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Abstract

Objectives: In ancient yoga texts there are two meditative states described. One is dharana, which requires
focusing, the second is dhyana, during which there is no focusing, but an expansive mental state is reached. While
an earlier study did show improved performance in an attention task after dharana, the autonomic changes
during these two states have not been studied.
Methods: Autonomic and respiratory variables were assessed in 30 healthy male volunteers (group mean
age – SD, 29.1 – 5.1 years) during four mental states described in traditional yoga texts. These four mental states
are random thinking (cancalata), nonmeditative focusing (ekagrata), meditative focusing (dharana), and effortless
meditation (dhyana). Assessments were made before (5 minutes), during (20 minutes), and after (5 minutes), each
of the four states, on four separate days.
Results: During dhyana there was a significant increase in the skin resistance level ( p < 0.001; post hoc analysis
following ANOVA, during compared to pre) and photo-plethysmogram amplitude ( p < 0.05), whereas there was
a significant decrease in the heart rate ( p < 0.001) and breath rate ( p < 0.001). There was a significant decrease in
the low frequency (LF) power ( p < 0.001) and increase in the high frequency (HF) power ( p < 0.001) in the
frequency domain analysis of the heart rate variability (HRV) spectrum, on which HF power is associated with
parasympathetic activity. There was also a significant increase in the NN50 count (the number of interval
differences of successive NN intervals greater than 50 ms; p < 0.001) and the pNN50 (the proportion derived by
dividing NN50 by the total number of NN intervals; p < 0.001) in time domain analysis of HRV, both indicative
of parasympathetic activity.
Conclusions: Maximum changes were seen in autonomic variables and breath rate during the state of effortless
meditation (dhyana). The changes were all suggestive of reduced sympathetic activity and/or increased vagal
modulation. During dharana there was an increase in skin resistance. The changes in HRV during ekagrata and
cancalata were inconclusive.

Introduction

Meditation is recognized as a specific consciousness
state in which deep relaxation and increased internal-

ized attention co-exist.1

There are widely differing methods, involved in different
meditations, though the practices are intended to have a
common end result (viz., a calm, yet alert mind). This is
supported by research from the late 1960s, since when there
have been investigations on the effects of meditation in ex-
perienced as well as inexperienced meditators.2,3 In certain
cases meditators practicing the same technique showed op-
posite trends of results, particularly for recordings of the

electroencephalogram (EEG) and autonomic variables. Some
studies showed that meditation practice is associated with
reduced sympathetic activity, whereas other studies reported
increased sympathetic activity. For three meditation tech-
niques in particular, the results appeared suggestive of both
increased arousal (in some cases) and reduced arousal (in
others). These are Transcendental Meditation (TM), Zazen
meditation, and Ananda Marga meditation. These are de-
scribed in detail in following text.

In a previous study practitioners of TM showed a decrease
in oxygen consumption, reduced heart and breath rates,
lower blood lactate levels, and an increase in slow alpha and
occasional theta in the EEG after 20 minutes of practice,
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suggestive of a quietening effect.2 In fact most of the studies
on TM reported changes suggestive of increased autonomic
stability and sympathetic withdrawal.4 In addition, Dillbeck
and Orme-Johnson,5 carried out a meta-analysis of 31 studies
evaluating the effect of meditation on reducing somatic
arousal. The studies showed reduced somatic arousal with
some physiological changes suggestive of increased alert-
ness. The findings of increased alertness was supported by a
study by Lang et al.6 In this study meditators who had 2 to 3
years of experience practicing TM had lower 24-hour urinary
catecholamines compared to meditators with an average
experience of 4.1 years. The findings contradict the idea that
meditation is simply a state of reduced sympathetic activity
but supports the idea of it being a ‘‘calm yet alert’’ state.

Similar findings (increased as well as decreased arousal)
were also reported for the eyes open, Zazen meditation. In
1960, Hirai reported an increase in heart rate during Zazen
meditation,7 whereas Sugi and Akatsu8 found a decrease in
oxygen consumption in Zazen meditators. Hence the first
report was suggestive of activation while the second report
was suggestive of relaxation.

Similarly, two reports were also found for Ananda Marga
meditation, which involves intense concentration. In one re-
port during the meditation, the expert meditators showed an
increase in skin conductance and absence of a deceleratory
heart rate orienting response.9 These findings challenged a
relaxation model for Ananda Marga meditation, which
showed an increase in galvanic skin resistance, a decrease in
breath rate, and a more stable EEG in another study.10

Hence, these early studies on different meditation tech-
niques did not support a single model of meditation as either
activating or relaxing. Findings like these gave rise to med-
itation being described as a state of ‘‘alertful rest,’’ a de-
scription first used by researchers studying TM, and later
used for other meditation techniques as well.

