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Abstract—The specific features of the topology of spectral powers and coherent interregional interrelation-
shipsin the narrow, individually determined 8-, 6-, a,-, a,-, and a;-frequency bands were studied by means of
high-resolution EEG (62 channels) in novice and experienced meditators (NMs and EMSs) at rest and under the
conditions of generation of an altered state of consciousness characterized by inactivation of cognitive activity
and the occurrence of a positive emotional experience of happiness. EMs in the meditation-free state were
found to be characterized by a shift in the values of the individual a frequency to alower-frequency region of
the spectrum, aong with higher, compared to NMs, 6-, a-, a,-, and a;-band power values, which probably
reflects the cumulative character of the influence of long-term meditative practice. The effective achievement
of atered states of consciousnessin EMs was associated with an increase in the local 8- and a; powersin the
anterior cortical areas, aswell aslong-distance coherence between the prefrontal and posterior associative cor-
tex with the formation of a center of gravity in theleft prefrontal region (lead AF;). According to the data of the
correlation analysis of the EEG power values and the data of subjective scaling of the meditation state, the 6-
power valueswere positively associated with positive emotional experiences and negatively associated with the
level of mental activity. The results of this study are consistent with current concepts that the © and o activities
in narrow frequency bands reflect the activity of multifunctional neuronal networks selectively associated with

processes of cognitive and affective activity.

Meditation is a complex neurocognitive process
inducing changes in psychic, cortical, and autonomic
functions. The aggregate of these changes allows the
meditative states occurring to be classified as altered
states of consciousness, differing from ordinary wake-
fulness, relaxation at rest, and sleep [1-3]. The results
of research into meditation in the last three decades pro-
vide sufficiently convincing evidence that regular med-
itative practice leads to stable functional changesin the
psychophysiological status of humans [4-7]. The few
EEG investigations established that, along with various
reactive manifestations of altered states of conscious-
ness under meditation conditions [2, 8-11], long-term
practice of gigong, zen, and yogaleadsto anincreasein
the 8 and a power [6, 11-13], whereas transcendental
meditation practice increases the 0, a, and 3 power
[9, 14-17] along with anincreasein a and [3 coherence
bilaterally in the anteroposterior direction [4, 18].

These changes in bioelectrical activity in experi-
enced meditators are observed either at rest or for acer-
tain time after exiting the meditative state. Studies of
the contingent negative variation (CNV) reveal the opti-
mizing effects of long-term meditation on the condi-
tioning and executive mechanisms of cortical responses
[19]. However, the absence at present of data on the
subtle frequency and topographic characteristics of the
brain activity reflecting theinertial (cumulative) effects
of meditation significantly impoverishes current

notions of the central mechanisms of altered states of
CONSCi OUSNESS.

As compared to previous EEG investigations of
meditation, this work is characterized by severa spe-
cific features. First, due to the presence of functional
differences between narrow frequency components in
conventional EEG rhythms [20-23], the boundaries of
the narrow A-, 6-, a,-, O,-, and o;-frequency bands
and, accordingly, their widths were determined individ-
ually, depending ontheindividual a frequency [24, 25].
Second, the use of high-resolution EEG (62 channels)
provides for a more adequate topographic analysis of
regional activation processes during the meditative pro-
cess. Third, asamodel of an altered state of consciou-
ness, we selected Sahgja yoga meditation, which, in
contrast to other meditative techniques (e.g., transcen-
dental meditation [2]) is characterized not only by pro-
cesses of internalization of attention, but also the occur-
rence of an emotional state of happiness or bliss[26].

Thus, the purpose of thiswork wasto study with the
use of high-resolution EEG the specific features of the
topology of spectral powers and coherent interregional
interrel ationshipsin humans with along working expe-
rience of meditation practice, at rest and during the
meditation process.
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Fig. 1. The scheme of the arrangement of electrodes and 12
combined groups (6 for each hemisphere) used for analysis,
aong with the anterior and posterior midline zones (AM and
PM, respectively) (see Methods for explanation).

METHODS

Twenty-seven healthy right-handed volunteers aged
between 25 and 45 years who regularly practiced
Sahagja yoga meditation were recruited for the study.
Depending on the duration of practice, all the partici-
pants were divided into two experimental groups:
group 1, including novice meditators (NMs), whose
working experience was less than 6 months (n = 11:
men, 5; women, 6; mean ageM =35.18; SD = 7.33) and
group 2, including experienced meditators (EMs),
whose working experience was 3—7 years (n = 16: men,
6; women, 9; mean age M = 35.00; SD = 7.14). Before
the beginning of the study, the subjects from both
groups were assessed with respect to levels of trait anx-
iety (STAI-t) [27, 28] and aexithymia (TAS-20) [29], as
well as extroversion/introversion, neuroticism, and
psychotism (EPQ) [30].

