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Abstract

The purpose of the present study was to investigate the effect of listening to the
music with operational amplifiers(OP-Amps) on HRV activity in young healthy
individuals. This study was a within subject design and pretest-posttest experimental
design trial carried out on 20 healthy undergraduate students including 10 female
subjects, mean age 21.4 £ 1.5 years; 10 male subjects, whose average age was 22.0 £
1.4 years. Participants were allocated to all of six study models including (1) Model
OP-None, (2) Model AD8022, (3) Model AD8012, (4) Model NE5532, (5) Model
TLO082, and (6) Model OPA2134. Each study model included a control group and a
stimuli group. Participants in the stimuli group were asked to listen to indian cultural
music in sanskrit with or without OP-Amps for 10 minutes.

The outcome measure involved HRV indices including the time average of
RR-intervals, RRI; standard deviation of all normal to normal intervals, SDNN; the
time average of heart rate, HR; the square root of the mean of the sum of the squares
of differences between adjacent NN intervals, RMSSD; low frequency power, LF;
high frequency power, HF; total power, TP. The values of HRV were used to quantify
modulation of the sympathetic and parasympathetic branches of the autonomic
nervous system.

Listening to indian cultural music in sanskrit with OP-Amps included AD8022,
TLO082 and OPA2134 will have the same effects as the non-modulated indian cultural
music in sanskrit. Listening to indian cultural music in sanskrit with AD8012 will have

relax effects on HRV. Listening to indian cultural music in sanskrit with NE5532 will



have stiluli effects on HRV.

As the results, listening to indian cultural music in sanskrit with or without
OP-Amps for 10 minutes will lower the total power of HRV and let the participants
relax.

Clearly, stimulating the human auditory system by modulating particular audio
bandwidths would affect the balance of the autonomic nervous system. The findings
described in this study can be served as a reference for studies of music therapy in the

future.

Keywords: heart rate variability; autonomic nervous system; bandwidth extension;
audio bandwidth; music therapy; operational amplifiers; frequency response; volume;

spectrum intensity.
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HRV heart rate variability s KRR

ECG Electrocardiograph =T R

VLF very low frequency power o R 7 5
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HF high frequency power BHAEF 5

RRI the time average of RR-intervals T g EE
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nLF normalized low frequency power BRI MR gt

nHF normalized high frequency power WOAR B AR S
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BPM beats per minute & 4p
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SR slew rate TR R

CMRR common-Model rejection ratio £ HAE T

GBW gain bandwidth product W EE R AR

DIP dual in-line package B i 4155

Vv \olt =7

pX pixel particles G ok

In nature log BRI

MAF minimum audible field BMERRY R

XV



$-$m7 %4

EF LIS A L (PR RARES B0 U R 4 AR B B R e PR AR oD
AR A TR g R ERAR AFL A R F R F R
4 e e o 18 15 R X B T (Takatsuji, Sugimoto, Ishizaki, Ozaki, Matsuyama, &
Yamaguchi, 2008; Coppo, Camilla, Amore, & Peruzzi, 2010) » F]p* 4 i# % % & £ 2
FAngRfRRR 4 a3 E o Ao AR E 0 B F # % 2 (Peng, Koo, & Yu, 2009) -

KEF 5Py B0 BRA BRI CFF I S e DA RAH
A AR > o FIEE PN AT 2 (De Sousa, 2005) » BT 2 ]G N A RS S R

Bl kAR RN LA IR Y sl AN HIE VRS d Bk i
(Guzzetta, 1989; Dossey, Kccgan, & Kolkmeier, 1988; Urakawa, & Yokoyama,
2004) - 5 i< £ g ~ x5 (Evans, 2002; Cassileth, Vickers, & Magill, 2003; Lee,
Chung, Chan, & Chan, 2005; Chlan, 2009; Chlan, 1998) » i A g X 3£ % % > >
I ® g * a2 48 & &2k (Thorgaa rd, Henriksen, Pedersbaek, & Thomsen, 2004) -

EAFBNLEAZ EFEA PP N REB AN I e § Y ik

s

B x —F B € B 8w & 2 erex i & (Khalfa, Roy, Rainville, Bella, & Peretz,
2008) ; 5 & ¢ I R € BLEE i & & ek g (Kasicka-Jonderko et al., 2007) ; 5
B g e gt e g oy GItY X % g B enjiig 2 o B (Bernardi, Porta, &
Sleight, 2006) 5 § # @ 7 FHAEH § T A 4 & R4 aniioa 4 (Lawson
& Peeters, 2003) -

TERFNCFRREAFETFEREK/ET - BRp ER G RSDEF 1
dpth > T ¥ FEd 22BN ZRART BRI R IRl R A S A T o

T R e BRSBTS G S 2 4R R A R R o



FE L MPRUIPECFHER 2 4pR 4 (Saul, Arai, Berger, Lilly, Colucci, &
Cohen, 1988) > @ w F % B 4 7| 5 5 4 F & ¥ g A3 2 - (Pizz,
Manzoli, Mancini, & Costa, 2008) -

SERBRARET R FEAS LI HNT R FETHN ORI

FMMAT AT 50 YD PRI R F 2 ARG R R
ME2rd o LT EPED B L B EHA PP R R L8 -



¥=- % ﬁv/]?e'}")éﬁ

FEURR S AR A S Y B Bl et I 2 JARIG AT S 2
TERE SR RIS P ERE N LR
RAVE AR R B PRl RFARLEY DREI AR R B R

= %o 2k & ¥ic(basilar membrane) 0 i A A R F P B L dme g o BB L fmre
L flgem e A S @SR BFE R N HNA G —w R R 5 (V) o iF

Tl TR A - AT > v e SF I B a0 SR 5d 5

Bk PR SR Y o < PG R R AT 7 £ (temporal lobe) ~ B
(parietal lobe) 2 2 £g & (frontal lobe) » = > ERE T o R EA T EL D RE
AEA R L A B AR 5 2 R B - FEEUEERA SRR

2

R BB HEPZE AL R CFRFRL R s Rl
oSS PFERMRBGE LA B F I ERALS AL LB S LT ERR S
n1 85 (Griffiths, 2001) -

LGB A F A L= A A s B A & (primary auditory cortex) ~ ¢ B E

A& & (secondary auditory cortex) ' 2 3 & E. % A & (tertiary auditory cortex) o 4= &g



RARED 3RO AR IR T o &< JLr Hy(thalamus) b ] % sk 18
(magnocellular medial geniculate body) 1« 2 = = {$ ig](posterior intralaminar nucleus)
STl ke & RUR Y B HE R R AT T oh £ 8 4 o3 3 (pitch) 2
& (loudness)(Weinberger, 1998) ; @ 4 5% RE A k7 P H I R BEL 5%k k> €
W EIF AR HBEAALFTHL > F R AT A TR AT
B & RRE B A OEE S5k 10 K AT an B4 (Weinberger, 2004) -