Relatively recently there was a report which described
three broad categories of meditation techniques and their
EEG patterns.11 The three categories were (1) focused atten-
tion, which involves voluntary and sustained attention on
the chosen object, (2) open monitoring meditation in which
there is nonreactive monitoring of the moment-to-moment
content of experience, and (3) automatic self-transcending,
which includes techniques intended to transcend their own
activity. Overall the report suggests that there exist differ-
ences in objective assessments in meditation techniques
which differ in their methods and principles.

The concept of meditation described in ancient yoga texts fits
in with the categories of meditation experience mentioned
above. In Patanjali’s Yoga Sutras (circa 900 bc), there are two
meditative states described, one leading to the other.12 The first
stage is dharana (or focusing with effort), confining the mind
within a limited mental area (‘‘desha-bandhashchittasya dharana’’;
Patanjali’s Yoga Sutras, Chapter III, Verse 1).12a The next stage
is dhyana or effortless expansion (‘‘tatra pratyayaikatanata dhya-
nam’’; Patanjali’s Yoga Sutras, Chapter III, Verse 2).12b This state
is characterized by the uninterrupted flow of the mind towards
the object chosen for meditation. The practice of dharana is
supposed to precede dhyana.

Dharana and dhyana may be considered as the last two of
four stages which form a continuum in the process and practice
of meditation. The first two stages are described in another
ancient text (the Bhagavad Gita, compiled circa 500 bc). The first

stage is cancalata, which is a stage of random thinking.13a The
second stage is ekagrata, during which the attention is directed
to a series of associated thoughts.13b If a person chooses to think
thoughts related to meditation, the person would then be able
to progress to the next two stages, dharana and dhyana.

The performance in a cancellation task was compared in
70 normal healthy male volunteers at the beginning and end
of the four types of sessions (viz., cancalata, ekagrata, dharana,
and dhyana).14 The performance in this task improved sig-
nificantly after dharana (which can be considered a state of
meditative focusing) and was worse after cancalata (or ran-
dom thinking), suggesting better attention after dharana.

There has been no study comparing the four mental states
using autonomic and respiratory variables. Hence, the present
study was planned to assess the changes in autonomic and
respiratory variables in normal healthy volunteers before,
during, and after the four types of sessions (cancalata, ekagrata,
dharana, dhyana) on separate days. These mental states are
descriptions from the ancient yoga texts and studying them
was hoped to increase the understanding about meditation
including differences seen in earlier studies.

Materials and Methods

Participants

There were 30 male volunteers with ages ranging from 20
to 45 years (group mean age – SD, 29.1 – 5.1 years) who were
residing at a yoga center in south India. All of them had
normal health based on a routine case history and clinical
examination. An electrocardiogram (EKG) recording showed
that none of them had extra systoles or any abnormality in
the EKG. They were not on any medication or using any
other wellness strategy. The other predetermined conditions
to exclude participants from the trial were any chronic ill-
ness, particularly psychiatric or neurological disorders. Male
volunteers alone were selected as autonomic and respiratory
variables are known to vary with the phases of the menstrual
cycle.15 All the meditators had been practicing meditation on
the Sanskrit syllable Om for 30 minutes each day, 4 days a
week. They had a minimum of 6 months of experience in
meditation on the syllable Om (group average experi-
ence – SD, 20.95 – 14.21 months). Apart from their prior ex-
perience of meditation on Om, they were given a 3-month
orientation program under the guidance of an experienced
meditation teacher.

All participants expressed their willingness to take part in
the experiment. The study was approved by the institution’s
ethics committee. The study protocol was explained to the
subjects, and their signed consent was obtained.

Design of the study

Each participant was assessed in four sessions. Two of
them were meditation sessions (dharana [meditative focus-
ing] and dhyana [meditative defocusing or effortless medi-
tation]) and two of them were control sessions (ekagrata
[nonmeditative focused thinking] and cancalata [random
thinking]). All four sessions consisted of three states: pre (5
minutes), during (20 minutes), and post (5 minutes). As-
sessments were made on four different days, which were not
necessarily on consecutive days, but at the same time of the
day. The allocation of participants to the four sessions was
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random using a standard random number table. This was
done so as to prevent the influence of being exposed to the
laboratory for the first time, from influencing the results. In
the cancalata session participants were asked to allow their
thoughts to wander freely. This was facilitated as they were
listening to a compiled audio CD consisting of brief periods
of conversation on multiple subjects recorded from a local
radio station. In the ekagrata session, participants were asked
to focus on a single topic (i.e., listening to a lecture on
meditation). In the dharana session participants were asked to
focus on the Sanskrit syllable Om, whereas in the dhyana
session participants moved effortlessly from thinking about
Om, to quiet absorption in the single thought of Om (i.e.,
dhyana). Instructions for dharana and dhyana were played
from compiled audio CD. The duration of all the four ses-
sions was 20 minutes. The study design is schematically
presented in Figure 1.

