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ABSTRACT
Background

This paper presents new graphical algorithms fostilating the efficiency of cardio respiratorydrdactions at

different levels of mental stress.
Methods

Seven, Zen-meditation practitioners (experimentatig) and fifteen normal controls at different lesvef mental
stress were studied. Synchrogram analysis bas#tkaelationship between R-peak phase and respjireycole can access
the performance of cardio respiratory interactioRanked R-peak phase alignment (RRPA) and R-pesdarization
(RPL) synchrogram proposed in this study providéorg-term overview of the quality and performandecardio
respiratory functioning and respiratory sinus atinyia (RSA) performance. RRPA characterizes thealbehavior of R-
peak phases of the synchrogram by linear regressioranked R-peak phases. RPL synchrogram provétesher
overview of the RSA behavior. RPL synchrogram imposed of piecewise linear lines formed by linemression of the

normalized R-peak phases in one respiratory cyidlee-domain HRV (heart rate variability) and RSA avaluated as
the referenced indicators.

Results

HRV and RSA analysis shows breathing regulatiod hteaths per minute effectively relieves the miesttass.
The effect of breathing regulation is better thdwe thormal relaxation rest. Zen-meditation practiic exhibit
prominently better performance on cardio respisagynchronization and RSA behavior. Zen meditatimluces a better

regulation scheme for stabilizing the cardio respiry functioning

Conclusions

RRPA portrait makes the cardio respiratory synclmation behavior more visible than conventional
synchrogram. The deviation of the first and thé Rgpeak phases in different respiratory cyclesvalus to track the
regularity and stability of cardio respiratory iraetions.

KEYWORDS: Zen Meditation; Cardio respiratory Interaction; keRate Variability; Respiratory Sinus Arrhythmia;
Electrocardiograph; Synchrogram
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1. INTRODUCTION

Stress is a common problem in modern life. Moreppeare practicing heart-to-heart imprint sealilgf(S) Zen
meditation in Taiwan for stress relief. Effectiveneof meditation on stress manipulation has arotisedattention of
researchers.

HHIS Zen meditation completely differs from thosel&ly practiced meditation techniques. HHIS Zendfek
the principle that heart dominates brain and mimdike the other meditations mainly based on bodiydnintervention.
Pioneering findings in the scientific study of HHEn meditation were reported in [1-2]. Recentlyprenevidences
revealed the heart-brain interactions significaaffigcted the health conditions [3]. The heart &renthan simply a blood
pumping device. For thousands of years, Zen piaetits have been devoted their practice to disojpgiespiritual heart
inside the organ heart [2]. Through years of Zemlitation practice, practitioners have their braimdtions totally
reformed into a so-calledetached brain dominated by the spiritual heart. The heartinant state is activated by fetal-
like respiration and ignition of mailunslocating the glands or nerve plexuses. Cardio respiratongtfoning becomes

important to explore the mechanism.

The interaction between human cardiac and respyraistems has been widely studied. These two mgstet as
two individual oscillators coupled by particular chanisms. Respiratory sinus arrhythmia (RSA) denates such kind
of cardiorespiratory interactions. RSA is a natwaiation in heart rate correlating with the reafory cycle, that is, heart
rate increases during inspiration and decreasésglexpiration. Consequently, RSA behavior is mostirrelated with the
characteristic of heart rate variability (HRV) [4-The effects of various meditation techniquesR®A and HRVhave
been examined [6-11]. Major activities in LF rangesre reported in the study of Kundalini Yoga artdrése Chi [7-8],
Zazen meditation [9], and concentration meditatipaup [10]. Nijjar addressed the significant change LF and HF

norm as the indicator of improved sympatho-vag#diee [6].

