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The investigation of heart rate variability in uremic patients
with respect to metabolic syndrome, diabetes mellitus and

high-sensitivity C-reactive protein level
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(HRV) (p<0.05) ¥ im™ - A FpizH (AR TRERARK
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BACEAFERN A 2EARE (ANSWatch®) # % s
FRmrpz BRATFBR B F R ITE S R B e FL
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B34 = BRATI B BRI R E R hn B

BERY e NGRS T3 B BIBESRER L R o
BRI F T ERAcE SRR (R135) © #¥- BHRFSL 4
g R (HRV) B3 > d e f iR 4 3 3 R BIBHeds it i
Rt BAD, (B 3.6) o oM m LB T IEEr  REUERT
foigE 241 (B 3.7) -
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Bl 3.7 w4 fF@uss 4 T AL E (ANSWatch ®) & 17 P fF foif
B A 45

wEgE (HRV) A4 %45 1996 B%ARE °» & 35007 4 3

(1). The original data was fed through a low pass FIR filter at 0 to 14
Hz.

(2). Fundamental frequency was determined based upon the first 5-

second data.
(3). The primary peak in each cycle was determined.
(4). Peak-to-peak intervals were calculated.

(5). Time-domain HRV parameters (mean period or heart rate;
variance and standard deviation of peak-to-peak intervals) were calculated.

Peak intervals greater than 4*standard deviation were removed and not
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replaced.

(6). Peak-to-peak intervals were re-sampled to 1024 points with

interpolation and Hamming Window Adjustment.

(7). Fast Fourier Transform (FFT) was performed with Hamming

Window Adjustment.

(8). Integrations of power spectral density between 0.0001 and 0.04
Hz for the very low frequency component (VLF), between 0.04 and 0.15
Hz for the low frequency component (LF), and between 0.15 and 0.4 Hz

for the high frequency component (HF) respectively were conducted.

(9). Frequency-domain HRV parameters {VLF (AU), LF (AU), HF
(AU), LF (NU) [equal to LF/(LF+HF)*100], and HF (NU) [equal to
HF/(LF+HF)*100]} were calculated.

e F R (HRV) 24728 » 2 LAl pk (L& 5 52 @R%
POEL R EER R A Be n ik w0 27 L T R T ACIE 4 R R
WA el ) Rty P A (ER R 1996 R °) o 1T

Fldve s g % R S (HRV parameters) 2 327 & °
(1). HR : Heart rate (beat/min)

(2). HRV : Total ANS activity index (ms); equal to standard deviation

of adjacent peak-to-peak intervals SDNN defined in 1996 standard

(3). VLF(AU) : Very Low Frequency (Absolute Unit) (frequency
range 0.0001~0.04 Hz); its physiological meaning not defined by 1996

standard

(4). LF(AU) : Low Frequency (Absolute Unit) (frequency range 0.04

~0.15 Hz)); sympathetic (and some parasympathetic) nervous activity
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index

(5). HF(AU) : High Frequency (Absolute Unit) (frequency range

0.15~0.4 Hz); parasympathetic nervous activity index
(6). LF(NU)(%) : Low Frequency(Normal Unit), [LF/(TP-
VLF)]*100; contribution of sympathetic nervous activity
(7). HF(NU)(%) : High Frequency(Normal Unit) [HF/(TP-
VLF)]*100; contribution of parasympathetic nervous activity

(8). LF/HF : Ratio of LF(AU) to HF(AU); sympatho-vagal balance

index
BrARd OB @Ry 4 BT AR (ANSWatch ®) #F 2 iz 1%
#2 (Very Low Frequency) # 32§ & » fe

vt 1996 % ¥ 2

T O
& o & T MHE (Very Low Frequency ) #cdy 7 & 3
R
i A

SR * LBl (EKG) s F %2 (HRV) A 7477 » °
Bl - BRF IR %’Eﬁiffﬁﬁ'—@'fgﬁfb;ﬁ\ﬂ s B

Av\ *ﬁ_/gﬁ i‘n 32,33 y

F %3 (HRV)

T B (EKG) 1t g > 37 £ cyp Hrelt 2 4p W O dic
0.75 7] 0.99 # Bl p -

%5 NN

7

1’Li_ ﬂ\@ ’ J\lrﬂlg’}l—,uf_‘—‘gm(@ﬂ;ﬂ—\.,lmi;fﬁ_‘
=

(ANSWatch®) (& #f 88 ()27 44 448w FEHU
001525 %) e gt r» - BERMAAUABRTERBE > 1 K51
APRERZF SERTAE S FIRAHm A A S ) T HESL R

