Journal of Cardiology, 95(1), 19-27.

Peng, C.K., Mietus, J.E., Liu, Y., Khalsa, G., Douglas, P.S., Benson, H. &
Goldberger, A.L. (1999).Exaggerated heart rate oscillations during two meditation

techniques. Inernational Journal of Cardiology, 70(2), 101-107.

201



Raghuraj, P. & Telles, S. (2008). Immediate effect of specific nostril manipulating
yoga breathing practices on autonomic and respiratory variables. Applied
Psychophysiology and Biofeedback, 33(2), 65-75.

Raghuraj, P., Ramakrishnan, A.G., Nagendra, H.R. & Telles, S. (1998). Effect of
two selected yogic breathing techniques of heart rate variability. Indian Journal of
Physiology and Pharmacology, 42(4), 467-472.

Ramamurthi, B. (1995). The fourth state of consciousness: the Thuriya Avastha.
Psychiatry and Clinical Neurosciences, 49(2), 107-110.

Ravindran, A.V., Lam, R.W., Filteau, M.J., Lespérance, F., Kennedy, S.H.,
Parikh, S.V. & Patten, S.B. (2009). Canadian Network for Mood and Anxiety
Treatments (CANMAT) Clinical guidelines forthe management of major
depressive disorder in adults. V. Complementary and alternative medicine
treatments. Journal of Affective Disorders, 117 Suppl 1, S54-64,

Rechtschaffen, A. & Kales, A. (1968). 4 manual of standardized terminology,
techniques and scoring system for sleep stages of human subjects. Vol. Pub. 204.
Washington D.C: National Institute of Health, Los Angeles.

Rieckert, H. (1971). Plethysmographieche Untersuchungen bei Kouzentrations
und Meditations Ubengen. Arztliche Forschung, 21, 61. Citation from
Funderburk, J. (1977). 92.

Sakakibara, M., Kanematsu, T., Yasuma, F. & Hayano, J. (2008). Impact of real-
world stress on cardiorespiratory resting function during sleep in daily life.

Psychophysiology, 45(4), 667-670.

202



Sarang, P.S. & Telles, S. (2006a). Oxygen consumption and respiration during
and after two yoga relaxation techniques. Applied Psychophysiology and
Biofeedback, 31(2), 143-151.

Sarang, P. & Telles, S. (2006b). Effects of two yoga based relaxation techniques
on heart rate variability (HRV). International Journal of Stress Management,
13(4), 01-16.

Sarang, S.P. & Telles, S. (2006c). Changes in P300 following two yoga based
relaxation techniques. International Journal of Neuroscience, 116 (12), 1419-
1430.

Sarang, S.P. & Telles, S. (2007). Immediate effect of two yoga-based relaxation
techniques on performance in a letter-cancellation task. Medical Science Monitor,
105(2), 379-385.

Sarvananda, S. (2006). Kena Upanisad. Madrash: Sri Ramkrishna Math.
Satyananda, S. (1999). Asana pranayama mudra bandha. 3rd ed. Munger: Yoga
Publication Trust.

Sathyaprabha, T.N., Satishchandra, P., Pradhan, C., Sinha, S., Kaveri, B.,
Thennarasu, K., Murthy, B.T. & Raju, T.R. (2008). Modulation of cardiac
autonomic balance with adjuvant yoga therapy in patients with refractory
epilepsy. Epilepsy behavior, 12 (2), 245-252.

Satyapriya, M., Nagendra, H.R., Nagarathna, R. & Padmalatha, V. (2009). Effect
of integrated yoga on stress and heart rate variability in pregnant women.

International Journal of Gynecology & Obstetrics, 104(3), 218-222.

203



Schredl, M. & Erlacher, D. (2007). Self-reported effects of dreams on waking-life
creativity: an empirical study. Journal of Psychology, 141(1), 35-46.
Shannahoff-Khalsa, D.S. & Kennedy, B. (1993). The effects of unilateral forced
nostril breathing on the heart. International Journal of Neuroscience, 73(1-2), 47-
60.

Shannahoff-Khalsa, D.S. (2004). An introduction to Kundalini yoga meditation
techniques that are specific for the treatment of psychiatric disorders. Journal of
Alternative and Complementary Medicine, 10(1), 91-101.

Shapiro, D., Cook, I.A., Davydov, D.M., Ottaviani, C., Leuchter, A.F. & Abrams,
M. (2007). Yoga as a Complementary Treatment of Depression: Effects of Traits
and Moods on Treatment Outcome. Evidence-based Complementary and
Alternative Medicine, 4(4), 493-502.

Sharma, R.K. & Dash, B. (2006). Caraka Samhita (VOL. XCIV). Varanasi:
Chowkhamba Sanskrit Series Office.

Singh, B.B., Berman, B.M., Hadhazy, V.A. & Creamer, P. (1998). A pilot study
of cognitive behavioral therapy in fibromyalgia. Alternative Therapies in Health
and Medicine, 4(5), 114-116.

Smith, J.E., Richardson, J., Hoffman, C. & Pilkington, K. (2006). Mindfulness-
Based Stress Reduction as supportive therapy in cancer care: systematic review.
Journal of Advance Nursing, 53(5), 618.

