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The concept of mindfulness is based on Vipassana, a Buddhist meditation technique. The present study examines
the physiological indices of attention and autonomic regulation in experienced Vipassana meditators to test the
claim that mindfulness is an effective therapeutic tool due to its effects on increasing awareness of present expe-
rience and emotional self-regulation. Ten male experienced Vipassana meditators underwent two assessment
sessions, one where they practiced Vipassana meditation and another where they rested with no meditation
(random thinking). Each meditation/no-meditation session lasted 30 min and was preceded and followed by

Keywords: . ; -
Vipassana an auditory oddball task with two tones (standard and target). Event-related potentials to the tones were
Mindfulness recorded at the Fz, Cz, and Pz locations. Heart rate variability, derived from an EKG, was recorded continuously

during the meditation/no-meditation sessions and during a 5-minute baseline before the task. The Vipassana
experts showed greater P3b amplitudes to the target tone after meditation than they did both before meditation
and after the no-meditation session. They also showed a larger LF/HF ratio increase during specific Vipassana
meditation. These results suggest that expert Vipassana meditators showed increased attentional engagement
after meditation and increased autonomic regulation during meditation supporting, at least partially, the two
claims concerning the clinical effectiveness of mindfulness.
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1. Introduction

Mindfulness is a Buddhist-based meditation that current psychology
has rediscovered and used as a therapeutic tool for various psychologi-
cal disorders (Allen et al., 2006; Baer, 2003; Barnhofer et al., 2009;
Carmody, 2009; Kuyken et al, 2010; Lazar, 2005; McCracken and
Gutiérrez-Martinez, 2011; Toneatto and Nguyen, 2007; Zgierska et al,,
2009). Two fundamental components of mindfulness have been distin-
guished in recent clinical applications: (a) self-regulation of attention
(awareness) toward the present experience and (b) an attitude of curi-
osity, openness and acceptance of the present experience. Awareness
and acceptance of internal and external aspects of the present experi-
ence are assumed to bring about emotional stability through a non-
evaluative re-cognition of sensations, emotions, and thoughts without
reactivity or over-involvement (Bishop et al, 2004; Hayes and
Feldman, 2004; Chambers et al., 2009). These two components of mind-
fulness have been applied clinically as integral parts of different training
programs: (a) Mindfulness Based Stress Reduction (Kabat Zinn, 1982),
(b) Dialectic Behavioral Therapy (Linehan, 1993), (c) Mindfulness-based
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Cognitive Therapy (Segal et al., 2002), (d) Acceptance and Commitment
Therapy (Hayes et al,, 1999), (e) Mindfulness-based Relapse Prevention
(Bowen et al., 2009) and (f) Acceptance-based Behavior Therapy for
Generalized Anxiety Disorder (Roemer and Orsillo, 2007). Despite the
popularity and widespread application of mindfulness, the psychologi-
cal and neuropsychological mechanisms underlying its clinical effec-
tiveness are still poorly understood.

Vipassana is the main Buddhist meditation technique on which
mindfulness is based. Vipassana, which means to see things as they really
are, is a method of training the mind through focused attention on bodi-
ly sensations, emotions, and thoughts without mental reactivity to the
experience. It has been defined as a form of self-transformation through
self-observation (Thera, 1962). The main focus of the Vipassana tech-
nique is training one's awareness of any mental experience as it arises
from moment to moment, including breathing sensations, sensations
from all parts of the body, and thoughts related to feelings of good
will, love, and compassion. The final aim of this awareness training is
to achieve emotional stability and happiness.

Consistent with the focus of Vipassana on attention training and
interoceptive awareness to achieve emotional stability, recent psycho-
physiological research on the effects of Vipassana has specifically exam-
ined changes in the central and peripheral physiological indices of
attention and autonomic regulation (Delgado et al., 2010). Event-related
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potentials (ERPs) and heart rate variability (HRV) are the two physiolog-
ical indices most frequently investigated within the context of Vipassana
and other meditation techniques.