A 62-channel EEG (bandpass 0.3-50 Hz, quantiza-
tion frequency 500 Hz) was recorded monopolarly
using the Scan 4.1.1 program, the ESI-128 system
(NeuroScan Labs), and amodified 64-channel cap with
built-in Ag/AgCl electrodes (QuikCap, NeuroSoft,
Inc.). Thereference electrode was on thetip of the nose
(Fig. 1). A vertical and horizontal e ectrooculogram
(EOG) was additionally recorded to control oculomotor
artifacts.

After recording of the state of rest with open eyes,
the subject was to pass through three sequential stages:
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the first stage, entering into meditation; the second
stage, deep meditation, in which the maintenance of
self-consciousness is accomplished against the back-
ground of completely inhibited mental activity (the
state of consciousness without thought); and the third
stage, exiting from the state of meditation [26]. The
experimenter sent audibl e signals notifying the subjects
of the beginning of all three periods. Upon attainment
of the state of consciousness without thought, the sub-
ject pressed the feedback button. The EEG was
recorded throughout the three periods. After the exper-
iment, the subjects responded to three questionnaires
with unipolar (0-9) scales (0 indicated the absence of
the phenomenon; 9, the greatest degree of its manifes-
tation): (1) please estimate the level of your mental
activity during the meditation state; (2) did you experi-
ence, and to what degree, a positive emational experi-
ence of happiness (bliss, satisfaction) during medita-
tion?; and (3) did you experience, and to what degree,
anxiety (worry, dissatisfaction) in the process of medi-
tation due to the instability of the meditative state or the
impossibility of attaining it?

After recording of the EEG, oculomotor artifacts
were corrected by using aspecialized algorithm [31]. In
addition, fragments containing uncorrected oculomo-
tor, myographic, motor, and other artifacts were elimi-
nated after visual analysis. To analyze spectral powers
and coherence, only artifact-free 8.192-s fragments
were used (three fragments for each experimental

stage).

In the analysis, we used a technology that deter-
mined individual bands based on the calculation of the
individual apha frequency (IAF) separating the upper
and lower a bands [24, 25]. The bandwidth constituted
20% of the |AF [24]. Using this method, the following
frequency bands and their boundaries were specified:
A, from (IAF x 0.2) to (IAF x 0.4) Hz; 6, from (I1AF x
0.4) to (IAF x 0.6) Hz; a,, from (IAF x 0.6) to (IAF x
0.8) Hz; a,, from (1AF x 0.8) to (IAF x 1.0) Hz; and a,
from (IAF x 1.0) to (IAF x 1.2) Hz. The group-averaged
IAF valuesin EMs (M = 9.42 Hz, SD = 0.53) appeared
to be significantly lower than in NMs (M = 10.04 Hz,
D = 0.48) (p < 0.005). Each EEG fragment was sub-
jected to fast Fourier transform (FFT) with the use of
Parzen's window. The power values obtained were
averaged within individual bands and subjected to log
transformation to normalize the distribution. The power
valuesfor the three EEG fragments of each stage of the
study were averaged between each other.

For statistical analyses, all the electrodes were
divided into 12 clusters forming six cortical zones in
each hemisphere (Fig. 1): anterotemporal (AT), frontal
(F), central (C), parietotemporal (PT), parietal (P), and
occipital (O). The spectral power valuesfor theindivid-
ual electrodes applied to the relevant zone were aver-
aged between each other for each experimental condi-
tion. The same EEG fragments were used for analyzing
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Fig. 2. The means and standard errors of the psychosomatic values and the estimates as judged by the subjective reporting scale:
(a) psychosomatic values before the experiment; (b) subjective estimates of the meditation state: (a) novice meditators; (b) experi-
enced meditators. Abscissa, psychometric parameters: |, trait anxiety; 11, neuroticism; 111, difficulties in identification of feelings;

IV, emotions of happiness; V, level of mental activity; VI, anxiety.

coherence. The coherence valueswere calcul ated for all
possible electrode pairs.

The statistical analysis of EEG powers was carried
out using ANOVA with repeated measurements in
intragroup factors. Correction of the Greenhouse-Gei-
sser degrees of freedom was made if necessary. The
results of the subjective reports and changes in the
coherence values were assessed by Student’s t-test.