PRIE R TR P et B % & 48 (ventral division of themagnocellular
medial geniculate body) > g 5 %32 cafe 5 (harmony) ~ *z_=(melody) 2 & %
(rhythm)» fe pF $dz p 4= % ECE A B 273 453 25 & 72 (nucleus basalis) i #1 # 2x e
v fig 24k (acetylcholing) » m A S HBEBE s i e e 4 b 7 BWEE T ie
7 -4 2 2e (Ji & Suga, 2008; Winkler, Denham, & Nelken, 2009) -

BT AN B L E RE R A B 2 Y B R L
EY EEE MBI EFIAZERADER AL B I TEL R EOPREE e
Bt  BFFEFEHFEZ TEB DL > 7 PRI Z W HE Lozl
SR E BB AL REHDEEF B REFEMRERE KRS0 X
P oA R AT S BN ae AR gt B 2 4 (Abbott, 2002; Warren, 2008) -

/|- " (cerebellum) iz 3% {4 " (hindbrain) » 5 % 11k fs ek BE P PP 5T < G
REED T T 2B ARPE Sl T8 REFREAF BT 5030 R
Kol ? o 570 B Tgcts ek i (Sens & de Almeida, 2007) -

213 AN £ flgs £ o

-

REhigiz ¥ - 25 5 d =3t dg(medulla) ~ 4 #&(pons) ~ # *5(midbrain)
B g% T B g (hypothalamus) o endd (5 4% 2 A 5 gk i d P2 4% (choline) e B

% (adrenaline) & #? ‘& R 7 774 = e4f fe e & — &k 4 (reticular formation) » H
4



HA G TE 0 AR ETX R TTE R X R ENE AT o B AL AR o
F O E B RR L B A 5l HE SEE o M e 1 Y

(hindbrain) » & FeB #g4d (V)£ 4 % P 04 545 2 % "a(myelencephalon) p e
BEAp R B o ¥ LB TUEPF 0 € 31 B et e 3 & ¢ L (pneumotaxic centers) %
1 B ened v ¢ 4R (respiratory centers) : e 3 & rfex T % 5 00 2 4 &P g (vital
centers)# & n g % %R p 24 5 e 5 (O'Sullivan, 1991) - = & (inferior colliculi)
EAY s CERENLERY v FARRT IR g5d P g kR
(mesolimbic)e 3 = s34 i = (dopaminergic neurons) » 7% 2. & (substantia nigra)*+ i1
Al S s G B T e sk Lk Si(limbic system) o @ 31 BB E R F A5
ERes ERFEEFERS PFE DERS JoE (stress hormone) e 2 o % ki e
7z % i=+%(amygdaloid) ~ ;= 5 ¥ (hippocampus) % ¥ F& 1% (septal nuclei) - 2 i= ¥ 45 B
A B EERTEE A T ELF 2 PP 75 EHEF B (Mega, Cummings,
Salloway, & Malloy, 1997) ; & § 2 flac¥ > B4 L SL A 4 3L iv* o> P € T

- % i % (nitric oxide) =4 ;& (Salamon, Kim, Beaulieu, & Stefano, 2003) -

‘T\

Bk T B gt A A (diencephalon) P oo B B B ERE 0 BRI d ek
B ks BEE SR B B AR 0 1 E Plgep B4 % si(autonomic
nervous system):t ¥y e i® * (O'Sullivan, 1991) o T ¥ P4 R8F 2 "™ L4853
(pituitary hormone) 4 j& » 14§ £ P § 513 T ehp 1 & J 5 b P& E ot b
i Ry G FAEE B P2 B g AR RASFEE AN SNER

(Suga, Gao, Zhang, Ma, & Olsen, 2000) -



FEMMAA GBI o EG T R L R A S

(s
|
%
¢
/i
o
Ee|
-
9
b

FooETE ] B8 FRAET AR 2R
Bt BT LETHAN FE LRS- B E & <% (De Sousa, 2005) -

AR 7 5 4 (attentional behavioral cognitive) sr%%5¢ 32 24 (relaxation theory) 4 7 82
Hod 2 B R Ress RIS B R Rl R R E R 1R A
B 2§ Rt £ (Smith & Joyce, 2004) 5 v T § 3 & (R4 s 0 B A X3 AW

R HREE G SRR A 1 LFHF(RUB A 5 R B )

(!
)
?’r_rs
N

N
s
5
)‘m
&

Bor#EeiRigs LFHF 2 16% 0 > 4 40 22 LF/HF T %
12% > BrFC3 % 2 LF/HF © % 28% » 4 7 BFC 44 W & i 54 % (Peng,
Koo, & Yu, 2009) -

FLARAA T A MRS BV g A B sk GlAcid B A R
FETUERE R 0 E LR Kk 7 LA (Bvans, 2002) 5 it HE
fErTEm R R R ES 2 Wiy dpd > TR R B EEME
B~ BRE S F @ A M e T/ T Mt P &gt i< (Hamel, 2001) 5 p A4S
WEBIRERREFRER > m aF Y BRFHWA L ¥ UP FEORERR
B OBR A 5 TR b 4E4F 2 4 g+ § (Harikumar, Raj, Paul, Harish, Kumar, & Sandesh,
2006) » 1 2 E B EFR DA Bk s { L% % > (Thorgaard, Henriksen,
Pedersbaek, & Thomsen, 2004) ; A £ jiFis A i » BrECF &7 R EAFS
LRI ARSI e U Es KITL N S R WAV SRR TS 2 S 6 R A B U8 S

o 72 B2 (lkonomidou, Rehnstrom, & Naesh, 2004) ; &< B F # ik L 520



Bod 0 TorE I F A FEEE  RE CRE AP a
& B (Cassileth, Vickers, & Magill, 2003) ; :E4cE % 5 ch@ EF R F & > ¥ UE K
BEL B~ st X0z 3 i B R < (Lee, Chung, Chan, & Chan,
2005) ; X @ Eicka sl g nz LRk iimEs L 0 ¥ g EHe e E L
Fovwebaag XU E g % F & (Chlan, 2009; Chlan, 1998) -
FRAZERFSEALP > RSk — W) L T pE(cortisol) g b 0 AR
S g B IR =9 (immunoglobulin A) % i » 7 X B3 4 ey 1 B 4 (oxidative
stress) ¢ ¢ (FRE PN fwPe X | 15 & (Takatsuji, Sugimoto, Ishizaki, Ozaki, Matsuyama,
& Yamaguchi, 2008; Coppo, Camilla, Amore, & Peruzzi, 2010) - § % ¢ #.F %0
Powsdl o Fla flpciednapl FER o @ p BAG AR AR kRS R P
73 »X (neuropeptide) 4 i e8] 1% (Guzzetta, 1989; Dossey, Kccgan, & Kolkmeier,
1988) » &% £ 7 Ml LA ID s A F LR K SH 0 R
UF R S B RS 2 g % (Urakawa & Yokoyama, 2004) o

