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Vipassana meditation practices enhance the
parasympathetic activity during sleep: a case-control
study of heart rate variability across sleep cycles

Abstract

Background: Sleep state related cardiac autonomic modulations are important for proper
cardiovascular functions and to maintain homeostasis during sleep. The present study
evaluates the efficacy of Vipassana meditation on cardio autonomic dynamicity across sleep
cycles during sleep.

Methods: 26 Senior Vipassana meditation practitioners and 23 non-meditating control
subjects participated in the study. Whole night polysomnography with lead II ECG were
carried out using 32 channel, 2110 digital EEG system (Nihon Kohden, Japan) and with
16 channels Power Lab data acquisition system (AD Instruments, Australia. Differences
in sleep variables across sleep cycles among the meditation practitioners and control
groups (between groups) were analyzed by two way ANOVA with turkey posthoc test. The
heart rate variability (HRV) was assessed during N2 and N3 and REM sleep state across
three consecutive sleep cycles. The HRV variables-High frequency power (HF) and low
frequency power (LF) density, their normalized units (HFnu and LFnu) and ratio (LF/HF
ratio) were compared across sleep cycles using Analysis of variance with repeated measures
for within group and ‘t’ test for between groups.

Results: Vipassana meditators showed significantly high HFnu irrespective of sleep states
across sleep cycles. During REM sleep, as HF nu was concomitantly enhanced along with
increased LFnu, the LF/HF ratio was reduced in meditators. In addition, meditators showed
distinct sleep architecture with enhanced slow wave sleep and REM sleep states along with
significantly reduced intermittent awakenings indicative of proper sleep organisation.

Conclusion: Vipassana meditation practice helps to establish a proper cardio autonomic
dynamicity during sleep with a persistent increase in parasympathetic activity across sleep
states. Such a state of heightened parasympathetic activity especially during REM sleep
helps to buffer the sympathetic surges and helps to maintain a proper sympatho-vagal
balance essential for quality sleep and cardio protection.
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Introduction

Sleep is an important behavioural state essential for health and
survival, refreshes and restores all the bodily functions. Human
sleep architecture has a stable morphology with alternating NREM
and REM sleep states reflecting the dynamicity of brain activities
including the homeostatic and circadian regulatory mechanisms.
Cardiac autonomic activity during sleep is highly dynamic and varies
according to sleep states. Heart rate variability (HRV) is anon invasive
and reliable measure of cardiac autonomic activity during sleep.!
During slow wave sleep (SWS), the HRV shows increased power in
high frequency (HF) range and its normalized units (HFnu) indicating
the predominance of parasympathetic activity. Whereas, during REM
sleep, HRV shows predominance of power in the low frequency
range (LF) and its normalized units (LFnu), indicating greater

sympathetic activity. Thus, cardiac autonomic activity switches from
vagally predominant SWS to sympathetically predominant REM
sleep in every sleep cycle.** Such sleep state dependent alteration
in autonomic activity is considered as one of the mechanisms for
regulating the sleep-wake cycle and is a prerequisite for maintaining
homeostasis during sleep.® During aging, such precise sleep state
dependent cardio autonomic dynamicity is compromised leading to an
attenuation of parasympathetic activity® along with an overall increase
in sympathetic activity and overt sympathetic surges during REM
sleep.” Such REM sleep associated sympathetic surges is reported to
be a risk factor for unfavourable cardiac events.® Therefore effective
buffering of sympathetic surges during sleep is crucial for establishing
quality sleep and cardiac health.

Emerging evidences suggest that psycophysiological practices like
meditation help to maintain sympatho-vagal balance by increasing the
vagal tone.” Meditation practices bring down the heart rate, systolic
blood pressure, and total peripheral resistance'® and decreases the
LFnu and LF/HF ratio, thus favouring sympatho-vagal balance
towards parasympathetic predominance.! Imaging studies have
shown that mindfulness meditation practices activate the neural
structures associated with autonomic nervous system especially the
anterior cingulate cortices, whose activity is highly correlated with
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high frequency variations in HRV."? Thus, meditative practices are
beneficial to establish the cardiovascular efficacy by effectively
modulating the cardiac autonomic activity. However, beneficial effect
of meditation practices on cardiac autonomic activity during sleep
has not been studied effectively. Cyclic meditation and Taiwanese
practices are reported to shift the cardiac autonomic balance towards
parasympathetic dominance during sleep.”® As sleep follows an
alternating NREM-REM sleep events with sleep state dependent
cardio autonomic modulations, how meditative practices help to
regulate such sleep cycle dependent cardio autonomic dynamicity is
still not understood. We have studied the changes in sleep architecture
among Vipassana mediation practitioners.'*!> The present study
evaluated the HRV across sleep cycles in long term practitioners of
Vipassana meditation. This would help us to elucidate how meditative
practices modulate the cardiac autonomic activity across sleep cycles.

