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ABSTRACT

Practicing meditation while focusing on a sound or a symbol
influenced midlatency auditory evoked potentials (MLAEPs). Cyclic
meditation (CM) is a technique combining yoga postures with meditation
while supine, which has influenced the P300 event-related potential. The
effects of CM on MLAEPs have not been previously studied.

The MLAEPs were studied before and after the practice of CM
compared to an equal duration of supine rest (SR) in 47 male
volunteers (group mean age 26.5 + 4.4 years), recorded from the
vertex referenced to linked earlobes. The sessions were one day apart
and subjects were randomly assigned to each session.

The Pa wave peak latency and Nb wave peak latency significantly
increased following CM compared to before CM (repeated measures
ANOVA, post-hoc analysis with least significant difference, p<0.05).
There was a significant increase in the peak amplitude of the Nb wave
(p<0.05) compared to before CM. Post SR there was a significant
increase in the peak latency of the Na wave (p<0.05) compared to
before SR.

In conclusion following CM the latencies of neural generators
corresponding to cortical areas is prolonged, whereas following SR a
similar change occurs at mesencephalic-diencephalic levels.

INTRODUCTION

Yoga is an ancient science, which includes diverse practices, such
as physical postures (asanas), regulated breathing (pranayama), and
meditation.'? Meditation, in fact, is the seventh out of eight steps
prescribed to reach an ultimate stage of spiritual emancipation
(Patanjali, circa 900 B.C.).* While many practitioners do learn
meditation directly, others find it easier to pass first through the other
stages, learning yoga postures (asanas) and regulated breathing
(pranayamas). Based on this, a technique called Cyclic Meditation
(CM) has been devised which combines periods of meditation while
supine, interspersed with practicing yoga postures (asanas).

Practicing CM has been followed by a decrease in oxygen
consumption and an increase in minute ventilation,>® as well as
changes in the heart rate variability spectrum suggestive of a shift
towards vagal dominance.” Despite these changes suggestive of
parasympathetic dominance following CM, in a previous study a
decrease in the P300 peak latency and an increase in the P300 peak
amplitude when the P300 was obtained using an auditory oddball
paradigm.® The P300 reflects fundamental cognitive processes
requiring attentional and immediate memory processes.® These
findings are in line with a previous description of meditation as a
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training in awareness which, when practiced over long periods,
produces definite changes in perception, attention, and cognition.'

Several studies have evaluated the effect of meditation on percep-
tion using sensory evoked potentials. Most studies have been conducted
using midlatency auditory evoked potentials (MLAEPs), which were
selected for study as they reflect changes at the level of the thalamus
(i.e., the medial geniculate nucleus), thalamic radiation, and the Heschl’'s
gyrus. Meditation is believed to influence MLAEPSs through changes at
cortical levels and corticofugal controls, which may significantly alter the
processing of information at brainstem and thalamic levels."**

In a previous study MLAEPS recorded when practitioners meditated
on one day on a meaningful syllable (i.e., “OM”) and on another day on
a syllable of no special significance (i.e., “one”)." There were definite
differences in the MLAEPs recorded during the two sessions. During
meditation on the significant syllable there was an increase in the peak
amplitude of a particular component, the Na wave, a negative wave
between 14 and 19 msec." The increase in the Na wave peak amplitude
was understood to suggest an increase in the number of neurons
recruited at the level of the corresponding neural generators, when
meditating on a syllable of significance.™ In another study, MLAEPs were
recorded during an eyes open meditation, when the gaze is focused on
a point of light."” There was a significant decrease in the peak latency of
the Na wave. The decrease in peak latency was understood to suggest
a decrease in the processing time at the mid-brain thalamic level.

While the studies cited above described MLAEP changes in normal
participants due to meditation, another study was conducted on
patients with primary idiopathic epilepsy® and showed that 6 months of
meditation on a series of meaningful thoughts (Sahaja yoga
meditation) increased the Na-Pa amplitude.