ERPs are brain potentials recorded from the scalp that are elicited in
association with the cognitive processing of specific events. N1, P2, P3a,
and P3b are the main ERP components that are thought to reflect cogni-
tive processes. They are commonly recorded using the auditory or visual
oddball task, in which participants attend to a stimulus (target) embed-
ded as rare occurrences among a series of a more frequent non-attended
stimulus (standard). Greater amplitudes and shorter latencies of the
ERP components are generally interpreted in terms of increased atten-
tion. P3a and P3b are two subcomponents of P300, the largest ERP com-
ponent elicited by the target stimulus in the oddball task. P3a, with a
frontal distribution, is thought to reflect stimulus-driven attention
whereas P3b, with a temporal-parietal distribution, is thought to reflect
the allocation of attentional resources for subsequent memory process-
ing (Polich, 2007).

A number of studies have investigated changes in ERPs (N1, P2,
P3a, P3b) to characterize differences in attentional processes in ex-
perienced meditators (see Cahn and Polich, 2006). Several studies
have reported increases in the amplitude and/or decreases in the la-
tency of P300 (P3b) to target stimuli after meditation (Banquet and
Lesévre, 1980; Cranson et al., 1990; Goddard, 1989, 1992; Sarang
and Tellles, 2006; Travis and Miskov, 1994) but a decrease in the
P3a amplitude to distracting unexpected stimuli if the task was
performed during meditation (Cahn and Polich, 2009). Both findings
are interpreted in terms of attentional engagement/disengagement:
after meditation, the attentive set to incoming external stimulation is
expected to be augmented, leading to increased P300, whereas, during
meditation, the attentive set to external distracting stimuli is expected
to be diminished, leading to decreased P300. However, not all of these
studies investigated Vipassana meditation, and none of the studies
examined P300 using the oddball task after Vipassana meditation. More-
over, the significant differences among studies concerning the type of
meditation, the amount of practice, the attentional task, and the mo-
ment of the physiological test (during versus after meditation) preclude
firm conclusions on the effect of Vipassana on ERP indices of attention
(Cahn and Polich, 2009).

HRV refers to the cyclic variations in the heart rate and is obtained by
calculating the time interval between successive heartbeats. When
heart rate variations are analyzed using spectral analysis, three frequen-
cy bands are usually identified: High Frequency (HF: between 0.5 and
0.15 Hz), Low Frequency (LF: between 0.15 and 0.04 Hz), and Very
Low Frequency (VLF: between 0.00 and 0.04). The HF band coincides
with cyclic changes in respiration; the heart rate increases during inha-
lation and decreases during exhalation. This cardio-respiratory syn-
chrony, also called respiratory sinus arrhythmia (RSA), is mediated by
parasympathetic (vagal) control. The LF band is mediated by both sym-
pathetic and parasympathetic control as it is related to baroreflex con-
trol of the heart, whereas the VLF band is thought to be controlled by
sympathetic influences mainly related to thermal-fluid regulation and
the sleep-wake cycle (Berntson et al., 2007). Therefore, high HRV in
the HF respiratory band, or in the transition between the HF and LF me-
diated by vagal influences, is generally interpreted in terms of good au-
tonomic and emotional regulation (Malliani, 1999; Thayer and Lane,
2000).

A number of studies have investigated changes in HRV indices in
experienced meditators (Cysarz and Bussing, 2005; Goshvarpour et al.,
2011; Hoshiyama and Hoshiyama, 2008; Lehrer et al., 1999; Patra
and Telles, 2010; Peng et al., 1999, 2004; Peressitti et al., 2010;
Phongsuphap et al., 2008; Wu and Lo, 2008). Although the majority
of these studies used spectral analysis techniques, some employed dif-
ferent procedures, such as the calculation of HRV indices in the time do-
main (Patra and Telles, 2010; Peng et al., 1999; Peressitti et al., 2010;
Phongsuphap et al,, 2008; Wu and Lo, 2008), non-linear HRV indices
(Hoshiyama and Hoshiyama, 2008; RenuMadhavi and Ananth, 2010),