Synchronization is a particular phenomenon thatuccaue to the interaction of two or more self-aumed
oscillators [12]. In 1998, Schéfer et al. [13] dieyed the technique of phase synchronization obtbhascillators [14],
calledsynchrogram, to analyze the non-stationary bivariate datayTbend cardio respiratory synchronization of saver
locking ratios (ratios of heartbeat frequenciesepiratory frequencies) occurring in young heabithjetes at rest. Cardio
respiratory phase synchronization (CRPS) can eeplue low-cognitive conditions, including anesthegdi5], drowsiness
[16], and sleep [17]. Advanced Zen-meditation ptacters exhibit a consistently high degree of caméspiratory phase
synchronization, even during rapid breathing [I3&spite the increasing researches on CRPS, thenscbEquantifying
the degree of cardio respiratory synchronizatioR$E is still obscure. This paper aims to presemhes@lternative
approaches for characterizing the interaction betweardiac and respiratory systems. ExperiencedpZastitioners and
normal, healthy control sat different mental-stries®ls were involved. To assess the feasibility@i approaches, time-

domain HRV parameters are analyzed for comparison.
MATERIALS AND METHODS

This study involved two groups of voluntary subgedtZen-meditation practitioners and 15 normal mastunder
different mental-stress levels. Cardio respirationyctioning is evaluated by the phase relation ketwR peaks of ECG

(electrocardiograph) and respiratory cycles, wittretdomain HRV parameters as the reference.
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The advanced practitioners were in the age ran@d ef 62 years, with HHIS Zen-meditation experieat&9.6
years on average. The control group includes 1Bnabrhealthy volunteers (non smokers, non drinkessthout any
meditation experience, in the age range of 20 ye24s. All procedures are consistent with the Datilan of Helsinki and
were approved by the Institutional Review BoardNational Chiao Tung University (Application numb&CTU-REC-
103-050).

Each subject provided written informed consenta@eordance with the Helsinki Declaration) to thedgt Zen
practitioners practiced HHIS Zen meditation dursa@0-minute recording. In the analysis, the entmarse is equally
divided into five sessions. Experimental protoani the controls involves 5 sessions, 10-min eyeserl rest (Rest 1) (8-
min CAT (continuous attention task) test (CAT 1)niute breathing control at 8 breaths/min (BChi+ CAT test (CAT

2) >6-min eyes-closed rest (Rest 2), constituting arall40-minute recording.

In CAT test, the target pattern is a 3 (3 checkarbccomposed of five white squares and four blapkages.
Various checkerboard patterns formed by shufflitgck and white squares successively appear on dreers for 2
seconds. The subject responds by pressing a bwttenever the checkerboard pattern is identicahéoprevious one.
Totally 240 patterns are presented with 40 repeiitin the 8-minute CAT test. Each flashed patteay appear at any one
of six sections on the screen. Total number ofemirresponse<] is recorded after the CAT test. The performante o

mindful concentration of the subject is evaluatgdhe error indexg) [19].

40-C | 2I
= 4 — E . 1
40 20C a- (1)

Wherel indicates the number of incorrect responses.
Signal Acquisition

NeXus-10 recording system (Mind Media B.V., The INgtands) was employed to collect the ECG and
respiratory signals, digitized at the sampling afteespectively, 256 Hz and 32 Hz.

To avoid muscular art facts, ECG Lead Il Chest &faent modified from the bipolar limb-lead 1l configtion
was applied. Reference electrode is placed orethenid-clavicular line, lead + is placed at thelexf the left rib cage and

aligned with the reference electrode, and leagléised on the right mid-clavicular line.
Evaluation of HRV Parameters

Sympathetic nerve increases the heart rate (HR)d&udeases HRV by stimulating the sinoatrial (SAY a
atrioventricular (AV) nodes; while parasympathaterve slows down HR and increases HRV. Psycholbgitd mental
stress reduces HRV [20]. Both physiological cardsnular models and the development of new climibalracteristics
benefit from HRV analyses [21].

This study analyzed the time-domain HRV based enstiatistical properties of the R-peak to R-pedé&rirals
between successive normal heartbeats, called timeahto-normal (NN) intervals. Consider a set\d NN intervals,RR;,

i =1, ... ,N. The standard HRV parameters are computed byotleving equations [22].