Sonnetag, S., Binnewies, C. & Mojza, E.J. "Did you have nice evening?" Day-
level studies on recovery  experiences, sleep, and affect. Journal of Applied

Psychology, 93(3), 674-684.

204



Soskis, D.A., Orne, E.C., Orne, M.T. & Dinges, D.F. (1989). Self-hypnosis and
meditation for stress management: a brief communication. International Journal
of Clinical and Experimental Hypnosis, 37(4), 285-289.

Stancak, A. Jr., Kuna, M., Srinivasan, Vishnudevananda, S. & Dostalek, C.
(1991). Kapalabhati--yogic cleansing exercise. I. Cardiovascular and respiratory
changes. Homeostasis in Health and Disease, 33(3), 126-134.

Stigsby, B., Rodenberg, J.C. & Moth, H.B. (1981). Electroencephalographic
findings during mantra meditation (Transcendental Meditation). A controlled,
quantitative study of experienced meditators. Electroencephalography and
Clinical Neurophysiology, 51(4), 434-42.

Sugi, Y. & Akutsu, K. (1968). Studies on respiration and energy-metabolism
during sitting in Zazen. Research Journal of Physical Education, 12, 190-206.
Sulekha, S., Thennarasu, K., Vedamurthachar, A., Raju, T.R. & Kutty, B.M.
(2006). Evaluation of sleep architecture in practitioners of Sudarshan kriya yoga
and Vipassana meditation. Sleep and Biological Rhythms, 4(3), 207-214.

Taimini, LK. (1986).The Science of Yoga. Madras: The Theosophical Publishing
House.

Tapasyananda, S. (2000). Srimad Bhagvad Gita, (The scripture of Mankind).
Chennai: Ramkrishna Math, Mylapore.

Task Force of the European Society of Cardiology. (1996). North American
Society of Pacing and Electrophysiology: Heart rate variability standards of
measurement, physiological interpretation and clinical use. Circulation, 1996, 93,

1043-1065.

205



Tassi, P. & Muzet, A. (2001). Defining the states of consciousness. Neuroscience
and Biobehavioral Reviews, 25(2), 175-191.

Tebecis, A.K. (1976). Eye movements during transcendental meditation. Folia
Psychiatrica et Neurologica Japonica, 30(4), 487-493.

Telles, S. & Desiraju, T. (1992). Heart rate and respiratory changes accompanying
yogic conditions of single thought and thoughtless states. Indian Journal of
Physiology and Pharmacology, 36(4), 293-294.

Telles, S. & Desiraju, T. (1993). Autonomic changes in Brahmakumaris raja yoga
meditation. International Journal of Psychophysiology, 15, 147-152.

Telles, S., Mohapatra, R.S. & Naveen, K.V. (2005). Heart rate variability
spectrum during Vipassana mindfulness meditation. Journal of Indian
Psychology, 22(2), 215-219.

Telles, S., Nagarathna, R. & Nagendra, H.R. (1995). Autonomic changes during
‘OM’ meditation. Indian Journal of Physiology and Pharmacology, 39(4), 418-
420.

Telles, S., Nagarathna, R. & Nagendra, H.R. (1998). Autonomic changes while
mentally repeating two syllables — one meaningful and the other neutral. /ndian
Journal of Physiology and Pharmacology, 42(1), 57-63.

Telles, S., Reddy, S.K. & Nagendra, H.R. (2000). Oxygen consumption and
respiration following two yoga relaxation techniques. Applied Psychophysiology

and Biofeedback, 25(4), 221-227.

206



Telles, S., Shreevidya, N. & Naveen K.V. (2007). A comparison of the bilateral
elbow joint position sense in yoga and non yoga practitioners. Journal of Indian
psychology, 25(1-2), 1-5.

Travis, F. (2001). Autonomic and EEG patterns distinguish transcending from
other experiences during Transcendental Meditation practice. International
Journal of Psychophysiology, 42, 1-9.

Travis, F., Tecce, J., Arenander, A. & Wallace, R.K. (2002). Patterns of EEG
coherence, power, and contingent negative variation characterize the integration
of transcendental and waking states. Biological Psychology, 61(3), 293-319.

Tsai, S.L. (2004). Audio-visual relaxation training for anxiety, sleep, and
relaxation among Chinese adults with cardiac disease. Research in Nursing and
Health, 27(6), 458-468.

Vempati, R.P. & Telles, S. (2000). Baseline occupational stress levels and
physiological responses to a two day stress management program. Journal of
Indian Psychology, 18(1-2), 33-37.

Vempati, R.P. & Telles, S. (2002). Yoga-based guided relaxation reduces
sympathetic activity judged from baseline levels. Psychological Reports, 90, 487-
494.

Venkata Reddy, M. (1979). Hatharatnavali of Srinivasabhatta, a late medieval
treatise on yoga and tantra. Bulletin of the Indian Institute of History of Medicine
(Hyderabad), 9, 74-81.