® e B RS K AR W S BRSNS EMRERE

2 A BED I REUNFE > T LR S L FF IR AL o
EXREE A A Mo £ (Jeong, Joung, & Kim, 1998) ; it § &+ B &K F ke

(positron emission tomography) » # I #7130 =4 % & g (musical thrills) » =~

R
FATA 3 enffite g o SEBER B TR DRERFEN AAFE R R E T HF

N

e e o fs ORI SR Bl s eE e K. 3 PR 0% 1t (Blood & Zatorre, 2001) o



222 F FMFH AP E

2221 3 A8 FR

-\,

3 #4r 47 F (frequency) si-fi 4 B enBE ALina 5§ 9 (tone)eng 140 »
A ARY fam 28 h3 & RE A kil ) % (Americian Standard
FITE-E 2 R g By A4 e

FARTG G RPR B BE R G BT R B F R e

S A MEFOR P B> R H) L LN R0 Py AR

7 /

-~

WB sy F AR R A ENEN > D Y AN R
~ tg & 33 (Khalfa, Roy, Rainville, Bella, & Peretz, 2008) -

U HE F (500 Hz) b o vt i i B AF (2850 Hz, CS+)4 # 11 % fi if
(1200 Hz, CS-)¢ 2 end] e b g B s dm bgpFow F e 0 |/ 05 3 4 4)
PORFEF AL S FHEFLAH A 0 A ATIEER 453 TS5 0 i

I

MEFIAES CFPFL AR A c RAF R FIRGAFPE LB F LR E AP
Fod aXFHARDRLE R - Bir s PRz f >m A

1 REA FRIGEE 0 BT A WART LAY o IR Rp g A
g geskE A kA P o F e (R L FER) 0 R A A SRR
TiFRmaisap 24 2B (7 & 248 4)(Weisz, Kostadinov, Dohrmann,
Hartmann, & Schlee, 2007; O'Sullivan, 1991) -

B4 a3 R (loudness) 5 H #g = (frequency) % 3z & (intensity)z. S #ic > ¢ 7 #-F
2R = % (sound loudness level) 2 gt =38 & (perceived loudness); %5 & = # chH
% phon A iR ahH > 5 sonee Bf ER R A M FEN L KHz pFren
B3 B 4 i+ (sound pressture level) ; @ g 28R (sone)R]4p § >4 F 5 1 KHz p*

EE @ P R4 =L 40 dB hHE S BE o R AR SN 5 osone =
8



pERom-4010 i v N A & A w st (equal loudness contours) 5 @ E — LB e
FR N ABT Z2F ah K E R4 5 (minimum audible field, MAF)en™ = B »
A B gk BRI e 85 (B 2-1)(International Standard 1SO 226-1987(E), 1987;
Larsen & Aarts, 2004; Lutkenhoner, 2008) - + B 47 & 2 4 KHz e & 5 ¢
BomAKHZ Teh#: 4 3 7| 8R 7T0dB B AP A A AR L 3 A B g2 FFleh
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John Wiley and Sons.
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g fe < 30 80 dB ek g BB T IRLPRRIE RS 0 kR R
T ¥
e B(] 3 80 dB)1 iFIE B it E

i 3B K REH e 5 @ K P ACTHRS & A 88-107 dB 1 (v

=k

B SRR E SFEBRP RS S AR
A B3 91dB awkg » €13 = 5 »eq 7% #5 (gastric myoelectrical activity)#g % %

¥ % & A & 4§ 8 (Kasicka-Jonderko et al., 2007). -
2222 % B4R

BV X g #9458 _20-20K Hz(Lawson & Peeters, 2003) > 5 28 ¢ 7
HZMAP B F IR M F AR 5 16-250 Hz(4& <5 16-40 Hz~ <5 40-100 Hz -
+E K5 100-250 Hz)~ ¥ § #7 % 5 250-2K Hz(™ £ ¢ § 250-500Hz~ # 4 500- 1K
Hz-} B 3 1K-2K Hz)~ % 3 48 % % 2K-20K Hz(™ £ & 3 2K-3.5 Hz~ % 4 3.5-6K
Hz ~ } <% 5§ 6K-10KHz ~ #& % 5 10K-20K Hz)(Robert, 2004) -

R 5 £ 2 s (auditory integration training) 2 560 B Lk Se¥ba B A 4
P TR QERINEREA E DT 5 R TR L P g @ F AR &
AE 5§ B 125-8K Hz » @ % = B % AR B 17 5 Ticd SR »e¥ > £ BAE i en
# s £k 4rd) 2 45-50 dB T o MHE R 125-800 Hz ¢ $4 W iE o A - B
HAmMF A A2 84 - BREFEHRFERAPIHIL N RFLE

#E % 800-3K Hz ¢ X enfirdy s BAE R 3-8KHz ¢ tig? A& 2 £ ik > ¥ A

\\1-

LT R 0 ALY S R R - efh 4 & (Lawson & Peeters, 2003) o

R AT A SO g B N2 R B R
BN R PR R EIRR R AREY 4 s R ko R &
Fresdi EENEF ROPEFS G5 ddRtge g2 BT g %oz
B0 TP ERAME T Y S BT T B R SR A Btk (Young &
Calhoun, 2005) -

11



2.2.3 § B3 EHE B P

PHAL G AFR NG E 0 AR F R s RFER R R
HAEE T o F AR TIRAPE P RPN S IRESART I RE AR EBR A
2o KR R BEF A o Ft g #endi ~ EREMF e E A2 fow
@ AB3t - 5k o @ F T 474 % (Lee, Chung, Chan, & Chan, 2005) -

3 o end = 5 & 4p (beats per minute, BPM) o 5 Hp e & gs A 8 4 38 B g
TAR BRF AR € e B2 M R A TR A SR ehiE

# A RE 2 o RN ¢ H 4o (Hyde & Scalapino, 1918) - 14 7 e &5 7

)
3
=
‘@
m

5 4ot B § % (raga: 55 BPM) ~ + £ f4x § # (classical slow: 70 BPM) ~ + = 3
§8 % 5 % (dodecaphonic:76 BPM) ~ zLrg 5 % (rap: 103 BPM) ~ & &+ § % (techno: 136
BPM) % + £ P45 & £ (classical fast: 150 BPM) §1]jgc™ » I p-& % 5 8 6 g%
ML Ae et SO s e S s B dRP S B RN s o BT HER R SRR U2
W AT 4 R4 AR B 2 LF/HF W 2 i g B AR A SR R
AR F Z B ECRM a % B F o gE e it ok (Bernardi, Porta, & Sleight, 2006) -
VR BELIHRNR 2 b TR REPEREE S BHAEY