We believe there have been no reports on MLAEPs following the
practice of CM, which differs from other meditations as it includes the
practice of yoga postures. The present study was designed to record
MLAEPs for comparison before and after CM, and before and after an
equal duration period of supine rest (SR). Hence, the hypothesis of the
present study was that the practice of CM (which combines supine rest
and yoga postures) may have influenced MLAEPs due to changes in
mesencephalic-diencephalic and primary auditory cortical components
of the auditory pathway.

METHODS
Participants

Forty-seven male participants whose ages ranged from 18 to 40

years (mean 26.5 + 4.4 years) were recruited. All participants were
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Figure 1.
Schematic representation of the design of the study and assessment schedule.

residing at a yoga center located in south India. Male subjects alone
were studied as auditory evoked potentials vary with the phases of the
menstrual cycle.

All of the subjects were in normal health based on a routine clinical
examination and none of them were taking any medication. Auditory
deficits and the need for medication were pre-set conditions for
exclusion from the trial. None of the participants had to be excluded for
these reasons. The participants had experience of (1) the practice of
CM and (2) of relaxation while supine, ranging from 6 to 48 months
(mean experience 20.1 £ 14.9 months). The study was explained to
them. None of the participants were involved in any other ongoing yoga
research at the center. There was no attempt to determine the extent of
each participant’s knowledge about the effects of CM and SR. However,
given the fact that they were residing in the yoga center they may have
been aware of the effects of both the practices. However, it is to be
noted that the participants would be unlikely to know how either practice
could influence the variable studied (i.e., MLAEPS) in a way which was
beneficial. This is because what constitutes a beneficial change in
evoked potentials is less known for a person who is not well versed in
neuroscience, compared to changes in the blood pressure or heart rate
(for example). Nonetheless, this remains a limiting factor of the study.
The approval of the Institutional Ethics Committee was obtained and the
participants’ signed informed consent was taken.

Design

The 47 participants were assessed in two types of sessions, CM
and SR. All subjects underwent 1 month of supervised practice of CM
and SR for 23 minutes on alternate days as a ‘“refresher course”
(orientation program), i.e., between 06:30 and 07:00 hours. On the day
of recording participants were not given supervised practice of CM and
SR. All assessments followed the 1 month orientation program. For
some of the participants the CM session took place on the first day, with
the SR session the next day, but at the same time of day. For the
remaining participants the order of the sessions was reversed.
Participants were randomly allocated to either schedule, to balance the
effect of the order of the sessions. Hence, 23 out of 47 subjects had CM
on the first day and 24 out of 47 had SR on the first day. There were no
differences in results based on the order of sessions, following
comparisons between post values (p>0.05, t-test for unpaired data).

All the participants were not studied at the same time of the day.
For example, 11 out of 47 participants had the recordings between
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06:00 and 9:00 hours, 23 out of 47 had the recordings between 10:30
and 12:30 hours, and 13 out of 47 participants had the recordings
between 15:30 and 18:30 hours. There were no differences in results
based on the timing of sessions. Post values were compared for those
who had recordings between 06:00 to 09:00 hours, between 10:30 to
12:30 hours, and between 15:30 to 18:30 hours; in each comparison
p>0.05, t-test for unpaired data, showed that the time of recording did
not appear to influence the result.

Recordings of the MLAEPs were in four states, i.e., one pre- and
three post-periods (i.e., Post 1, Post 2, and Post 3). The study design
and assessment schedule have been schematically presented in
Figure 1.