and Poincaré plots (Goshvarpour et al.,, 2011). The results are far from
consistent. One of the indices most frequently reported—the LF/HF
ratio—shows conflicting findings, with some studies reporting increases
(Cysarz and Bussing, 2005), others reporting decreases (Patra and
Telles, 2010), and still others reporting no change (Peng et al., 2004)
during meditation. The LF/HF ratio is usually interpreted in terms of
sympathetic/parasympathetic balance, assuming that an increase in
the ratio reflects increased sympathetic and decreased parasympathetic
activation, whereas a decrease in the ratio reflects the opposite pattern
of autonomic activation. This assumption has been challenged by
evidence that LF oscillations are predominantly determined by vagal ac-
tivity, rather than by sympathetic activity, linked to blood pressure con-
trol mechanisms (Reyes del Paso et al.,, 2013). Moreover, it has been
argued that during meditation the respiratory pattern, which normally
operates within the HF spectral range, tends to move towards the upper
limit of the LF band (approximated at 0.1 Hz), which coincides with the
so-called resonance frequency (Lehrer et al., 1999, 2000; Peng et al.,
2004; Phongsuphap et al., 2008). This phenomenon reflects a synchro-
nization of respiratory and baroreflex heart rate oscillations and is me-
diated by parasympathetic control. The inconsistent findings may also
be due to differences in meditation types. Some meditations included
specific yoga postures that are known to induce heart rate changes or
focused on reducing breathing frequency, which inevitably moves the
RSA from the HF toward the LF band. As in the case of ERPs, only a
few studies examined HRV during or after Vipassana meditation, thus
hindering firm conclusions on the effect of Vipassana on cardiac indices
of autonomic regulation.

The aim of the present study was to examine both ERP and HRV in-
dices of attention and autonomic regulation in experienced Vipassana
meditators. The P3b component of the ERPs was investigated using
the auditory oddball task just before and after a 30-minute period of
Vipassana meditation. The HRV indices were investigated during the
same meditation period by recording the electrocardiogram and apply-
ing spectral analysis to the heart rate time series. Both indices were
compared to those obtained by the same participants in a similar period
of no-meditation (random thinking). It was hypothesized that Vipassana
experts would show (a) an increased amplitude of P3b after meditation
than before meditation or after no meditation and (b) higher indices of
HRYV reflecting higher vagal control during meditation than before med-
itation or during no meditation.

2. Methods
2.1. Participants

Participants were 10 male experienced Vipassana meditators with an
age range between 20 and 61 years. They had a minimum of 2 years of
regular practice, an average experience of 7.5 years, and an average
weekly practice of 15 h. They all belonged to the Dhamma Paphulla
Vipassana Center at Bangalore (India) and participated voluntarily. No
participant was undergoing psychological or pharmacological treatment
or had auditory or cardiovascular problems. Due to artifacts in the phys-
iological recordings, one participant was excluded from the ERP analysis
and three participants from the HRV analysis.

2.2. Design

Participants underwent two assessment sessions on consecutive
days and at the same daily time: one session practicing Vipassana med-
itation and another session resting with random thinking (Smallwood
and Schooler, 2006; Telles et al.,, 2005). The order of the sessions was
counterbalanced across participants. Each session consisted of the follow-
ing sequence: (a) a 5-minute resting baseline, (b) a pre-intervention
auditory oddball task, (c) a 30-minute meditation/random thinking with
continuous HRV measurement, and (d) a post-intervention auditory
oddball task.
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2.3. Oddball task

The oddball task consisted of the discrimination between two tones:
the standard tone, a 1000 Hz tone presented 240 times (80%), and the
target tone, a 2000 Hz tone, presented 60 times (20%), in random
order. Both tones were presented binaurally with an intensity of 70 dB
and 100 ms duration using adjusted earphones (TDH-39, Amplivox,
UK). The inter-stimulus interval was 1 s. The task of the subject was to
mentally count the number of target presentations. At the end of the
task, participants reported the number of targets detected. Error rate
was defined as the percent of incorrect target detections. All participants
had an error rate below 2%.