%o FEP-MArae R A o

%5

.o P B (ECG) i > 452 s (4pRf 2¥c) 7 0.90 7|
10%®P°EE%%%%%%%??ﬁ%ﬂﬂﬁﬁ’ifﬂ

v T gl sk
RELNZE T PR o B u B RN A

= A% (ANSWatch
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®) PIFN T4 £ LCD Bk 1+ &g ~ BRlEH chidie (¢ 3

& 4480 et #ic (heartrate) T 5 R (systolic pressure ) ~ &%3k &}
(diastolic pressure) ~ <= F %2 (HRV) (& 540 &2 % F
FEpE R e £ (SDNN) ) » #Ag = ;> 7 4 (low frequency )
(NU) > 3#g =07 »+ (highfrequency) (NU) > 2 g/& 2R
T g (LF/HF) o3 ~4p 7 S ¥ (cardiac

arrhythmia) o« 2 v w2 (HRV) %# (b4 25 F (Total
Power) - =48 (% %) (lowfrequency) (AU) > B4F (% %)
(high frequency ) (AU) - 4z 48 (% %) (very low frequency )
VLF (AU) - ipasig & g2 R Z (RMMS) - 4p 28 R-R & I +
% 50ms F A+t (PNN50) % % #% 44 45 47 o 2567 $ £ -

BN E RURE R TR LR

g * 2005 # At I 2 BB FEERM R T R S A ek dp !
% Il %< (National Cholesterol Education Program’s Adult Treatment
Panel 111) (NCEP-ATP HIl) i\ Sfg i3 2 ek 2 %7 p) (13 3%
) BRI in:fj\},%%g ( International Diabetes Federation )
(IDF) it B i ¥ ik L8R o &g iR 2 R REEFMR K
T 3 F 3 2005 & Ak e A /rl%#ﬂ 51 % 1115 (NCEP-ATP I1I)
TE& o NBEGEE (MetS) (i ¥ri n ™7 Bled TS 1L &R :
R =102Ccm & 4+ R = 88cem; 2. 5 P = Y B g
(Triglyceride) : = pa+ i "k & =150 mg/dl & = JR* *% = paH
P 3.0 ¢ B R A Y A (High-density lipoprotein
cholesterol ) )k & @ ¥ 14 B % & "3 v "2 FAE<40 mg/dl &+ 13
B g 3-v PEEIR<50mg/d] i 4. s B ¢ jckER =130 mmHg & 45 &

13



>85mmHg e PR ok B BEY (5 T L TR ER
=100 mg/dl & = JR* o AE B ES o 24

FFF T TREpRGEHE ) c AL EROERE L T LR
AZiE 90 & A > L PUEFAZE 80 A o (3 E R AT HERA
W 102 2 &~ A MORFIAZE 88 o 4 L OEIRATIL L oV & § PR
AZiE 90 = &~ A HEREIAZE 80 w4 S LRI R e )

2005 & "% o B g (International Diabetes Federation ) 4+ $f
RS TR SRR S T AT BAEGFF (1P R Ay
HAEFAZE 90 = 4 A PLERAZE 80 o4 (L %EH) 5 L &K
RoFR G Aer BAGTIT Y hiEs B T LS TR
iEE | o2 % ¢ = fH Wy (Triglyceride) @ = a4 i %5k & =150
mo/dl & & JR* % = feH W B 3 0 ¢ B BA Y R0 LA
(High-density lipoprotein cholesterol ) )k & © 5 4+ & B & 75 -9 27
AE< 40 mg/dl & 12§ B & 5 hov PEFAR< S0 mo/d] 5 4. B jci
B =130 mmHg 2« 475k B =85 mmHQ 2 & FR* (5 B o BMEF 5,
T B F A K E =100 mo/dl 2t 2 PR o AR AR E S o (R
3.1)
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B 5 ¥ TRk 2 8T R

F R IR A FT
= A fr’%‘ifﬁ'

1
¥ [I1 %

SETY LT

§ILERACE 90« A
Az 80 =&

& M
(I M &H)

