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Abstract

Heart rate variability (HRV) analysis has been used for many years to measure ANS
activities for its simplicity, accuracy, and noninvasiveness. Recent studies show that HRV may
be a powerful technique to measure the modulation and balance between parasympathetic
nervous system (PNS) and sympathetic nervous system (SNS) by time and frequency domain
analysis. It’s believed that decreased HRV is a sign of autonomic nerve system(ANS)
imbalance, which may be caused by diseases, and with aging, the HRV decreases. Gender
specific normal limits of HRV should be established to distinguish the normal decrease of
HRV from pathological decreases in diseased conditions. The aim of the present study is to
establish the gender dependent HRV normal limits in a healthy Taiwanese student
population. Otherwise, posture differences of short term (5 minutes) time domain and
frequency domain HRV parameters were analyzed to distinguish the different postures effect
the ANS.

This study was performed at College of Biological Science and Technology, National

Chao Tung University. A total of 115 healthy students from the university (57 males, aged 24



+ 1 years, and 58 females, aged 23 + 5 years) without evidence of any heart disease by

history and routine medical checkup were recruited for this study. The short term HRV

recording was derived from the Modified Lead II-ECG, by a locally developed and

manufactured device, DailyCare BioMedical’s ReadMyHeart®. All subjects were asked for

lying, sitting, and standing each for 5-minute recording, and all of them must rest for at least

5 minutes before the measurement.

The statistically significant results differences from lying to sitting, lying to standing, and

sitting to standing and the difference between genders on different postures were

demonstrated. SDNN and RMSSD also decreased from lying to standing(P =<0.01, table 1),

except lying to sitting of SDNN(P > 0.05). Total power, representing the autonomic tone, also

declined from lying to standing (P =0.01, table 2 and 3), except lying to sitting. Both the HF

and HF norm decreased from lying to standing (P = 0.05). The LF norm and LF/HF ratio

increased from lying to standing (P= 0.01).

From the results, we concluded that:

1. There was a statistically significant sex difference in frequency domain HRV

parameters in all postures. The LF and LF/HF of male is greater than female in all

postures. This might imply that sympathetic tone of male is higher than that of

female.

2. The high HF of female is greater than male in all postures. This might imply that



parasympathetic tone of female is higher than that of male.

3. There was a statistically significant posture difference in both time and frequency

domain HRV parameters. The HRV of lying is greatest, and the HRV of standing is

smallest.

4. HF component is the largest while lying, and LF and LF/HF are the largest while

standing. This means that highest activity of parasympathetic tone while lying, and

highest activity of sympathetic tone while standing.

5. While HF component is larger, HRV become larger. And while LF component and

LF/HF are larger, HRV become smaller.
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B 2.5 (A) Wilson central terminal =03 7 & B °
(B) Wilson central terminal ez % -

FH kiR © Jaakko Malmivuo, Robert Plonsey, Bioelectromagnetism - Principles

and Applications of Bioelectric and Biomagnetic Fields, Oxford University Press,

New York, 1995.
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ska [ |

CENTRAL
TERMINAL

7

[ ]
=
;

F @
=l
[ ]
=
2

B 2.6 Wilson central terminal %gr} L E 2Lz Lgrsy F BKQ iR A koo

AL k& : Jaakko Malmivuo, Robert Plonsey, Bioelectromagnetism - Principles and

Applications of Bioelectric and Biomagnetic Fields, Oxford University Press, New York,

1995.

i ToL S L5 R Luring T ok B T 0g g H - Bheni B o
LR TG T =4 B (Potential Variation) - Central Terminal e(% % 8 % % ' &
A H - BEnT A R oo P SNH S H &3 E(Unipolar Lead) [39] -

Central Terminal Potential = - % » =+ 32 2 %reng T8 Flpbv % 1T
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EWCT:1/3 (ER+E|_+E|:) (5)
Ewct : Wilson Central Terminal & i~

Er -4 BT =

% 1942 & >»Goldberger 4 % augmented unipolar limb lead 7|~ § B]4g %:[40] »
H 2 F$37 Wilson Central Terminal ® i 20 HE e i A g &%t 24k
& o %%’ﬁ PR UL 2 50% 0 F]t AL AL 5 augmented unipolar limb lead - 2
t+tisenVR-VL > VF#* aVR->aVL> %2 aVF %k & 7
- e SR
VkR = Er-Ewcr (6)
aVr = Er-Ecc
= Er-1/2 (EL + Ef)
= 3/2Er-1/2 (EL + EF + ER)
= 3/2 [Er-1/3 (EL + Ef + ER)]
= 3/2 [Er-Ewcr]

= 3/2 VR )

14



Ecc -
Ewcer - Wilson's ¢ & #4& 7 i+ o
Er: + AT

W e

EL:

-

PR
EF: Z2%r3 iz o

"+

‘T'JQ*#BP\?'G’J@.E"/Z— s T UdEFH At aVee 2 aVee B ¢ xéﬁﬁ’fﬁ%ﬁ%ﬂﬁg‘si

1944 & > 5 3 R1E 7 = pE a4 L g% 0 Wilson B3 B 412 B & b
*ABeR0 = o AL 5 59 3 Y (precordial leads) » V1-V6 o V1 &2 V2 4 & =389 F %
LA B e B VA AR P Rehs T

TR V3 V2 E V4P F o V6 iz

o s T B E o V5 et V4 B V6 ¢ [ [41] -

B Thk W hie* nECG k4> 2 B - £ .o 7 §](Conventional
12-lead ECG) - # 7 7 » Einthoven #7351 :& = B 54834 % (Limb Leads) | > 11 - Il ;

= # augmented unipolar limb leads : aVg > aV_ > % aV; ¥ *t:B 3 Waif

(Precordial Leads) V1-V6 -

% 1993 # > Robert Zalensk ¥ 7 #4c VAR, V8 112 VO 1 . T B & 5> % B
4t 15-lead ECG » * 1M1= B $1& 55Kk % m;;[;g,ﬁ[42] o

o T Rl B 25 %’*‘Sﬁ??}*‘ﬁﬂ ﬁ'ﬁ‘%i—’f—if‘ﬁ?" 1F 7 Rk o d
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2.3

P

VARG R A EY AR e B e F A e B AR S

B
pant
/\ﬁ
(i

10§ BsAdd > A BECTRITREDSITER G 1 (A DR AL i §

TResd Rk F A R PR o LT RO A TP B 1 SHECG

bldos REB € Flo A e fia 5 LA LR YT ER Y o P

4~
¢
o
iy
E
\\\Xr
<l
a3

hp it TR T 0 R R E S T G TREF LY ¥
denpEl o4 FAA AL G AL EDCRPF L L RFT L RET
PEHG R el L REEREFR AR -

Rk A

S ER ﬂ?’;ii""“rﬁf_‘%\l )R e P L T

N,
)
N
\]
¢
el
P
i
N
=)

PR o o~ BB @ G D 2 o ORI R S e Pl F o AT
DR L % - N R O S S s SN SRR &
T E oo e BB TR f TR R S e 2w SRR AR

S LY N T RS LR

N.«’i—.’zT*uE’ Tou R AR IR o L R ERIE D IR A MATE Y F R
Sl OEER I, e s BB 20 E o RS E S ,\,Egﬁﬂ’(%ﬁf%? » B R d
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Agrta (lo body)

Fulmenary

Supernior vena cava arlery
{from upper body) -
"" Left pulmaonary
Right pulmenary arteries {to left lung)
arteries (to right lung) —”
Aartic valve ~ Left pulmonary

vaing (from lefl lung)
Right pulmanary

veins (from right lung) Lo atrhim

Mitral valve
Left wantbricls

Right atrium

Tricuspid walve -

Infarior vena cava
{fram lower body)

Pulmonary valee .