Standard deviation of all NN intervals (msec)
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SDNN =\/Ni_1i(RR - RR)? Eq. (2)

whereRR is the average of NN intervals

Root mean square of differences between adjacent NN intervals (m sec)

RMSSD = \/ﬁ-i(RRﬂ ~RR)? Eq. (3)

Percentage of number of pairs of adjacent NN intervals differing by more than 50 m sec (%):

NNS50

PNN50= x100% Eq. (4)

WhereNN50 is the number of pairs of adjacent intervalediig by more than 50 msec.
Quantification of RSA

RSA has been widely used as an index to signifypihenomenon of heart rate variation in accordanite w
respiration activity. In recent years, this theamys further expanded to encompass a wide ranggpaitteses regarding
physical, psycho physiological and even social fimming in humans [23]. Although RSA decreases wigie, adults in
excellent cardiovascular health may have a moraqueced RSA. RSA also becomes less prominent inichehls with

diabetes and Cardiovascular Disease

Different methods for quantifying RSA have beenpgmeed [24]. Distinctions among these methods arielyna
the assumption of RSA mechanism and its correlatiim respiration. Time-domain RSA analysis evadsahe amplitude

of heart-rate fluctuations regulated by the brewmthiycle. This study employed the peak-valley mettiat computes the

difference between the longest heartbeat interuvaing expiration RRJ.E,XW) and the shortest heartbeat interval durin]

inspiration (RR"_ ) [25]-[26]. At thej™ respiratory cycle, RSA (m sec) is quantified by

j,min

RSA =RR®_—RR". Eq. (5)

j max

The percentage of normal RSA cycles (p RSA) progiarethis study indicates the probability of respary
cycles that conform with the RSA behavior of ingieg (decreasing) hear rate at inhalation (ext@iitiAccordingly,

pPRSA (%) is the ratio of normal respiratory cydesdotal respiratory cycles in a given time intdrva
Cardio Respiratory Synchrogram

The phenomenon of synchronization is consideredamsadjustment of rhythms, via specific manner of
interaction, among distinctive self-sustained dattils [12]. Such an interaction can lead to thekileg of their phases.

Synchronization thus may be interpreted by the @hasking at then-to-m rhythmic relation.
$...=Nngy—mg = const Eq. (6)

It indicates the synchronization ofi cycles of oscillator 1 (respiratory system) withcycles of oscillator 2
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(cardiac system).

To construct, thercardio respiratory synchrogram (CRSG), the firspsgeto detect the R peaks of ECG and the
positive peaks of respiratory signal. Two adjagespiratory peaks are considered to form a complgtle with the phase

increase of 2 The normalized relative phase of each R peak mitie integer multiplesr) of respiratory periods may be

determined. The CRSG is constructed by sketchiegntirmalized relative phasl,é’m(tkz) of respiratory signal at time

tk2 identified as the time of the R peak of ECG. Figlun#lustrates the CRSGs for cardiac-to-respiraygles ofn: 1, n:

2, and n: 3, wheren indicates the possible number of cardiac cyclethiwim respiratory periods. Apparently,
synchronization is more observablerfoi3 CRSG, particularly in the range of 0 — 10 (RBst18 — 26 (BC), and last few

minutes (Rest 2).
Ranked R-Peak Phase Alignment (RRPA) Graph

RRPA proposed in this study is to assess the behaf/R-peak phases of the synchrogram by linear regression of
ranked R-peak phases. TH:R-peak phases between successive respiratory peaksonnected by linear regression.
Each piecewise line linearizes the rdnR-peak phases in one respiratory cycle. Sincentimbers of R peaks in each
respiratory cycle are not the same, the higheredriR peaks may fail to form a complete connectibmalbthe line

segments. RRPA portrait makes the CRS behavior misitde than synchrogram (Figure 1).