Recording Conditions

For assessments, participants were seated in a sound attenuated
and dimly lit cabin with eyes closed. They were monitored on a closed-
circuit television with instructions being given through an intercom, so
that participants could remain undisturbed during a session. By
observing the participants on the closed-circuit television, we were able
to detect if the participants moved during a session or if they fell asleep.
The temperature in the laboratory was maintained at 24+1°C. Humidity
was, on average, 54% on the days the experiments were conducted.
The background noise level of the acoustically shielded chamber was 26
dB. MLAEPs were recorded in the 100 ms, poststimulus time period
without any pre-stimulus delay (Nicolet Bravo, U.S.A.). Recordings were
from the vertex (Cz) referred to linked earlobes with the ground electrode
on the forehead (FPz). The electrode placement was in accordance with
the International 10-20 System.”? The electrode impedance was kept
below 5 kQ at all sites. The preamplifier band-width was set at 10-1500
Hz, and 1500 responses were averaged for each assessment. The
rejection level was expressed as a percentage of the full-scale range of
the analog-to-digital converter. This level was set at 90%. Binaural click
stimuli of 50 us duration and alternating polarity at the rate of 5.0 Hz
were delivered through acoustically shielded earphones (Amplivox,
U.K.). The threshold of hearing was noted for each participant and the
intensity was kept at 80 dB above the normal hearing level (nHL). The
method to check the threshold of hearing was as follows: (1) by
decreasing intensity in 5 dB steps until the subject could no longer hear
the clicks, and (2) by then increasing the intensity in 5 dB steps until the
clicks could be heard. Click threshold was taken as the midpoint
between the intensities at which the clicks could and could not be heard.
This maneuver was repeated twice to improve reliability.

Audiometry was performed using a computerized audiometer
(Elkon Model EDA 3N3 Plus, Mumbai, India) in 15 out of 47
participants to compare with values of hearing threshold intensity
obtained with the EP equipment. Assessments were made in the
acoustically shielded room where evoked potential recordings were
carried out. Participants were presented with pure tones of varying
frequencies through acoustically shielded ear phones. The frequencies
at which the hearing threshold was determined were: 250Hz, 500Hz,
750Hz, 1KHz, 2KHz, 4KHz, 6KHz, 8KHz, and 12KHz. The hearing
threshold was obtained by gradually reducing the sound intensity from
40dB, in 5dB decrements, until the tones could not be heard. Then
intensity was increased in 5dB steps until the tones could be heard.
Using the EP equipment the group average + S.D. threshold of hearing
was 16.13 + 2.47dB (right ear) and 15.13+ 2.67dB (left ear), while
using pure tone audiometry the threshold of hearing was 15.00 + 2.67
dB (250 Hz; right ear) and 16.67 + 3.09dB (250 Hz; left ear). The
threshold of hearing was noted for each participant and the intensity
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Table 1

Peak latency (ms) and peak amplitude (uV) of components of midlatency auditory evoked potentials
before (pre) and after (post) Cyclic Meditation (CM) and Supine Rest (SR). Values are groups mean + S.D.

Cyclic Meditation (CM) [n=47] Supine Rest (SR) [n=47]
Components  Variables Pre Post 1 Post 2 Post 3 Pre Post 1 Post 2 Post 3
Na Latency (ms)  15.5841.39 15.57+1.37 15.77+1.45 15.68+1.51 15.62+1.20 15.96+1.43 16.04+1.53* 16.09+1.75*
Amplitude (uV)  0.61+£0.64 0.55+0.62  0.50+0.51 0.56+0.75 0.56+0.66  0.65+0.78 0.59+0.67  0.64+0.81
Pa Latency (ms)  32.08+£3.66 32.95+3.17 33.51+2.77* 33.24+3.26* 32.3842.99 33.06+2.54 32.62+3.04 32.92+3.34
Amplitude (uV)  1.33£0.54 1.46+0.56  1.35+0.63  1.35+0.62 12142054  1.2940.62 1.33+0.58  1.31+0.52
Nb Latency (ms)  60.48+8.37 60.92+8.88 61.65+8.42 61.77+8.23** 60.94+9.23 60.36+9.14 60.78+8.88 60.66+9.05
Amplitude (uV)  0.35£0.24  0.46+0.34* 0.39+0.31 0.3740.28 0.40+0.31  0.38+0.34 0.38+0.26  0.37+0.33

*p<0.05, ** p<0.01, post-hoc analyses with least significant difference, “pre” compared with “post” of the respective session.

was kept at 80dB above the normal hearing level (nHL), based on the
value obtained with the EP equipment.
MLAEP components