Assessments

Autonomic variables and respiration were assessed in the
four sessions using a four-channel polygraph (Polyrite D,
Recorders and Medicare Systems, Chandigarh, India).

Respiration. Respiration was recorded using a volumet-
ric pressure transducer fixed around the trunk about 8 cm
below the lower costal margin as the participants sat erect.

Heart rate and heart rate variability. The EKG was re-
corded using a standard bipolar limb lead II configuration
and an AC amplifier with 100-Hz high cut filter and 1.5-Hz
low cut filter settings. The EKG was digitized using a 12-bit
analog-to-digital converter (ADC) at a sampling rate of
1024 Hz and was analyzed off-line to obtain the heart rate
variability (HRV) spectrum.

Photo-plethysmogram amplitude. The photo-electric
transducer was placed on the volar surface of the distal
phalanx of the left thumb with the light emitting diode facing
the volar surface. The digit pulse volume was recorded and
presented as microvolts. The amplitude of the pulse wave
was used to record digit pulse volume which was presented
as microvolts.

Skin resistance. Skin resistance was recorded using Ag/
AgCl electrodes with electrode gel placed in contact with the

volar surfaces of the distal phalanges of the index and mid-
dle fingers of the left hand. A low level DC preamplifier was
used and a constant current of 10 lA was passed between the
electrodes.

Interventions

Throughout all sessions participants sat cross legged and
kept their eyes closed following prerecorded instructions. An
emphasis was placed on carrying out the practices slowly,
with awareness of physical and mental sensations, and re-
laxation. Participants were given a 3-month meditation ori-
entation program under the guidance of an experienced
meditation teacher. The purpose of this orientation was for
all participants to practice the two different states of medi-
tation, viz., dharana and dhyana based on specific instructions.
The evaluation of the participants’ practice of dharana and
dhyana was based on their self-report as well as consultations
with the meditation teacher. A brief description of each
session is given in the following sections.

Random thinking (cancalata). Participants were asked to
allow their thoughts to wander freely as they listened to a
compiled audio CD consisting of brief periods of conversa-
tion, announcements, advertisements, and talks on multiple
topic recorded from a local radio station transmission. All
these conversations were unconnected and were believed to
induce a state of random thinking.

Nonmeditative focused thinking (ekagrata). Participants
listened to a prerecorded lecture on meditation. This was not
about meditation, on the Sanskrit syllable Om, but about
meditation, in general. It was speculated that listening to a
lecture on a particular topics could induce the state of non-
meditative focused thinking.

Meditative focusing (dharana). Participants were asked
to follow the audio instructions for the practice of dharana.
The meditative focusing on the Sanskrit syllable Om con-
sisted of mental visualization of the symbol Om. Dharana
involves conscious effort to keep the thoughts restricted to
those given in the instructions.

Meditative defocusing or effortless meditation (dhyana).
Participants were asked to follow the audio instruction for
the practice of dhyana. They were supposed to absorb with
the object of meditation without any effort. Dhyana involves
effortless defocusing induced by mental chanting of Om.

After each session participants were asked to rate their
ability to comply with instructions on a scale from 0 to 10.
Only those who achieved 7.5 (75%) and more were included
in the study. None of the sessions had to be excluded for this
reason.

Data extraction

The following data were extracted from the polygraph.
The respiratory rate in cycles per minute (cpm) was calcu-
lated by counting the breath cycles in 60-second epochs,
continuously. The heart rate in beats per minute (bpm) was
calculated by counting the R waves of the QRS complex in
the EKG in 60-second epochs, continuously. The skin resis-
tance was obtained at 20-second intervals, continuously and

FIG. 1. Schematic representation of the study.
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expressed in kilohms (kO). The amplitude of the digit pulse
volume was sampled from the peak of the pulse wave at 30-
second intervals and presented in microvolts.

Frequency domain and time domain analysis of HRV data
was carried out for 5-minute recordings for each of the fol-
lowing sessions (cancalata, ekagrata, dharana, dhyana). These
5-minute epochs were recorded for pre, during, and post
sessions. Pre and post sessions had one epoch of 5 minutes,
whereas during had four similar epochs (viz. D1, D2, D3,
D4). The data recorded were visually inspected off-line and
only noise-free data were included for analysis. The data
were analyzed with an HRV analysis program developed by
the Biomedical Signal Analysis Group (University of Kuopio,
Finland).16 The energy in the HRV series in the following
specific frequency bands was studied viz., the very low fre-
quency band (0.0–.05 Hz), low frequency (LF) band (0.05–
0.15 Hz), and high frequency (HF) band (0.15–0.5 Hz). The LF
and HF band values were expressed as normalized units.17

The following components of time domain HRV were ana-
lyzed: (1) mean RR interval (the mean of the intervals be-
tween adjacent QRS complexes or the instantaneous heart
rate), (2) RMSSD (the square root of the mean of the sum of
the squares of differences between adjacent NN intervals), (3)
NN50 (the number of interval differences of successive NN
intervals greater than 50 milliseconds), and (4) pNN50 (the
proportion derived by dividing NN50 by the total number of
NN intervals).