R4 E 902 &
&580

T

p
ik =

e eAL 3i3

Al (LEHE) Rk

= fid kA =150 mg/dl s e
PR VE = FH b v

ZpeH W gk R =150 mg/dl# e
PRF TEZ e iy B

§ B %R0 EEAREC 40
mg/dl &~ 45 % & "5 kv L HE
< 50 mg/dl

THE ®BAE Y PEFHAEC 40
mg/dl &~ 145 % & ' kv "L H R
< 50 mg/dl

v]zé{ﬁfi =130 mmHgz" 475k /& =85
mmHg e ¢ PR* Jof B o RE S

Tedg/® =130 mmHgs* &5 & =85
mmHg e ¢ PR* JoR B oL RE S

T #E =100 mg/dlst & PR*
iR PR

TR HEE =100 mg/dles e PR
ie R E

MY T RESTFFFE IR
() mt

SR ER S ER T
Bk FS ¢ hiz s B

H 4w

46 mELk

A3 Bgp i T iEEs

test 2 Fisher’s exact test | &7 2 %

» ¥
B3R °

1% 22 (means = SD)
i B o %2p<0052

Az LT o Tt

']‘~ —— F ju;"'
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& NBhEEFEE s ek 41

RETF LY 0 K BRI RRRAEACRTE A8 5 R
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FoHE CMARE S RE F BT F (KTIV) & e plf iom st
2R PR RPN CHEGEFEEF TR A BPEEE R

BBl & PP G B AR 4 o e R 410

Wy ¢ > £ 23 1“52/?']-*‘ TR A SEA R AR e 11 4 g
EAEAORE 12 A o fERS U s BT ER S PR 2 REF F 0
F(KTIV) & e XplHoa -2 8 HE - PRI E 4082 Mok
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Re g o X BERPIFEFRERCF BRI L FREA
BRREARCF R & kR B 3chlew 134 &3 &t &
CF@}-i%%&@*3ﬁ@ﬁﬂ0&°&ﬁ%‘ﬁW‘ﬁﬁﬁ
#s g S ME  PHFTEAEE KR S (KTV) & e x
PlEHEAFLE B RERFRERCF B £ kAF 3
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% 4.1

FEROER LA B A RADTRE I

FiA[Er [ FRRTEER [ MERARH | B BACE R C
v | B | BERTEES | F 30 sk
1 F1O| findsl B | A bR EE kR B3
E 115
P 5 ¥
A 3 17 (7495) 10 (439) 11 (489) 13 (579%)
E 6 13 12 10
¥ 3 57.53+8.19 61+8.68 57.18+8.47 59.46+8.57
o 57.67+9.45 54.92+8.56 57.9249.75 55.1+9.29
:I‘i \g]
4 75 7 2 5 5
g 3 8 5 5
R 4 10 8 6 8
& 3 5* 7 5
#H37 75 6.29+5.38 6.4+5.32 6.45+6.17 9.69+7.8
Ed# | & 15.33+7.55*** | 10.38+8 10.66+7.56 7.316.22
iE 75 162.65+8.46 160.9+7.91 163.82+8.69 161.31+9.45
F 160.83+4.92 163.15+7.58 160.67+6.53 163.3+4.57
W 75 64.84+8.97 66.34+9.04 67.7318.89 63.68+10.89
F 58.03+9.56 60.55+9.04 58.25+7.47** | 62.27+7.57
LA ) %* 75 24.45+2.3 25.54+2.06 25.18+2.18 24.33+2.48
£ ;}% ¥ | 2 22.31+2.47* 22.62+2.02*** | 22.51+2.13*** | 23.32+2.49
oK E 75 3.41+1.25 3.58+1.42 3.77+1.21 3.68+1.13
F 3+0.58 3.09+0.83 2.88+0.87* 2.82+0.95*
fj\% ¥ 75 1.17+0.21 1.18+0.2 1.15+0.19 1.22+0.23
FHc | £ 1.31+0.24 1.25+0.23 1.22+0.24 1.19+0.22
;"?:

%2 p<0.05 ; **% p<0.01 ; ***% p<0.005
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o B R AEEM AR fOR LML R fORE 0 ok 4.2

WAL Y o X BEXRIHEFRREACF B L FREAS
WA GEREARCFE iy o FERF» 3w 134 23R &
CFrldr s kAR M3 3ehienl 10 4 o AfTHR - 4758 R ~
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= ;L“ X= ‘-‘-I % %é L X ‘*‘F’ .,}3 ;J.; ;&T& f,%