RESULTS

According to the psychometry data, EMswere char-
acterized by lower values of trait anxiety (F(1.25) =
5.97; p < 0.022), neuroticism (F(1.25) = 541; p <
0.028), as well as by a lower score in the subscale as
“Difficulties in ldentification of Feelings’ (F(1.25) =
12.46; p < 0.002) of the alexithymia questionnaire.
Taken together, these data reflect a higher psychoemo-
tional stability and better capacity for identifying emo-
tionsin EMs compared to NMs (Fig. 2a).

According to subjective estimates of the successful-
ness of meditation (Fig. 2b), EMs attained a signifi-
cantly greater intensity of experience of the state of
happiness than NMs (Mg, = 5.54, My = 3.56, p <
0.014) and alower level of mental activity (Mg, = 1.19,
M = 2.82, p<0.025). At the same time, NMs
reported the occurrence of anxiety and agitation related
to the attempts to attain the target meditative state
(Mgy = 3.22, My = 0.54, p < 0.000).

The results of the four-way ANOVA of spectral
powers for six symmetrical zones (Group [GR 2: NM,
EM] x Hemisphere [HS 2: LH, RH] x Experimental
Condition [EC 2: rest with closed eyes, meditation] x
Localization [LOC 6: AT, F, C, PT, P, Q]) showed that
EMs, compared to NMs, had significantly greater
power valuesin most of the bands, predominantly inthe
posterior regions of the cortex, irrespective of the
experimental condition. This is evidenced by signifi-
cant interactions of the GR x LOC factors for the
0-(F(5.125) = 10.14; p < 0.000), a,-(F(5.125) = 4.04;
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p<0.022), a,-(F(5.125) = 3.51; p < 0.046), and
05-(F(5.125) = 14.82; p < 0.000) bands (Fig. 3).

As a result of three-way ANOVA for symmetrical
cortical zones (GR(2) x HS(2) x EC(2)), significant GR
x EC interactions were obtained for the frontal regions
in the B-(F(1.25) = 6.48; p < 0.017) and a,-(F(1.25) =
5.13; p < 0.033) bands. In the a, band, this interaction
was significant in virtually al the zones explored:
AT (F(1.25) = 9.27, p<0.005), F (F(1.25) = 6.76,
p<0.015), PT (F(1.25) = 6.39; p< 0.018), P (F(1.25) =
7.06; p < 0.014)), and O (F(1.25) = 7.05, p < 0.014).
Analysis of the corresponding interaction means
(Fig. 4) shows that, during meditation, EMs display an
increase in the 6 and a, powers in the frontal regions
and an increase in the a, power in the anterotemporal
and frontal regions, whereas NMs are characterized by
significant desynchronization of o, power in the poste-
rior (P, PT and O) regions ((p < 0.028). Finaly, the a;
band appeared to be insensitive to the meditative pro-
cess in both groups.

The two-way ANOVA (GR[2] x EC[2]) of the spec-
tral power values in the midline leads showed the fol-
lowing results. In the AM zone (Fig. 1), the significant
GR x ECinteractioninthe 8- (AFz F(1.25)=7.47;p<
0.011; Fz F(1.25) = 7.04; p< 0.014), a,-(AFz F(1.25)
=5.57; p<0.026; Fz F(1.25) = 6.79; p < 0.015), and
0,-(AFz F(1.25) = 6.15; p < 0.020) bands shows that,
during meditation, EMs display a power increase in
these bands, whereas NMs are characterized by the
absence of significant power changes (Fig. 4). More-
over, thesignificant GR x EC interaction revealed inthe
PM zone (Fig. 1) only for the a, band (Pz F(1.25) =
5.40, p <0.029; POz F(1.25) = 6.64, p < 0.016; Oz
F(1.25) =5.57; p) was determined by the desynchroni-
zation effectsin NMs under the conditions of the med-
itative process (Fig. 4).

According to theresults of statistical analysis, it was
only 8 coherence that appeared to be sensitive to the
meditation state (Fig. 5). The EM group was character-
ized by an increase in the short- and long-distance
coherent couplings, predominantly in the anteroposte-
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rior direction with a markedly pronounced center of
gravity in the left prefrontal region (lead AF;), along
with aless marked decrease in the intra- and interhemi-
spheric coherence in the posterior cortical regions.