WAFT § AT 0 402 9 (60-80 BPM)$E>t B % el 4 sraE R 0 B X a4

Il

& TN 2 AT S At DECEA N - , . s L
BEPORY PR RFERS > A AF 2 BEES BB DR R

piw o & F 4 R (Nilsson, Lindell, Eriksson, & Kellerth, 2009) ; < %+ jis
BAGBHB0 AN > BE XA R SRS S #(60-80 BPM) > B4
TLF LB E R R M R ¢ R F AR A& (Nilsson, 2009); A ke R 5 R K BUR R I
F & PR S E R 0 @ dods B 0 B o & % (42-48 BPM) g £ g B K o

o AR E G B 0 Flpt @ i B2 Rk ek (Reinhardt, 1999) -

12



2.2.4 § Bk B R

BPHES ZARFEIHIRF L 67 2 @ AR * o8 5 &
(classical music) % # % % (rock music) = 5 & fEeT 7 ¢ F I > § B ipdF 5 "F 1
ERNLETF|F o5 5 XBFESEEp FPERGF S ovpr o o B AR
fie(pre-post test) s B F e T R E RS BT H R R AERE O BAH o PR

BT % Aw (SR o R & P &g % 1 (Salamon, Bernstein, Kim, Kim, &

Stefano, 2003) - A FHF w0 (SBAELP & BFDF E > A B AT S 4

%(pop music) -

‘}ﬁ‘

<

B2 % (Jazz music) ~ p R 5 % (nature sounds music) ~ % & 5 % (healing music) &t +

8

.m\y

# (classical music) » #8¥ 1B - LR E B 0 2 p A a4 (Urakawa &
Yokoyama, 2005) o BAFCE € ) & € B beos TR RE SO S fF o F R R P HF
(Orini, Bailon, Enk, Koelsch, Mainardi, & Laguna, 2010) > 2 2 57 Bl&g 1 g & ©

theta j& e 5 3 4c (Sammler, Grigutsch, Fritz, & Koelsch, 2007) -

s dpgdi o BEp e By BT EEA GG B E 0 T RS F
R 0 01 Z 3R B L 4508 B (Lai, 2004) >t ik i oEeE o B X & B ch4% & (Sung,
Chang, & Lee, 2010); *% M ;% ® fmP2 v 4 % % = F]3 (interleukin-6) ~ #& %; 3% 7~ 7]
< (tumor necrosis factor) ~ %+ 33 2% (adrenaline) ~ 2 ® % %% (noradrenaline) % 2
X FF 2 e o #B(congestive heart failure) s 4 % > o X g R ¢ RMSSD -
HF ¢ < 5> 12 2 pNN5O #7T *% (Okada, 2009) o % it {7 5 8 & B ARS chE jiFsh o
HREDEp T ERS L T UERE R R % (Buffum, Sasso, Sands,
Lanier, Yellen, & Hayes, 2006) ; *t4c 2 S R ig * rf 3 Bend g B X P ¢
Wreng & ¥ P AR Mk oF Jldzen g g~ oo & 2 2 3ip 5 (Han, Li, Sit, Chung,

Jiao, & Ma, 2010) -
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23 4 2

231w BB RhEAFEE

= 7 @B (Electrocardiograph, ECG)E_¥ & + #* R A E7. % a B = & B el
EoookBE - Bt R RS - kA dkiE 0 R RS EHRENRA P R E
B FUFRI PRI - X3 % B opPBoprnTIEET 8L T
PR E SRR TR ATE SRR ET L AT REDLE > A To Rt
A g B> 3z 5o 5 % B (Heart Rate Variability, HRV) ; »* 1975 & 7 ¥
#7 3% & 7 (power spectral density analysis) ¥ 40 #* o F R a7 5 A B IR
o KRB e FARHR Y AR 5 = BoAE o & 355 & MO # 5 (very lowfrequency
power, VLF) : #g 5 -] >+ 0.04 Hz ; 48 # 3 (low frequency power, LF) @ # & 4 *%
0.04-0.15 Hz ; % #g = = (high frequency power, HF) : #g & 4 »* 0.15-04 Hz - H ¥
o MATH Rk p AW AREEE A iR e > MAEH (LR R p R4 BE Behk b
DEr o B F(HF) e 45 F 5 vFeoig & (Hyndman, 1975) ; %A 1981 & e 3~
FHREFR > CFRFIMEFHFET ULAFFNIRA G2 R GNEH o 73 4
B % B2 Rl Sas g ¥api Sareerpr s 3
HE 7 (HF) b5 7% 185 F 2 B A S 8TpF > B A7 S (HF) 2 g # 3 (LF) ke ¥
B & o T2 R IR A AP e g (Akselrod, Gordon, Ubel, Shannon, Berger, & Cohen,
1981) > £ 1985 cHA R F SR P » § LB F AT T L3 R AR A S drE
PR BHEHFHF)PET S B AR GREEHPF > @E 4 F(HF)2
MR F(LR)R 3 BF S X FH 2T T 8T LR E Rl R A T
Bts > FRMIEINPLF)EEE TS 0 T A Bs o KR F A FHF)

BRI RREA SFEEARR o MRS F(LR) S R 2 B A S E AR A MR

14



#F (LR 2 3+ F(HR) e E(LFHF) R T (5 F g 2 gl B A 5is i
T fgFendp 8 (R & R A 1T fhdy 45 (Pomeranz et al., 1985) o

SE BB EA S A e TR RET TR L T8 B 2iE o N
G2 EFRT LT fRP R e R R G A DT R AYRAK L F S
BT G PRI 0 & R OB A A AT AOEE E o 4 AR P
F % 2 2 4p B 12 (Saul, Arai, Berger, Lilly, Colucci, & Cohen, 1988) » @ « F % £ »
W E R Y s F R e AT &2 - (Pizzi, Manzoli, Mancini, & Costa, 2008) -

232 FREERE ST

2321 s F R PR

w3 E € (Task Force of The European Society of Cardiology)& # % 4 2 &
¢ (The North American Society of Pacing and Electophysiology)*+ 1996 # 37 2_7
FRBELERY HFEF S CERERES 0 PR FRRENLARE
BT AT R ARNER S CFREAERAL I CTREE A
F5od TR RAFRIEESRD, > A ¥ F EAAMPIF] 0 AT B
BED FeFRT  RR FiEa/Eg A4 s o ¥ RR ik

F T R o
2322 A7

F B chpk B A 7 (time domain analysis) £ B P Hp fA 2 fE AL b 5
MR Lot E o R @A e FRE S BRI Y iR
(1) RRI(the time average of RR-intervals) : - 32w gk [ E o
(2) HR(the time average of heart rate): T 35.< g o