Data analysis

Statistical analysis was done using SPSS Inc. (Chicago,
USA) (Version 16.0). Repeated measures analysis of variance
(ANOVA) were performed with two ‘‘within subjects’’ fac-
tors (i.e., Factor 1: Sessions; cancalata, ekagrata, dharana, and
dhyana, and Factor 2: States; Pre, During [D1, D2, D3, D4],

and Post). This was followed by a post hoc analysis with
Bonferroni adjustment for multiple comparisons between the
mean values of different states (Pre, During and Post) and all
comparisons were made with the respective Pre state.

Results

The group mean values – SD for breath rate, heart rate,
photo-plethysmogram amplitude, and skin resistance are
given in Table 1. Frequency domain and time domain mea-
sures of HRV are given in Table 2 and Table 3, respectively.

Repeated measures ANOVA

The significant changes in breath rate, heart rate, photo-
plethysmogram amplitude, skin resistance, LF power, HF
power, LF/HF ratio, the mean RR, the RMSSD, the NN50,
and the pNN50 are given in Table 4.

Post hoc analyses with Bonferroni adjustment

Post hoc analyses with Bonferroni adjustment were per-
formed and all comparisons were made with respective pre
states. These have been summarized in Table 5.

Discussion

Autonomic variables and the breath rate were recorded
during random thinking (cancalata), nonmeditative focusing
(ekagrata), meditative focusing (dharana), and meditative de-
focusing or effortless meditation (dhyana).

Maximum changes in autonomic variables and the breath
rate occurred during the stage of effortless meditation
(dhyana). The changes were all suggestive of reduced sym-
pathetic activity and/or increased vagal modulation. These
were a decrease in heart rate, an increase in digit pulse

Table 1. Changes in Autonomic and Respiratory Variables Recorded Pre, During,

and Post Four Sessions. Values Are Group Mean – SD

During

Sessions Variables Pre D1 D2 D3 D4 Post
Direction
of change

Interpretation
of change

Cancalata RR (cpm) 14.67 – 2.59 15.83 – 2.73* 16.77 – 6.58 16.10 – 2.50* 15.90 – 2.48* 14.87 – 2.40 [ Y SNS
HR (bpm) 68.93 – 10.87 69.57 – 11.38 69.17 – 11.46 70.63 – 11.73 70.57 – 11.58 68.33 – 10.92 —
PPA (lV) 2496 – 1636 2182 – 1399 2275 – 1503 2124 – 1609 2181 – 1867 2355 – 1827 —
SR (kO) 429.9 – 127.7 461.4 – 137.2* 462.8 – 113.7* 461.5 – 111.8 474.1 – 116.1 468.3 – 109.7 [ Y SNS

Ekagrata RR (cpm) 15.57 – 2.43 16.00 – 2.72 15.67 – 2.38 15.80 – 2.19 15.70 – 2.44 14.90 – 2.86 —
HR (bpm) 70.40 – 10.55 70.20 – 10.32 68.37 – 10.97 68.00 – 10.68 69.27 – 11.33 68.63 – 11.18 —
PPA (lV) 2623 – 1303 2543 – 1290 2424 – 1348 2277 – 1323 2280 – 1377 2280 – 1263 —
SR (kO) 439.7 – 141.3 472.3 – 139.1* 486.6 – 134.4** 489.1 – 40.5* 491.0 – 31.4* 489.2 – 29.1* [ Y SNS

Dharana RR (cpm) 14.97 – 2.53 14.77 – 2.88 14.40 – 2.70 13.97 – 3.22 14.37 – 5.01 13.93 – 2.96* Y [ PNS
HR (bpm) 70.37 – 11.35 68.50 – 11.95 67.60 – 12.07 67.57 – 12.21 67.67 – 11.88 68.00 – 11.66 —
PPA (lV) 2350 – 1542 2586 – 1852 2422 – 1699 2235 – 1317 2231 – 1175 2184 – 1299 —
SR (kO) 429.1 – 129.1 451.5 – 125.5* 460.1 – 31.4* 465.7 – 127.9* 477.9 – 148.3* 463.1 – 125.9 [ Y SNS