2.4. Meditation task

The 30-minute meditation task was structured in three sub-periods
following the method taught by S. N. Goenka, a teacher in the Vipassana
tradition of Sayagyi UBakhin of Burma, in his meditation courses
(Confalonieri, 2006): (a) Anapana: an initial 10-minute period of self-
regulation of attention focused on breathing sensations (sensations
from air entering and leaving the body at the nostrils), (b) Vipassana: a
central 15-minute period of focusing attention on sensations from all
parts of the body while maintaining the non-reactivity and acceptance
attitude, and (c) Metta: a final 5-minute period focused on generating
feelings of compassion and unconditional love to all living beings. The
30-minute random-thinking task consisted of allowing the mind to wan-
der freely with the explicit instruction of not engaging in meditation, as
previously used by Telles et al. (2005) and Cahn and Polich (2009). At
the end of the task, participants reported their success in doing the task
using a scale from zero (not at all success) to 100 (complete success).
All participants scored over 70 in both tasks.

2.5. Instruments and measures

2.5.1. Event-related potentials

ERP components were derived from the EEG recorded at Fz, Cz, and
Pz using Nicolet-Bravo equipment (Midwest Neuro Medical, Inc.) and
silver/silver chloride electrodes with conductive electrolyte paste (D. O.
Weaver and Co. USA) referenced to interconnected earlobes and with
the ground electrode being placed at the forehead (Fpz). Eye movements
(EOG) were recorded with two electrodes placed 1 cm above and below
the outer canthi of the right eye. Impedances were kept below 5 kQ at all
locations. The EEG recording used a band-pass filter of 0.01-30 Hz and a
sampling rate of 666 Hz. Individual grand averages for target and stan-
dard tones were computed between 75 and 825 ms after stimulus
onset. The EEG amplitude in the 75 ms before stimulus onset served as
the baseline correction. The artifact rejection level was expressed as a
percentage of the full-scale range of the analog-to-digital converter.
This level was set at 90%. The individual Nicolet binary files were
exported, processed, and analyzed offline using custom Matlab programs
to obtain the grand averages across subjects and the mean P3b ampli-
tude defined as the average voltage between 250 and 450 ms after stim-
ulus onset.

2.5.2. Heart rate variability

HRV indices were derived from the EKG (lead I), which was recorded
using a Polyrite model 10 polygraph (Records and Medicare systems,
Chandirgah, India). The EKG signal was filtered using a 5-30 Hz band
filter and sampled at 500 Hz. The interbeat (R-R) interval series were
obtained using a peak detection algorithm that corrected potential arti-
facts (Carvalho et al., 2002). HRV was subsequently analyzed by Kardia
(Perakakis et al.,, 2010), a Matlab toolbox calculating both frequency-
domain (Fourier spectral analysis) and time-domain (root mean square
of successive difference) HRV indices. In the present study, only the
frequency-domain indices are reported since both methods were highly
correlated (all correlations higher than .900). The following HRV indices

were selected: High Frequency (0.15-0.5 Hz), Low Frequency
(0.04-0.15 Hz), and Low Frequency/High Frequency ratio. The power
spectral density of the High Frequency (HF) and Low Frequency (LF)
bands—expressed in ms?/Hz—was calculated from the squared absolute
value of the discrete Fourier transform, which is multiplied by the sam-
pling period and divided by the number of samples in the signal.

2.6. Procedure

Participants were contacted by phone and invited to participate in
the study. They were provided with transport facilities to travel to the
laboratory at the Anvesana Research Center (Bangalore, India). Upon
arrival, each participant was fully informed about the procedure, signed
an informed consent form, and completed a brief questionnaire to
confirm the inclusion criteria. The assessment took place in a sound-
attenuated cabin with dim light and an ambient temperature between
20 and 25 °C. Once in the cabin, specific instructions concerning the
oddball and the meditation/random-thinking tasks were read to the
participant. Instructions for the oddball task informed participants that
they were going to listen to two types of tones: one presented more fre-
quently at regular intervals and the other presented less frequently at
irregular intervals. Their task was to pay attention and count mentally
the number of less frequently presented tones. Instructions concerning
the meditation asked participants to meditate in their usual manner
as taught by S. N. Goenka within the Vipassana meditation tradition,
each meditation period (Anapana, Vipassana, and Metta) being indicat-
ed by a bell sound. The control/random thinking instructions directed
participants to allow their thoughts to wander freely with the only
restriction of not engaging in meditation or in meditation-related
thoughts. After assuring correct understanding of the instructions, the
experimenter attached the ECG and EEG electrodes (always in this
order), checked the electrode impedance and physiological recording
levels, placed the earphones on the subject and left the participant
alone in the cabin to initiate the recording session. Following the ses-
sion, the earphones and electrodes were removed, and the participant
was invited to return the following day for the second session.

