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Heart rate variability and meditation with breath suspension.
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Abstract

Increased high frequency and decreased low frequency powersin heart rate variability (HRV)
have been found during various forms of meditation. However, advanced stage of meditation
drew less attention to date. We aimed at exploring HRV characteristics during advanced
meditation. Heart rate (HR), blood pressures (BP), and parameters of HRV in time and fre-
guency domains of a single meditator were collected during rest, breath meditation, and in
advanced meditative stage with breath suspension in 10 meditative sessions. Friedman test
was used to compare the variables during different meditative phases. HR and BP revealed
significant differences during different meditative phases. Pair-wise comparison revealed that
HR decreased continuously and significantly while meditation advanced. On the other hand,
none of HRV parameters reached statistical significance. Our findings reveal no significant
differences between different meditative phasesin terms of HRV parameters, but HR and BP
continuously decrease while meditation advances. The discrepancy could be partially attrib-
uted to different meditative techniques.
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| ntroduction cluded spectral power of NNs in high frequency (HF,
0.15-0.4Hz) reflecting parasympathetic activity, low fre-
Meditation refers to the practices that focus on trainingiuency (LF, 0.04-0.15Hz) indexing sympathetic function,
internalized attention under greater voluntary control, andnd low frequency-to-high frequency ratio (LF/HF) as an
thereby foster specific mental capacities such amdex of autonomic balance [1]. As far as the HRV pa-
relaxation and even complete quiescence. It involves iftameters in time domain were concerned, meditation was
various practicing techniques and different meditativdound to increase pNN50 and RMSSD [2]. Increased
phases. Since meditation has been found related to relax@rmalized unit of HF (nuHF) [2-6], decreased normal-
tion, the changes in autonomic neural system (ANS) dked unit of LF (nuLF) [2, 4, 5] and decreased LF/HF [2-5,
subjects practicing meditation have been of interests in] in HRV have been found during various forms of medi-
previous studies. Heart rate variability (HRV) has beenation. Nonetheless, HRV characteristics in advanced
the technique widely used to measure the activities aftage of meditation have drawn little attention to date. The
ANS. HRV analyzes the characteristics of normal-normaidvanced stage of meditation allegedly leads one to ex-
(NN) intervals. Linear parameters in HRV can be dividecherience of complete quiescence, the absence of self-
into two categories: time and frequency domains. HR\boundaries, blissful feeling, and inner light. The
parameters of time domain included the root-mean-squat®mpletely quiescent mental state may also be objectively
of the successive differences of NNs (RMSSD) and theevealed as breath suspension for certain period during
portion of the number of pairs of successive NNs that difieditation [8].
fer by more than 50 ms divided by total number of NNs
(PNN50); while those of frequency domain namely in-Our goal was to investigate whether there were rdiffe
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ences in terms of HRV characteristics during restj- Time-domain HRV parameters were calculated by re-
nary meditation, and advanced meditative state witkampling each peak-to-peak intervals to 1024 paiiitts

breath suspension in a single meditator. interpolation and Hamming Window adjustment. Fast
Fourier Transform was performed with Hamming Win-
M aterial and Methods dow adjustment. Integrations of power spectral igns