Material and methods

Participants

A total of 49 healthy male subjects between 30-60years of age
participated in the study. They belong to two groups Vipassana
Meditation practitioners (n=26) and control groups (n=23).

Vipassana Meditators are senior practitioners with meditation
practice 2-4hours/day for more than 3years and have undergone many
advanced courses in Vipassana meditation. The Vipassana meditators
were recruited through the Vipassana Research Institute at Igathpuri,
India, the world head quarters for Vipassana meditation. All of them
were employed and with family responsibilities, none of them were
monks nor stayed in any monastery. Vipassana meditation is one of
the most ancient forms of meditative technique said to have taught
and practiced by the Buddha around 2500years. Vipassana meditation
involves the techniques of mindfulness that follows the tradition of
Sayagyi U Ba Khin as taught by S.N. Goenka. Vipassana meditation
practice involves the strategy of mindfulness wherein, the meditators
learns to notice and witness the perceptions of the senses and the
thoughts arising in the mind without reacting to them, like an on
lookers, and to focus their attention on their bodily activities in their true
perspective, in their true nature with an equanemous and non reactive
mind. The controls were healthy volunteers who have not practiced
any form of meditation/yoga or any other mind-body techniques. They
were enrolled for the study through local advertisements and contacts.
The study was initiated after obtaining approval from the Institute
Human Ethics Committee (IEC No.RPA/058/05). The participants
were detailed about the objectives of the study and a written informed
consent was taken from them prior to the study participants from both
the groups were matched for demographic characteristics such as age,
socioeconomic and educational status.

Before recruitment, the participants were assessed for their routine
sleep habits and were examined for medical, psychiatric, neurological
and other disease conditions. Participants were requested to maintain
a sleep log (UCLA sleep log) for a week prior to the study. The total
sleep duration of both controls and meditators was about 6.5 to 7hours
(between 10:30-11:30 P.M. to 5-6A.M). The Subjects who were on
regular medications or regular tobacco or alcohol consumption or
those reported to have acute or chronic sleep disturbance/restriction/
deprivation, and if found to have any signs and symptoms of any
disease conditions were excluded from the study. The selected
participants (n=49) underwent whole night polysomnography in the
Sleep Laboratory, Department of Neurophysiology, NIMHANS for
two consecutive nights.
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Polysomnography

Whole night Polysomnographic recordings with lead II ECG
were carried out for two consecutive nights in a semi sound-proof
air conditioned sleep cabin during subjects’ habitual sleep time.
Polysomnography was recorded by using 32 channel digital EEG
system with a sampling rate of 512Hz (EEG-2110, Nihon Kohden
Corporation, Japan) simultaneously with ECG in lead II by 16 channel
Power Lab data acquisition system with a sampling rate 1024Hz (AD
instruments, Australia). The lights were switched off during sleep
until the subject woke up by themselves in the morning. The first night
sleep was recorded as an adaptation to the laboratory environment and
the second night’s polysomnographic recording was used for sleep
scoring and HRV analysis. The offline scoring of sleep was carried
out according to the American Society of sleep medicine (AASM)
guidelines'® independently by two trained scorers with more than five
years of experience in sleep stage scoring and were blind to the details
of the subjects.

Heart rate variability

In order to assess the heart rate variability (HRV), Sminutes of
artefact-free electrocardiogram (ECG) recordings were selected from
N2, N3 and REM sleep states in the first three sleep cycle. The N1 sleep
state being too short a period was not considered for HRV analysis.
ECG records with high noise, respiratory and movement artefacts,
frequent ectopics, etc., were rejected. The selected ECG epochs were
further scrutinised for ectopic or noise, and was interpolated with
R-R interval. HRV was obtained as per guidelines of Taskforce report
1996.