A macroscopic RRPA (MA RRPA) graph can be conseddiy linear regression of all the ranKepiece wise
lines over the same experimental session. Mordlekliaes indicate more ranks of R-peak phases andordingly, better

cardio respiratory synchrony when respiration bee®much slower and more regular.
R-Peak Phase Linearization (RPL) Synchrogram

RPL synchrogram is composed of piecewise lineasliformed by linear regression of the normalizepeRk
phases in one respiratory cycle. Figure 2 illusgahe RPL synchrograms for 1-minute segment ih e&ive sessions.
RPL synchrogram of BC session reveals remarkalgelaaty, including 1) robust parallel alignment lmfeath-to-breath
R-peak phases, and 2) uniform of the first R-peslasps and the last R-peak phases. On the other, Rdrid

synchrograms of CAT sessions are poorly alignet vather irregular lengths among different respimatycles.
RESULTS

This study proposes two schemes of graphical iitisth, RRPA graph and RPL synchrogram, for exppiCRS
behaviors for Zen-meditation practitioners and radrroontrols. Quantitative HRV parameters (SDNN, [HIN and

RMSSD) and RS Aare calculated as reference.
HRV and RSA for Control Group

Lower heart rate occurs in either Rest 1 (10 subjerr Rest 2 (5 subjects) session, whereas thesideart rate
occurs mostly in the CAT sessions (8 in CAT 1 and €AT 2). Student t-test is conducted in sesgiains (Rest 1, CAT
1), (CAT 1, BC), (BC, CAT 2), (CAT 2, Rest 2) anBgst 1, CAT 2), to investigate the effect of diffier sessions
(interventions) on the quantitative parameters hef tontrol group. RR and HRV parameters of BC eassixhibit

statistically significant difference compared withich of CAT 1 and CAT 2 sessions (Table 1).
Table 2 lists the sessional average of HRV param¢&DNN, pNN50 and RMSSD) and RSA analysis (RSé& an
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pRSA) for each control subject. Larger SDNN, intichby underline, occurs mostly in the BC (9 sutgeand Rest 2 (4
subjects) sessions. As reported in clinical stydd&NN smaller than 50 m Sec indicates a high&rafscardiac problem.
SDNN also reflects the level of activity of the @ubmic nervous system. Value of pNN50 greater 8f4ris considered a
normal indication [21]. Largest pNN50 mostly appesr the Rest 1, 2 and BC sessions. Breathing @oatra lower rate
(8 breaths/min) may enhance the correlation betwleecardiac and respiratory rhythms. On the otlaed, people under

high mental stress often have a poor cardio respiréunctioning.

RMSSD and pNN50 highly correlate with a correlatamefficient greater than 0.86 except a07, a09a&drid A
higher RMSSD indicates the better enhancementrafa@mparasympathetic activity and RSA activity {24].

In the results of RSA analysis, highest RSA rarfge®s 38.6 to 178.5 m Sec consistently occurs inBfiesession
for all 15 control subjects. On the other handpli# of 15 subjects have the lowest RSA (-10.6 2 43.Sec) at the CAT
session with high mental stress. The value of p RSfme sense reflects the rate of natural rhyttooirelation between
cardiac and respiratory oscillators. The large®3A occurs at either the BC session (6 subjectsheRest session (9
subjects). The smallest p RSA occurs mostly in Ga$sions (10 subjects). Group average RSAs fdtereint sessions
are 32.3 m Sec (Rest 1), 12.7 m Sec (CAT 1), 958em (BC), 15.3 m Sec (CAT 2) and 35.4 m seas (Resbroup
average p RSA's four different sessions are 87.B&s{( 1), 80.0% (CAT 1), 87.3% (BC), 75.1% (CAT Bil&9.4% (Rest
2). Both RSA and p RSA reflect a significantly largncrease from CAT 1 to the BC session than wiich CAT 2 to
Rest 2 sessions.

HRV and RSA for Experimental Group

All Zen-meditation practitioners have decreasedthesdie throughout the 30-minute practice=>m9, 70>67,
71566, 89>86, 63>62, 79>78, and 7573 beats/min. Six out of seven have rather slowiraton (11, 14, 12, 12, 11,
13, and 19 breaths/min).HRV parameters and RSAtsesfiall the seven practitioners are listed ib[€3. The age range
of experimental group is 51-62, of which the nor@BINN is about 27-32 (m sec). All practitioners epicc04 have good
performance on the ANS balance. Higher SDNN indisdiigher sympathetic activities. The overall agersalues of
SDNN of experimental group are lower than whichhaf control group. Apparently, Zen meditation psscanduces more

parasympathetic tones than sympathetic tones.