Dhyana RR (cpm) 15.77 – 2.70 14.27 – 2.74** 13.37 – 2.46*** 12.40 – 2.87*** 12.73 – 3.12*** 13.53 – 2.76*** Y [ PNS
HR (bpm) 69.40 – 9.88 65.57 – 8.98* 64.57 – 9.97*** 63.73 – 9.27** 64.40 – 9.17** 65.90 – 8.59* Y NK
PPA (lV) 2548 – 1301 2860 – 1490* 2887 – 1402 2766 – 1362 2738 – 1395 2605 – 1333 [ Y SNS
SR (kO) 434.9 – 132.0 472.3 – 122.5** 495.0 – 116.6*** 505.8 – 122.4*** 509.0 – 137.6*** 497.3 – 113.4*** [ Y SNS

*p < 0.05.
**p < 0.01.
***p < 0.001.
Repeated measures ANOVA with Bonferroni adjustment comparing During and Post values with Pre values.
RR, respiratory rate; HR, heart rate; PPA, photo plethysmogram amplitude; SR, skin resistance; cpm, cycles per minute; bpm, beats per

minute; [, increase; Y, decrease; —, no change; SNS, sympathetic nervous system activity; PNS, parasympathetic nervous system activity;
NK, not known.
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volume (based on the photo-plethysmogram amplitude), an
increase in skin resistance, a decrease in the LF power of
HRV, and an increase in the HF power, also an increase in
NN50 and pNN50, with a reduction in breath rate.

The main difference between dharana and dhyana sessions
was apparent in the autonomic variables and breath rate. As
described above, most of the changes during dhyana were
suggestive of reduced activity in the different subdivisions of
sympathetic nervous system activity, though some variables
are regulated by several factors. The heart rate for example,
is regulated by dual innervation (sympathetic and vagal), as

well as humoral factors.18 This makes the decrease in heart
rate less easy to interpret (i.e., it could be due to increased
vagal tone or due to sympathetic withdrawal). This also
applies to HRV components.

There was a general understanding that the LF band of the
HRV is an index of cardiac sympathetic activity.17 However,
this has been debated. Neither the LF band ( < 0.15 Hz) nor
the HF band ( > 0.15 Hz) are considered exclusive markers of
sympathetic or parasympathetic tone, respectively.19 The
HRV represents the integrated end-organ response to the
complex nonlinear interaction between the two divisions of

Table 2. Changes in Frequency Domain Analysis of the Heart Rate Variability Components;

Values Are Group Mean – SD

During

Sessions Variables Pre D1 D2 D3 D4 Post

Direction
of change

Interpretation
of change

Cancalata LF (n.u.) (Hz) 52.83 – 18.64 61.24 – 16.05* 62.33 – 17.55* 64.81 – 17.38** 62.53 – 17.66 62.11 – 18.82* [ NK
HF (n.u.) (Hz) 46.43 – 19.45 38.75 – 16.05 37.67 – 17.55 35.21 – 17.35 37.40 – 17.57 37.89 – 18.82 —
LF/HF ratio 1.85 – 2.03 2.81 – 4.66 3.19 – 4.79 3.18 – 3.34 2.91 – 3.98 2.98 – 3.52 —

Ekagrata LF (n.u.) Hz 54.90 – 15.98 63.56 – 18.00* 62.16 – 16.57* 62.52 – 16.52 63.22 – 17.06* 63.15 – 17.26* [ NK
HF (n.u.) Hz 45.11 – 15.99 36.44 – 18.00* 37.82 – 16.58* 37.48 – 16.52 36.76 – 17.03* 36.85 – 17.26* Y Y PNS
LF/HF ratio 1.65 – 1.45 3.04 – 3.37* 2.36 – 2.03* 2.34 – 1.78 2.51 – 1.92* 2.79 – 2.73* [ NK

Dharana LF (n.u.) Hz 59.45 – 15.56 55.97 – 19.79 59.22 – 17.69 59.64 – 17.24 53.74 – 17.23 58.54 – 15.43 —
HF (n.u.) Hz 40.55 – 15.56 45.03 – 19.79 40.77 – 17.69 40.36 – 17.24 47.25 – 17.43 41.46 – 15.43 —
LF/HF ratio 1.86 – 1.19 1.96 – 2.03 2.05 – 1.75 2.15 – 1.87 1.66 – 1.65 1.96 – 1.75 —