Power spectral analysis of RR interval was carried with Fast
Fourier transformation based on non parametric algorithm using
Welch window using inbuilt HRV software of AD instrument. Power
spectral densities of low frequency (LF: 0.04-0.15Hz), high frequency
(HF: 0.15-0.50Hz), their normalised units (LFnu and HFnu) and their
ratio (LF/HF) during N2, N3 and REM sleep across three sleep cycles
were compared within and between the two groups. Within group
analysis was carried out to ascertain how HRV measures varies with
different sleep states across sleep cycles in each group (within controls
and meditators) Between groups analysis was carried to find out the
differences in the HRV modulation during different sleep stages across
sleep cycles in meditators when compared to controls.

Statistical methods

All statistical analyses were carried out using SPSS/PASW
Version 18 software (SPSS Ltd, Hong Kong). Interrater reliability
of Sleep stage scoring by two independent scorers was done using
kappa statistics. Sleep stage comparison between two groups was
carried using ANOVA. Within group difference in time domain and
Power spectral densities of HRV during different sleep stages across
sleep cycles was analyzed using analysis of variance with repeated
measures.'” Mauchly’s test was applied to test the assumption of
sphericity. Green House Gessier corrections were applied for those
HRV variables violated sphericity assumptions. Main effect of
group and sleep stages was carried out. For multiple comparisons
between various sleep states across sleep cycles Bonferroni posthoc
test was applied for HRV parameters p<0.05 was considered to be
significant. Effect size was estimated to assess the effect of meditation
on HRV. ‘#’ test was applied to compare HRV between controls and
meditators to ascertain the differences of HRV during each sleep
states in all the sleep cycles. p< 0.016 (after Bonferroni correction)
as significant level.
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Results

Both controls and Vipassana meditators were matched for their
age (controls-45.18+9.33 years and meditators-45.79+10.32 years,
F=(1,48),1.09,p=0.29), socio-economic and educational status. All
subjects reported to have good sleep with the sleep efficiency index
more than 90%. Sleep stages across sleep cycles was assessed in 49
subjects (controls =23, Vipassana meditators =26) and HRV during
N2, N3 and REM sleep stages across sleep cycles was estimated in 22
subjects controls =9, meditators =13.

Whole night sleep architecture and sleep variables

Cohens kappa Inter rater reliability of sleep scoring of
two independent scorers was 0.85 demonstrating that the
sleep stage scoring was highly satisfactory. The total sleep
time (TST)  controls-365.35+57.54  minutes,  meditators-
380.85+64.54minutes, F=(1,48)=0.90, p=0.341, sleep efficiency
index (%) Controls-91.8143.80, meditators- 93.63+3.62, F=(1,48)=
3.40, p=0.071 and wake after sleep onset (WASO) controls-
60.28+8.25minutes, meditators - 46.82+5.58 minutes, F=(1,48)=1.89,
p=0.17 were comparable between meditators and controls. Table 1
provides the details of sleep variables studied across the night between
controls and meditators. Meditators showed significantly less duration
of NI1F=(1,48)= 4.56, p=0.037 and N2F=(1,48)= 10.49, p=0.002,
whereas, the duration of N3F=(1,48)= 7.15, p=0.010 and REM sleep
F=(1,48)= 18.16, p=0.000 was significantly increased in Vipassana
meditators when compared to controls.

Sleep variables across sleep cycles

Table 1 provides the details of sleep stages across sleep cycles
between controls and meditators. Among the meditation practitioners
when compared to controls, N2 state showed significant reduction in
the firstsleep cycle, whereas, it was comparable in the consecutive sleep
cycles. first sleep cycle-N2 percentage-F=(1,48)=7.23, p=0.010, N2
duration-F=(1,48)=7.08, p=0.011; second sleep cycle-N2 percentage
F=(1,48)=3.78, p=0.058, N2 duration F=(1,48)=2.00,p=0.16; Third
sleep cycle -N2 percentage F=(1,48)=2.78, p=0.078, N2 duration
F=(1,48)=2.20, p=0.14.The duration and percentage of sleep stage
N3 was significantly high in the second and third sleep cycle in
meditators (Figure 1) first sleep cycle-N3 percentage-F=(1,48)=2.52,
p=0.11, N3 duration-F=(1,48)=0.89, p=0.34; second sleep cycle-N3
percentage-F=(1, 48)=3.26, p=0.05, N3 duration-F=(1,48)=5.31,
p=0.02; third sleep cycle = N3 percentage F=(1,48)=8.67,
p=0.005, N3 duration F=(1,48)=5.07, p=0.029. Meditators showed
significant reduction in the REM sleep onset latency (ROL in
minutes) when compared to controls F=(1,48)= 9.71 p=0.003.
The REM sleep was significantly high in the third sleep cycle
(Figure 2) first sleep cycle - REM sleep percentage-F=(1,48)=1.71,
p=0.19, REM sleep duration- F=(1,48)=0.15, p=0.69; second
sleep cycle- REM sleep percentage-F=(1,48)=2.49, p=0.12 , REM
sleep duration- F=(1,48)=1.14,p=0.29; third sleep cycle- REM
sleep percentage- F=(1,48)=8.07, p=0.007, REM sleep duration -
F=(1,48)=8.07,p=0.007. The representative hypnogram of meditator
and control is shown in Figure 3.