2.7. Statistical analysis

Mean P3b amplitude to target and standard tones were analyzed
by means of 2 (task: meditation vs. control) x 2 (oddball order: pre- vs.
post-) x 2 (tone: target vs. standard) x 3 (electrode: Fz, Cz, Pz) repeated
measures ANOVA using the multivariate test statistic (Wilks' lambda) gen-
erated by SPSS. This method is free of sphericity assumptions and, thus, is
more suitable for repeated measures designs (O'Brien and Kaiser, 1985).
HRV indices were analyzed by means of 2 (task) x 4 (periods) repeated
measures ANOVA using the same multivariate test statistic. The 4 periods
were the resting baseline before the task and the 3 periods into which the
meditation/random thinking was divided. The results are presented
reporting the F-value associated with the Wilks' lambda statistic. Assum-
ing significant interaction effects of the task, specific contrasts were
performed to examine differences between the meditation and control
task at the three electrode locations before and after the task. Pairwise
comparisons concerning the three electrode locations were performed
using Bonferroni testing. The level of significance was set at .05 for all
analyses.

3. Results
3.1. P3b amplitude

Fig. 1 displays the ERP grand averages for the target tone at Fz, Cz, and
Pz before (left graphs) and after (right graphs) the meditation/control
task. A P3b component is observed both before and after the meditation
and control task, the amplitude being, in general, larger after the task and
after practicing meditation than after practicing random thinking. Fig. 2
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displays the mean P3b amplitude to target (top graphs) and standard
(bottom graphs) as a function of task, oddball order, and electrode loca-
tion. As expected, P3b amplitudes are larger in response to the target
than to the standard. P3b amplitudes in response to the target are also
larger after the meditation than after the control task. The P3b amplitude
in response to the target is also larger at Cz than at Fz and Pz.

The 2 x 2 x 2 x 3 ANOVA yielded a significant main effect of tone
(F(1,8) = 6.89, p < 0.03, np? = 0.463) and two significant interaction
effects, task x oddball order (F(1, 8) = 5.59, p < 0.046, p? = 0.411)
and task x tone x electrode (F(2, 7) = 5.96, p < 0.03, np? = 0.630).
Analysis of the two-way interaction (task x oddball order) revealed
significant effects of meditation after the meditation/control task
(p < 0.01). Before the task, the effect was not significant (p > 0.8). Anal-
ysis of the three-way interaction (task x tone x electrode) revealed
significant differences between meditation and control for the target
tone after the task at the three electrode locations (Fz: p < 0.02; Cz:
p < 0.005; Pz: p <0.05) and for the standard tone at Pz (p < 0.004).
No significant differences between meditation and control were found
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before the task for the target (p > 0.77) and standard (p > 0.42) tone.
Electrode effects were found for the target tone both before the task
(p < 0.01) and after the task (p < 0.009). After the task, the P3b ampli-
tude was significantly larger at Cz than at Pz (p < 0.03). Before the
task, the P3b amplitude was significantly larger at Cz than at Fz
(p < 0.02). No significant electrode effect was found for the standard
tone before (p > 0.34) or after (p > 0.42) the task.

3.2. HRV indices

Fig. 3 displays the HRV indices (LF, HF, and LF/HF ratio) during base-
line and the three meditation/control periods. In general, LF and HF indi-
ces were diminished during the first meditation period (Anapana)
followed by an increase during the second meditation period (Vipassana)
and a decrease in the third meditation period (Metta) compared to
baseline.