Direction of blood flow —— ' ;
Right venlricle ———'  Seplum

W 2.7 <32 5 7 2 o
F#L %k : Chung, M.K., Rich, M.W. “Introduction to the cardiovascular

system”, Alcohol Health and Research World, 14, pp. 269 — 276, 1990.

2.4 WS EBRBE K A
SERE LR B R TEIE Rk R BT 2 B H 0 e DT e 7
Fliew B g aep s e x BED Mo SR o g e
;gu frdso 4 o HRingE L st e 77§ % & (Sinuatrial Node, SA node ) » %
% & (Atrioventricular Node - AV node) > bundle branch > 12 2 Purkinje fibers > 4-

®2.8%171 o
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A-V node

A-V bundle

Left
bundle

Internodal &=
branch

pathways
Right

bundle
branch

B 2.8 wHBE kA

7 % & : C. Guyton, John E. Hall, Textbook of Medical Physiology, eleventh edition,

Elsevier Inc., 2006, USA.

SAnode * fi i < HReHE 2 8h(pacemaker) » & § frde o preni®d o At Lou

-

S %Rt o SAnoded HEI (0 §RT DAL TR wIufE o AR RT

W
ES

s

R g0 v pE K o SAnode shd R 1S § LR S dTiga Ot TR

—=

@ % 3 AV node.
AV node ¢ 4% SA® ke i )t AV nodeid F# iF T amig & i (a£0.1

) REC S B TR ERFEEE 0 B u S U R R R
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SR RS E AR A iR ;‘Téﬁ%]i wkBiEF > o id AV node® 3
bundle of His » #% {¢ £ @ i% 3 bundle of branch - £ i# % 3 Purkinje fibers » 7 /it d

R o B 0 TR R IR o B R R e % B 3 4RE[44] ¢

~

%r,ll.b

=

SAnodes iz g iT* 24 TR wivimir 2R A 4 #(FT e A
K45 Tfem ese™ ko TR e TR o ROTH BT o TR

ORIT e RS SRR S HE R B R R ik gy

2.5« R FIFA) &

Electrocardiogram %ﬁfr) Electrocardiogrphy c &< Bgh 7 5 % # (electrical
activity) - £4rc T BlenidAds o d AT FME L R F L3 - FH
Aol EAmmximme & T REE PR A iE K HARG - Ao KRN AR
FRALA0EF)F A N L 200 F Fyofighiv & REFT o 2 £ 4R g (amplitude) >
FADLE o F P H A 0IMV & & R A 0.5mV[45] > 4o 2.9 #5 o

SR Ed A BABRATA A S 2100 MEF*P-Q RS T Uz
Uk#£7[39] BB EBRATEL DT RA40T
Pwave : z %2 4t » £ 75d SAnode /it I AV node FF #7343 T § iH 8 o
PR interval : #| & # /<P # 4-5] QRS ¢— B4 o 20 FE £ 7 i _SAnode

BED| S FTIPER o & FFRT > A% E- > PR interval 4% o

QRS complex @ w g 4 it PFATIed T e BRE § B d o

19



Twave : w3 f i FéTg 4 chig § 56 o

Q-Tinterval : * 8 & F &

P

TR o Sz IR EGHRN OET -
o FARE- > Q-T interval 4%4& o

Uwave : &0 ¥ A cha TBF » 7 - g L pehdm o

One large 5 mm = 5 mm box

reprezents 0.2 =econds (200 ms One small 1 mm = 1 mm block
LmW (10 mm high) time and 0.5 mY amplitude. represents 40 ms time and
reference pulze 0.1 mY amplitude.
Amplitude
Time

B2.9 ##o T Hz R -

4L &k Markus Kuhn 3 % > Stannered #713 ¢z »
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http://commons.wikimedia.org/wiki/User:Markus_Kuhn
http://commons.wikimedia.org/wiki/User:Stannered

RR Interval

3e
_—
0

! e votage—
b ; 1
| |
|
3 |
=
i |
|
|

- PR~ GRS .
b

B 2.10 @ Rl A
7 &R - Cathy Dockx, “ECG review: ECGs made easy, pre-reading

material”, Pre-reading ECG review.
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¢

=z ® o E PR M (heart rate variability, HRV) & 7
31 wFxRRBELFA
< 5§ 5 3 (heart rate variability, HRV) » 7 £ - &R 2@ Fope? > v gl

Z BRI RG Z oA BAEAE EE A AR E R N E L RY TR

)

PG REDES > T - BARE R F R R 2R G E R
AR oW g FARD A AMG AR AA R E o F AN
BAap R ADAE o SRR ¢ T XTER A o FI T ERGS 0 T RE
AP RS AE ARG AT R 2 RENCF > TR 2 REBEDCF M
WL CHEAE LB AR o

RV i“aﬂ"'i’}?' | 8w Bl £ B chend R o T o geR] §v A 4 (per minute) &
B 470 =x/min> & F 120 =c/min > HRV & #5584 7 T o0 prig Feng w) &
W HRV 2 Ef(ms) i B g2 Filc | hzZ B> aiefidic) DAR AR ¥ SRR

PAF AR AFAF AL R AL R AR CHEZR LR

¢
da
4
A
3
=i
Sy
%
|
i
s
=N
'S
T
I
a
f@g
k'
g
o
S
e
=
s
>
-
-\J S
gl

3=
7
3
&
=
-:)né
5
(i
=1
Py
13
¢
da
o
;;
A
¥
(:
-L»
7
(e
=
\“b
>_l.
3
I
Py
<
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3.2 HRVZ %R

P R g S5 -HRV % AR % 08 % 1965 & o 4 F 4 Hon &
Lee % E Rl R E Rl A SLEFLPF > FIPns2ene F R P M b pFs RIT) 0
16 g (fetal distress) ez 4 [46] o o dF Bl end_> A3 Rt g e pF > o R R MR 2R

BRI g BRRE R Foae s FIRSAER A REPFFILT

wFEL SR g w1977 £ Wolfd;&’z}fhumﬁﬁwmﬁiﬁ&mHRVm“ﬁ
ME g 5 % Rk E[4AT] ¥ i CHRV 3P AR i 4 v Hoee &

JARE G c BT LSRR R c ABEFET T4 4 HRV & F) L bt
BEEL R (S iy A B 2 S ohipipla £[48]-[50] - % 1981 # - Akselrod
& A - 4 Gk % & (Power spectral density) == = { %L 5l HRV i@ # [51]
Hg* @ As® > VAR HRV » 8 A 450 > $30 0 A0 & i nndrap b

 4eifafh B o & 1984 & » Ewing ¥ 4 i * 7 chk 2 Holter £ R B e 2 Jpih

AL F A 24 [ HRV, SR IEE L B HRV ¢ 8% p 44 % s

gmF P RREBECEB2Fa B P HRV & p 24 5T ok L e & 4p b

BFrs HRV 08 v 1% 5w i 2 (8 ey = 55 4 ehipipldp 1R [48] 04 2 R iR
wHRI R g R 53]  FE R B4 HHRV hE A @ HRV » gt il L