(3) SDNN(standard deviation of all normal to normal intervals) : & % & 4. 4% B £
15



2 AREA -

(4) RMSSD(the square root of the mean of the sum of the squares of differences
between adjacent NN intervals) : & ¥ gt P ) £ @ T 2 frenda? 42 o

(5) NN50(number of pairs of adjacent NN intervals differing by more than 50 ms in
the entire recording) : & ¥ w pRF# £ E42:E 50 * ) B ¥ o

(6) PNN50(NN50 count divided by the total number of all NN intervals) : #p #5& #
o PR X B AZE B0 E fyenE A o

23.2.3 454 A ¥

% R auip i & 47 (frequency domain analysis)2_#-w e RF Hp SEPFRF @ % 5
SRR B A FRE TS FR O RSB PR IR L ELFL AR
#g & fode by e 32 & (Sine waves) o 5 P-ik & 2 g & (fast Fourier transformation)
FrEegE B BE D R KRR AT Y AT
(1) 3 = (total power, TP) @ # FH#gz# & BT 5 f i o o
(2) ™4 7 Z (low frequency power, LF) » # B~z 47 & % 0.04-0.15 Hz : 15 M4E & F)
HE KRR R RA R EREA AR GER RN SR
REAEEE P
(3) % #g # Z (high frequency power, HF) » £ B~2_ 47 & % 0.15-0.4 Hz : 45 3 48 # &
hn ¥R R R RARIEA LRI
(4) & AR # F (very low frequency power, VLF) » # B~#g 5 % 0.003-0.4 Hz : 35 &
A g B e ¥ o B P R R o

A 3 % X100
B R AT

)’@%i@ﬁﬁ

(5) ¥ v AE x5 F vt (normalized LF, nLF) : J}ﬂ<

EEeAEE N

16



B HE 7 F X100
Wyt & — 1 (MAE 74 5 &

(6) # 41 %47+ v (normalized HF, nHF) : %«

R A<Q&ﬁﬁﬁﬁm%%°

>’ﬂ%ﬂi@#

U} R S B R A S e

233 BT PR nTF

23312 @54

SRR K R AR AR > A IR R o T FREEAAMDE
1999 # &7 3 40-79 jk & #4 f chve 5 % R 5% > 40-49 R4 fEeh HE B2 &g < 30 § 42
40-59 # § M en LF ~ LF/HF PP &g < 34 14 5 60-79 e 2 Lt o Z g R b
# 8 % % ® (Kuo, Lin, Yang, Li, Chen, & Chou, 1999); *+ 2004 # %= 5 % % & 71 >
a7 L@ > HF ~ RMSSD ~ NN50 % ¥ # # ™ & ¥ |43 4c ; LF ~ VLF -~ SDNN
FE_A0 BB 4o % o LF/HF 5,20 & ) 50 & % M 4r o A E &2k ¢ > L B HF
RMSSD 2 2 PNN50 % ¥ (g >t 5 44 5 § 4 LF ~ VLF ~ SDNN g & % = (4
B3 A M e A uE BMI Ao R Y AFREFMHZL R (Antelmi, de Paula,
Shinzato, Peres, Mansur, & Grupi, 2004) -

VBRI E B E AP E R FETROT RF R AR LR
e HF e A R Z el > BEom Bl QR A SGenddfypan 4 it R R EPF R
e LF ARG chde> 10 BEor 1 g A S dae 4 4 i< (Avery, Wolfe,

Amara, Davies, & McGrath, 2001) -
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2332 B F %

AREERRE Rt a A4 A2 ok iy 3t 1995 & g BT o

Bad ke B e rp oS $B >4od > LF~HR-~TP 2 SDNN ¢ %%

BB e @ A ecnfEsps o LE~HF~ TP 2 SDNN £ ¢ % % 3 # 4c (McCraty,

Atkinson, Tiller, Rein, & Watkins, 1995) -

2333 R &

1990 £ i 24 ) e SR E R T FIR O RRI - 2 ¢ BB

FAFROBFI 6B B™M5P = 128388 638 LF -~ LF/HF »* - % ¢ & i<

E&bﬁkmlﬁg OE;L'
$REFLERFHF % (Furlanetal., 1990) -

%;HF%?“%‘J&%?;’JF%«F)&RI&EO% 6%,{«?7’1‘1»_‘_‘%

2334 ¥ R F*

2008 E T 3 EEoT 0 3 WAV PR X BE e FRRE R LF 2 LF/HF

N

FRBER NI WAV R L RE 0 G PV R i

#712 SDNN ~ SDANN ~ RMSSD 12 2 HF B A B »t 1 #7541 chit b 5% 1 %

(Alyan et al., 2008) - 2009 # 7%= 7 B 77 » " G 4

HF AR R EE R LFHF S iR 2 SRR PR g Y g g0RY R 0x

# % (Ohira et al., 2009) -
SEFRR2Z MR AITREFEEFAMIF IR O 3 BZ R

T oo op A EEY h2 38 7 (Pomeranz et al., 1985) -
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2.4 % BAg IR
241 3 B g g

¥
Bl e (DR AR R - T QR - RS
P e s 54 55 (3)7t BLBE AR R AH I RRBFOEF PR S S
14.(IEEE & Jay, 1978) -

3

» T & 3 18 € (IEEE)¥>M 4 % (bandwidth) s & » 3 & 12T %38 0%

#E B2 © (bandwidth extension)dp (R34 4o 48 B U BL AT AR S o p ST Bl
(phonograph) 4 28 P ¥ 4o o A Frag @ B 30 BamEiagncd o D7 F #Hp LR
(loudspeakers)#t & % & * 2_ {8 » jidgrad M S Faved ~ BREFEYUEF - &
BAREGBRENET I e g 2 FHI EEHR DG KA A Flet 7 ¥
PCIBE AFT, A BT FaL W oenAJgE b oo 3 & Fee 3 3@ (pitch)~ 5 4 (timbre)

122 R (loudness) b 5 F1 5 F M en® it ¥ R AR ek i o T AR 2 A

@ e i AR 1t e 3 4 47 (Spectrum analysis)(Larsen & Aarts, 2004) -
2.4.2 % BB augme o

2421 m?u Ifﬂ%

\

WELE I B (filter) 8.4 5L dBiB 48P - BRF N AZF > F ko g
F drd] 5 & s 3 2 & 4f F 4o+ 3 3 5 (interfering signals) & # § k& 3
(background noise) » & % fH4F B ILE A & 13wk B (low-pass filter) ~ B i Jmik
% (high-pass filter) ~ & i Jg & % (band-pass filter)f-= e /g & % (band-stop filter) ;
M it B 6 R T A 0F 2l (cutoff frequency) e S LT i £ i A B AR L
X NE R B A B ERB I EAF I T M 3E 2 13 2 MR AF BRAR