MLAEP components, viz., Na, Pa, and Nb waves, were measured
from a zero DC baseline. Peak latency was measured from the time of
click delivery. The peak latencies and peak amplitudes of the following
components were measured: Na wave (a negative wave between 14
and 19 ms.), is the maximum negative peak preceding the Pa wave
which is a positive component occurring between 25 and 32 ms. The Nb
wave which is a negative component between 35 and 65 ms. is also the
first maximum negative component immediately following the Pa wave.?!
Interventions
Cyclic Meditation (CM)

During CM practice the participants kept their eyes closed and fol-
lowed pre-recorded instructions. The instructions emphasized carrying
out the practice slowly, with awareness and relaxation. The practice be-
gan by repeating a verse (0:40 min.) from an yoga text, the Mandukya
Upanishad,? followed by isometric contraction of the muscles of the
body ending with SR (1:00 min.); slowly coming up from the supine
position and standing at ease (called fadasana) and “balancing” the
weight on both feet, called centering (2:00 min.); then the first actual
posture, bending to the right (ardhakaticakrasana, 1:20 min.); with 1:10
min. in tadasana for instructions about relaxation and awareness; bend-
ing to the left (ardhakaticakrasana, 1:20 min.); 1:10 min. as before; for-
ward bending (padahastasana, 1:20 min.); another 1:10 min.; backward
bending (ardhacakrasana, 1:20 min.); and slowly coming down in the
supine posture with instructions to relax different parts of the body in
sequence (10:00 min.); coming back to sitting position after deep relax-
ation (0:30 min.). The postures were practiced slowly, with awareness of
all the sensations felt. The total duration of the practice was 23 min.>%
Supine Rest (SR)

Supine rest was practiced as traditional shavasana yoga practice,
which meant lying flat on the ground with the legs apart, arms away
from the sides of the body, with the palms facing upwards, while the
eyes were closed.” This practice lasted 23 min., so that the duration
was the same as for CM.

Data analysis

Statistical analysis was done using SPSS (Version 10.0). Data
were analyzed using repeated measures analyses of variance
(ANOVAs). There were two Within Subjects Factors, i.e., (1) States,
with four levels (“pre”, “post 17, “post 2" and “post 3”) and (2) Sessions,
with two levels (CM and SR). Post-hoc analyses with least significant
difference were performed and all comparisons were made with the
respective “pre” states.

RESULTS

The groups’ mean values + S.D. for the peak latencies (in ms) and
peak amplitudes (in pV) of Na, Pa and Nb components of midlatency
auditory evoked potentials before and after CM and SR sessions are
given in Table 1.
Repeated measures analyses of variance

There was a significant difference between States for the peak
latency of the Pa wave (F = 3.067, df = (2.720, 125.102), p<0.05, Huynh-
Feldt epsilon = 0.907). There was also a significant difference between
Sessions for the peak amplitude of the Pa wave (F = 4.254, df = (1, 46),
p<0.05, Huynh-Feldt epsilon = 1.000). The repeated measures ANOVA
showed no significant difference between States and interaction
between Sessions and States for the peak amplitudes of Na, Pa and Nb
wave, or between States for peak latencies of Na and Nb waves.
Post-hoc analyses with least significant difference

Post-hoc analyses with least significant difference were performed
and all comparisons were made with the respective “pre” states. Post
CM there was a significant increase in the peak latency of the Pa wave
(p<0.05) and of the Nb wave (p<0.05) compared to “pre”. Also, there
was a significant increase in the peak amplitude of the Nb wave
(p<0.05) compared to “pre”. Post SR there was a significant increase
in the peak latency of the Na wave (p<0.05) compared to “pre”. These
changes have been indicated in Table 1.

DISCUSSION

Following the practice of CM there was an increase in the peak
latencies of the Pa and Nb waves and an increase in the Nb wave
peak amplitude. Following SR there was an increase in the Na wave
peak latency.