Gy o BP B E LR CHRV A LTk FARBLEFALHE > VB e 70
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i B R EH BRI AR T RY HRV (£ 5475 1 5 o HRV &8 96

LR L enie 4 A kAR i -

R oo BARZEATHHRV ATk b o BARKARYL 2 > fre A4 7 370

CAL R E G A R R e R A F LRES TR Y

)|

=

LR i 3 F 2 AR HRV pRensisigsh » & A5 RF AT ¢ indp ik

<
M
-

B AR o Bt B R B AR - o A ALE G M HRV A 4

&
ud

B E s g P R idp R 0 dp R K HRY £ 5] 5 p \éi’i\?—‘ﬁ{[}%

3
[

% 2ox A HFEFGRY A RORFNE S A BL AL R FA Y
Ui e AL e Bl 0 59 %R HRV hfek @ * b o w5 il g i ent = F
TRRAp AR 2 5 P el O S % IRl IR 0 1996 & B R g e 2T F

ARFEmeRR - RhEHF AP Fe g O RIEHEFL o m i BRI R F

S ML LR FEILD W R L D AR * X E P R[7] -

Flin i E o Bpro 0z 2Lz danigEl s HRV & S FERley vl i v = b
T KBS B RS nR IR L J:.pigaA T (SRR o a R T R { F Y

%ﬁ" S WA A BARE G SR 2 2 0 AR S g .
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3.3 HRV & # § =3

“3*—

TER-FL
3.3.1 # & %

A ggep ik sd Yo fgA &k 2i(Central nervous system, CNS) 2 184 & &
ti(Peripheral nervous, PNS)#7i 2 o H ¢ » ¢ fg4 &5 & 3id P52 ¥ Rple s > 8
AUk kid 12 $pEad 5 (Cranial Nerve)2 31 # % #g(Spinal Nerve)#at # 11 % o
B AT R FY wA 5V FE R E S A ik si(Somatic
nervous system) » ¥ 4 4 B g vep @ enp 44 ik YL(Autonomic nervous
system) » dows i g v o

PAMEEARZ I RZAFAERINEDR > ¢ e T iﬁ‘“”%r’ﬁwﬁ(iﬁ’ i
H;jl ~ T Hﬁl S IRL A ;‘,&’Jﬁ‘{)ﬁ”‘}‘é'fi o RBATMH G A oo P A AT AL ER
& (Sympathetic)£ & % g (Parasympathetic)= i » L oid % - B BF € b ks B

AR RS A RA R NEY LAIAPT Fide o § - (T B bepr o T - iEH

REA G FAEDET P ITE R T RPRER B E &R
B AR g A GAEE s Foheid gt R L B Pl E angh X o Blig
d P G A Ge L anie® penl BT o Fa g B 2 € B e g 1
A G BT NGRS T R SRR E o p AN SRy TR EE L EY

TI f 49T pk (67 & G P chjs 2 -
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3.3.2 ki Fp AH LTl ik

CHEEe S § TR A R B R 2 SRR TR 0 R K R

i@ dom 3 A7 koo i 3 F Ad cardiac pacemaker sk it i@ F 97 € eie
B F HB FFARET > 5 intrinsic HR > w & ¢ Fl L st it 2 f {1t &

FEITPINTFRNE S

N«

A2 110~120 =/min s & 3 ¥ R T 0 A MR K
FHMPRET o F A & LA A g e[54] 0 M & 70 S /min 2+ e

oo B AT KA PR R RA S ;ﬁd A A 5k 2ufE 2x acetylcholine » @ 15w

FRMm 2 A 5k Suf < epinephrine 2 norepinephrine & # 8. & % -[55] -
w4 A 5 4 F 3 sinuatrial node (SAnode) » «w Z AR 0 122 % R i FERE T ()
3Ll Pt AN G EE X CHEF T > HA R RFS o3 BERTFZH®A

AEdflpn FROFIFE o AR SR EHF L EFBORN 0 ¢ 7 SAnode, < 3
FUR e S OUR 0 R S B o T BAL SRR g S Fateid o
iy"”“r'/ﬁt?m/%'r?awﬂ’“kﬁ Hoaw o @@ FHEEFRE
AL FRT D RARAHGERARAH G E R ALY A F E it
T o F R e DA EESAMY > FH AT ELHFORET oR

Bk AT R B A EEL G AN R R AR A
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Sympathetic chains

Vagi

\ \ II'\-_.J
Sympathetic *\6

Nenves

Sympathetic
nerves

B3 1 RAGSERUEH L ECHFICE P s F oo

7 &k Arthur C. Guyton, John E. Hall, Textbook of Medical Physiology,

eleventh, Elsevier Inc., U.S., 2006.
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5% HRV &4 2

RRFI R L L Z X PR A 372 (Time domain methods) -

1%

R
#g 38 & 4772 (Frequency domain methods) » 14 2 28414 4 47 (nonlinear methods) -
HRVLZBIBEF BB 2 Pl L o X SR A4 &EThopd

Lighd RFay o A RppeEa FEEEp R { sinterval -

4.1 Pp*i# 4L 472 (Time domain methods)
AfLEC TR A BARARE ¥ QRS complext Rt 7 % % R-R interval (§]

f 1+ » % % % Normal-to-Normal

A

4.1) - m o 2 F 9R-Rinterval * & ¥ v &
interval[7] - fj & eoprif 247 ¢ 3 5 T BSNNinterval » Fizw ph > & § L& B e
NN interval 2 Feni 2 5 % -

HRVe P o 471 & 5 3 580 % - #geniicdy > 2 5 & 4 % p NN interval & % -
¢ 7 Bk 5 (Heart rate) - SDNN(standard deviation of all normal to normal
intervals) © SDANN index (standard deviation of average normal to normal
intervals index)% - % = g% & v qpaicyclesn% B 5 A #([52] > # 7 R-MSSD
(The square root of the mean of the sum of the squares of differences between

adjacent NN intervals) » PNN50(NN50 count divided by the total number of all NN

intervals) ¥ o
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PR trERE 2D NF L 5 A48 - 5 Statistical methods » ¥ - &

Geometrical methods -

R-R interval

—

R wave peak 1

P wave Q wave

S wave

WAl 5% TRBRGDTE -

}

R wave peak 2

T wave

T4 k&R M.J. REED, et al., “Heart rate variability measurements and the prediction

of ventricular arrhythmias”, The Quarterly journal of medicine, 98, pp. 87 —

95, 2005.
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4.1.1 Statistical methods
SDNN > & ¥ gt Hp et B/ £ > & 70 S e F 230 2 12 - SDNN
"EE LB b A ' M[56] 0 H e § TSR L E
SDNNindex » 3+ &5 54040 § SRR iRl £ L2325 2 nT o
B A e
SDANN > #73% T A& %L ¥ wprTiom2 E8 L -
SDANN index > #75 I »4a R Bt § wprT30E 2 {R% 12 T30 o
RMSSD » & ¥ BRI £ B35 foio3 43 o
NN50 > it # 4p 48 < g & 8 £ EA2:850% ) e ip #c o