% 4.2

AP B TS cdp B M2

RE | LR | ERRRIER | AEBRRS | AR AR EC
BE | TS | mRTEES B F i i
MES | F | AieRdnsl B | SEpR e R F 3
1 HI 5
i i 3
ﬂ(f{'ﬁfﬁ 3 160.24+27.08 149.9+22.73 166.18+30.18 162.77+26.1
F 152.83+23.69 162.92+26.52 151.08+19.92 152.5+£25.84
EPIRB | T 87.88+13.3 81.6+8.83 88.73+£14.88 88.38+14.19
F 78+9.84 88.15+15.28 82.17£10.81 81.3+10.79
o y 78.35£12.52 77.5£11.87 82.73£12.21 78.46x£13.4
) 74.17£6.52 77.08£11.29 72.25+7.85* 74.4+7.44
T | P 151.53+96.24 162.7+£113.85 185.82+105.22 | 169.15+103.41
¥ F 80.5+18.61 110.15+57.64 84.58+15.92*** | 86+23.31*
BRE |G 34.53+£5.55 34.5+6.28 34+6.16 37.23+7.64
YEEIRE | A 50+£13.8**** 41.69+12.45 42.75+12.38* 40.3+13.95
ZEY |7 180.47+102.52 | 195+107.9 214.36+110.33 | 163.46+109.62
Wy o 64.33£19.78** | 115.69+86.42* | 91.33+44.06*** | 132.9+94.57
") y 87.35+10.39 92.619.14 90.91+10.31 87.1519.54
F 81.5£7.5 80.62+7.05**** | 81.,1747.09** 84.1+10.63
*% p<0.05 ; **4 p<0.01 ; ***% p<0.005 ; ****% p<0.001
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AL G ORE T A R

# p= (Glutamic Oxaloacetic Transaminase > @ #i- GOT) ~ B ep & §

F peoeii & # p= (Glutamic Pyruvic Transaminase > # £ GPT )

FpE - dw 2eifi s (Alkaline phosphatase - f§ A Alp) -
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v o~ R F SRR PR Y B ORAE S FF (Glutamic
Oxaloacetic Transaminase » f§ - GOT) ~ £ '&pk & § § pareii g 5 p7
( Glutamic Pyruvic Transaminase » f§ # GPT) ~ "2} ~ dk |2 Aapk
f= (Alkaline phosphatase - i #i- Alp) ~ 4p3+ ~ 4o+ ~ 4T3 -

BRALT 2 ATRAR AR R RS B R R0 E A LB e 430

B i F S A BT 0 3 23 RISy B AR AR A SEA SRR
B 1l A mpERp e 12 4 ot Fed ~ SREE S VUERERS BOR
fe 3 % peoe A & # f5 (Glutamic Oxaloacetic Transaminase > # -
GOT) ~ pi=pt £ ¥ § o= # 4 fF (Glutamic Pyruvic
Transaminase > i # GPT) ~ P2 % ~ dk pipi e (Alkaline
phosphatase > @ #£ Alp) ~4h 315 ~ 493+ ~ 4EHF 2 JRELS B
Rl Em it 2 R0 Wik S BT 2 TR R RIME R e R E <
3R OB ddok 43

B F G Y o K28R E R B AR R CF R
i '}%;}é)‘;/ﬂ\ Rpe s Batk R CFJEFY o 9%5%)}?1 B>t 3w 13 4
BERRARECF RIY & ‘}%;‘fé}i M3 3enm B 10 4 o A% Ev ~ 9
B0 o~ EF o~ BRRE FROAE ST (Glutamic Oxaloacetic
Transaminase > f iz GOT) ~ B &eph & § § pa'=A #€ # pF (Glutamic
Pyruvic Transaminase > f§ # GPT) ~ "2 %A% ~ sk {2pipi s (Alkaline
phosphatase - § #£ Alp) ~ 4315 ~ 495 ~ 435 -~ B S ~ 4T
AR AR 2 e Bl F PR A AR o PRI RE R CF B
oo FER B3N BEF RN ACKF B kR

