AV FZIIVA DL ARIZ BT 5O B ARG B
—HH LR OAZ BRI X A RFAli—

T S R HE IR BR
FR A TR AETER BB LIGFE

[F—7— F] HRV, RIZEAMFGEE), Mafr, MR, D%

1. HiY

b OLHNTEB) R AFHIEB VR & S EBT 2 ARHIFICBVWTD LT L
CEB L, FOLET AT L Y EHshTws Y, ok LT
FOIZH) (HRV) A2 DVIRITATA S VSR THE D, Askelrod 5 2 134 XD
HRV 27 MVIENT S, BRSO 287 — 13RI MR B % . KR 5o
DT — IS AN FENG B & B S AR B O ) & L % 2 L &R L7 € 2T
NS DEAID 8T — & o CTLlik B AR IR 2 B b3 2 2 L 05l RE & 7
D ARRERIEE, A ¥ &)V A b L RSO H ARG B~ 33 BN O W R
ESNTWab,

SIS DOIIEE TR OB Z T 5 & B T TS B
BAHEIN L. B RAEEEEAME T35 2 LM SN TWwE, Z LT, RS
BIOLEBIAE T 5 EZ AR Y 25 A MEZB) (Mayer wave) ¥ D&%
IZOWVTORFDRASN TS Y,

% 72, HRV $EEHI PRI PEAEENR & v ) P (RS & O E) o g8z
ZITWh, ZHIFFILIREIZEMESEICER LTB 0 Y O IR oRn, #
KEOWDI & IR A EIRIZHDT 5 L vwbhTws 7,

ZOMl, XY F VA L ARIIBT B0 AR B ISR T 2l b I Thh Tl
D, ORERMESE GHEY 22 Y, BIEEY. #F—T—FF 2 ') 12X ) st
EHIETCE L, BICEAREHIIME T T2 8 T0ws 2 Y LaLless, 2h
5O RIIHBMEEICLEZA VI VAP LA LBREDSRETHY, AL B A
YHNVA DL AREOFIXITEAEAL NV,

Z 2Ty ABFZETIEHRV BEEIC K DR AR Y Z VA b L ABEIZ BT A0 H A
PGB 2 IR ICEEIE % 2 & Bl A 7z LA LADS, 2O HRV IBEEICIZHF IS
IR DOEERET N TV 2D, 25 ORI X 0 Ol EHA R E) 2 544 5
BRIC BV TR O G2 — 352 EpEThTws 'V, 22T, IRERIA
BEMH T2 EENEMEKSA ML R ERD, HRV JEEEICEE L RIZT RN B IINS,
Ihb5oZ X, RS P I3 HRV B & IR EUC X Y #HIES 5352 VR L 7225

151



CORERIZEAMICH T 2 HRVIFEEICH 550 TH D, L) HENLLHETH S
FERIZ DWW TG SN TW ARV, 22Ty AIFSE CIIARA R IS HRV $54%|2
FATFHEIZOWCEMIT L. BV HRV $8E R E 1Y 2B ICB WS 5 2
LOTRIEICOWTRE L7 (FEBI), 2L C. TOMIERZHTHAX > 7L
Z ML RABC BT 500 EERIEE 2 5l 5 2 & (FEBRD) 2 HIME L

2. Kk
2.1 Wb

EET B XOERTOBBRE L. TRENEEREALT 194 (2024 F, F
21.6 £ 1.1F), 124 (2032 %, F#9223 £33 F) Tho7o FEBRBGHH LV K
B L OMEEOR T %2 ) iz 2k L, @ & FBEOMERE & % X 9 IChE#E 2
R L7z D10, FEERBMG 2 AT DR RS, 77 =4 Y2 5 LHEOEIL B
X OB R L

2.2 FEBRTFNE

FEERT TIE2o0MKM (Bid X OHEAL) 2w Ly WEREZ BAGL ik 15 Bl/ 45
(Supinel5), JEAL T 10 [\l /4, 15 [6]/45~ 20 [8l/45 (Sitl0, Sitl5, Sit20) DFl 4 514
WZRE L7zo BRI O =B X ORI EE X 18-22C 3 X UF RH60-65% T & - 72
FEERIIBERE % 2 OO 7 Vv —"T (Supl5 S FMT %5 7 )V —7 : Group 1., Sitl5 725
BlG9 % 7V —7 : Group 2) 250 THT o 720 I BHAGIRE O S8 % BAR o 10 43
A& DRSS &7 BSMITBUTA2FATIIRIE S L L7z2as, (RMIE Lo 5Mcs
WTIZZDOREE BT 5 -0 ITIIM % 10 40 & L7z (Fig. 1)o ORISR E
SEHBEICEIDER L, AEHET 7 (HAGER RM-9008) THIEL TH 57—
%L a—% (TEAC # RDI1I-T) IZisk L7z Z LT E&ESHHTRIO 34 53O 7—
% % HRV EHT L7z WREOREIZ X b O ) — AF 5 TITv, HRRES TR S
7z FEBRIFTHTHITATV, FEERBIAGTT S il O 88 %2 17 - 72,