19



& "%ﬁim‘f‘ AN &L //%],/}i SN gi*&' T %"%?}{ﬁ}@ + F-—//%_T,,/}ie’g I gf TH T

AR R o kUL F (gain)# a4 G A # 3Nk E (active filter) 2 Ak e 3t g

4 E (passive filter) » 2§ 3% Jh 4 B @ * 1F & 2+ % (operational amplifier) % 3 4 4%
TN > IRAE B e S (spectrum power) > % B AT R A E N R BRI EE Y %
= %ﬁ?’:\;{’é ’ *1,”4/)24 9 (ga|n))ﬂ‘§’{‘m;ﬁ Eb s I——L ,E‘ng 7 %3?/}%%;; f%’if

(Ballou, 2008; Parr, 1982; Mancini, 2002) -
2422 AEIDHFR

AR (equalizenN iz f 2 BiBIREB(Z AF N RAERE BN AR
BYFRE 0 TR T RES S OGRS 7 3N agr i ¥ 8k (frequency
response) » — B 45k 3 RLE B EE T 5 3 PE if 7(300-3400 Hz)dt F @ ts
W R ERFE S o M ag #9~ E(loudspeakers) F 2 B oo 3
PErt el & 5 - B antBaEE R § R TR0 AR ¥ L sl
BN B TR LS PRI E LR L L o LIRS EAE R o

(Ballou, 2008) -

2431%+ BRE

Hi 4o 2 5Lty B (amplitude) 593k & AL 5 2~ B (amplifier) » Lt B a8 4o fL 5
# 7 (gain) 5 3Tk B X F g * TR (circuit) gk 3t o AT * gk B 4o B 7 F (vacuum
tube) ~ EE1& 7 & 48 (bipolar junction transistor) ~ 7 & %8 (field transistor) ~ 2 -
(magnetic field) » @ B A #r F ¥ & * & & *x x B (operational amplifiers,
OP-Amps) & % 1941 & B § 7 2% % (Bell labs)#73k 2+ ) ke 3@ 5 2c % B

T % - 48 & (DC-coupled)s% 3 % £ 4p F 4k (inverting feedback)?c + 2 o
20



2432 %A B

B BAFAeni r b A5 d § 2 BRER(L RS L 23
W) PERH L FE R BRLY E 0 g v b & § oL E (power
amplifier) ~ 7 /& 3z = % (voltage amplifier)f- & 7= *< = F (current amplifer)(Jung,

2006; Ballou, 2008; Jung, 1998) -

FE A Bt ek R (amplifier circuit) » 7 #-3 BRI BT LR S sk 2
WeHL (57 FEd LHckITREE L BiFE & 4 402 #2485 +* (common-Model
rejection ratio, CMRR) % #x = T 5U(Z {38 5 )2 4557 je i (& 03 & ) 4 vV ' o

CMRR 32 £ g 5 & "1+ (CMRR= oo)(Parr, 1982; Mancini, 2002) -

2572 % B e

B el Bhb g~ ? BT H R AT BT TS
AR R R L B B LT ST -
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s\ _
%v:..q.pi"‘i:

a e

R A R S R e X e Ak - e ST WL I A A U

RS

el AN PR O T R EIRLE R o T AR HRRT P KX EY
i 2% 3 (within subject design) 2 > BREZ £ 2 B @ g BEL Pl
fo—d B o #f BEF Y g (150 BPM)K = B2 0 I v

-

4
\‘\'T‘i
N
&
&
!
R
N

FERSBLRF M EL 0 TP RR BRI LR G 5
B FHULTIHFAHE P BRI LG -
LRKEHECE D AF SRR R E B AL EE § 5 # 0T &
‘5 B0 A gh e R B Ml 0 B 15405 B 4 4R E (outlien) X 4 st B A 49
3l Pu g R E R PR SRR RER M F A > K% p<0.05 5

5 SR P A A B A
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Figure 3-1 Study design
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3.1 R &K
31144l

241 % (control group) % g F B 4 & 30 » 45 0 F FFE P HRV -

312 9%%

SRE A R 0 R 10 AR RFEFT R

FoHREIFL 1048 RFPES £10 24 A1

PN
-%sq
3~/
253
|+
w
o
&
ke

FREZRHRV - 23 f ez 4 21EsS s AR T FEAG B Py ilez
Model OP-None snf S le g % A A & F %> 5217 S5 &H < BorA ST
+ & 7 i 2. Model AD8022 ~ Model AD8012 ~ Model NE5532 ~ Model TL082 ~
Model OPA2134 e s i ié * 24 &3 % > 5 i3 S+ B9 4 b ug 5 %4 B

(OP-Amps) ™ :c % 5 S B2 4§ 58R 3 & o
313 R@EFp &3

A B K K (within subject design) s {8 B Bk K 3 (pretest-
posttest experimental design) » F — #E R EF L L d e SFHRE ATV RE
- A e drdez FREA BN 2o KB HE T R (pretest) & 1 iR

—]—: x100%) ~ A G e B

B2 o FRBHEDPELERLIRE DR ALIBE R A~ (AR L2 %=

AF B e —A¥ 4 4
Ay e

(posttest)s L £ | & v (Alep £ B %=

® X100%) 2 3 b folecnm LB A0 Sl S enp R i) B8

& +7 (multivariate analysis of variance) -
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31475 e

7 H e (Model)enzk 3+ ¢ 72 1 B 4=+ 2 (control group)” 2 6 7 % %
(stimuli groups) -

3.1.4.1 Model OP-None

3
'8
\(‘F"
3
&
mly
i3
S
A
IR
o

LT e PR EATR Y chf B BT #

PY Bl s B B BN B

LAET e FRREATR Y hy #
Beooom Pt BPEL BT o gnd 5 e+ B L AD8B022(Analog Devices, Inc, 2005) -

SRR F RS AP AR AR RS

= ADB8012(Analog Devices, Inc, 2003) -

L3 SR BT R B Bk B

TR R Y chE BT SES SR BEN S ENR

L3 &k, Berid F iF B 2+ B 52 NE5S532(Philips Electronics North

America Corporation, 1997) -

3.1.4.5 Model TL082
PE AT S8 R~ FEASEDT

pUF OB PR Bar g * niF 5 o< B L TL082(National Semiconductor

Corporation, 2004) -



3.1.4.6 Model OPA2134

=

St H

Pt Berik g ¥k

i
~F

S F N EE DS

| s S5
% OPA2134(Burr-Brown Corporation,
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32 § AR PRI