PNN50 » p28 & % < B ) 2 EAZES0E F) vt B o

4.1.2 Geometrical methods
RRinterval & = Bl9a & 5 ¥ 5% - B A- T9FEN > ERRinterval = /|
AR RS N o i i RRInterval 0 gigh 5 P RR interval #17 eniBdic - &
Sy T T A, R heR4.247 7 hE S R o E S B TF R AHRVehA ] > FE 3
Bl% & 7B HRVTARL S | 5 4ok B 5 (A 5P - HRVIAL S £ o
®* E > B ek RRinterval 2% & F P 40T waveizit 5 QRS-

Fha o3 ptinterval € 38 < 3T € 3% T EF B I ¥ PRRinterval ¢ Lbfﬁﬁ* g+ 0
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RRI Histogram
25

Ayl . 347 ms
STD : Bl

L
L
o
E
Kl
0
0 500 s00 - 300 71200 71300
RR Interval (ms)]
B Tachogram
ms), —RA —HR —Tend o
14003 = 280
12003 = 240
10003 Efms . E 200
I i v ARG e Sy B T E 160
8003 =120
and - e EBD
200 5 sec =40
|]- LI | LI I B | | LI I B | | LI B | | UL | LI | LI I | | LI I B | | LI B | | LI B | |-
0 el 80 30 120 150 120 210 240 20 300

Measure Time (sec)

Bl 4.2 H'% A,RRinterval & = B3 # Ap ¥t e FAREE o

A: HE#%2RRinterval & > B - B: ® jp$t e F485F) -
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50072 & ¥ RR interval #2 HHRV a2 ¥ > jim4 ITHRV triangular
index - # A A Rm® % > “RRinterval 2 A##r3 I kezE > B> H &+ 9RR
interval ¥|& ] sRRinterval 2. § R (A& AEZ T R) > T iHRVea x| o @ TR
g% oo Bl Ed B2 Bl f—;:*,f Mg A EE 3 Bl ARG 2{%RRinterval h
B> E3 7RI & fRRinterval chBd#ic o Flpt > 7 {8

HRV triangular index= 2 %RR interval 1 #/RR interval (8)
FESRARTARML P B HE AR S A R L o FRR AR, o B IEAR
o BIRRos FR R EAR o

yoob o a2barg RRinterval € 2 H E ok i 0§ OPF € ) R 4o 14,397

Toodrk A AL FRTRET U ¥ g A FR RG> Aok 9 A At
B BREE o B A v RiFd o A R o Flptdik A B E { % dpeak e
BF AP FEak i G| AR EHE - BIF o H 4% SNNinterval B ke

FRF - BEVREEAER FR o RRF P Z AT R2004 -
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RRI Histogram

10
AMG o 348 ms
STD: 32 ms
o b 1144 msz
. FB0 mz
L] E
E
g4
2
[l
U 300 600 300 1200 713500
RR Interval (m=]
il 8 "4 o —fHl R —Tend ()
1400 . E 280
12003 g —
-
-y el
203 0 sec 40
Dul - Ialul - Iﬁlul - Ialul - |1|20| - |1lﬁul - |1|aul - Izlwl - Izltul - Izlml - Ialcm

M easure Time (sec)

B 4.3 #'¢25RRinterval & = B2 H Ap ¥t s FAREE -

A: g% aRRinterval € > Bl - B: B fp$t e FAE5E o
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4.2 #g1 L 7% (Frequency domain methods)

PSD { ms?/ Hz)

A~ 707 2 5 135 #A[57] - # 54 3 % & (Power spectral density) + & 3

2

PR RIS S A F IS o AR MANT IRFR S A 0D 35 AL
Lo AR BRBT A25 RS 2 RIFRSL Y R A
O AE o E R e g R LT A T AR A T o AR M SRt
% 4 eh 4 4 & (Frequency » Hz) » % a8 5 # % % & (PSD » ms?HZ) o #-w & & 1
WOARE R LAY 02 22 &5 3 48 4 % L Fast Fourier Transform (FFT) 2
Auto-Regressiv(AR) o & &= 2 & 5 H iRk gk Hopg W enR 55 2 4pke 0 2 £
Fm PRI R oFFTR * 2 2R E > HBE L RiRE > 2 327 @R RA 4D
o A HERNA R0 EG EeSd g FiEE 4 A AREZRE A
2o

R fe i * 2 ik i B AT R LRl R A RS BB RE PR

re ¥ i HigARe %”'I“,f GRS @ 3 BEA B 0 deRl4.4575T o

FFT- Power Spectral AR - Power Spectral
335205 33520
26815 @ 26815 @
f N
E I
20112 = 2m2
] w
E E
13408 S 13408
] o
5704 B704
01 02 03 04 05 01 02 03 04 05

Bl4.4 2RHRVAL S A 15 BT °

34



A5 > 47 ¢ * oo parameters 3 47 5 (total power > TP) > & #f# 5 (high
frequency power > HF) » 147 # 5 (low frequency power » LF) » & X4 7 5 (very
low frequency power > VLF) » 4z #& 47 # 5 (ultra low frequency power » ULF) » &
B/ HE # F0k (normalized LF > LF norm) » &% i 3 #5 74 & (normalized HF > HF
norm) > 14 % LF/HF & & X 455 F oL [7] -

TP> g % i 5 5 <04 Hz> F 7 E&PER N 2300 F wprF i e B
B0 4p 5 >ttime domain® (ASDNNZ triangular index - HF » 2 #1i& % &g & 4
0.15~0.4Hz > F prg i de Bl crrs F SR PR i B A4 XA R LEA
FREM m#ﬁ 1% > 4p % >t time domain® HPRMSSD - NN50 > 2 pNN50 » LF » # #i3
* dHE S 5 0.04~0.15Hz > F pr Mg Rl enE F oo g E S oR A B2 m
FARA GARE A SRR SRR o VLF 0 i a5 2
<0.04Hz > ffaEEFEFOr ¥ PR P g Bt 2 2 552 P
B oULF #7i# * ol 5 5 £0.003 Hz» 45 A2 18 O % ] e o gt B 8P 08 B i
Pk end BR AL B P R o X pFiE ALFEHFE @ * LF norm > 4F 4 /(5
E — AR F)x100 > ZHF norm > B 45 # 5 /(4 5 — 4k MO # 5)x100 k £
T ABRFIAVLFGA B EAP » A BiEEART o @ RE T RS VLFE

AT A TR Fp R R & 4 7 [58-62]
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43 %

L AL R S BAR R &
HRV:hk &0 B 2 &pF P £ ‘&x 7 4~ 5 & #2(long-term) £ ‘& 4% (short-term) .
4 o 2 ¢ long-term recording 24/ pF i A > H e dkR ¢ 70 X SR RALpEY o

@ short-termrecording/ 7 4485 3 »» 3 A @@ % L o4mdr - L oAk g e AL
BoO R e dkT A8 MFETTY e ¢ 7 g3 [568-62] -

A s THRVEF » & & 4760 P a2 & @ * long-term recording =t short-term

recording[7] > 2t = &= 2Rl 4 Rehdiedp 2 F 4P o 2 4P

-
\*}@r

35 FltiEa
* ¥ ARS 4 - Time-domain4 7 % - & Jc & 833 coRR interval § #% % 4 47 » 7]

#3a B 12 long-term recording 3 B A& ; @ frequency-domain® A EPF R R 2

poAA g ke e > Tt ushort-term recording i i 2L iE % [7 > 58-63] -
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-
m~C"
FIS