Group1 | Supi5 | Sit20 | siwo | sius |

Group2 | Sitl5 | Sitl0 Sit20 | supls |

0 5 10 15 20 25min
1

Figure 1. Protocol of experiment I.

Subjects were controlled their respiratory rate by metronome. Supl5, respiratory rate of 15 cycle/min
in supine; Sit10, respiratory rate of 10 cycle/min in sitting; Sitl5, respiratory rate of 15 cycle/min in
sitting; Sit20, respiratory rate of 20 cycle/min in sitting.
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FERD Tld. BAREMNC L 2 X 0 Z IV R b L ADSHAMERIE ) IS S35 B 2 e
L7zo COSEEMIZ, WG OGN ED LMD L IZTHME 1 #20) /il T
WeBE ORIR 2B LW ITH T o 720 EBREPoRiB L OHXHEE X
18-22°C 3 & U RH60-65% Td> > 72 MIEFALED 10 430 & V) AL 2 IRE 2 IRIF S &
T\l R BT B R oS BYEO NI &t % 4 5B oFAT L2
(Fig. 2), EBRNBEOHFMANT A > F VA F L ZAONELSOIHIZO W THEE
W LAT o 720 MSEIE GO EK B X ONAEL BB BMim GEE. B2, T
W) TH Y. OB PR ORE S X O HRV BT &S0 T RO 3-4 45 o
T =¥ TIT o 720 FEILIZ 10 BHICREER L. LM T O 7 — & & AT I
L7z MR E S X O g oflEix, A —I ZF IR Y Y 77 v 7 (HAREER
TR-761T), iMET—% aL s ¥ (&H AM-7052) % W TiTo 72,

Body Contact with
Rest
| Male

Female

0 4 8 12min
L ] ] |

Figure 2. Protocol of experiment II.

Subjects breathed spontaneously in sitting. Subjects were at rest for 4 min. And they were in body
contact with female for 4 min, then with male for 4 min.

2. 3 HRV 7 — % T

LDEMTF—% %% 27 v 7 ¥R 1000 Hz T A/D 24 L, RR B2 #H L7z,
ZLC, 979 Vi ET o7 =y @l 7 — ) AW L 72 BRIC AR N OVIRAT
Eifolze AR MV, ¥ 7)) Y7 RA b 128 points, M AIE 2 A,
BB HHE 0.016 Hz, JHWEEIANT#PH 0 ~ 1 Hz T1T o 720 2 @ HRV f##T 13 VITAL
RHYTHM NO.9801 (HABR=5H) TiTwv, RE RIS /ST — 1 (LF: 0.07 ~
0.14 Hz). &JEMEEGHE0D 787 —f (HF: 0.14 ~ 0.40 Hz), RR (g% k72 13), &
MO DA S HRV $BIEZ KD, (Ll HEMEIE BT & L7z, 2 O ARG B 5
21X LE/HF 4) %, B EARGEIfEA2 (X HF 2). CCV-HF 14), HF/ (LF+HF) 4)
Zf§if L7, CCV-HF |3 HF ®F 5% 3 RR BIFE TR L 100 2817725 D THh %,

2. 4 RN

FE T O Supls & Sitl5 O EIZIE. M0 dH 5 t gz vz, BAIZBIT S
I S A D YR & BB A — TC 7 8T CAT V. BN O el ikt le T T - 720 BEAL
IKf > HRV 485 & -0 £ o0 AH BB AR VL I MR I 2047 CoR oD, BAAZIRE & BRI L2 331
% AR AR O X I3 0 B HT TIT o 720 EBRID ORHREB LKAV F VA ML
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AWRFIZBIT 5 e, AW E — e o B &L OxFHETIr - 726
4T OME X Super ANOVA ver. 1.11 (Abacus Concepts, Inc.) THTVy, fERRFIL 5%
UTE L7