between 0.04 and 0.15 Hz for the LF component a&ad b
A 46-year-old, right-handed male meditator, who hadween 0.15 and 0.4 Hz for the HF component were con
been practicing breath meditation for 2 years, amd ducted, respectively. Frequency-domain HRV pararsete
ported relatively steady subjective experience isamgt  nuLF and nuHF were calculated.
pearance of self boundaries, blissful feeling, emaplete
quiescence during meditation. There was neithdofyis HRV measures of 5-minute were made in 3 phasest: res
of psychosis, cardiovascular disease, nor curreetaf breath meditation, and advanced meditative sthts,is,
any medications. The study procedure adhered to thehen a subjective complete quiescence and breath su
principles of the Declaration of Helsinki. The ntetthr  pension were experienced. In order to monitor wéreth
gave his informed consent after the procedure whg f objective breath suspension state was reached,see u
explained. The meditator underwent 10 sessionsenfim the thorax module of Embletta X10 system (Colorado,
tation. At the beginning of each session, the naéatitwvas U.S.A.) as a measure for the chest circumstanaasord-
seated comfortably in a well ventilated quiet roamith  ing to Farrow and Hebert [8], respiration was cdesed
eyes closed for the baseline measures of HRV paeasne suspended if, compared with the amplitudes during
at rest. Since an experienced meditator tendsltinfa ~ normal respiration, the tracing did not fluctuate
meditative state naturally, the meditator was urted not  significantly over 10 sec.
to focused his attention on breath during this lese
phase, but randomly alternatively on his four lintrs Statistical analysis: Friedman’s test by SPSS oar$B.0
mind wandering in stead. After 5-minute of measwks (SPSS Inc., Chicago, USA) was employed to compare
HRV at rest as baseline, the meditator was askéeggon HRV parameters in 3 phaseB.< 0.05 was considered
practicing breath meditation, that is, focusing onstatistically significant.
inhalation and exhalation around the nostril, wiie
closed. The meditator did not control, but justesiee, his  Regylts
breath. The HRV parameters were measured for 5tminu

during the second period, the breath meditatione ThThe thorax module measuring the chest circumstances
meditator then signaled when an advanced meditatiigdicated that objective breath suspension (as shiow
state characterized by subjective breath suspers®ion Fig.1) was reached during the advanced meditatiate,s
complete quiescence was experienced, and the HRMd we found that it was coincident with the sutbjec
measures were coIIect_ed for 5 minutes during tlrel th experience of breath suspension in timing, and rapee
period, breath suspension. nied by complete quiescence and absence of satidany
The duration of breath suspension episodes rarmged f
HRV measures including pNN50, RMSSD, nuHF, nuLF,10 sec to 16 sec. Breath suspension occurred spalifgd
LF/HF as well as mean heart rate (HR) and mean syslring the advanced meditative phase since thedps
tolic/diastolic blood pressures (SBP/DBP) were rded  sode of breath suspension, yet the meditator regpitb-
utilizing portable device ANSWatch TS0411 (Taiwani-S jective experience of complete quiescence througtieu
entific co., Taipei, Taiwan), worn on the left wirisf the  phase. Since the meditator did not control, but fas
meditator while recording. ANSWatch TS0411 utilizedcused attention onto, his breath, breath suspensam
the piezo-electrical sensors to pick up blood pness spontaneous, not breath holding or breath pacing.
waveforms produced by the radial artery. During-a 6
minute calibration test, ANSWatch first obtainedatte Mean HR, SBP/DBP, and HRV parameters during rest,
rate, systolic pressure and diastolic pressurthel con- breath meditation, and the advanced meditative gshas
ducted a 5-minute HRV measure with a sampling ofte were as shown in Table 1 as well as in Fig. 2. dtm-
500 points per sec, and the original data werdtfesligh  parisons between phases were also listed. When HRV
a low pass filter at 0 to 14 Hz. Fundamental freqye parameters (RMSSD, pNN50, nuHF, nuLF, LF/HF) dur-
was determined based upon the first 5-second d&&. ing rest, breath meditation, and advanced meditatith
primary peak in each cycle was determined. Thuk-peabreath suspension were compared, only RMSSD was
to-peak intervals were determined. The irregulaartie nearer to a statistical significance € 0.067), but not
beats, defined as those with peak intervals greélager 4 others P = 0.150, 0.975, 0.975, 0.905, respectively). On
standard deviations in the 5-minute measure duratiothe other hand, all of the traditional parametarduiding
resulting from cardiac arrhythmia or body movementHR, SBP/DBP revealed significant differencEs<0.001,
were auto detected and removed before HRV analysis. 0.001, = 0.011, respectively). Pair-wise compuaris
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revealed a significant and continuous decrease B Hnificant difference was evident between breath maédin
while meditation proceeded. There was significagt d and breath suspension. In terms of DBP, significhfit
crease in SBP when breath meditation and the addancference existed only between breath meditationbaedth

breath suspension were compared against restolgign  suspension.