A wider RSA range (3.8 to 91.1 m sec)is observedragrseven practitioners. According to our invesioya low
RSA is caused by the transition of respiration fraormal abdominal breathing to so-calléslal breathing [2] that
prepares the practitioners for entering into HHES Zneditation. Constantly high p RSA's reflectihg £nhanced cardio
respiratory synchronization. The average p RSAefantire group is 89.1%, higher than which ofdbetrol group at BC
session (87.3%).

Cardio Respiratory Synchrogram

The ratio of heart rate to respiratory rate isvatd with then: min synchrogram analysis. Group average ratios
for controls in different sessions are5.4 (Rest414, (CAT 1), 8.6 (BC), 4.4 (CAT 2) and 5.4 (Re}t ®hich is 5.75 for

Zen-meditation group. On average, the experimgmntalp has higher ratios than the normal controls.

In synchrogram analysis, best cardio respiratongigonization occurs at 7 : 1 (Rest), 9 : 1 (BGJ &n 1 (CAT)
for the controls, which is 8 : 1 for the Zen-metida practitioners. The ratio provides the guideliior regulating the

cardiac to respiratory rhythms to achieve bettafthecondition.
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Ranked R-Peak Phase Alignment (RRPA) Graph

Figure 3 illustrates the ma RRPA graphs for rangoselected four Zen-meditation practitioners (leftd control
subjects (right).RRPA graphs for practitioners ralig substantial parallelism indicating promineghehronization of
cardio respiratory interaction. In the control sdt§, those lines connecting the higher rank R-pdwises (closer tor
become more irregular and away from parallelisnati@darly in the CAT 1 and CAT 2 with high mentsiress. Some
control subjects failed to attain cardio respimateynchronization even at rest. Nevertheless, RBPBC session exhibits

outstanding parallelism, showing the favorableaftd respiration at 8 breaths/min on enhancingGRsS.
R-Peak Phase Linearization (RPL) Synchrogram

Figure 4 displays the overview of the entire 40umenRPL synchrograms for selected four Zen-meditati
practitioners (left) and control subjects (rightlote that line density directly reflects the reafiry rate since heart rate

varies little among different sessions. Line dgnisithigher in CAT1 and CAT 2, with poor paralletisThe BC session

Exhibits rather sparse distribution of lines, yeith better parallelism. Shorter lines out of aligent in both CAT
sessions indicate the inharmonious interaction eéebacardiac and respiratory rhythms. In Zen-meditagroup and BC
session of control group, most lines extend overZinange and exhibit prominent parallelism. RPL synghams of Zen-
meditation group showing rather uniform line depsit the entire 30-minutemay imply a consistenttgasly cardio

respiratory synchronization in the entire Zen-megibin course.
DISCUSSIONS

Remarkable parallel alignment of all ranked R-pph&ses in RRPA graph (Figure 3) may provide arcatiin
of superior cardio respiratory synchronization. dLiarossings and swap of ranked orders at higheedR-panks are
associated with high mental stress. As illustramelligure 5, running RSA (m sec) fluctuates with ttegrees of regularity
of RPL synchrogram. In general, coarsely paralighanent of RPL synchrogram is associated with BigRSA. Almost
all control subjects (except a05) had SDNN incraasearkably from CAT 1 to BC session; whereas @glyen subjects
exhibited increased SDNN from CAT 2 to Rest 2 sassi he results provide substantial evidence onirtiportance of
regulating the respiratory rate at 8 — 9 breaths/fimi the novices to better balance the ANS anthaak brain and mind

for entering into Zen meditation.