FILE 4 ’ﬁ"ui;ﬁ%‘j"ﬁ?ﬁi”i;’E}fﬁé:}%%o,71

REHERR S 2

R R R RL R KT

SEBLHFN 0 L FEER BB F G2 p
¥ h B A AR T Wk 5.1 me f B F ok B A#kE 371152
FladFo%ke RUAR2ZFAT FLERFIREFT LT FERFT > AL R
BAA S UARBa B o AW FHHRTHL 57 Lo TisEd i 25+
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5.4 HRV g4 45
*F H ¢t T 4 45 short-term HRV > F]t #73 & * 3| ghparameters 2 & 1 4g
BAT R A o @ RS A 7R 24 0] PF Holter #23 Tk + end &(7) ©
5.4.1 ¥ L7
AP DlepER A 470 £d @ RRinterval 4 i3 HRV epf i
* parameters : normal-to-normal mean RR interval » 2 # 4z:F 4 B8 X
RRinterval #&4R % 220 % > pzt BiEfee - € -Hp 'J",f » SDNN » 12 2 RMSSD >
4ok 5.2 o o
5.4.2 #7318 & 7
BRI o 7308 0 & F Bk e parameters ; total power s VLF > LF » HF » &8 it {3
sHLF g HF » 22 LFHF » 40& 5.3 #157 o 29 % 3 71 * afs A # R E %
B § L ot eii ok a3k 27 -
5.4.3 FHA 47
G4 i £ & & 2(goodness of fit) » #75 iy & A L4 T o Flt Feppna o & ¥
At o L (Mean £ SD)k £ 7% o FoEF &R T L A 53 s PRES BIRALF
L BPIAT G TEREFHILIRAMITIIENRG g F LR - 5d # % Student's
test> two-tail k:EiTHIpA 7o BEHFFIRE Y R * ANOVARPBIZ AT 447
FRFLE P<OOSHARLG 33t 3 F LR - gt 33 en 2 5 @ * Minitab®4i 18 &

= Student's test #& 2% > T & * Microsoft Excel®:& {7 & # ] er4 47 o
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# 5.2 HRV epFs o 47 L&k o

Variable Description

SDNN Standard deviation of all NN intervals.

RMSSD The square root of the mean of the sum of the squares of
differences between adjacent NN intervals.

% 5.3 HRV 88 A 45 2% o

Variable Description Frequency range

TP The variance of NN intervals over the approximately
temporal segment =0.4 Hz

VLF Power in very low frequency range =0.04 Hz

LF Power in low frequency range 0.04-0.15 Hz

LF norm LF power in normalisedunits

LF/(Total Power-VLF) x 100

HF Power in high frequency range 0.15-0.4 Hz

HF norm HF power in normalisedunits

HF/(Total Power-VLF) x 100

LF/HF Ratio LF [ms?]/HF [ms?]

74 kR Task Force of the European Society of Cardiology and North American
Society of Pacing and Electrophysiology, “Heart rate variability: standards of

measurement, physiological interpretation and clinical use”, European Heart

Journal, 17, pp.354 — 381, March 1996.
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B 6.1 5 Rl 2 HRV pF > #r & B3| H ECG L2 7Rl o =7 & 2 Blon 4 7 &

#2 H- p352 <@ PRinterval » QRS complex » QT » 12 QTc & » + T & 2.

IR

]

)

i

I mdap ity A2 T iafiE s ¢ 7 PRinterval- QRS complex:> QT QTc »
12 % ST segment > §] 6.2 5 ¢l & HRV pF - Time-domain 4 472 # 7[R/ » #r¢ 7

eficie 4 47 ¢ 72 RRI histogram » HR histogram » RRI scatter - Mean RR » SDNN -
RMSSD - NN50 » pNN50 % - ] 6.3 % & HRV pF > Frequency- domain 4 47 2.
#7\W > e 7 hlikiE A~ 47 ¢ 7 VLF power > LF power - HF power - Total power -

LF norm - HF norm > 2 2 LF/HF -

2 iy

4 mir

5 min

Average Beat : M

Single Beat : |:|

HR B8 bprn HR TE bpm
FR . 148 ms PR 144 ms
aRs a4 3 aRs - 84 ms
ar . 384 ms ar . 376 ms
OTc 409 ms ATc 425 ms
ST . 057 mm

B 6.1 B HRV FEF » #7833 ECG 5 - 1Y t“%]:%%f}u] v bl 7B
AT AN nTHep s 76 0 P H PR S 144ms QTc & 425 ms °
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Time Domain Analysis ~

R e —RRI_—HR — Tend
12003
12004 475 bpm
10003 128 ms e
200 il LA o, 2 St
Buué IETRTRACY AT v i T e Ay
PTI e I DU P PSPPSR e S PR SR, Yl
200% 50 zec
D i e [
i} 30 80 90 120 150 180 210 240 270 300

Measure Time (sec)

RRI Histogram HR Histogram RRI Scatter
is) 55 1500
AYG . TE2 ms AYG . 77 bpm S01: 2740 ms
20 STD: B7ms 44 aTD: 7 bBpm SD2: 9158 mz
: i B Eem 1o 5D1/5D2: 0.30
8 8 R
E E o
@ & g
(=]
300
0 300 EO0 900 1200 1500 0 B0 120 180 240 300 300 GO0 900 1200 1500
RR Interval (ms) Heart Rate (bpm} RRI, {(ms}
RRI Series Detrending Time Domain Measurements
Detrending Method - Yariable Mon-detrend ¥ alue Detrend Yalue
. . Iean 78212 ms
) L) QR el SDHN £7.59 ms 8629 ms
* Zecond Crder Polymamial RMSSD 3875 ms 3875 ms
€ Smoothpriors: Lamda [200 NH50 81.00 &1.00
pMM5E0 21.26 % 21.26 %
501 27.40 ms 27.39 ms
502 91.58 ms 9054 ms
501/502 0.30 0.30

s

B 6.2 #l¥ HRV ¥ > Time-domain 4 472 # 7| §] -
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Frequency Domain Analysis ~

FFT- Power Spectral

AR - Power Spectral

= Display Non-detrend Power Spectral

& Tisplay detrend Power Spectral

2679555 (Detrend) 2679555 (Detrend)
214364 — 214364 —
i) ] ) ]
T E ac 1
- 160773 o 160773
w 4 w 4
E E E E
[a] E E
& 10718z 5 1o7iez
o ] o ]
53591 — 53591 —
01 nz 03 04 05 01 0.2 0.3 0.4 05
Frequency (Hz} Frequency (Hz}
Frequency Band Range Frequency Domain Measurements
L Mon-detrend Detrend .
VLF IU ~ |004 H
z “ariable = o = R Lriits
N T Hz YLF paver 1232 1730 1224 1655 ms2
LF power BE2 401 532 397 =
HF ID.IS ~ |04 H
= HF power 3487 398 T 389 ms*
Total power 2182 2526 2136 2441 ms=
The Order of AR Model ils LF norm R9.25 LRI R8.43 R0E2 {0
HF nam 40,75 49,50 4157 49,48 nu
LF/HF 1.45 1.02 1.4 1.02

B 6.3 = #l€ HRV p - Frequency- domain 4 17 2 § 7| ] -
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6.1 f2u[Z 3
R R R D iy R R E R R AR L 614620 %