In summary, the sleep states dynamics across sleep cycles were
different among Vipassana meditators with reduced N2, progressive
increase in N3 and REM sleep states in the subsequent sleep cycles.

HRY assessment

The details of time and frequency domain parameters of HRV
during N2, N3 and REM sleep states across three sleep cycles, group
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and sleep stage effect, , effect size of meditation on HRV parameters
are provided in Tables 2 & 3. Figure 4 provides the details of HRV, for
low and high frequency power, their normalized units and ratio during
N2, N3 and REM sleep states across sleep cycles.
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Figure | Shows that duration of N3 is significantly high in meditators during
second and third sleep cycle when compared to controls. ¥p<0.05, **p<0.001.
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Figure 2 Shows that duration of REM sleep is significantly higher in meditators
when compared to controls during third sleep cycle. ** p<0.001.
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Meditator (45 years)

Figure 3 Shows representative hypnograpm of a meditator and control of 45
years of age. Meditator shows increase in N3 and REM sleep stage with less
intermittent awakenings than that of controls.

HRV dynamics during sleep cycles

Repeated measures of analysis of variance of time domain
parameters of HRV (Table 2) showed no group or sleep stage effect.
However, ‘t’ test for nn50 and pnn50 showed a higher value during
REM sleep among meditators when compared to controls. Repeated
measures of analysis of variance of frequency domain parameters
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of HRV (Table 3) showed a significant group and sleep stage effect
for normalised units of high frequency (HFnu) and low frequency
(LFnu) and ratio (LF/HF) in all the three sleep cycles. HRV during
various sleep stages across three sleep cycles in both controls and
meditators showed sleep state dependent modulations (Figure 4).
HFnu an indicator of parasympathetic activity, showed a progressive
increase from N2 state to N3 sleep state (p=0.002) and subsequently
a significant reduction during REM sleep (p=0.00) across each sleep
cycles in each group. In contrast, both LF power (p=0.016) and LFnu
(p=0.029) indicators of sympathetic activity, showed a progressive
decrease from N2 to N3 sleep state but increased during REM sleep
(LF nu-p=0.000). Hence, the LF/HF ratio was reduced during N3
sleep state (p=0.025) but increased during REM sleep (p=0.003).

Figure 4 *p<0.016 after Bonferroni corrections for ‘t’ test comparing HRV
variables between controls and meditators during N2,N3 and REM sleep
stages across three sleep cycles.

The normalised units of HRV between meditators and control in
each sleep state across sleep cycles was compared witht” test (Figure
4). Vipassana meditators showed increase in HFnu during N2 (first
sleep cycle - t=-4.82, p=0.00, second sleep cycle - t =-2.94, p=0.007),
N3 (second sleep cycle - t=-4.43, p=0.000; third sleep cycle -t =-2.45,
p=0.003) and REM sleep states (first sleep cycle- t =-3.00, p=0.005;
second sleep cycle- t =-2.19, p=0.0040; third sleep cycle- t =-2.54,
p=0.002) than controls. Meditators showed significantly less LF nu
during N2 (first sleep cycle- =3.14, p= 0.003; second sleep cycle- t
=2.25, p=0.003) and N3 sleep states (second sleep cycle- t =- 2.94,
p=0.009, third sleep cycle -t =1.46, p=0.17) than controls, but, during
REM, LFnu was comparable between meditators and controls (first
sleep cycle -t =0.69, p=0.49; second sleep cycle- t =0.83, p=0.41; third
sleep cycle- t =1.18, p=0.24). The LF/HF ratio was significantly less
in meditators throughout the sleep states (N2 - first sleep cycle t =4.08,
p=0.00; second sleep cycle t=1.15, p=0.26; N3 - third sleep cycle
t=2.37, p=0.003; REM - first sleep cycle -t=2.53, p=0.002; second
sleep cycle - t=2.23, p=0.0042; third sleep cycle t=2.29, p=0.004) as
the HF nu was high across sleep states.