CONCLUSIONS

Two graphical schemes are proposed to charactéhniegecardio respiratory interactions of Zen-meditati
practitioners and normal controls at different nagstress levels. RRPA graph and RPL synchrogramfutly correlate
with RSA behavior. Up to present, no consistenestd has been proposed for evaluating RSA perforendBaphical
interpretation may provide a quick overview of tiree-varying performance on cardio respiratory riattéion and RSA
behavior. These analytical schemes allow us tdhéurinvestigate how the cardiac and respiratoryllatars collaborate
together to activate the heart-brain transitiorcpss in preparation for entering into deep HHIS Zrlitation. Breathing
regulation at 8 breaths per minute effectivelyenedis the mental stress caused by continuous atteiask. Average values
of p RSA are 87.0% (Rest 1), 79.9% (CAT 1), 87.8B&), 75.1% (CAT 2), and 79.4% (Rest 2) for conggobup and
89.1% for experimental group. In spite of the oldge group, Zen-meditation practitioners have r&afdy coherent

performance on cardio respiratory interactions.
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Based on RRPA scheme, deviations of the first (kiwanked) and the last (highest-ranked) R-peakgmheeflect
the cardio respiratory synchronization performarde smallest standard deviation (first: 0.17 40ad, last: 0.17 — 0.35
rad) occurs in the BC session for all the subjeetsie the largest standard deviation (first: 0-3R.69 rad, last: 0.31 —
0.70 rad) mostly occurs in either CAT 1or CAT 2garssin Zen-meditation group, the standard devigiof the first (last)
R-peak phases are mostly in the range of 0.16 + @48 — 0.44) rad. Accordingly, Zen meditatiowunes a better
regulation scheme for stabilizing the cardio respiry functioning. Moreover, line density of RPLnshirogram of Zen-
meditation group is comparatively rather uniformthe entire course. It may infer the stationarydmamespiratory

synchronization.
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APPENDICES

Table 1: Effect of Different Sessions on HR, RR, SN, Pnn50 and RMSSD. Symbol * Indicates
Statistically Significant Difference beteen Two Sessions with P Value Less Than 0.05

o el Rest— CAT1 | CAT1-BC | BC—CAT2 | CAT2 - Rest 2

Parameter

HR

RR * * * *

SDNN * *

pNN50 * * *

RMSSD * * *

Table 2: Average Values of SDNN (M sec), Pnn50 (Y%dRMSSD (M sec), RSA
(M sec) and Prsa (%) in Each Session for 15 Cwal Subjects

Subject SDNN (msec)
Session | a0l | a02 | a03 | a04 | a05 | a06 | a07 | a08 | a09 | al0 | all | al2 | al3 | al4 | al5
Rest 1 84.52| 36.53| 91.75| 40.89| 46.07| 30.9 | 60.48 42.59| 63.22| 37.43| 49.21| 45.54| 41.28| 44.92|45.77
CAT1 53.88| 42.92| 61.82| 54.26| 59.25| 31.44| 49.88| 59.12| 63.53| 42.8 | 52.21 60.38| 35.09| 55.47|50.79
BC 75.6 | 58.98 92.14| 64.85| 58.76| 53.71| 89.04| 63.09| 91.05| 53.94| 72.85| 67.03| 59.24| 59.47|54.13
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CAT 2 46.52|58.27| 54.27| 49.53| 74.96| 36.63| 60.77| 56.04| 68.23| 47.66| 48.2 | 53.25 49.26| 48.99

Rest 2 73.04| 78.58) 91.38| 46.83| 62.32| 60.97|55.82| 72.8 | 64.82| 42.16| 56.71) 46.74| 46.6 | 38.99

pNN50 (%)

Rest 1 39.45| 4.06 | 18.94 9.39| 13.28 0.85| 19.7Q0 8.59 | 15.63 12.99|17.71| 18.24| 3.11 | 27.20

CAT1 29.08| 5.30 | 16.51/18.10] 21.24| 1.52 | 26.22 14.94| 9.83 | 20.27 20.90| 14.93| 1.42 | 23.90

BC 30.00/ 11.12| 33.20| 20.82| 11.59| 4.87 | 29.86 26.25| 11.18| 16.41| 31.93| 26.83| 10.34| 19.53

CAT 2 22.58| 4.67| 8.07| 14.4220.11| 2.69 | 27.68 18.23| 10.33| 22.28| 17.80| 12.84| 3.43 | 22.66

Rest 2 28.04|11.64) 25.23| 8.87 | 11.68 6.82 | 35.62| 20.62| 11.20| 18.57| 35.04| 11.62| 6.86 | 27.94