The correlation analyses established that the inten-
sity of the experience of happiness under meditation
conditions is positively associated with the increase in
0 power in the frontal and mediofrontal cortical zones
(significant correlations in the range from r = +0.44 to
r = +0.55) (Fig. 6). In its turn, the intensity of mental
activity correlated negatively with 6 power in the fron-
tal, mediofrontal, right central, and mediocentral
regions (significant correlations fromr = -0.43tor =
-0.60). In the a, band, the intensity of mental activity
correlated negatively with the power values in the
mediocentral (FCz, Cz, and CP2) and adjacent leads
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(significant correlations from r = -0.41 to r = —0.50)
(Fig. 6). Finally, no significant correlation was found
between the subjective values and changesin the a, and
O3 POWEer.

DISCUSSION

As shown by the results of the study, experienced
meditators are characterized not only by dynamic shifts
associated directly with the altered state of conscious-
ness, but also by stable neurophysiological shiftsin the
structures of the central nervous system.

The observed shift in EMs in the values of the indi-
vidual frequency of a activity to a more low-frequency
spectrum band, along with the higher values of the
powers®, a,, a,, and a, activity in the state of unaltered



148

4.02-6.02 Hz

AFTANAS, GOLOSHEIKIN

3.77-5.65 Hz

Fig. 5. Changes in coherence between the states of rest and meditation for the groups of novice meditators (NMs) and experienced
meditators (EMs) in the 8 band. The solid lines indicate an increase in coherence; the dotted lines, a decrease in coherence (bold

lines: p < 0.001; thin lines: p < 0.01).

consciousness, is likely to reflect the cumulative char-
acter of theinfluences of long-term meditative practice.
Regular meditation practice seems to cause relatively
stable changes in cortical rhythmicity in experienced
meditators, which, in turn, forms the basis for qualita:
tively different mechanisms of neurophysiological
functioning [2, 9, 17]. One of the possible conse-
guences of these changesisagenera increasein psych-
oemotional stability in experienced meditators, who,
compared to beginners, are characterized by lower val-
ues of trait anxiety and neuroticism and also display a
better ability to identify emotions. These results agree
with the data of other authors on the lower levels of
anxiety and neuroticism [4—6], wider spectrum of pos-
itive emotional experiences[32], and quicker recovery
after stressful effects[4, 12] in experienced meditators.
The reverse correlates between the a-activity power
and the blood plasma level of cortisol revealed in long-
term meditators are sufficiently representative [16].

The comparison of dynamic changes in the cortical
activity of experienced and novice meditators under
conditions of generating an altered state of conscious-
ness revealed the most convincing differences in corti-
cal changesin the local 8 and a; power in the anterior
cortical regions and in 8 coherence in the anteroposte-
rior direction: the effective generation of an altered
state of consciousness by experienced meditators was
associated with an increase in thelocal 6 and a, power,
aswell aswith long-distance 6 coherence.

Recently, it has become ever more evident that the
emotional 6-rhythm, connected with corticolimbic
interaction and “limbic” in its origin, seems to be inti-
mately related to the cognitive component of emotional
response in humans and the increase of the 6 rhythm in
emotions does not lead to a mere neocortical activation
by limbic structures [33]. In light of current concepts,
an increase in the 6 rhythm in the anterior divisions of
the human brain is regarded as a manifestation of

increased activation. This supposition is based on the
results of experimental investigations, in which an
increase in © power in these cortical areasis associated
with anincreasein the orientation response [ 34, 35] and
concentration of attention [36], the effectiveness of
encoding of new information in the memory [23, 25,
37], and the processing emotional information [38, 39],
as well as with an increase in cognitive demand [40]
(for areview, see[23]). Along with the 8 activity of the
anterior divisions of the cortex of the left and right
hemispheres, the so-called frontal midline 6 rhythm
(Fm®) isidentified, whichisobservedinthe AFzand Fz
leads in the EEGs of healthy subjects under conditions
of concentration of attention (including meditation pro-
cesses), revealing significant correlates with autonomic
activity [11, 41, 42]. Theresults of recent investigations
with the use of high-resolution EEG and magnetoen-
cephalography indicate that the neurona networks of
the frontal divisions of the left and right hemispheres
providing for the functions of attention, including the
anterior cingulate cortex (ACC), may be FmB genera-
tors, while the FmB changes during the performance of
sequential cognitive tasks, reflect the alternating activ-
ity of the medial prefrontal cortex and ACC [43, 44].
Theincreasein 6 power revealed in the anterior leadsin
experienced meditators falls into the category of the 6
and FmO processes, reflecting the involvement of the
neuronal networks oscillating at the 6-activity fre-
guency into the mechanisms of internalization of atten-
tion and generation of positive emotional experiences
(the occurring state of happiness) associated with the
meditative process studied. This supposition is con-
firmed by the results of correlation analysis, according
to which the 8-power values correlate positively with
positive emotional experiences and negatively with
mental activity. The inactivation of the cognitive com-
ponent in this meditative process seems to create the
context (prerequisites?) for the occurrence of a positive
emotional experience. At the sametime, the absence of
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Fig. 6. Maps of correlation between the values of the subjective report and changesin the 8 and o | spectral power (the state of rest
as compared to the state of meditation). Significant positive and negative correlations begin with the scale values +0.4 and —0.4.