% 6.1 % iE'J—‘*ﬂ‘ PPPCEE s w82 HRV ahpF e & 4708 % o (NS & 57 P=0.05)
mean SD P Value

mean RR male 858.89 119.92
NS

female 865.42 136.05

SDNN male 50.76 23.57
NS

female 49.87 20.83

RMSSD male 35.67 17.69
NS

female 43.06 il 7838

% 6.2 % ‘JE'J’%Z S F R Rl HRV i L2 370k % o (NS 4 57 PO 0.05)
mean SD P Value

mean RR  male 81511 99.04
NS

female 807.34 08.14

SDNN male 51.21 25.27
NS

female 48.09 21.92

RMSSD male 32.80 15.68
NS

female 35.78 15.48
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% 6.3 % ;‘E'JT!{ o pE S Mw[ B HRV agpF Bt A 47900 % o (NS 4 57 P 0.05)
mean SD P Value
mean RR male 681.96 95.6
NS
female 674.99 115.32
SDNN male 37.21 16.45
NS
female 34.10 14.81
RMSSD male 18.21 10.1
NS
female 17.90 10.52

BPFEE A 4T E s Mean RR 7 #h ik » L 5 1E shF 5 A F A AL

R ARG EI A P FALR 4o 6.4 97 -

Mean RRZ # 5] £ &

1200.000 P — 9 -
1000.000
800.000

600.000
H male
400.000
H female

200.000

0.000

lying sitting standing

Postures

B 6.4 MeanRRinterval & & BEH %+ e L LB o
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SDNNZ 7] £ &

80.000
70.000
60.000
50.000 -+
40.000 -+
30.000 -~
20.000 -~
10.000 -

0.000 A

H male

m female

lying sitting standing

Postures

B 6.5 SDNN oz faZH it chg L 18 o

B 6.5+ —Ff]‘ 4 SDNN » # §F s 3cb M e F 25 F |83 By L 8 od
e v g HRV i 2472 (64 J o g olsst L kg g L R o aipl A
Vo Fl i An D EE LT HRV H Rl E 2 42 R B 3 & 53NN
internal &7 447 > @ A F k2 HRV MEfeT A4 5 3 0 Flp 2 phig o 45 a0k 47
&P E RN

d R R R Dl N BRI E ISR R AR £ 6404650 4
6.6, #6.7> %682 %69 5=f%FnZF ¢ > §LHuE HRV dHiE & 47
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% 6.4 ﬁiﬁ'l'*ﬁ el pE o w22 FRET 22 HRV ag 38 & 47 b % o

(NS # 7+ P Valuel10.05)

mean SD P Value

VLF male 502.31 606.58
NS

female 446.05 593.63

LF male 562.96 608.30
NS

female 400.56 648.91

HF male 367.69 393.63
NS

female 504.56 345.52

TP male 1434.04 1399.70
NS

female 1352.80 1257.44

LF(norm) male 60.86 14.60
<0.001

female 42.20 15.80

HF(norm) male 39.12 14.60
<0.001

female 57.75 15.78

LF/HF male 2.06 1.76
<0.001

female 1.01 1.21
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% 6.5 =% ‘}E'J'fqz e pE o w22 AR 2. HRV a8 38 & 7 cnff % o

(NS # 7+ P Valuel] 0.05)

mean SD P Value

VLF male 565.6 673.24
NS
female 495.66 651.33

LF male 570.33 624.32
NS
female 477.12 686.43
HF male 367.09 393.23
NS
female 507.8 353.55
TP male 1508.51 1472.44
NS
female 1458 1344.12
LF(norm) male 61.02 14.75
<0.001
female 43.95 17.41
HF(norm) male 38.97 14.75
<0.001
female 57.77 16.51
LF/HF male 2.06 1.65
<0.001

female 1.01 1.96
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% 6.6 %;‘E'J'*Ffa‘a‘?é’* L ZFpFs Ml FFT 22 HRV a3 & 47 enbd 7% o

(NS # 5= P Valuell 0.05)

mean SD P Value
VLF male 458.54 398.97
NS
female 554.92 934.13
LF male 678.83 1123.58
NS
female 426.48 474.76
HF male 331.10 393.36
NS
female 396.24 372.26
TP male 1469.67 1788.06
NS
female 1378.84 1459.54
LF(norm) male 63.53 15.89
<0.001
female 50.56 18.19
HF(norm) male 36.46 15.87
<0.001
female 49.44 18.18
LF/HF male 2.42 1.87
<0.001

female 1.50 1.27
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% 6.7 % iEd"ﬁ%ﬁéﬂ" ZpFo ulE AR 22 HRV g s & 47 0k % o

(NS # 5= P Valuell 0.05)

VLF

LF

HF

P

LF(norm)

HF(norm)

LF/HF

male

female

male

female

male

female

male

female

male

female

male

female

male

female

mean

501.98

608.68

681.75

441.14

333.98

409.4

1518.98

1460.48

63.51

50.5

36.45

49.49

2.48

1.52

SD

447.23

989.41

1127.73

499.48

394.68

a1

1822.79

1558.36

16.31

18.50

16.22

18.49

2.04

1.28

P Value

NS

NS

NS

NS

<0.001

<0.001

<0.001
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% 6.8 %'}E'J"%,‘ sopE o w2 FRET 22 HRV ag 38 & 47 b % o

(NS # 5= P Valuell 0.05)

VLF

LF

HF

TP

LF(norm)

HF(norm)

LF/HF

male

female

male

female

male

female

male

female

male

female

male

female

male

female

mean

278.11

383.35

437.9

P& .3

98.15

114.6

817.17

718.68

80.74

70.16

17.26

29.84

5.76

3.767

SD

247.21

458.27

469.7

313.64

116.98

140.79

a7

722.66

39

16.59

9.39

16.59

2.78

2.79

P Value

NS

NS

NS

NS

<0.01

<0.01

<0.01
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% 6.9 %5?‘]"%{ zpE o ule AR 2. HRV a8 38 & 47 cnfg % o

(NS # 5= P Valuell 0.05)

VLF

LF

HF

TP

LF(norm)

HF(norm)

LF/HF

male

female

male

female

male

female

male

female

male

female

male

female

male

female

mean

302.15

344.75

446.59

86k 6

96.52

JN5 @

848.391

716.3

81.02

70.48

18.98

29.51

6.09

3.84

SD

265.87

473.75

471.11

349.84

116.43

136.08

g

S0P

S 7

16.9

9.57

16.91

2.74

2.54

P Value

NS

NS

NS

NS

<0.01

<0.01

<0.01
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£ w) $42¢ total power 12 ¢t o frequency-domain 247 F B F L 8 o d H 6.6 7
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HF(norm) = 4 %] £ &

80.000
70.000 kkx T sk kK
60.000
50.000
40.000
30.000
20.000
10.000
0.000

H male

B female

lying sitting standing

Postures

B 6.7 HFnorm 2 faZ gt e + L 2 o

LFnorm:> FR i g &t - d Bl687 ugdi=fax4%it? > LFnom

Tﬂ\

FWEF A Pvalue iz > 005 B2 end B &5 FH2Z AR R

1,”“

L HT AP

Jir

LF(norm) = P 7] £ &

100.000

* %k k k %k %k
80.000
60.000
40.000 -~ Hmale
20.000 m female
0.000 -

lying sitting standing

Postures

6.8 LFnorm & fE it chy + 18 o
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FFT- Power Spectral AR - Power Spectral
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d Rl MBI EER R RARE S 0% 6100 £ 6115