The 2 x 4 ANOVAs for the LF and HF indices did not yield any signif-
icant effect. However, the 2 x 4 ANOVA for the LF/HF ratio showed
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Fig. 1. ERP grand averages for the target tone before (left column) and after (right column) meditation (thick line) versus control (thin line) at Fz (top), Cz (middle), and Pz (bottom).
TPreME = Target at Pre-Meditation; TPostME = Target at Post-Meditation; TPreTH = Target at Pre-Random Thinking; TPostTH = Target at Post-Random Thinking.
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Fig. 2. P3b Mean amplitude for the target (top) and standard (bottom) before (left column) and after (right column) meditation (solid line) versus control (broken line) at Fz, Cz, and Pz.

significant effects of periods (F(4, 3) = 9.48, p < 0.027, np® = 0.877)
and task x periods (F(4, 3) = 8.33, p < 0.034, np*> = 0.862). In both
meditation/control conditions, the LF/HF ratio, after an initial decrease,
significantly increased from the first to the second meditation/control
period (p < 0.05) and from the second to the third meditation/control
period (p < 0.05) (periods effect). However, analysis of the significant
task x periods interaction revealed that the increase during the second
meditation/control period was larger for meditation (Vipassana) than
for control (p = 0.06) conditions. No other meditation/control compar-
ison approached significance (all p > 0.5).

Inspection of the LF and HF indices (see Fig. 3) suggests that the LF/
HF ratio increase during Vipassana meditation compared to random
thinking during the same period and to Anapana meditation during
the previous period was due to a greater increase in the low than in
the high frequencies during Vipassana. Fig. 4 shows the HRV power
spectral density (PSD) of three participants, illustrating the increase in
HRV both in the HF (0.15-0.5 Hz) and LF (0.04-0.15 Hz) bands during
Vipassana compared to Anapana meditation. The higher increase in
the LF compared to the HF is also evident in these participants. However,
there is no clear indication that the increase in the LF band was due to an
increase in the resonance frequency (0.1 Hz).

4. Discussion

As predicted, Vipassana experts demonstrated larger amplitudes of
P3b to the target tone after meditation than (a) before meditation and
(b) before and after no meditation (random thinking). These differences
were found at the three electrode locations (Fz, Cz, and Pz). However,
significant location effects were also found: the P3b amplitude was larg-
er at Cz than at Fz before the meditation/random-thinking task and larg-
er at Cz than at Pz after the task. The Vipassana experts also showed
significant differences in HRV during meditation compared to random
thinking but only in the LF/HF ratio and during the specific Vipassana
period (the second meditation/random-thinking period).

The electrode location effect found for the target before meditation
(greater P3b amplitude at Cz than at Fz) is consistent with the known
topography of this ERP component (greater at central and parietal loca-
tions than at frontal ones). However, the electrode location effect found
after meditation (greater P3b amplitude at Cz than at Pz) is new and
difficult to explain in terms of a specific effect of Vipassana meditation.
Cahn and Polich (2009) also reported greater amplitudes during
Vipassana meditation at Cz than at Pz, but with reference to the
distracter stimulus and for the P2 component. Some fMRI studies have
reported increased frontal neural activity in experienced Vipassana med-
itators during meditation compared to novice meditators (Lazar et al.,
2005; Holzel et al., 2008; Chiesa and Serretti, 2010). This frontal activa-
tion could indeed modify the topography of the ERP components during
the oddball task. However, one would expect that the modification
would be reflected more at frontal (Fz) than at central (Cz) or parietal
(Pz) locations.

The larger amplitude of P3b to the target tone after Vipassana medita-
tion compared to random thinking is consistent with the expected effect
of this type of meditation on attention and awareness. Vipassana specifi-
cally trains concentration of attention on bodily sensations, accepting all
sensations without reactivity or over-involvement (Confalonieri, 2006;
Thera, 1962). On the other hand, P3b is believed to reflect the allocation
of attentional resources to incoming stimulation to facilitate subsequent
information processing (Cahn and Polich, 2009; Polich, 2007). Thus, the
observed increase in P3b amplitude to the attended stimulus (target)
can be interpreted in terms of increased attentional engagement after
Vipassana meditation. Similar findings have been reported after other
meditation practices, such as Yoga meditation (Banquet and Lesévre,
1980) or concentrative meditation (Murthy et al, 1997; Sarang and
Tellles, 2006). Cahn and Polich (2009) studied experienced Vipassana
meditators using the oddball task (with target, standard, and distracter
stimuli), but the oddball task was performed during meditation, not
after meditation. They found a significant decrease in P3a amplitude to
the distracter stimulus compared to a control condition similar to our
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random-thinking task, which was interpreted as reflecting decreased at-
tentional engagement to distracting stimuli while Vipassana meditators
were engaged with present-moment awareness of body sensations
(Cahn and Polich, 2009).