321#=3 1L

32113 #35+ =

by

AT RO EFFLCFUPMINIQ 2 23 B £d 2

¥ (EH6922 > #mfl) ~ 48 B 2+ F(NE5532 > # M) B E2 ¥ FR T 7 %
~iardr A > H @ en 48 R Al(Yet Another Hybrid Amp, YAHA) % Schmidt
N ATZR 2t end 9%« % (headphone amplifier) ; 3% YAHA 7 B2 B 2c & > 4% Do

32125 %+ B

3 &Y LR R KB A ¢ B A % duara 4 (Lawson &
Peeters, 2003) » @ & & 3c+x B OP-Amps e7c+ T RK F ABIBFR - pE 7 § e
LB ERE D ERE > LB B E T A e L 2PV R e
Fooak s 3G UBIRET I F 0 PO BB L R S R
BE i i 2 H_4% e %r(Ballou, 2008; Parr, 1982; Mancini, 2002) o F]pt % 4% 5 23%F < =

PR Bk B B R L D SELATH 1 LB R R F A g

fe i & o
g i AMINI-Q 2 2 B B~ ER R HEE s B
8 #r4-(pin)egEid i #+ % (dual in-line package, DIP) » @ #5iF 5 2%+ B L 3 i

T RS L 8 RE(volt, V)i D) -
R Y BY Y ¥ i & f04E 7 v (common-Model rejection ratio,

CMRR) » & #h#7i¢ * 8 ¥ 42+ B2 CMRR 4 * 70-120 dB(Jung, 2006) -
MINI-Q £ 2 & B s - 6 o 28 cru@ B+ 4 B NES532; #4547 5 * 2 38 § %%
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X By NESS32 2 %4 > ¥ P &P EL8pInhDIP 2 ¥ kTR FEFA
& 5 48V o

ST T A RS P A RE P ¥ NEBB32 A 5% £ )o@ i SR~\CMRR
& §_GBW #cie 7 p 2 OP-Amps ; ]t @ £ 4% 7 NE5532 £ 5 4 -7 OP-Amps » i
13 Bk BANEE LT 7 e &AL 0 Model AD8022(*t4% E) ~ Model AD8012( %t
& F)~Model NE5532(*#4% G)-~Model TLO82(*t4% H)-Model OPA2134( 4% 1) o

PR R R Byp B i Bk B AW AD8022(CMRR=98
dB) ~ AD8012(CMRR=60 dB) ~ NE5532(CMRR=100 dB) ~ TL082(CMRR=100 dB) -
OPA2134(CMRR=100 dB)(% 3-1) -

28



o 31y * 2 FE AR
Table 3-1 OP-Amps for the study.

) CMRR
Manufactories OP-Amps
(dB)
ANALOG DEVICES AD8022 98
ANALOG DEVICES ADB8012 60
PHLIPS NES5532 100
National Semiconductor TLO82 100
BURR-BROEN OPA2134 100

OP-Amps: operational amplifiers; CMRR: common-mode rejection ratio.
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3213 % %% 3 ®

A - HBAERG BY R 0 UG B & 3p 4 47 508 (MixMeister BPM Analyzer)
EEY RS S h p(FEFIETE S ST P83 — 4 3 2 % 5K)(Meducine Buddha
Dharani - Mountains Afar with piano accompaniment, 2005) » & hk 5 /¢ {7 5 %
(105.61BPM) > 2 7 WA FIZ fise'm EREW IR AL P SR I BHFR

7R A B R R R RIT D & o

3.2.2 A HEY

EEFRES BILRFFRNE BT RS L8 WAVE k2w

o4

21
P

4 47 3 %8 (RightMark Audio Analyzer » RMAA » 6.2.3 5= & )efa It # i 33 &5 £ o0
AR FAFADL S AR RLR A TR % RMAA B Eciic i WAVE #
FAAT 0 R g S Aty & e

3.2.3 4R W

B4 RPENE R LS N HIEE Bor A E S E i 4 oh3 G
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Table 4-1 Mean percentage change in heart rate variability between control group and
stimuli group and gender distribution within Model OP-None

Group P value
Control Stimuli between Control Stimuli
Items (n=10) (n=10) Group between Sex between Sex
Sex(Female)
Heart Rate Variability
Time domain
ARRI(%) 89 + 57 67 8.4 0.001* 0.040* 0.421
ASDNN(%) 26.1 = 242 109 = 11.0 0.078 0.423 0.576
AHR(%) 9.1 + 42 50 5.3 0.154 0.002* 0.640
ARMSSD(%) 409 =+ 434 06 =+ 9.6 0.959 0.822 0.256
Frequency domain
ALF(%) 569.6 + 9195 1392 + 74.7 0.171 0.226 0.261
AHF(%) 4326 + 6356 214 + 29.7 0.080 0.228 0.467
ATP(%) 456.7 + 7752 365 =+ 335 0.129 0.208 0.695
Sex(Male)
Heart Rate Variability
Time domain
ARRI(%) 45 + 19 41 = 5.4 0.001*
ASDNN(%) 333 + 133 75 % 15.3 0.082
AHR(%) -35 # 20 37 + 7.1 0.107
ARMSSD(%) 443 = 170 -46 + 11104 0.082
Frequency domain
ALF(%) 1878 + 1616 989 =+ 80.3 0.156
AHF(%) 1704 + 995 76 + 50.4 0.005*
ATP(%) 1228 + 884 288 + 51.0 0.038*

Values are mean percentage change Mean + SD for RRI, the time average of RR-intervals; HR, the time average of heart
rate; SDNN, standard deviation of all normal to normal intervals; RMSSD, the square root of the mean of the sum of the
squares of differences between adjacent NN intervals; LF, low frequency power; HF, high frequency power; TP, total
power. * p <0.05 is considered statistically significant, p value between sex distribution obtained from

independent-samples t-test, p value between control and stimuli group obtained from paired-samples t-test.
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Table 4-2 Mean percentage change in heart rate variability between control group and
stimuli group and gender distribution within Model AD8022

Group P value
Control Stimuli between Control Stimuli
Items (n=10) (n=10) Group between Sex between Sex
Sex(Female)
Heart Rate Variability
Time domain
ARRI(%) 73 % 16 -24 = 7.5 0.003* 0.031* 0.506
ASDNN(%) 319 += 108 31 £+ 155 0.049* 0.171 0.732
AHR(%) -7.1 + 36 63 6.2 0.005* 0.572 0.938
ARMSSD(%) 423 = 179 114 + 104 <0.001* 0.586 0.692
Frequency domain
ALF(%) 3622 + 2702 969 * 86.2 0.013* 0.126 0.023
AHF(%) 2253 + 756 398 * 387 <0.001* 0.719 0.042
ATP(%) 1863 + 732 374 + 377 <0.001* 0.857 0.003
Sex(Male)
Heart Rate Variability
Time domain
ARRI(%) 23 61 -51 = 100 0.053
ASDNN(%) 40.1 = 146 03 =+ 201 0.706
AHR(%) -6.0 =+ 52 65 9.0 0.477
ARMSSD(%) 482 += 282 77 + 265 0.712
Frequency domain
ALF(%) 2134 + 86.1 469.0 * 426.7 0.100
AHF(%) 211.0 + 971 1523 + 1482 0.391
ATP(%) 180.2 + 751 1952 =+ 127.1 0.770