Currently, the neural generators of the different components are as
follows: the Na wave has been postulated to be due to activity at the
mesencephalic or diencephalic level, the Pa wave corresponds to the
activity at the superior temporal gyrus, and intra-cerebral recording in
humans has demonstrated that the neural generators of the Nb wave
are relatively localized in the dorso-posterior-medial part of the
Heschl's gyrus, i.e., the primary auditory cortex.?® A decrease in peak
latency is considered as suggestive of facilitated transmission due to
increased speed of conduction in the underlying neural generators.”
Conversely, an increase in peak latency can be assumed to suggest
inhibited transmission due to slower conduction in the underlying
neural generators. With respect to changes in peak amplitude, an
increase in the amplitude of an evoked potential component has been
interpreted as being indicative of effective activation of the underlying
neural generator.'
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In the present study, the increase in the Pa and Nb wave peak
latencies following meditation is contrary to earlier studies in which
MLAEPs were recorded during and after meditation.'”? In particular,
meditation on a syllable of significance (i.e., “OM”) was earlier shown
to significantly reduce the Nb wave peak latency.® A reduction in the
peak latency of another component, i.e., the Na wave, followed an
eyes-open meditation where the gaze was fixed on a point of light.”

The reason for this contradictory result (i.e., an increase in Pa and
Nb wave peak latencies following CM) compared to decreased Na and
Nb wave peak latencies following other meditations may be related to
the fact that CM includes the practice of both yoga postures (asanas)
as well as periods of meditation, rather than meditation alone. The
relevance of this may be seen from a parallel-groups design study
which demonstrated changes in brain gamma-aminobutyric acid
(GABA) levels associated with an acute yoga asana session.” Yoga
practitioners who completed a sixty minute session of yoga postures
(asanas) were compared with subjects who completed a 60 minute
reading session. Magnetic resonance spectroscopic imaging assessed
GABA-to-creatine ratios prior to and after interventions. The yoga
practitioners showed a 27% increase in GABA levels after the yoga
session while the comparison group showed no change. The role of
GABA in the central nervous system as an inhibitory neurotransmitter
is well recognized.® Based on this a shift of gamma-amino butyric acid
(GABA) receptor activation to excitation has been postulated to be
involved in mechanisms underlying the generation and maintenance of
pain.3" Apart from the somatosensory pathway GABAergic inhibition in
auditory sub-cortical and cortical areas is also known.

Hence, the increase in Pa and Nb wave peak latencies following CM
practice may be related to activation of inhibitory mechanisms in cortical
areas within the auditory pathway. However, in the absence of simul-
taneous magnetic spectroscopic imaging assessments, this remains a
speculation. The possibility of cortical inhibition following CM may be
considered supported by the fact that changes following CM in this study
were seen in the Pa and Nb components which have cortical neural
generators unlike the change following SR where the Na wave peak
latency increased and the Na wave is believed to be generated at the
mesencephalic-diencephalic level. This suggests a possible difference in
the level of change following CM and SR, with the change in the latter
being sub-cortical. The exact reason for this difference is not known.

The Nb wave, which is a negative component between 35 and 65
ms. is also the first maximum negative component immediately
following the Pa wave.2' The Nb wave corresponds to activity at the
dorso-posterior-medial part of the Heschl's gyrus, i.e., the primary
auditory cortex.”® Considering that an increase in the amplitude of an
evoked potential component has been interpreted as being indicative
of effective activation of the underlying neural generator, this
suggests that CM practice is associated with increased activity at the
level of the primary auditory cortex.

The increase in the Nb wave peak amplitude following CM in the
present study may be compared to another study, in which the practice
of a meditation technique called Sahaja Yoga resulted in an increase
in the Na-Pa amplitude.”® However, there were certain important
differences between the study of Panjwani et al.”® and the present
study. The earlier cited study was conducted on patients with primary
idiopathic epilepsy (compared to normal individuals in the present
study), and in the study by Panjwani et al., the longitudinal effect of 6
months of meditation practice was studied, whereas in the present
study the immediate effect of practicing CM was assessed by
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comparing post practice recordings with recordings made before
practice. The two studies also differed in the type of meditation
practice. CM consists of periods of SR interspersed with the practice of
specific postures (asanas). During Sahaja Yoga meditation participants
think thoughts considered to be meaningful. In both studies none of the
assessments were made during the practice of meditation. Despite
these differences the two studies suggest that different meditation
practices are associated with increased activation along the auditory
pathway, though at different levels.