RMSSD (msec)

Rest 1 63.81| 23.86| 42.45( 29.48| 33.12| 18.35| 39.69| 31.22| 38.31| 32.36| 37.31| 36.44| 22.49| 42.24

CAT1 51.02| 26.10| 35.94| 37.73| 40.69| 17.62| 42.67| 35.17| 42.73| 37.58| 39.35| 36.37| 20.81| 39.64

BC 62.24|30.01) 52.26| 37.82| 32.26| 24.09| 58.29| 44.38| 38.51| 37.57| 54.44| 47.00| 30.78| 36.63

CAT 2 41.71] 25.04| 26.94| 35.39| 38.56| 21.27| 48.84| 36.86| 32.32| 42.86| 37.32| 32.55| 22.07| 38.73

Rest 2 50.70]31.81| 45.27| 31.92| 31.56| 29.04| 50.48| 43.05| 34.20{ 36.07| 50.11| 32.09| 26.25| 42.16

RSA (msec)

Rest 1 96.3| 17.2| 879 -6Q -6.6 258 5B 558 393 144.2629.2 | 43.1 17.1

CAT1 459| 10.2] 40.1 -10p615 | 181 -15 139 ~-17 114 21]1 35 216 -2

BC 157.6| 38.6|161.1| 64.8 | 44.7| 66.6 |175.7)113.3| 43.7| 45.0|178.5] 79.0| 91.2| 65.9

CAT2 | 432] 19.7] 31.3 -7.9d 160 266 -4/6 12.2 6 1.4 12451 | 296 56

4.
Rest 2 91.2] 309| 352 -84 21 516 1P 665 207 715 9749.1 | 451 145

PRSA (%)

Rest 1 73.3|89.0| 71.4| 82.4] 769 89.1 734 94|183.3| 96.5| 97.8| 96.3| 93.7| 96.9

CAT1 69.4| 81.0| 72.8 644 75 849 726 8%3 66.9 950.17 822 92.6] 92.5

BC 52.8| 81.3| 87.7 90.0| 81.7| 90.5| 89.4| 91.6| 85.7 90.4| 92.2| 97.1 91.6| 98.6

CAT2 | 689 56.8] 542 66.9 701 812 800 855 489 93.83.36 85.7| 86.9 940

Rest 2 65.6| 64.8] 694 741 44 65/6_ 90.B3.1| 81.0] 944 976 856 90{3_ 99

Table 3: Average Values of SDNN (Msec), Pnn50 (%dRMSSD (Msec),
RSA (Msec) and Prsa (%) For Zen-Meditatin Practitioners

HRVt; e €01 | c02 | c03 | co4 | cO5 | c06 | coO7
SDNN (msec) 3819 3183 5170 1225 4701 5177 6010,
pNN50 (%6) 385| 329| 1425 004 1147 1001 10|56
RMSSD (msec) 2400 2435 3414 659 3685 31,95 581.
RSA (msec) 421 38| 529 1.6 9LL 307  10.6
DRSA (%) 91.7 | 945| 839 900 888 798 956
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Figure 1: Cardio Respiratory Synchrograms for Cardiac-To-Respiratory
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Figure 2: R-Peak Phase Linearization (RPL) Synchrogm for
1-Minute Segment in Each of Five Sessions

S

|
|
/
|
|
l
\

=

\
\

o

0 : . e e , . .

0 5 10 15 20 25 300 5 10 15 20 25 30
Time (min) Time (min)

Figure 3: Macroscopic RRPA Graphs For Randomly Seleted (A) Four Practitioners (From Top, C01, C02,

C04, and CO05), and (B) Four Control Subjects (FronTop, A01, A03, A05, and AQ07)
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Figure 4. RPL Synchrograms for Randomly Selected (AFour Practitioners (From Top, C01, C02,
C04, and CO05), and (B) Four Controls (From Top, A0OL1A03, A05, and AQ7)
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Figure 5: RPL Synchrogram and Running RSA for AO1 ad A08
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