M3t 3 ehe ] 0 ek 430
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% 4.3

AR RF LA ie s i 53 afp i 2

2 (L0 [FRATER | REBERS | BRR BRRRCE
fE | BETEES | o35 s i ik
VNS T STE I QAT T B33

S 11

R 3

K 6.7520.42 6.67x0.45 6.85+0.41 6.76x0.52
v # 6.53+0.47 6.71+0.43 6.54+0.42* 6.6+£0.3
3 |7 3.930.2 3.96+0.19 3.92+0.17 3.87x0.15
v # 3.73+0.27* 3.82+0.25 3.84+0.28 3.89x+0.32
f]\j% 3 74.06+£16.26 72.45+13.91 77.59+£19.01 73.65£19.5
¥ - 72.68+£14.22 74.66x£17.04 70.13£10.95 73.77£8.75
PURL | F 11.58+2.13 11.23+1.2 11.38+1.76 10.68+1.87
i F] 11.43+£1.96 11.78+£2.54 11.69+2.35 12.67+£1.75*
GOT | 3 21.24+18.04 15.944.72 14.45+3.67 18.31+11.03

# 15+6.23 22.46%£20.5 24.33+£20.87 21.3+21.02
GPT | 3 24.59+34.11 15.1+6.42 14.18+4.69 18.23+10.21

# 18.83+6.71 29.23+£38.17 31.25+£39.42 29.4+43.5
EE | T 165.24+26.47 164.7+£23.88 169.18+30.28 162.54+30.29
it # 148.67+29.3 158+30.72 153.33+23.56 158.8+25.01
Alp 3 136.29+84.38 118.7£71.59 110.18+55.39 142.62+83.26

) 118.83+52.14 141.77+£81.51 151.5+89.64 117.6+£68.42
QE | 3 135.12+3.67 135.8+3.97 134.91+3.67 134.77+3.95
3 - 138.33+£3.36* 136.08+3.97 136.92+3.78 137.5+£3.06
3| 4.95+0.92 5+0.89 4.97+1.03 4.83+1.07
3 ) 4.88+1.36 4.88+1.14 4.89+1.05 5.06+0.99
AL | 7 8.58+0.78 8.64%0.86 8.59+0.88 8.66x0.87
F # 9.1+0.56 8.78+0.69 8.83+0.62 8.79x0.6
B | 3 5.34+1.23 5.18+1.14 5.84+1.16 5.43+1.28
3 ) 5.18+1.08 5.39+1.23 4.81+0.98* 5.13+1.05
k| 3 45.64+10.67 44.28+8.49 49.84+10.4 46.77+10.98
*fH | £ 46.91+8.19 47.27+11.04 42.3448.27* 44.93+8.79
PR B 3 8.98+1.3 8.97+1.59 0.01+1.44 8.79x1.6

# 7.03+£0.62*** 8.09x+1.24 7.98+1.31 8.06x1.15

*% p<0.05; **% p<0.01 ; ***% p<0.005 ;

Bx RFF a2 > £ 230
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BRHEE A o bk G £ A RS B R R L

RS TR
4.4 ¢

B IR F) S fp LR

v

AN "ﬁ B

F® 10 A ‘VE’.ﬂi ll“’-gi'}f]i iE E

X 23 % J

RBbEEH e F A0 a A 3hpiaEe » Ficik

ﬂ:n ‘}'ﬁﬁ;}?&%ﬁ_ jn\tk\Fl

$ 134 o o s

?“‘éiﬁ&i+%ﬁ£%w$ﬁﬁf&iﬂ’ﬁ%%4m

2ok F S g MY - X

L 23 P

5 AR A SR B R

e ll A g ipel2 4 e pa d 3 B E LS B

B ‘F}f o Bt

Z:t\' 4.4 -

EFS R N R A

9 i kR A A

£B 6 s kR Ao B

K %%}’T\f]% B e

523 xS iRl% kB ACE R CF 3
BACR AR CF 3y s kR B 3ehew 13

AR AR R CF B Ey & kR M 3ene 104 o Bk d

BE S AR ] A B R

D@ AR o ek 44

3 4.4
T OREEE ﬁék\ P w3k Tl ndp B L

23R | LR | E AR TRIER BRAE R | RO %R R CE
3 | FF | BT EE A B b F-0 w ik R

3/ Aiedrdpsl F g i ¥ %3

& e

SR i

wd | F 9.99+1.39 9.3+1.26 9.75+1.26 9.71+1.24
% & 8.85+0.82* 10+1.39 9.65+1.49 9.68+1.55
=F |7 30.57+£3.74 28.5+£3.29 29.7+£3.57 29.77+3.33
pL F 28.25+2.67 31.06+3.52 30.18+3.75 30.18+4.07
CEE N 7051+1002 6881+1226 8088+3322 7349+3293
E5 & 53281626 638713660 5239+1303* 56301790
ol |7 185820461700 181400436830 | 206180+50420 | 18620057400
I & 187000+63526 189769175547 | 167750+£65500 | 186100£68000