Table 1. Comparison of heart rate, blood pressures, and HRV during rest, breath meditation, and advanced meditative
phase with breath suspension

R B A P
HR (beats/min) 73.6 (7.0) 67.3 (6.2) 64.1 (5.2) .600, R>B, R>A, B>A
SBP (mmHg) 134.1 (7.7) 118.8 (8.2) 117.0 (5.2) 60, R>B, R>A
DBP (mmHg) 87.5 (3.0) 90.5 (5.7) 86.1 (6.6) 0.(B2A
RMSSD (ms) 48.3 (24.9) 30.1 (5.2) 34.8 (6.3) 0.067
pNN50 (%) 18.0 (13.4) 9.4 (6.1) 12.9 (5.6) 0.150
nuHF (%) 51.2 (12.2) 45.1 (9.1) 45.6 (16.7) 0.975
nuLF (%) 48.8 (12.2) 54.8 (9.0) 54.3 (16.6) 0.975
LF/HF 1.07 (0.58) 1.29 (0.48) 1.45 (0.81) 0.905

R rest, B: breath meditation, A: advanced meditation with breath suspension, HR: heart rate, SBP/DBP: sys
tolic/diastolic blood pressures, RMSSD: root-mean-sgquare of the successive differences of normal-normal intervals
(NNs), pNN50: proportion of the number of pairs of successive NNs that differ by more than 50 ms divided by total num-
ber of NNs, nuHF: normalized unit of high frequency, nuLF: normalized unit of low frequency, LF/HF: low frequency-

to-high frequency ratio. Data were presented as Mean (SD.)
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Figure 1. Episode of breath suspension lasting over 10 seconds during the advanced meditation
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Figure 2. Changesin heart rate, blood pressures, and HRV parameters during rest, breath meditation, and the advanced
meditative phase with breath suspension in 10 meditative sessions.
Discussion
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We have repeated measures of HRV parameters im a sseeming discrepancy between the present resultshand
gle meditator for 10 meditative sessions and coatptlre  previous findings may be partially attributed te thffer-
data during different meditation phases. The resliow ent meditative techniques.

that when meditation proceeds, no significant diffee ) ) )
found between different meditative phases in teohs Since there has been argument that HRV is not dexin
HRV parameters. On the contrary, HR decreasesrzonti Of autonomic control of the circulation [11], wheth
ously while meditation advances. Similar trend alsists HRV can be an ideal index of sympathetic/ parasympa
in SBP. To our best knowledge, this is the firsidgt to thetic activities remains questionable. Accordingthe

reveal the difference of HRV parameters in différenPresent results, the variances of HRV parameteagi-m
meditative phases. Initiallpur results seem to be con- fested as the ratio of standard deviation to maanmuch

flicting with those of majority of the previous sies, dreater than those of HR and BP. This fact is tilse in

since most studies reported an increased nuHF, RMSSthe data of some previous studies [5, 9, 10]. Nugteal.
PNN50 with corresponding decrease in nuLF and LE/HF12] further reported that, in a systematic reviewolv-

However, after critically analyzing our data, weufid  ing 21, 438 healthy participants in 44 studies dRVH
that our findings are not aberrant. measures, a number of studies demonstrate large int