% %\' 612 °
4 6.10 PIEZEF L2 HRVERE L 470 (2 o (Pis® P > Pst 4 B & & PR
Bk FaoPvalue WwRE L P value s 2 & F EakE P value o)
Posture Mean SD Minimum Maximum P value
Lying 87419 125.31 637.05 1291.93
Mean RR
Sitting 482155 10292592148 1088.55 <0.001
Standing 693.91 95.94 520.52 1013.83
Lying S 21 2t 16.04 132.02
SDNN
Sitting 49 .45 19.53 13.2 =2 6 <0.001
Standing 37.60 15.26 15 63 98.41
Lying 41.09 17.81 9.31 78.77
RMSSD
Sitting 35.71 16.11 8.63 85.15 <0.001
Standing 18.96 10.24 6.14 70.1
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%\‘ 611 /?'Jéigﬁ'ﬁ HRV ’}:F_i:é '4«'\ "}"’r FFT rﬁf‘&? I/,/f‘ ° (PLS ’ PLT ’ PST Av\ ‘;—JJ fj; %\ l/"'l"qy\

B FaoPvalue wREEZ o Pvalue 2k F B xEE P value o)

Posture  Mean SD Minimum Maximum P value
TP Lying  1231.07 852.06 130 4009
Sitting  1227.45 854.99 84 3971 <0.001
Standing 803.18 711.48 111 3320
VLF Lying ~ 444.27 393.11 28 1980
Sitting 519.2 682.99 32 2183 0.002
Standing 354.24 393.24 Wf 2580
LF Lying 396.0 339.46 36 1794
Sitting 453.32 416.76 a, 2784 0.006
Standing 333.77 313.53 28 1674
HF Lying 434.35 357.68 27 1836
Sitting 333.02 280.22 2 925 <0.001
Standing 114.14 130.08 4 868

LF norm Lying 49.81 "16.23 LN 89.19
Sitting 57.50 "1 H3 18.27 90.86 <0.001
Standing  74.17 15.20 21.53 97.02

HF norm Lying 50.17 16.22 10.81 89.87

Sitting 42,49  17.72 9.14 81.73 <0.001

Standing 25.83  15.19 2.98 78.47

LF/HF Lying 1.23 0.87 0.11 4.99
Sitting 1.95 1.76 0.22 9.94 <0.001

Standing 4.44 3.56 0.27 19.94
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% 6.12 Pl ZFH 2 HRV AR £ 47 AR i % o (PLs» Pt > Psp 4 B it & #rfA

BeFamPvalue wR BT Pvalue 2 & F B skE nPvalue o)

Lying 1292.44 89234 141 4124

TP Sitting ~ 1262.08 855.44 91 3732 <0.001
Standing 819.04 681.25 113 3658
Lying  467.97 39339 29 2166

VLF Sitting ~ 520.05 457.00 38 2516 0.002
Standing 397.73 461.90 39 2940
Lying  393.39 34163 33 1858

LF Sitting ~ 457.67 427.11 30 2828 0.006
Standing 340.15 331.77 29 1795
Lying  440.833 363.07 18 1848

HF Sitting  340.31 29232 23 1525 <0.001
Standing 113.25 128.69 4 813

Lying ~ 49.67 50.31  11.06 88.97
LFnorm  siting  57.33  18.04  18.23 91.19 <0.001
Standing  74.36 15.50 19.04 96.56

Lying  50.31 16.50  11.03 88.94

HFnorm  giting 4266 1801  8.81 81.77 <0.001
Standing 25.64 1550  3.44 80.96
Lying 123 087 012 4.26

LFHF  sitting 198  1.86  0.22 10.35 <0.001

Standing 4.70 4.14 0.24 21.66
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Frequency domain heart rate variability parameters are sex dependent in an
apparently healthy Taiwanese population

Yueh Chen?, Ching-Shiun Chang*, Jia-Jun Lu?, Ming-Ju Tsai', Yu-Shan Chen?,

Ing-Fang Yang?®3, Ten-Fang Yang™*
! College of Biological Science and Technology, National Chiao Tung University,
Hsin-Chu City, Taiwan

2 Department of Internal Medicine, Jen-Chi General Hospital, Taipei city, Taiwan.
% Institute of Biomedical informatics, Taipei Medical University, Taipei city, Taiwan.
Abstract:
Introduction: It has been reported that autonomic nervous system and
cardiovascular mortality are highly correlated. And heart rate variability (HRV)
could reflect the modulation between sympathetic and parasympathetic
nervous function.
Objectives: The aim of the present study is to analyze the gender differences
of short term (5 minutes) time domain and frequency domain HRV parameters
in an apparently healthy Taiwanese population.
Materials and Methods: The study was performed at College of Biological
Science and Technology, National Chao Tung University from September

2008 to December 2008. A total of 100 healthy students from the university (50
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males, aged 24 + 3 years, and 50 females, aged 23 £ 2 years) without
evidence of any heart disease by history and routine medical checkup were
recruited for this study. The short term HRV recording was derived from the
Modified Lead II-ECG, by a locally developed and manufactured device, D
ailyCare BioMedical's ReadMyHeart. All subjects were asked for lying, sitting,
and standing for each 5-minute recording, and all of them must rest for at least
5 minutes before the measurement.

Conclusions: (1) There was a statistically significant sex difference in
frequency domain HRV parameters but not in time-domain parameters in all
postures. (2) The high frequency component of female is greater than male in
all postures. This might imply that parasympathetic tone in female is higher

than that in male.
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Postural Changes Influences on Heart Rate Variability in an apparently healthy
Taiwanese population
Yueh Chen?, Ching-Shiun Chang?*, Jia-Jun Lu?, Ming-Ju Tsai', Yu-Shan Chen?,
Ing-Fang Yang?®3, Ten-Fang Yang™*
! College of Biological Science and Technology, National Chiao Tung University,
Hsin-Chu City, Taiwan
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Introduction:

Heart rate variability (HRV) analysis has been used for many years to measure ANS
activities for its simplicity, accuracy, and noninvasiveness. Recent studies show that
HRV may be a powerful technique to measure the modulation and balance between
parasympathetic nervous system (PNS) and sympathetic nervous system (SNS) by
time and frequency domain analysis. It's believed that decreased HRV is a sign of
autonomic imbalance, which may be caused by diseases, and with aging, the HRV
decreases. Gender specific normal limits of HRV should be established to distinguish
the normal decrease of HRV from pathological decreases in diseased conditions. The
aim of the present study is to analyze the posture differences of short term (5 minutes)
time domain and frequency domain HRV parameters in an apparently healthy
Taiwanese population.

Materials and Methods: The study was performed at College of Biological Science
and Technology, National Chao Tung University from September 2008 to December

2009. A total of 115 healthy students from the university (57 males, aged 24 + 1 years,
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and 58 females, aged 23 + 5 years) without evidence of any heart disease by history
and routine medical checkup were recruited for this study. The short term HRV
recording was derived from the Modified Lead II-ECG, by a locally developed and
manufactured device, DailyCare BioMedical's ReadMyHeart. All subjects were asked
for lying, sitting, and standing each for 5-minute recording, and all of them must rest
for at least 5 minutes before the measurement.