In brief, the study showed differences in HRV measures during
sleep between Vipassana meditators and controls. The meditators
showed significant increase in the parasympathetic activity (HFnu)
in all the sleep states i.e N2, N3 and REM, and significantly reduced
sympathetic activity (LFnu) in N2 and N3. But, the sympathetic
activity during REM sleep was comparable between meditators and
controls. Therefore, inspite of comparable sympathetic activity during
REM sleep, enhanced parasympathetic activity among meditators
has contributed to significantly less LF/HF ratio indicating effective
buffering of REM associated sympathetic activity. LF/HF ratio even
in N2 and N3 was also significantly less in meditators, thus, depicting
the predominance of parasympathetic activity among meditators
across all the sleep states.

Discussion

We have demonstrated the changes in cardiac autonomic
modulations during sleep among Vipassana meditation practitioners.
The vipassana meditators showed distinct changes in HRV such as
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enhanced HFnu throughout sleep states indicating predominance
of parasympathetic activity and reduced LF/HF ratio implying
establishment of proper sympatho vagal balance. The control subjects
showed an increase in LFnu and LF/HF ratio across sleep states
suggestive of sympathetic predominance during sleep irrespective of
the sleep states.

In the present study, both controls and meditators showed sleep
state dependent modulations in cardiac autonomic activity, with
higher HFnu during N3 and higher LFnu during REM sleep state;
suggestive of enhanced parasympathetic and sympathetic activity
respectively during N3 and REM sleep states. Among HRV variables,
the normalized units of high (HFnu) and low (LFnu) frequency power
reflect the cardiac autonomic dynamicity in sleep and represent a
controlled and balanced behavior of parasympathetic and sympathetic
limb of autonomic nervous system.! High frequency oscillations and
their normalized units (HFnu) in HRV are considered as a marker
of parasympathetic activity." As the sleep deepens from lighter to
deeper states, the heart rate and blood pressure reduces and rhythmic
respiration brings about an increase in high frequency power of HRV
indicative of parasympathetic activity. During REM sleep, the heart
rate and blood pressure increases and the respiratory patterns become
irregular, leading to an increased low frequency power of HRV
due to increase in sympathetic activity.”” Such cardiac autonomic
modulations are related to the altered metabolic status associated
with different sleep states, wherein, the metabolic demands become
more during REM and less during slow wave sleep states.”” Though
both meditators and controls showed sleep state dependent changes
in cardiac autonomic modulations, Vipassana meditators, across all
the sleep states, exhibited higher parasympathetic activity, thereby
reducing LF/HF ratio indicative of proper Sympathovagal balance.
This cardio autonomic dynamicity associated with meditation practice
is more evident during REM sleep states where we have observed
a concomitant increase in parasympathetic activity along with
sympathetic activity.

Many randomized controlled studies have shown the positive
regulatory role of Yoga/Meditation interventions help to increase
the muscular strength and dexterity; reduce the behavioural signs of
anxiety, depression and enhancement of parasympathetic activity.?!2*
Increased internalised attention during meditation is known to bring
about synchronisation between central and peripheral autonomic
networks, modulation of attention and emotional resilience
establishes a hypo metabolic state with parasympathetic dominance?>-
thus, bringing a sense of deep relaxation.””?® Cyclic meditation
practices are shown to enhance the subjective sense of quality sleep
with increased vagal activity.”> We have reported distinct changes in
sleep architecture among senior Vipassana meditation practitioners
with enhanced slow wave sleep, REM sleep states even among elderly
meditators.'*!> Thus, our study showed that Vipassana meditation
practice help to defy the age related changes in sleep quality and
structure. Such meditation induced enhancement of slow wave sleep
and REM sleep states along with enhanced alpha activity has been
reported among senior practitioners of Transcendental Meditation.”’
These meditation induced changes in sleep organisation has been
considered as the result of increased plasticity changes and efficient
thalamocortical oscillations and structural changes such as enhanced
cortical thickness of dorsal anterior cingulategyrus.*® These plasticity
changes probably could have helped in attenuating the effect of sleep
deprivation on cognitive impairment®!