*% p<0.05 ; **4 p<0.01 ; ***% p<0.005 ; **** % p<0.001
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B RE T adp Y o K 23 X RIF & F WK REEFIR
KTFEFCshms 8 NRA A 5 b e 17 L & &
RBEiEFE e 6 4 o Addr=s MAE % 48 (low frequency/ high
frequency - ff 4 LF/HF) SR M (LFHF) ~ 545w i
#F (low frequency » f§ fL LF) ~ #4571 M4 (LF) ~ J45= 4
(high frequency » & f HF) ~ %451 84 (HF) ~ 54515 4p sk 2
Bz % %X (RMMS) ~ #4773 4p 38 R-R P 1§ ~ t 50ms | 4
(PNN50) % #4756 4p 48 R-R R Fg ~ * 50ms | 4 v (PNN50) =
SRlFEarT AR Bt s gL (HRV) ~ @i w5 %3
(HRV) ~# 47w > F (Total Power » i #£ TP) ~ #471s 27 F
(TP) 2 &A1 4p A5 & B 3E2 R L (RMMS) RIF * HE i 3
EEF YR SBPERFE S ek 45

g g g B F]S ip MR Y o % 23 Rl O R R T R

AU R AR EHE 104 B E N SR EEE 13X o AT

cxgR (HRV) ~E#H8e5%2 (HRV) ~&EfHwm 2835

(TP) ~ #4586 27 5 (TP) ~ Hi7w Mg g 47 (LF/HF) -

1516 SAE B (LFHF) ~ 35455 Mg (LF) ~ 54915 M
(LF) ~#47m 34 (HF) ~ #4715 B4 (HF) ~ & 477 4p akg &
ez % L (RMMS) ~ 547 (5 4p ARE 4 fF §E2 L8 £

(RMMS) ~ #4750 4p 48 R-R FFg < > 50ms | 4 ¢ (PNN50) % %
17 {5 4p A8 R-R A f5 ~ 3t 50ms | 4 +* (PNN50) = Ex/PJﬂ SF e
AR 5 Fhrdk 450

-‘;’5'\»3%%& BTJ-;"‘ Eﬁ*ﬁrﬁg‘]ﬂlt’ ’ -‘!i 23 ff_i J;F}]Z };«]»}3’:}"’1\}?54\&\?&\;
R e 11 4 2 R AR Ao i 12 4 - BT BT R A
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(LF/HF) ~ #4718 =8g (LF) ~ & 477 34 (HF) ~ #4718 34
(HF) ~ & 475 4p s 4% B ez 4R 2 (RMMS) - 3447 1 4p 202
% 2 % L (RMMS) ~ #4755 4p 48 R-R B I + 3t 50ms 7 & +t
(PNN50) % #4715 4p 48 R-R R Fg < »2 50ms | 4~ +* (PNN50) = &
XRFEasT AR cFirR A (HRV) ~ @i w53
(HRV) ~#&47% 22 5 (TP) ~ B4 22 F (TP) ~ &7
AE R (LFHF) 2 455 0O (LF) PURE AR 288 ¥+ 30 a %
Fup e o 544 45 ¢

By

B FRRFFOpPREY L BERRFEFAERCF
oo FERAEA ZEMERCF B v FIEAF Y 3y
Bragap kR CFr Edy wijkR a3 104 o 5471
SHFHE (HRV) ~ #4788 25 F (TP) ~ F 457 MAg 34"
(LF/HF) ~ #4575 toig (LF) ~ 354715 #F (LF) ~ $47% 348
(HF) ~ #4718 84 (HF) ~ %5457 4p #8% 4 [ bz L8 %
(RMMS) ~ %4515 4p #8284 B E2 £ £ (RMMS) - %455 4p
A% R-R ¥ Ff + %+ 50ms F A ¢ (PNN50) 2 i% 45 {5 49 #% R-R ¥ [ =
* 50ms {4 v+ (PNNSO) & e 2 ipl 39 @ i3 £ 3 o 47w 5 %