Dhyana LF (n.u.) Hz 60.42 – 15.57 46.20 – 20.16*** 51.10 – 19.55* 50.46 – 16.39* 44.86 – 13.07*** 49.50 – 17.07* Y NK
HF (n.u.) Hz 39.58 – 15.57 53.80 – 20.15*** 48.90 – 19.54* 49.53 – 16.40* 54.53 – 13.57*** 50.50 – 17.07* [ [ PNS
LF/HF ratio 2.30 – 2.52 1.62 – 3.03 1.53 – 1.42 1.35 – 1.17 0.98 – 0.73 1.31 – 1.11 —

*p < 0.05.
**p < 0.01.
***p < 0.001.
Repeated measures ANOVA with Bonferroni adjustment comparing During and Post values with Pre values.
LF, low frequency band of the HRV; HF, high frequency band of the HRV; LF/HF, ratio of low frequency to high frequency; SNS,

sympathetic nervous system activity; PNS, parasympathetic nervous system activity; NK, not known; n.u., normalized units.

Table 3. Time Domain Analysis of the Heart Rate Variability Components; Values Are Group Mean – SD

During

Sessions Variables Pre D1 D2 D3 D4 Post

Direction
of change

Interpretation
of change

Cancalata Mean RR (ms) 0.90 – 0.13 0.89 – 0.13 0.89 – 0.13 0.89 – 0.13 0.87 – 0.12 0.90 – 0.13 —
RMSSD (ms) 49.35 – 16.34 46.71 – 21.39 45.78 – 23.08 49.87 – 24.53 48.73 – 18.21 49.88 – 22.28 —
NN50 count 72.53 – 49.68 67.70 – 54.22 73.10 – 54.56 67.80 – 48.09 69.90 – 49.38 76.63 – 54.70 —
pNN50 (%) 29.90 – 16.84 21.67 – 19.30 23.13 – 18.83 21.10 – 16.66 21.46 – 16.74 24.59 – 17.59 —

Ekagrata Mean RR (ms) 0.88 – 0.11 0.85 – 0.19 0.91 – 0.12* 0.92 – 0.12** 0.91 – 0.12* 0.90 – 0.12 [ [ PNS
RMSSD (ms) 54.43 – 25.10 50.24 – 23.06 51.73 – 25.95 55.15 – 25.88 61.04 – 28.57 53.79 – 23.89 —
NN50 count 74.73 – 53.28 74.77 – 51.97 82.47 – 54.60 85.27 – 54.07 84.67 – 53.03 77.60 – 49.34 —
pNN50 (%) 22.53 – 17.97 23.40 – 17.96 26.39 – 19.09 27.56 – 18.98 27.10 – 18.63 24.54 – 17.18 —

Dharana Mean RR (ms) 0.87 – 0.12 0.89 – 0.13 0.90 – 0.15 0.89 – 0.13 0.90 – 0.12 0.88 – 0.12 —
RMSSD (ms) 52.00 – 22.01 54.95 – 27.07 50.69 – 24.29 54.70 – 27.14 57.50 – 23.78 53.90 – 22.77 —
NN50 count 75.97 – 51.02 76.60 – 51.38 79.13 – 57.74 78.60 – 53.38 79.17 – 54.45 73.73 – 47.34 —
pNN50 (%) 23.98 – 18.15 24.29 – 18.12 25.68 – 20.38 25.60 – 18.70 25.77 – 19.17 24.28 – 17.14 —

Dhyana Mean RR (ms) 0.89 – 0.10 0.91 – 0.12 0.92 – 0.13 0.93 – 0.12* 0.88 – 0.16 0.89 – 0.17 [ [ PNS
RMSSD (ms) 54.17 – 26.78 62.28 – 31.76 61.87 – 32.65 63.49 – 33.32 65.61 – 31.26 64.34 – 36.38 —
NN50 count 75.97 – 51.44 85.10 – 56.95 99.80 – 57.14*** 100.63 – 58.06* 86.06 – 61.93 85.87 – 58.82 [ [ PNS
pNN50 (%) 25.74 – 19.17 28.55 – 20.62 32.79 – 20.25** 32.54 – 20.87* 29.78 – 20.85 28.50 – 18.90 [ [ PNS

*p < 0.05.
**p < 0.01.
***p < 0.001.
Repeated measures ANOVA with Bonferroni adjustment comparing During and Post values with Pre values.
Mean RR, the average of time intervals between consecutive R-waves; RMSSD, the square root of the mean of the sum of the squares of

differences between adjacent NN intervals; NN50, number of pairs of adjacent NN intervals differing by more than 50 ms in the entire
recording; pNN50, NN50 count divided by the total number of all NN intervals; SNS, sympathetic nervous system activity; PNS,
parasympathetic nervous system activity; NK, not known.
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the autonomic nervous system as well as other factors. This
particularly applies to the relationship between the LF power
and cardiac sympathetic tone. It was found that the LF
power was reduced by selective cardiac parasympathectomy
and was not totally removed when b-adrenoceptor blockade
was combined with denervation.20 Also activities that were
expected to increase sympathetic activity failed to increase
the LF power and actually significantly reduced the LF
power. In fact sympathetic activity can also modulate the HF
component of HRV, though to a lesser extent than the
parasympathetic influence on the LF power. The association

between HF power and cardiac parasympathetic activity is
stronger. However the association is qualitative rather than
quantitative. Hence the HRV provides a qualitative marker
of cardiac parasympathetic regulation and changes in the LF
power and LF/HF ratio have to be viewed with caution.