3. AR

FEER T I2BF BB X O OB % Table 112789, Supl5 X ) Sitl5 I2BWT
LF/HF (34 #2% . HF, CCV-HF, HF/(LF+HF) I3 EIIWEZ R L7,

JERLIZ B\ CIFE 028 % Lk $ % &, CCV-HF i Sitl0 5% b i < Sit20 A%
BINEZ R Ly IR OB WA I L7z, HF X Sitl5 & Sit20 221X
HDOSNLho72b oo, Sitl0 & Sitl5 [, Sitl0 & Sit20 B ZAENED S,
WA DB IR T BN D - 720 SIS, BALITB T 5. HF, CCV-
HF % % M &% (log MWk %%, log HF, log CCV-HF) 2249 % &, log W% & log
HF [H]. log M- # & log CCV-HF [ M nl )T BIFR 25RO S 7z (Fig. 3. Fig. 4),

Table 1. Effect of posture and respiratory rate on HRV indexes.

Sup 158Sit 10 Sit 15 Sit 20
LF/HF 0.36+0.21 0.72+0.21 0.92+1.11* 1.02+0.79
HF (msec2)  2664.9+1447.8 2597.4+2148.8  1593.1£1011.7*%F  912.7£804.07
CCV-HF (%) 5.10£1.30 5.49+2.19 4.32+1.10%F 3.20+1.297%
HF/(LF+HF) 0.75+0.11 0.61+0.13 0.63+0.20%* 0.56+0.17

Values are mean+SD (n=19). Sup15, respiratory rate of 15 cycle/min in supine; Sit10, respiratory rate
of 10 cycle /min in sitting; Sit15, respiratory rate of 15 cycle /min in sitting; Sit20, respiratory rate of
20 cycle /min in sitting; LF, low frequency spectral power; HF, high frequency spectral power; CCV-
HF, square root of HF divided by mean RR intervals. * Values of Sit15 significantly differed from Sup15
values (P<0.05). Values of Sitl5 and Sit20 significantly differed by contrast with Sitting 10 (P<0.05). &
Values of Sit20 significantly differed by contrast with Sit15 (P<0.01).
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(log msec’)

6 p-
- 0 = Supine Y=5.5475 - 1.8622X (r= 0.66535)*
5 —e— Sitting Y =4.8231 - 1.5183X (r= 0.46840)
4
o
I
3
&0
=2
2
1§
0 1 1 1 1 1

log Respiratory Rate

Figure 3. Relationship between log respiratory rate and log HF.

*Value of regression in supine was based on the report which has been shown by Nakao etal. 12)

log %
(3&_)

= 0= Supine Y=1.7859-0.92970X (r= 0.69958)*
—a— Sitting Y =1.4707 - 0.75139X (r=0.51293)

log CCV-HF

10 15 20 30 (cmp)
log Respiratory Rate

Figure 4. Relationship between log respiratory rate and log CCV-HFE.

*Value of regression in supine was based on the report which has been shown by Nakao etal.'?

BARZIZ B %5 HRV $54E (HF, CCV-HF) 2 T TIFRB O FEIZOWTIEHE
52 ERICHELTBY., UTOMEREZRL TS,
“BABZIC B TR EAS X [8l/43@ HRV $842 (HF’X, CCV-HF’'X) 7 5 M- ¥ 28
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Y [8l/4+® HRV 51 (HF’Y. CCV-HFY) % VPH$ 58547
HEY = {(X/Y)1.8622} - HF’X =+ + = = + « « = « « « « « 4 (1)
CCV-HF’Y = {(X/Y)0.9297} - CCV-HF’X =+ + + « « + « « « . (2)

CofERIZ. BAMZICE % HRV $5EE 35 X O £ o0 5 R 25082 1R 1] 9 BE AR 25
AOOLN-Z EIZX VIERE N7,

TOZEXY, BB ARRS Y olER & BB B AEBRO R It
ST XD I U P ER O RD AR 3 2 47 (BB X OVEAL) oD
WTHE 2 To 720 ZHUICES L. Supl0 B X 08 Sup20 @ HRV $5EIZHE & 1P o bkr
R HRV $8EE4HIEICHE U C Supl5s o7 =7 X ) Pl L7z, Z 0%, HF B X U CCV-
HF (2§ 2 MR EL O R R AR O3B iRD SN 7e o 72 (P=0.4740, P=0.4052),

EER I DFEH % Table 2 127R T OB LIS X ) SABMEE I BV TRWEE
Ry SBERICBWTHBIET L7ze RIS 2R X O S AR BV TR
WEE R L. o BRI B VT IS L 72,

Table 2. Effect of personal body contact on heart rate, respiratory rate, HRV indexes and skin
temperatures.