£ (HRV) ~ &5 22 5 (TP) % #4718 Mg g 4+ (LF/HF)
PIBAR R CF fodd s if kR 3chianlg¥ [ 3 R C
F o365 ik B MO 3] dded 450
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% 45

R il s B i st IR 1 B =

SER | ER | ERRAREER | RERARE | BRR AR RCF
$FS | FS mn FES B o dd s ik R
PR | AieAAR R | REpE R %43

15
P 3 3
LER LT 3 14.88+7.94 15.5+5.54 13.27+7.48 14.54+8.1
HRV # 24.5+4.76** 18.85+9.97 21.17+7.48* 21.1+7.48*
H A7 18 3 14.65+6.37 14.6+7.41 13.45+5.54 14.46+6.04
HRV # 21+4.38* 17.62+5.62 18.92+6.37* 18.7+6.55
LER LT 3 280.9+246.9 267.9£166.7 227.09+235.55 | 271.92+248.32
TP ] 619.2+231.2** | 447+331.5 499.33+£264.56* | 495.5+284.34*
FEA7is 3 250.88+214.76 | 262.6+259.31 206+150.5 242.77+167.65
TP ) 457+£169.71* 337+190.15 395.08+240.96* | 385.1+262.17
LER LT 3 0.59+0.44 0.75+0.45 0.57+0.42 0.53+0.37
LF/HF ] 0.77+0.67 0.55+0.53 0.7+£0.57 0.77+0.61
FEA7is 3 0.72+0.82 0.79+0.71 0.41+0.45 0.43+0.43
LFHF | & 0.89+0.8 0.74+0.89 1.09+0.92* 1.21+0.97*
LER LT 3 30.29+28.8 32.3+£26.88 21.09+21.92 27.62+28.38
LF # 55.67+£30.79 40.46%34.14 51.42+31.3** 49+30.94
HiTie 3 39.06+102.68 | 58.2+133 12.18+14.92 16.46+18.34
LF # 50.33+49.82 29.54+38.58 69.33+£120.87 75.2+132.56
LER LT 3 69.59+83.46 56.4+57.4 55.82+82.79 62.62+79.41
HF # 121.83496.95 | 103.85+103.34 | 108.33+£88.51 110+95.55
HiTie 3 38.65%+47.56 44.7+60.74 30.45+20.59 39.69+41.94
HF # 78.17+64.81 52.23+£50.5 65.92+121.6 61+67.04
LER LT 3 18.71+12.08 17.749.46 17.64+12.2 19.69+12.68
RMMS | & 31.5+10.89* 25.38+14.48 26.08+12.64 25.1+13.16
FEA7is 3 16.24+8.91 16.3+8.86 17+9.67 19.23+£10.32
RMMS | & 20£10.9 17.92+10.03 17.42+9.49 14.6+7.66
LER LT 3 2.97+6.44 1.92+3.13 3.66+7.92 3.3£7.29
PNN50 | & 1.24+0.49 2.98+6.97 1.48+1.41 1.51+1.52
FHA7is 3 1.51+2.52 1.61+2.54 1.32+2.19 2.37+3.81
PNN50 # 4.06£5.73 2.61+4.39 2.96+4.59 1.91+3.64
4 p<0.05 ; **% p<0.01 ; ***4 p<0.005 ; **** £ p<0.001
Wk 2 B endp B (1) 23 st Rl 2 2 BB REEFIM K
TEHEF AR E NESHEA G AIPEGEE LT A 2 g

B iEFEHE 6 A o (2) 23 =% J % J ‘%FJ’\}%B}’?&A’\&L‘FTA\;’}? o
Bhm i e 10 A g (N Bhg i
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@13 4 o (3) 23 =& J;Jz,;\,}%ff\)?;/}z;ﬁ/};#%ff\}?aﬁll AR
e 12 4 o (4) 8%l kB A & CF Ehv & F kAR A
AR R CF fodv s iF kR B2 3ehien] 13 4 & U3