individual variations (up to 260,000%), particuafor
As far as the time domain is concerned, Melvill@lef9]  spectral measures. That is, HRV parameters, edlgecia
reported no significant difference between 15-nenutthose of the frequency domain, possess both lanige- i
practice of guided meditation and control in stadda individual variations as revealed by the abovenoewtil
deviation of normal-normal intervals (SDNN), anathe systematic review, and large intra-individual vioias as
HRV parameter of time domain. Wu & Lo [5] also falin manifested in the present study. Therefore, HR\Apar
that while practitioners exercising concentratedditae  ters cannot be accurate indexes. Besides, HRV gdeasn
tion, there were no significant session effectsvbeh  do not concord with the subjective experience ofglete
baseline and meditation in terms of RMSSD and SDNNquiescence in the present study.
Telles et al. [10] compared changes in HRV durihg t
first four meditative statesancalata (random thinking), As far as heart rate is concerned, present reawdtgon-
ekagrata (nonmeditative focusing)lharana (meditative sistent with the findings by Solberg et al. [13]hey
focusing), anddhyana (effortless meditation), described found that during the first hour of meditation, Hfe-
in traditional yoga texts. They revealed that ddfg  clined more in the meditators than control. Whenmlitae
meditative states showed different results in HRWion advanced to the second hour, HR declined éurth
parameters. They found that duridbarana, in which  Melville et al. [9] also reported significant dease in HR
meditative focusing involving internalized focukdithe during guided meditation. Although Nesvold et dl4]
present breath meditation, there were no significanreported increased heart rate during non-directieedita-
changes in RMSSD and pNN50; while duridfyyana, in  tion, the meditative technique they employed i$egént
which effortless meditation was exercised, there gig-  from that in the present study. In fact, non-direcmedi-
nificant increased pNN50. Our results revealed timate  tation is more like effortless meditatiodhyana as
of HRV parameters of time domain reached a sigaific mentioned before.
difference while meditation proceeded. Since thelitae
tion technique employed in our study is similamedita- [N terms of BP, the present results are concordatht

tive focusing, our results are concordant with feet those of Paul-Labrador et al. [15]. They reportéelt t
dharana [10]. transcendental meditation reduced SBP significatly

not DBP. The present results suggest that HR itsedf
Melville et al. [9] compared guided meditation atwh-  better HRV measures for meditation. It is concotdith
trol, and their data showed no significant differerur-  the findings of Mukherjee et al. [16]. They exandrthe
ing 15 minutes practice in terms of nuHF, nuLF, and sensitivity to mental effort and reliability of vaus HRV
) B measures. Their data further revealed that hetatwas
LF/HF. Telles et al. [10] revealed that during matve  the most sensitive and reliable parameter, follovegd
focusing, there were no significant changes in nuHFyarameters of time domain such as RMSSD and pNN5O;
nuLF, LF/HF; while during effortless meditation,ete  \yhile HRV parameters of frequency domain were much
were significant increase in nuHF with correspogdin jess sensitive and reliable. The authors suggestsdHR
decrease in nuLF as majority of the previous sBid&® can pe considered a strong and reliable outcomeurea
ported. Our results found none of HRV parametefr®f i, mental effort tasks, and HR also found to be rtiwst

quency domain reached a significant difference avhil sensitive measure of HRV in cognitive function sk
meditation proceeded. Since the meditation teclniquis 5iso manifested in our data.

employed in our study is close to meditative foongsiour
results regarding the HRV parameter of frequeneyalo  There are limitations in the present study. Fiosty sin-
is concordant with the padharana [10]. Therefore, the gle meditator was studied. The authors tried td ome
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more meditators with the experience of breath susipa,

but failed, since breath suspension is an uncomexsn
perience in meditation. Secondly, since the goathef 7.
study was to investigate HRV parameters during ackd
meditation with breath suspension, breathing contas
inappropriate for the study; even though differergath- 8.
ing patterns may cause peripheral vascular chaiiges,
confound HRV measures. Third, what the presentystud
actually measured is pulse rate variability (PRM)cord-

ing to Schafer and Vagedes [17] PRV is compatikta w
HRV of sufficient accuracy when subjects are at,res
while some mental stressors seem to impair theeaggpt

of PRV and HRV. It might confound the comparison be

tween the present findings and the previous results 10.

In summary, we have measured and compared HRV pa-
rameters from a single meditator during differehages
when meditation advances in 10 meditative sessibms. 11
results show that when meditation proceeds, noifsign
cant differences exist between different meditagilases

in terms of HRV parameters, but HR and SBP decrease.

continuously while meditation advances. The disaney
in the present results and the previous findingddcbe
attributed to different meditative techniques.
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