The LF power significantly increased during random
thinking (cancalata) and nonmeditative focusing (ekagrata),
while there was a significant decrease during meditation
(dhyana). Conversely, the HF power increased during medi-
tation (dhyana), while it was decreased during nonmeditative
focusing (ekagrata). The increase in LF during ekagrata and

Table 4. Summary of the Repeated Measures Analysis of Variance (ANOVA) Showing

Statically Significant Results

Variables Factor F value df Huynh-Feldt epsilon p value

Breath rate (cpm) Sessions 15.32 2.96, 94.67 0.986 0.001
States 4.12 3.80, 121.45 0.759 0.01
Sessions · states 5.75 4.85, 155.17 0.323 0.001

Heart rate (bpm) Sessions 4.05 2.79, 89.25 0.930 0.05
States 8.54 3.15, 100.94 0.63 0.001
Sessions · states 5.16 10.28, 328.96 0.685 0.001

Photo-plethysmogram amplitude (lV) States 4.22 2.14, 68.34 0.427 0.05
Skin resistance (kO) States 18.56 2.68, 85.67 0.535 0.001
Low frequency (LF) power (Hz) Sessions 11.39 2.93, 85.05 0.978 0.001

States 2.52 4.48, 129.82 0.895 0.05
Sessions · states 5.73 13.47, 390.69 0.898 0.001

High frequency (HF) power (Hz) Sessions 8.03 2.73,79.02 0.908 0.001
Sessions · states 3.79 4.26, 123.56 0.284 0.01

LF/HF ratio Sessions 3.33 2.64, 76.50 0.879 0.05
Sessions · states 3.25 4.63, 134.27 0.309 0.05

Mean RR (ms) States 2.74 3.48, 100.82 0.319 0.05
RMSSD (ms) Sessions 4.53 2.85, 82.63 0.95 0.01

States 3.18 4.7, 136.41 0.941 0.05
NN50 count States 3.52 4.47, 129.47 0.893 0.01
pNN50 (%) Sessions 3.50 2.62, 75.96 0.873 0.05

States 4.64 4.14, 119.91 0.827 0.01
Sessions · states 2.07 9.26, 268.51 0.617 0.05

Mean RR, the average of time intervals between consecutive R-waves; RMSSD, the square root of the mean of the sum of the squares of
differences between adjacent NN intervals; NN50, number of pairs of adjacent NN intervals differing by more than 50 ms in the entire
recording; pNN50, NN50 count divided by the total number of all NN intervals; cpm, cycles per minute; bpm, beats per minute.

Table 5. Summary of the Level of Significance and Direction of Change for Post-hoc Analyses

with Bonferroni Adjustment Comparing During and Post with the Respective Pre Values

Cancalata Ekagrata Dharana Dhyana

Variables During Post During Post During Post During Post

Breath rate (cpm) p < 0.05 [ NS NS NS NS p < 0.05 Y p < 0.001 Y p < 0.001 Y
Heart rate (bpm) NS NS NS NS NS NS p < 0.001 Y p < 0.05 Y
Photo-plethysmogram

amplitude (lv)
NS NS NS NS NS NS p < 0.05 [ NS

Skin resistance (kO) p < 0.05 [ NS p < 0.05 [ p < 0.01 [ < 0.05 [ NS p < 0.001 [ p < 0.001 [
Low frequency power (Hz) p < 0.001 [ p < 0.05 [ p < 0.05 [ p < 0.05 [ NS NS p < 0.001 Y p < 0.05 Y
High frequency power (Hz) NS NS p < 0.05 Y p < 0.05 Y NS NS p < 0.001 [ p < 0.05 [
LF/HF ratio NS NS p < 0.05 [ p < 0.05 [ NS NS NS NS
Mean RR (ms) NS NS p < 0.01 [ NS NS NS p < 0.05 [ NS
RMSSD (ms) NS NS NS NS NS NS NS NS
NN50 count NS NS NS NS NS NS p < 0.001 [ NS
pNN50 (%) NS NS NS NS NS NS p < 0.01 [ NS

NS, not significant; [ , Increase; Y , Decrease.
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cancalata could reflect either a change in sympathetic or
parasympathetic activity as described above. Given the
complexity in interpreting these changes, at this stage it may
be said that the change in LF in ekagrata and cancalata reflects
a change in autonomic activity that would need further in-
vestigation. The frequency domain analysis indicated a
possible increase in parasympathetic activity based on the
increase in HF power in dhyana alone. This is supported by
the changes in the HRV with time domain analysis. The
pNN50 and the NN50 are both indicative of vagal tone.21

Both values increased during dhyana, which was also sug-
gestive of parasympathetic dominance. Hence during dhyana
there was a shift in the autonomic balance towards vagal
dominance.