Rest Body Contact with
Female Male

Heart Rate (bpm) 76.17+8.65 74.17+9.14 72.75+10.10%*
Respiratory Rate (cpm) 17.33+£3.50 18.12+4.78 20.25+4.53*
Uncorrected HRV Indexes (%)

LF/HF -9.81+48.13 +56.84+130.50

HF +39.20+483.82 +14.27+54.00

CCV-HF +10.24+22.46 -1.15+18.38

HF/(LF+HF) +15.20+27.45 +7.19+44.55
Corrected HRV Indexes (%)

Corrected HF +41.10+48.18* +49.92+59.20

Corrected CCV-HF -13.42+17.78 +14.01+22.26
Skin Temperatures ("C)

Cheek 32.48+1.78 32.73+£1.77* 33.10+1.70*F

Earlobe 30.27+2.07 30.63+2.19 31.12+2.34%F

Dosal Hand 30.93x1.79 31.13x1.91 31.35+2.03

Values of HRV indexes, respiratory rate, heart rate and skin temperatures are mean+SD (n=12). HRV
indexes are shown as percentage of change from baseline in rest. * Values significantly differed by
contrast with rest (P<0.05). fValues significantly differed by contrast with body contacted with female
(P<0.05).
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L ARFZMRIE \Z 330 2 Uik A ARG B % i E 1T o HRV §§4% (LF/HF, HF, CCV-
HF,HF/ (LF+HF) ) Tl L 7225, Z O — B L #1320 S e o 720 4l
B RPN X 0 IR AN Ly FEER T O X 0, o2 LA HRV $5 4212 %
BhERIFLTREDE DL EEZ DN D, 22T HRES 'Y OIFREHIERZ v
T HRV #5422 LKL 15 [ / 402 HlIE LUy B o 3528 % HER: L 724 IE 2 0 HRV #§
B & 0O B ARG E) 2 55l L 720 Z DFEEE I Corrected HF, Corrected CCV-HF
LitY . TOMER, Corrected HF (& Ep RN X O A ZIZHIIN L 720

FEIR R L L & D SRR S B W CE ISR L. ORI Bk
BOTREWEL R L7z, T2 BRATEBEIRICZB W TS FROMMIERRD bz,

4, E5

HRV O A7 N IVIFHTIC X 20l B ARG B A X IR B Th 2720, HH
BRFBE LCEL — MBIV TWE Y100 LaLadss, 24150 HRY $51E
WAL DB L TN TV DD, ZORBIZOVWTHRET A2 & 2 EER
IOHME L7z EBRITRZORELEZERE L/ ETHAX Y VA L ADLIEH
BARRR BN T 9522 % HRV RIS K D EFilid o 2 & 2 HIWE L7z,

F 9. RALICDWT Supl5 & Sitl5 THIT 5 &, FEAIZ 3BT 2 38 B Fif 122
(LF/HF) 3 A BICE %7 Ly Butler 5 G L —3 L7z, 155 3EE T
7 B Ly SEALLC & 2 SRS B O B MG T By~ M8 RS T 0 IR
MEDETF L) —HOREE P CT2ODETH S L LT Wb, REBIIITIX
7 L VENL CTEBRZAT - 7205, JEMIZB VT VAL & FARICE ) OB/
LTWAEEZOND, FD128, BB 5 QARG E) OB AL & FAED
FnllE5dDTHhsrEeEz2 o5, TOERE L TIE, L5 O3 mFE 2
B (Mayer wave) ¥, ZIUC BT 2 SIEARIEE Z RS Y OMEAE 2 Sh b,
LALGAS, ZOEZEREZHIIMEBICBONTKRT T2 3R Twa 207,
S AZHUL L 72 S B30T B LE/HF O I A AR A DG A ER L Tw 5
LEZOND, L7228 Ty BALIZ BT 5 R BAFHEE R AL O B INI BRI © Mayer
wave KB bDTHHEEZ OND, —J, EAIZBT RIS IEARE BT (HF,
CCV-HF, HF/(LF+HF)) O 1328 BAFRIGE) D TLAEIC & 2 IR 70 R 3 AR
BOWHITHEEEZ LN D,