Vera, F.M., Manzaneque, J.M., Maldonado, E.F., Carranque, G.A., Rodriguez,

F.M., Blanca, M.J. & Morell, M. (2009). Subjective Sleep Quality and hormonal

207



modulation in long-term yoga practitioners. Biological Psychology, 81(3), 164-
168.

Vimalananda, S. (2002). Mahanarayanopanishad. Madrash: Sri Ram Krishna
Math.

Vireswarananda, S. (2001). Brahma Sutra. Calcutta: Advaita Ashram.
Vivekananda Kendra. (2005). Yoga the science of holistic living. Chennai:
Vivekananda Kendra Prakashan Trust.

Wachsmuth, D. & Dolce, G. (1980). Visual and computerized analysis of EEG
during transcendental meditation and sleep. EEG EMG Z Elektroenzephalogr
Elektromyogr Verwandte Geb, 11(4), 183-188.

Wall, R.B. (2005). Tai Chi and mindfulness-based stress reduction in a Boston
Public Middle School. Journal of Pediatric Health Care, 19(4), 230-237.
Wallace, R. K. (1970). Physiological effects of Transcendental Meditation.
Science, 167, 1751-1754.

Wallace, R. K., Benson, H. & Wilson, A. F. (1971). A wakeful hypometabolic
physiologic state. American Journal of Physiology, 221, 795-799.

Walsh, R., Victor, B. & Bitner, R. (2006). Emotional effects of sertraline: novel
findings revealed by meditation. American Journal of Orthopsychiatry, 76(1),
134-137.

Warrenburg, S., Pagano, R.R., Woods, M. & Hlastala, M. (1980). A comparison
of somatic relaxation and EEG activity in classical progressive relaxation and

transcendental meditation. Journal of Behavioral Medicine, 3(1), 73-93.

208



Wenger, M. A. & Bagchi, B. K. (1961). Studies of autonomic functions in
practitioners of Yoga in India. Behavioral Science, 6, 312-323.

Wilhelm, F.H., Grossman, P. & Coyle, M.A. (2004). Improving estimation of
cardiac vagal tone during spontaneous breathing using a paced breathing
calibration. Biomedical Sciences Instrumentation, 40, 317-324.

Winbush, N.Y., Gross, C.R. & Kreitzer, M.J. (2007). The effects of mindfulness-
based stress reduction on sleep disturbance: a systematic review. Explore (NY),
3(6), 585-591.

Wolf, S.L., Barnhart, H.X., Kutner, N.G., McNeely, E., Coogler, C. & Xu, T.
(1996). Reducing frailty and falls in older persons: an investigation of Tai Chi and
computerized balance training. Atlanta FICSIT Group. Frailty and Injuries:
Cooperative Studies of Intervention Techniques. Journal of the American
Geriatrics Society, 44(5), 599-600.

Wolf, S.L., Barnhart, H.X., Kutner, N.G., McNeely, E., Coogler, C., Xu, T. &
Atlanta FICSIT Group. (2003). Reducing frailty and falls in older persons: an
investigation of tai chi and computerized balance training. Journal of the
American Geriatrics Society, 51(12), 1794-1803.

Wolkove, N., Kreisman, H., Darragh, D., Cohen, C. & Frank, H. (1984). Effect of
transcendental meditation on breathing and respiratory control. Journal of Applied
Physiology, 56(3), 607-612.

Woolfolk, R. L. (1975). Psychophysiological correlates of meditation. Archives of
General Psychiatry, 32, 1326-1333.

Yardi, N. (2001). Yoga for control of epilepsy. Seizure, 10(1), 7-12.

209



Yildirir, A., Kabakei, G., Akgul, E., Tokgozoglu, L. & Oto, A. (2002). Effects of
menstrual cycle on cardiac autonomic innervation as assessed by heart rate
variability. Annals of Noninvasive Electrocardiology, 7(1), 60-63.

Yook, K., Lee, S.H., Ryu, M., Kim, K.H., Choi, T.K., Suh, S.Y. et. al. (2008).
Usefulness of mindfulness-based cognitive therapy for treating insomnia in
patients with anxiety disorders: a pilot study. Journal of Nervous and Mental
Disease, 196(6), 501-503.

Young, J.D. & Taylor, E. (1998). Meditation as a Voluntary Hypometabolic State
of Biological Estivation. News in Physiological Sciences, 13, 149-153.

Younger, J., Adriance, W. & Berger, R.J. (1975). Sleep during Transcendental
Meditation. Perceptual and Motor Skills, 40(3), 953-954.

Zhang, J. Z., Zhao, J. & He, Q. N. (1988). EEG findings during special psychical
state (Q1 Gong state) by means of compressed spectral array and topographic

mapping. Computer in Biology and Medicine, 18(6), 455-463.

210



	Initial pages.doc
	Contents.doc
	Abstract.doc
	1.0 INTRODUCTION.doc
	2.0 LITERARY RESEARCH.doc
	2.0 Scientific Review of the literature.doc
	3.1 Table of Literature Review.doc
	4.0 AIM AND OBJECTIVES.doc
	5.0 METHODS.doc
	6.0 DATA EXTRACTION AND ANALYSIS.doc
	7.0 RESULTS.doc
	9.0 APPRAISAL.doc
	REFERENCES.doc