The finding of an increase in heart rate variability indexed by
the LF/HF ratio during the specific period of Vipassana meditation
and relative to the same random-thinking period is more difficult to
interpret in terms of the expected improved autonomic regulation
(increased parasympathetic control). First, an increase in the LF/HF
ratio is usually interpreted in terms of poor emotional regulation
(increase sympathetic/decrease parasympathetic control), which is
contrary to the expected effect of Vipassana. And second, an exami-
nation of the HRV power spectral density of each participant during
the Vipassana/random-thinking period did not reveal any indication
that the relative increase in LF compared to HF might be due to a dom-
inant vagal effect caused by the synchronization of the respiratory and
baroreflex frequencies, approximated at 0.1 Hz, the so-called resonance
frequency (Lehrer et al., 1999, 2000; Peng et al., 2004).

In spite of this difficulty, an interpretation of the observed increase
in the LF/HF ratio during Vipassana meditation with respect to im-
proved autonomic regulation is still possible. The autonomic balance
concept, based on the LF/HF ratio, has been criticized on the grounds
that it assumes a reciprocally regulated continuum (increases in one
branch coupled to decreases in another) that does not hold in many
cases. A more comprehensive model of autonomic control accepts that
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Fig. 4. HRV power spectral density of three participants during Vipassana (dashed line)
and Anapana (continuous line).

sympathetic and parasympathetic systems can change reciprocally,
co-actively, or independently (Berntson et al., 2007). Moreover, given
recent evidence that the LF component of HRV is determined mainly
by the parasympathetic nervous system (Reyes del Paso et al., 2013),
anincrease in the LF/HF ratio during Vipassana meditation, due to an in-
crease in the LF component, might indeed be interpreted in terms of
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increased autonomic regulation due to an increase in cardiac vagal
control.

5. Limitations and conclusion

The implications of our findings should be evaluated taking into ac-
count several methodological limitations: First, the lack of a control
group of non-meditators. Although our control condition has been suc-
cessfully used in previous studies (Telles et al., 2005; Cahn and Polich,
2009), a control group of non-meditators would have helped to better
link the observed changes in P3b—after meditation—and HRV—during
meditation—to meditation expertise, controlling for both trait charac-
teristics of the participants and demand characteristics of the tasks
(oddball and meditation). Second, our control condition (random
thinking) might not guarantee complete absence of some meditation
effects in experienced meditators. Indeed, some of our participants did
not report complete success in this task, thus suggesting that some
meditation might have occurred. And third, although the heart rate
datarevealed a significant task x periods effect explained by the higher
LF/HF ratio increase during Vipassana meditation than during random
thinking and relative to the previous Anapana period, the differences
between Vipassana and random-thinking periods were only marginally
significant. This loss of statistical power was probably due to the
reduced sample size (after exclusion of participants with HRV artifacts),
a limitation that precludes firm conclusions on our heart rate data.

With these limitations in mind, the present study provides suggestive
evidence supporting, at least partially, the two basic claims of mindful-
ness (Vipassana) meditation training: increased awareness of present
experience—indexed by the increase in P3b event-related potential
after meditation- and autonomic regulation—indexed by the increase
in LF/HF ratio during meditation. These two components represent psy-
chological and neurophysiological mechanisms that may facilitate a re-
duction of clinical symptoms through a process of learning new
regulatory strategies, thus supporting the clinical use of mindfulness as
a therapeutic tool. However, future research is needed to confirm and ex-
tend the present findings.
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