Results: The statistically significant results differences from lying to sitting, lying to
standing, and sitting to standing and the difference between genders on different
postures were demonstrated. SDNN and RMSSD also decreased from lying to
standing(P[ 0.01, table 1), except lying to sitting of SODNN(P > 0.05). Total power,
representing the autonomic tone, also declined from lying to standing (P [J 0.01, table
2 and 3), except lying to sitting. Both the HF and HF norm decreased from lying to
standing (P [ 0.05). The LF norm and LF/HF ratio increased from lying to standing
(PC1 0.01).

Conclusions:

(1) There was a statistically significant posture difference in both time and frequency
domain HRV parameters.

(2) The results show that different postures strongly effect the autonomic tone from
lying to standing. The HF component of the lying is greater than standing, this means

that higher activity of parasympathetic tone while lying.
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Table 1: Relationship of posture to HRV of time domain. (It's significant differences

while P value < 0.05. P_s is the P value of lying to sitting, P.7 is the P value of lying to

standing, and Pst is the P value of sitting to standing.)

Posture Mean SD Minimum Maximum P value

Mean Lying 874.19 125.31 637.05 1291.93 | P.s | 0.001

RR Sitting 821.55 102.42 59243 1088.55 | P.r | <0.001

Standing 693.91 95.94  520.52 1013.83 | Pst | <0.001

SDNN  Lying 51.25 21.31 16.04 132.02 P.s | 0.315

Sitting 49.45 (159 Bl W1 SR 112.6 P.r | <0.001

Standing 37.60 15.26 15.13 98.41 Pst | <0.001
RMSSD Lying 41.09 1781 9.31 78.77 P.s | 0.017

Sitting ol /1 16.11 8.63 85.15 P.r | <0.001

Standing 18.96 10.24 6.14 70.1 Pst | <0.001
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Table 2: Relationship of posture to HRV of frequency domain of FFT. (It's significant
differences while P value < 0.05. P s is the P value of lying to sitting, P.t is the P value

of lying to standing, and Psr is the P value of sitting to standing.)

Posture Mean SD Minimum Maximum P value
TP Lying 1231.07 852.06 130 4009 P.s | 0.975
Sitting 1227.45 854.99 84 3971 P.r | <0.001
Standing 803.18 711.48 111 3320 Pst | <0.001
VLF Lying 44427 393.11 28 1980 P.s | 0.66
Sitting 519.2 682199 232 2183 P.r | 0.086
Standing 354.24 393.24 39 2580 Pst | 0.032
LF Lying 396.0 339.46 36 1794 PLs | 0.259
Sitting 453.32 416.76 29 2784 P.r | 0.153
Standing 333.77 313.53 28 1674 Pst | 0.015
HF Lying 43435 357.68 27 1836 P.s | 0.018
Sitting 1333 W T A oAb P.r | <0.001
Standing 114.14 130.08 4 868 Pst | <0.001
LF Lying 49.81 16.23 il 89.19 P.s | 0.001
norm  Sitting 57.50 17.73 18.27 90.86 P.r | <0.001
Standing 74.17 15.20 21.53 97.02 Pst | <0.001
HF Lying 50.17  16.22 10.81 89.87 P.s | 0.001
norm  Sitting 42.49 17.72 9.14 81.73 P.r | <0.001
Standing 25.83 15.19 2.98 78.47 Psr | <0.001
LF/HF Lying 1.23 0.87 0.11 4.99 P.s | <0.001
Sitting 1.95 1.76 0.22 9.94 P.r | <0.001
Standing 4.44 3.56 0.27 19.94 Pst | <0.001
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Table 3: Relationship of posture to HRV of frequency domain of AR. (It's significant
differences while P value < 0.05. P s is the P value of lying to sitting, P.t is the P value

of lying to standing, and Psr is the P value of sitting to standing.)

Posture Mean SD Minimum Maximum P value
TP Lying 1292.44 892.34 141 4124 P.s | 0.797
Sitting 1262.08 855.44 91 3732 P.r | <0.001
Standing 819.04 681.25 113 3658 Pst | <0.001
VLF Lying 46797 393.39 29 2166 P.s | 0.354
Sitting 520.05 457.00 38 2516 Pur | 0.213
Standing 397.73 461.90 39 2940 Pst | 0.045
LF Lying 393.39 341.63 33 1858 P.s | 0.236
Sitting 457.67—-427.11 * 30 2828 P.r | 0.210
Standing 340.15 331.77 29 153 Pst | 0.021
HF Lying 440.833 363.07 18 1848 P.s | 0.022
Sitting 34 0, SIS TR = 2 8 1#5y.5) P.r | <0.001
Standing 113.25 128.69 4 813 Pst | <0.001
LF Lying 49.67  50.31 11.06 88.97 P.s | 0.001
norm  Sitting 57.33 18.04 18.23 91.19 P.r | <0.001
Standing 74.36 15.50 19.04 96.56 Pst | <0.001
HF Lying 50.31  16.50 11.03 88.94 P.s | 0.001
norm  Sitting 42.66 18.01 8.81 81.77 P.r | <0.001
Standing 25.64 1550 3.44 80.96 Pst | <0.001
LF/HF Lying 1.23 0.87  0.12 4.26 P.s | <0.001
Sitting 1.98 1.86 0.22 10.35 P.r | <0.001
Standing 4.70 4.14 0.24 21.66 Pst | <0.001
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	據文獻報導，最早將HRV使用在臨床應用的是在1965年，婦科醫生 Hon與Lee採用監測儀監測分娩過程時，發現胎兒的心率變異性降低，同時也偵測到胎兒窘迫症(fetal distress)的發生[46]。較特別的是，在發現此症狀時，心率變異性雖然有明顯的降低，卻沒有偵測到任何心率的改變，也因為此發現，而使得學者注意到心率與心率變異的差別。1977年，Wolf等人發現心肌梗塞後的病人的HRV的降低與高死亡率有高度的相關性[47]，他們認為，HRV 有明顯降低的病人，其死亡率也相對的較高。其研究也在後來...
	在確認HRV的降低可作為心肌梗塞後的死亡率有力的預測指標[48]以及預測心臟性猝死的指標後[53]，醫學界開始了對HRV的重視，而HRV也在此時被廣泛的研究。其中最重要的是，HRV成為了心血管疾病主要研究對象，另外還包含了非心血管疾病的神經病變之疾病，皆可使用HRV作為研究工具。HRV在學術研究或是臨床上的使用也越來越普遍。
	然而，雖然這些研究對HRV的在臨床上的發展越來越普及，卻也產生了新的問題，其中包含了分析方法的不同，指標的錯誤選擇，或者是儀器品質的低劣，這些問題可能會造成醫生在評估HRV時的錯誤結論，或者是每家醫院所使用的指標皆不同，因此無法進行比較或統整，或是在評估某一病人是否有降低的HRV而易造成其死亡時，無明確的指標可以指出此降低的HRV是因為自然產生，或者是病變而產生，又或者是因為使用不同的儀器所造成的，這些問題，都造成了醫生在診斷評估時的問題。因此，為了提高HRV在臨床使用上，作為心肌梗塞後的死亡率預...
	因為簡單，準確，以及非侵入性的優點，HRV成為預測心肌梗塞後死亡率非常有力的預測工具。希望可以藉由HRV的研究與應用，使得可以找出心肌梗塞後死亡率與心臟性猝死的早期預兆，作為評估病人的預後狀況，治療的監測，更希望藉由早期預兆而找出相對應的治療方法，而預防死亡的發生。
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