anterior 8 and FmB synchronization in the meditation
phase in novice meditators may be linked to the experi-
ence of the emotions of anxiety and disappointment by
these subjects due to the inability to attain and/or reli-
ably retain the desired meditative state. This observa-
tion is consistent with data of earlier investigations on
negative correlates between FmB activity and the inten-
sity of experience of anxiety [41].

Changesin a power during meditation can be deter-
mined by both functional heterogeneity of different o
bands [23] and the specific features of the meditative
state. According to the data of recent factor-anaytical
and other special studies, discrete independent factors
wereidentified in the a band and additional evidence of
the different functional significance of these frequen-
cies was aobtained: desynchronization in the lower and
middle a band is associated with processes of external
attention such as vigilance and expectancy, whereas
desynchronization in the upper a band reflects an
increase in cognitive activity [23, 45]. It can be sug-
gested that the ability of experienced meditators to
attain the target meditative state is afforded by success-
fully rendering ineffective the mechanisms of external
attention, which is reflected in a, and a, synchroniza-
tion of the anterior cortical regions. On the contrary, the
activity of the processes of expectancy against the
background of unsuccessful attemptsto attain the med-
itative state wasreflected in the a, desynchronization of
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the posterior cortical regions. And, finaly, areactivity
of the cognitive a; band in experienced meditators,
when meditation is characterized by inhibition of cog-
nitive activity, appears to be quite natural.

Changes in the interregional coherence interrela-
tionships appeared to be ancther important correl ate of
the meditative state. According to the generaly
accepted point of view, coherence changes are regarded
as an indicator of the informational flow along local
and/or long-distance cortical—cortical projections [21,
46, 47]. It can be suggested that, in the general context,
an increase in the long-distance connectivity in the 6
band between the anterior and posterior brain divisions
in experienced meditators is a necessary prerequisite
for the genera intensification of information process-
ing connected with the induction of altered states of
consciousness [46, 47]. At the same time, the predomi-
nance of activation of long-distance connections cou-
pling remote areas of thefrontal and parietal associative
cortex, with the simultaneous formation of the center of
gravity [46] of the increase in coherence located in the
left prefrontal region, is probably necessary for gener-
ating positive emotional experiences. The few studies
of the EEG coherence also indicate an increase in the
levels of synchronization for positive emotions and a
decrease for negative emotions [48, 49], and the works
devoted to anterior cortical asymmetries and emotions
[49-53] evidence the involvement of the prefrontal |eft
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hemispheric regions in the processes of generation of
positive emotions. Finaly, in a recent investigation in
our laboratory, we obtained data indicating the
enhancement of induced 6 synchronization in the ante-
rior temporal regions of the left hemispherein response
to the presentation of positive emotional stimuli [39].

CONCLUSION

Thus, our study established that, at the physiological
level, experienced meditators are characterized by an
increase in the baseline power of slow rhythms in the
brain cortex and ashift in the individual o frequency to
alower frequency region. At the same time, the medita-
tion process proper in these subjectsis accompanied by
differential changes in the narrow EEG fregquency
bands, which reflect the selective involvement of corti-
cal neurona networks in the mechanisms of internal
attention and emotional information processing. How-
ever, the differences in the modal frequency of a activ-
ity in experienced and novice meditators may be dueto
a better capacity for meditation in individuals with a
decelerated a rhythm rather than the influence of med-
itation practice. In any event, the answer to this ques-
tion can be obtained from longitudinal investigations
using larger samples of subjects. The data of psycho-
metric analysis lead us to suggest that regular training
of the mechanisms of internal attention and the positive
emotional experiences occurring during the meditation
processincrease psychoemotional stability. Finally, the
data obtained agree with present-day concepts that the
0 and a activitiesin narrow frequency bands reflect the
activity of multifunctional neuronal networks selec-
tively associated with processes of cognitive and affec-
tive activity [23, 38, 49, 54, 55].
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