The skin resistance level is an indicator of the level of
activity in the cholinergic sudomotor sympathetic nerves
supplying the eccrine sweat glands.22 This is believed to be
the main contributor to changes in the spontaneous electro-
dermal activity.23 The increase in the skin resistance level in
all four sessions suggests relaxation during all of them.

An increase in photo-plethysmogram amplitude correlates
with decreased noradrenergic vasomotor sympathetic con-
trol of the cutaneous blood vessels.24 Hence during the
dhyana session there was decreased activity in the sympa-
thetic nerves supplying the cutaneous blood vessels.

Unlike these variables the breath rate depends upon nu-
merous factors ranging from the level of physical activity to
psychological stress.25 A decrease in breath rate is generally
associated with relaxation, which can explain the decrease
seen during dhyana. The increase in breath rate during can-
calata could suggest that participants found the diverse au-
ditory inputs (taken from a local radio station and put
together at random) stressful.

Taken together the results suggest that effortless meditation
or dhyana is associated with changes in the autonomic nervous
system suggesting vagal dominance. Hence earlier studies that
gave contrasting results (i.e., of sympathetic withdrawal in
some studies, while other studies showed sympathetic acti-
vation), when meditators practiced the same technique may
have been due to some meditators being in the dharana phase,
while others were in the dhyana phase. Examples for this are
Ananda Marga Meditation, for which one study reported
sympathetic withdrawal,10 while another study reported in-
creased sympathetic activity in meditators.9 Similarly there
were conflicting reports for Zazen meditation.7,26

A TM session has been shown to consist of phenomeno-
logically and physiologically distinct substates.27 The three
qualitatively different substates that have been described are
(1) the inward stroke in which there is progressive reduction
of all activity, (2) transcendental consciousness in which
thoughts are absent yet consciousness is maintained, and (3)
the outward stroke in which mental and physical activity
progressively increase.28 These three substates or phases
have easily measured markers.29 It was observed that med-
itators went through the three phases several times in a
session. However, it was possible to note that the inward
stroke was characterized by less heart rate deceleration and
lowered skin conductance compared to the state of tran-
scendental consciousness. Hence, in different phases of
meditation, sympathetic activity may differ. This is similar to
the present results. These differences during a meditation
session could also be the reason for the apparently contra-

dictory results seen in Ananda Marga and Zazen meditators.
Also the differences could be due to the fact that different
techniques are often given the same name.

In summary, the changes were hence suggestive of reduced
activation in dhyana. However dhyana is not the ultimate stage
described in the ancient texts. Following dhyana, the eighth
step in the astanga (eight limbs) yoga of Patanjali is samadhi
which means, the state of ultimate realization. Samadhi has
two stages, sabija samadhi (bija = seed, in Sanskrit), which
means realization in its seed or unmanifest form (Patanjali’s
Yoga Sutras, Chapter I, Verse 50). With continued practice this
leads to nirbija samadhi or the manifest state of ultimate reali-
zation (Patanjali’s Yoga Sutras, Chapter I, Verse 51).

There have been studies that have attempted to find ob-
jective physiological correlates for the experience of pure
awareness as in samadhi. In 40 meditators practicing the TM
technique, 11 participants were chosen to press a button after
an episode of pure consciousness experience. There was a
significant relationship between button presses and breath
suspension.30

Breath suspension periods when experiencing pure con-
sciousness in TM were correlated with increased total EEG
coherence with implications for functional integration and
better mind–body health, along with reduced heart rate and
phasic skin conductance responses.31

In summary, the present results show that when medita-
tion is divided as two traditionally described stages, medi-
tative focusing (dharana) and meditative defocusing (dhyana),
the changes in the autonomic nervous system are distinct
and different. The present findings make it apparent that
studying yoga practices using present-day scientific methods
may be made more meaningful if the techniques are under-
stood based on the descriptions in the traditional texts.

Conclusions

Maximum changes were seen in autonomic variables and
breath rate during the state of effortless meditation (dhyana).
The changes were all suggestive of reduced sympathetic
activity and/or increased vagal modulation. During dharana
there was an increase in skin resistance. The changes with
HRV during ekagrata and cancalata were inconclusive.
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