In attempting to explain the results, it may be speculated that during
the SR sessions participants fell asleep and hence were drowsy during
the post period. There were no recordings of the EEG during the
practices and hence there is no absolute proof that the participants did
not fall asleep while practicing the techniques. However, for
assessments participants were monitored on a closed-circuit television,
so that they could remain undisturbed during a session. By observing
the subjects on the closed-circuit television it was possible to detect if
they moved during a session or if they fell asleep. Detecting if
participants fell asleep is relatively easy if participants are seated.
However, in the present study since participants were supine during SR
and the last part of CM, this was not of any use. Hence, the possibility
that they were asleep could not be entirely ruled out based on
observations made on the closed-circuit TV. In the case of CM practice,
the last 10 min of the 23 min session were spent lying flat, while during
the earlier 13 min the participants practiced yoga postures. Hence, if
they were to fall asleep during CM, they would have done so in the last
10 min. However, for the SR session they lay flat for the whole period.
Whether this would have increased or reduced the likelihood of them
falling asleep after the session remains a speculation.

While there is no absolute proof that the participants did not fall
asleep while practicing the techniques, there are three factors which
may support the idea that the subjects did not actually sleep during SR.
In a previous study, the high frequency (HF) power of the heart rate
variability (HRV) increased during both CM and SR practice, which is
considered to suggest increased vagal tone.” However, there was a
marginally greater increase during CM (4.4 percent) compared to during
SR (1.0 percent). In the same study, the low frequency (LF) power
which is believed to correlate with sympathetic activity was significantly
less during both CM (1.8 percent decrease) and SR (0.3 percent
decrease). In another study, on the effects of CM and SR on oxygen
consumption, while the oxygen consumption increased during CM, it
reduced during SR.* However, following CM there was a greater
magnitude of decrease in oxygen consumption (a 19.3 percent
decrease) compared to following SR (a 4.8 percent decrease). Hence,
based on the HRV, the practice of CM and SR was characterized by
vagal dominance, which was marginally more during CM. Also, after
(but not during the practices) the change in oxygen consumption
suggested that after both practices there was a period of physiological
relaxation which was more after CM compared to SR. In another study,
whole night polysomnography measures and the self-rating of sleep
were assessed on the night following a day in which 30 male
participants practiced CM twice (approximately 23 minutes each time).*
This was compared to another night when they had two equal duration
sessions of SR on the preceding day. In the night following CM practice
the percentage of slow wave sleep (SWS) was significantly more than
the night following SR, whereas the percentage of rapid eye movement
(REM) sleep and the number of awakenings per hour was less. A
different trend may have been expected if subjects were asleep or had
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micro-sleep during SR sessions. However, the subjects in the three
studies cited above (i.e., on HRV, oxygen consumption® and
polysomnography®) were different from the subjects of the present
study and no direct extrapolation can be made. However, all of them
were yoga trainees and had similar experience of yoga and similar
working and sleep times. Another factor which may be considered to
suggest that subjects may not have slept during the SR sessions, is that
all of them were trained yoga practitioners and maintaining awareness
is considered an important part of shavasana practice.*

Despite the factors mentioned above, the possibility that subjects
did fall asleep in SR sessions cannot be ruled out and hence is a
limiting factor of the study. Two other limitations of the study are: (1) the
fact that the participants may have been aware of the effects of CM and
hence have had certain expectations which would have influenced the
outcome. Also, (2) participants were not debriefed to determine to what
degree they felt that they had maintained awareness or fallen asleep.

The practice of CM in general appears to bring about a state of low
physiological activation as described above with reduced oxygen
consumption and a shift in the sympathovagal balance towards vagal
dominance.®” However, a study of the P300 following CM suggested
that participants showed a better ability to discriminate auditory stimuli
of different pitches in a P300 auditory oddball task.? The reason for this
increased ability to perform sensory discrimination despite low
physiological activation remains to be understood. The neural
mechanisms involved in the performance of the auditory discrimination
task included those parts of the brain concerned with executive
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changes which followed the practice appeared to be at a cortical level.
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