RLEF 1O IR RAS HRY $REEIC BT B R LB X OV LIC BT L.
AL & S IR EL D BN AR RIS AR B 2N A 35 2 L 2 LT b, B
BOWTZOREZ LB L A B VT ORI S5 (Table.l), MW E
DIEIMZAE D B A IEARFEE IR T EA TR DWW DD BTz F 2, FEALIZBW
TIEIPIR S & B2 A G B fa AL (HE, CCV-HF) BIZ UG EMARED S, BAAZIC
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BIFahES Y oREMRE T 5 L. R OR R T 2 560 212
DENLEDPoT. Lo T BMIICB T 2HRES P ofiER 2 Az s v
52 LD EREIIRENTZ,

WIT, BRI S B AR PR IS TSRO W TR L7z B AREEIC X 0 0T
FUIACT Ly WPIREOE BN L7225, (Lol B A ARG B 2 SOt L T W 2 #f 1IE 1T © HRV
f&# (LF/HF, HF, CCV-HF, HF/(LF+HF)) (Z—H L7233 5k d o 72,
AYH VAL RPNy — 0 22 b S HRV /I B2 RIZT L ENTH
DO ERETRAA Y F VA B LA E ) PRI ECHN L 7. R T ok
R L. W EOZALIE HRV SBEEICREZ RIT L7720, RFEEBRO HRV FBEICIE
IR DHERETNTVEEEZ bNS, 22T, HRES 'Y OFMIF HRV $5HE
FIERZRAICBOTHE L, RO % PER L 72 HRV 542 (Corrected HF,
Corrected CCV-HF) 2 X V) 5l L 72o Corrected HF 1 R4l X ) A= i128hmL.
DHHBOR TR L~ L7ze L2> T WA X Y F VA LA XD DRI &
FFEG B IZCAE L. Corrected HF (2 DRI EAFEE 2 L ) R KT 52 # 2 5
N5,

AYZNVADLARICBIT AHEERERO EAZ. B7 FLF Y eSS AR
WS X 2 BEIRW A OWRIGER T2 ShTws Yy AERIZBVWTH, Sk
il X 0 B R X OCH R AE RIS L. HARA Y FZ VA ML RIS
LU B iR 5 2 L AR b7z,

BRI 2 2N 0EMIREO LB %, BRSNS atks X OB k)
WX DT % & HEERR R IR R X D R RIS B W T RICE W EE R L
720 TN EFBEOMIIZ, LB X WL, Corrected HF IZ5R.80 HN72AS, AR
TR %ho720 Lizh> Ty BRSSPI AEA AT 3R R B IR Al 5o th o0 2%
BWERDLI LIZTELRDPS 72,

FREEIC X B A ¥ Z V2 b L 2GS EAEG B 2 0 L '\ Rl A A ) 2
P IS B ESNTWAEH Y, KREBROMARX ¥ F V2 b L AKIZET 5HE]
RIEAMRNEENFREE (Corrected HF) 3R o 2R A2 R L7 SOOI XD, A%
VAN L AR CREAESE. W) (ORI SR ETE 2B 2 KT 0 b Ltk v
LEZOLND,

Pib%F L b &, HRV G2 28 8) S84 5 W OB IR St (AL & O
JEL) DEEIIRD LN 5T FOI L H S HRV $8EE O B R B F 2 1)
EMRFICBWTHDHHTEL L EZONL, T2 HAXVF VAL AIZLD
DB T 95 2 L2538 S Nze 2 OREOUi F ARG B) 2 P K 1E 7 o
HRV 5 CTFMT 5 & BAREEMMIZ X ) Corrected HF IZ¥IM L 720 L7225 T, X
ANZEDB A F VAL AL ORI EMREB 2 TS E 25N 5,
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Cardiac Autonomic Nervous Activity Interaction under Mental Stress;
A Study Using the Corrected Heart Rate Variability Indexes

[Abstract]

The purposes of this study are to evaluate the effect of the posture and the respiratory
rate on the heart rate variability (HRV) indexes during sitting (Experimentl), and to assesss
the effect of mental stress on cardiac autonomic nervous activity by using the corrected HRV
indexes (ExperimentlI). Since the effect of respiratory rate that had kept influencing the HRV
indexes during sitting was the same in the supine posture, the HRV correction formula by
respiratory rate in the supine posture were found possible to use to correct of the HRV indexes,
even in sitting as well. The mental stress was carried out by body contacts with others, and
its effect was evaluated at the corrected HRV indexes in sitting. As a result, the mental stress
decreased the heart rate and increased the corrected HF, representing that mental stress causes

the increase of the cardiac parasympathetic nervous activity.
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