In the present study, in addition to changes in sleep architecture
such as enhanced N3 and REM sleep states, we have also
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observed changes in cardio autonomic modulations with enhanced
parasympathetic activity in both of these sleep stages. Imaging
studies have demonstrated increased activity in the regions of left
insula, subgenual and anterior cingulate during meditation practice
which are the part of central autonomic network that brings about
parasympathetic activity.''? There are evidences demonstrating that
the areas that were predominantly active during waking hours get
reactivated during sleep, especially during REM sleep *. Therefore,
it could be hypothesized that Vipasana meditation practices would
have accentuated the activation of parasympathetic activity during
sleep among meditators, thus, enhancing the parasympathetic activity
during sleep, including that of REM sleep state. Control subjects did
not show such persistent enhancement of parasympathetic activity
especially during REM sleep.

Both controls and meditators, showed predominance of sympathetic
activity (LFnu) during REM sleep. However, in meditators, in addition
to enhanced sympathetic activity, the parasympathetic activity (HF
nu) was significantly enhanced during REM sleep. Control subjects
did not show such concomitant increase in parasympathetic activity
associated with REM sleep. The HF nu was about 59% of LFnu in
controls, but, in meditators, the HF nu was about 104% of that of
LF nu highlighting the concomitant increase in parasympathetic
activity among meditators. This variations in sympathetic and
parasympathetic activity during REM sleep lead to an increase of LF/
HF ratio among controls as reported by others.** During REM sleep,
as the parasympathetic activity was high in meditators the LF/ HF
ratio was significantly reduced. Thus, highlight that meditatiors could
effectively buffer the sympathetic activity during REM sleep and the
establishes a proper sympathovagal balance. Such effective buffering
of sympathetic activity was not observed in controls thereby brining
the autonomic balance more towards sympathetic predominance.
Sympathetic activity was high among controls across the sleep states
which could be considered as a mark of normal aging process that is
associated with reduced parasympathetic functions with a concomitant
enhancement of sympathetic functions.” Aging is associated with
such poorly controlled cardiovascular variability and with reduced
cardiovascular capability to respond effectively to the stress and
perturbations during REM sleep.® Reports suggest that almost 40%
higher incidences of myocardial infarction, stroke, sudden cardiac
death, conduction blocks etc occur during REM sleep.®** Central
sympathetic inhibition with pharmacological agents is shown to re-
establish the sleep quality and autonomic modulations.* Therefore,
effective buffering of sympathetic surges during REM sleep is one
of the prerequisite towards ensuring cardio protection and quality
sleep. The effective buffering of sympathetic surges during sleep is
dependent on bar reflex sensitivity which is known to increase during
REM sleep in the successive sleep cycles.’® Meditation practices®’
and melatonin administration®® help to enhance the sensitivity of
baroreflex mechanism. Meditation practices in turn enhance the
melatonin levels.®* We have also observed enhanced levels of
both morning and evening levels of plasma melatonin among senior
Vipassana meditation practitioners.* Thus meditative practices help
in effective buffering of sympathetic surges during REM sleep. This
is one of the fewer studies highlighting the effectiveness of meditative
practices on effective cardio autonomic modulations during sleep. This
observation is of paramount importance in considering meditative
practices in general and Vipassana meditation practices in particular
as an ideal approach to re instate enhanced parasympathetic activity
during sleep especially in present time wherein we are beginning to
understand the existence of various sleep related problems and other
co morbidities as a part of change in life style.
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Conclusion

In conclusion, Vipassana meditation practices lead to proper
cardio autonomic modulations during sleep. Proficient practice of
Vipassana meditation helps to increase the parasympathetic activity
throughout sleep and effectively buffers the sympathetic surges during
REM sleep. The present study has limitations as we have not studied
the other variables such as the rate and depth of respiration, variations
in body temperature etc all of which affect the HRV during sleep.
Additionally, a simultaneous EEG/fMRI acquisition of HRV during
sleep or direct assessment of baroreflex mechanisms etc would have
provided additional details of the HRV dynamicity associated with
meditation practices. Like in earlier studies, the findings of our study
support the meditation induced enhancement of vagal tone including
during sleep and neurophysiologic growth.?'#?
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