For abbreviations, see legend to Table 4.2.
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Table 4-3 Mean percentage change in heart rate variability between control group and
stimuli group and gender distribution within Model AD8012

Group P value
Control Stimuli between Control Stimuli
Items (n=10) (n=10) Group between Sex between Sex
Sex(Female)
Heart Rate Variability
Time domain
ARRI(%) 29 53 1.7 0+ 4.4 0.100 0.221 0.860
ASDNN(%) 399 £ 152 76 = 177 0.393 0.144 0.764
AHR(%) 9.1 + 6.9 12 0+ 6.4 0.063 0.429 0.015*
ARMSSD(%) 579 + 234 21 = 107 <0.001* 0.930 0.276
Frequency domain
ALF(%) 657.1 + 486.2 2459 + 2743 0.033* 0.321 0.610
AHF(%) 2856 + 1015 351 + 436 <0.001* 0.704 0.207
ATP(%) 3088 + 1348 647 = 608 <0.001* 0.841 0.553
Sex(Male)
Heart Rate Variability
Time domain
ARRI(%) 6.0 * 55 12 0+ 7.0 0.016*
ASDNN(%) 534 + 232 105 = 241 0.315
AHR(%) -73 # 1.6 -8.0 # 4.7 <0.001*
ARMSSD(%) 588 * 19.9 82 + 132 0.687
Frequency domain
ALF(%) 4703 + 3076 1884. + 2183 0.047*
AHF(%) 3072 + 1436 668 +* 623 0.002*
ATP(%) 325.0 + 211.7 869 = 983 0.008*

For abbreviations, see legend to Table 4.2.
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Table 4-4 Mean percentage change in heart rate variability between control group and
stimuli group and gender distribution within Model NE5532

Group P value
Control Stimuli between Control Stimuli
Items (n=10) (n=10) Group betweenSex between Sex
Sex(Female)
Heart Rate Variability
Time domain
ARRI(%) 46 =* 5.8 06 = 6.0 0.118 0.740 0.365
ASDNN(%) 464 =+ 269 208 + 15.0 0.990 0.001* 0.612
AHR(%) -8.0 = 43 51 % 3.2 0.050* 0.288 0.250
ARMSSD(%) 56.0 =* 475 132 = 126 0.262 0.024* 0.311
Frequency domain
ALF(%) 569.8 * 479.0 238.0 *= 1837 0.088 0.030* 0.272
AHF(%) 1398.7 = 23495 702 * 269 0.108 0.112 0.098
ATP(%) 8440 + 11325 1120 %= 76.9 0.076 0.065 0.543
Sex(Male)
Heart Rate Variability
Time domain
ARRI(%) 38 = 48 -19 = 5.8 0.016*
ASDNN(%) 82 = 129 169 + 19.0 0.474
AHR(%) -59 = 43 31 = 4.0 <0.001*
ARMSSD(%) 145 = 15.4 46 = 226 0.911
Frequency domain
ALF(%) 1777 = 99.2 159.0 * 119.2 0.673
AHF(%) 89.7 = 482 984 * 429 0.635
ATP(%) 910 = 508 925 + 63.0 0.947

For abbreviations, see legend to Table 4.2.
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Table 4-5 Mean percentage change in heart rate variability between control group and
stimuli group and gender distribution within Model TL082

Group P value
Control Stimuli between Control Stimuli
Items (n=10) (n=10) Group between Sex between Sex
Sex(Female)
Heart Rate Variability
Time domain
ARRI(%) -11 % 8.6 07 = 3.8 0.587 0.005* 0.096
ASDNN(%) 175 £ 296 39 + 9.4 0.080 0.223 0.388
AHR(%) -12.2 =+ 9.0 -22 # 3.7 0.753 0.116 0.918
ARMSSD(%) 295 £+ 205 69 + 129 0.114 0.360 0.484
Frequency domain
ALF(%) 350.8 + 2732 1444 + 1054 0.025* 0.426 0.944
AHF(%) 1608 + 127.3 340 % 452 0.024* 0.299 0.324
ATP(%) 1733 + 1315 322 + 396 0.008* 0.652 0.078
Sex(Male)
Heart Rate Variability
Time domain
ARRI (%) 9.0 % 12 34 6.1 <0.001*
ASDNN(%) 306 *= 129 87 + 145 0.157
AHR(%) -7.2 12 24 4.9 <0.001*
ARMSSD(%) 39.0 + 247 112 + 141 <0.001*

Frequency domain

ALF(%) 2734 + 1172 1486 =+ 158.6 0.046*
AHF(%) 2120 + 805 512 = 28.3 <0.001*
ATP(%) 1946 *+ 63.0 666 = 42.7 0.001*

For abbreviations, see legend to Table 4.2.
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Table 4-6 Mean percentage change in heart rate variability between control group and
stimuli group and gender distribution within Model OPA2134

Group P value
Control Stimuli between Control Stimuli
Items (n=10) (n=10) Group between Sex between Sex
Sex(Female)
Heart Rate Variability
Time domain
ARRI(%) 6.7 * 7.9 15 =+ 15 0.048* 0.739 0.028*
ASDNN(%) 404 + 235 111 £+ 131 0.052 0.147 0.117
AHR(%) -109 + 62 -10 =+ 1.4 <0.001* 0.116 0.258
ARMSSD(%) 542 + 235 129 + 11.4 0.440 0.115 0.834
Frequency domain
ALF(%) 286.1 + 196.6 1453 =+ 1324 0.128 0.262 0.265
AHF(%) 2533 + 904 501 * 635 0.001* 0.475 0.140
ATP(%) 2027 + 730 561 + 454 0.001* 0.229 0.996
Sex(Male)
Heart Rate Variability
Time domain
ARRI(%) 58 33 63 = 9.5 0.004*
ASDNN(%) 569 += 251 19 £ 120 0.172
AHR(%) -6.8 =+ 46 47 £ 9.6 0.013*
ARMSSD(%) 733 = 275 142 + 140 0.008*
Frequency domain
ALF(%) 4844 + 4946 892 * 766 0.098
AHF(%) 3033 + 1946 860 = 351 0.001*
ATP(%) 3353 + 3185 562 + 281 0.002*

For abbreviations, see legend to Table 4.2.
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