Flsd-9 b kR M0 3enken] 10 4 o iyt @ w2 B epkighit i

= 2

L;-P‘Av w HI}:&

_L)J_ ol

—\

G

IE
EREL
25

A8 (p<0.05) i (1) ¥ IR FIEHB KT
B OISR A 8% A (R i ¥ e FE AR OB R A AR A

> 1 N N
R A

SrpiEFEFe; (2) FRRTEEABKTES LR s Hw

<

AR RBE EE ORI BE; (3) BABEEBRERCE

3=

BrmenItER) AP LD

° ;3—'&‘-"%\ 46 °

4.6
R k- gy X el
2 RR RIERRE | RRERT | WA B AR R
KT PSR R CF I
FKednal & 1R R 2BhR i 3 kR
PR i %3
x 4 17/ & 6 4 10/& 13 | § 11/& 12| 3 13/& 10
#
R'E¥Eom |3 | 10/0
B3 B 10/ |7 16
Rgpm iz | & | p<0.09*
13
WwhRom |3 [11/0 714
11/ |6 /6 3/9
& | p<0.05* p>0.05
12
BAARREC |7 11/2 716 9/4
FR3v s |13/|6/4 3/7 2/8
R G & | p>0.05 p>0.05 p<0.05*
3 10
FAR R C FOABEEE | SRR | OBRR
F o o 4.75%£3.23 5.09+3.38 5.15+2.87
kR &N B i BN | B AR
2.34+1.25 3.37£2.6 3.17£2.96
p>0.05 p>0.05 p>0.05

* £ p<0.05 ;

** 2% p<0.01 ;

%% % <0.005 ;
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HERRRIERARKT RS AR B MRS A 5 =2
o A w G (1) AEPRGEEFFIHECEN 226 45 (2) A
EEHFFEEN 32045 () ABREEFFERLANENL e
8 A o btu|radbamigF A B2 NIEGFEF]S F 3t E Y
P RBEGEHE T EN 28 R FE R HR
(HRV) ~&7isw F 2 (HRV) ~&455 22 F (TP) ~ &7
fe2xF (TP) RPINSPREFHFF H AN ENL 0B F 3
GEHFIH)TEN 2 o n NBEGET) I AT E N 4 pi &
BEEFEFF)FHIENT IR R FERE (HRV) ~&478
27 EF (TP) R ABPRiFFF]F s 230 4 B ¥ ] 5 R Shg iz
FHFFEBEN e o FAok 47

7 4.7
BRI FAEFM R T Y i Rl B TIOR8
Rl A il i i i ksl R

£

i &
B B 1 B
B E T | A B i F ll“’&]_)'illf%i:r‘]
FHEATEN | FEE ] F B N EA
4 2
n=8 n=9 n=6
& # 59.88 55.44 57.67 P>0.05
+7.85 el 77 +8.19
o
g 3 4 3
& 5 5 3
ER T 12.38 17.11 24.5 * 1 P<0.001
HRV 15.34 +9.45 +4.76
LEN 11.5 17.44 21 * : P<0.005
HRV +5.24 +6.21 +4.38 ** 1 P<0.05
ER LT 178.13 372.22 619.17 * 1 P<0.001
TP +143.96 +289.55 +231.23
LEN 152.25 338.56 457 * 1 P<0.005
TP +137.84 +239.26 +169.71 ** 1 P<0.05

AR FEEFF RS EN LS NS R E TS B AN E N 2 a0t i F

ORGSR EE TS B T E 0 48 (N EE R ]S BE 0 3R
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ke KRR 2 Fadp it o (1) 23 Rl 2 F BIR

W%fﬂﬁ%?’x?%%# LopRedn sl E MR BEA 5 F A PhE 3 e 17
AR NEHEEEEG6 A o (2) 231K Jdﬂzfi&% R R 7EEFfE 57
g A ,p)%iﬂal“ s g4 2 NShE EEFF 2 E 304
8 4 g2 (N bE F R F)T Mol R B 154 o (3) 28 % plK kAR
P i s S o 11 A B m g o e 12 4 - (4) 23 % Rl
RRARLRCF IO L FIRRANA Z BARE AR CF ERY &L
ERFWIPEH 1I3AEFRERCF R & kR M 3k
B104 o A NEELERFLRE LT > (1) 2% FARATEERAR

TEE A A E RS A S G R B E s & SR
FEEILE A n e %R (HRV) 248 wx% 2 (HRV)
RlF AHCEFH e E PR SEEERE . (2) F W@]%’éﬂ
FE3cT 3 E N A e A sl B DES A 5 R B i H 75 ot 0 ¥
WA B RBEFEEF IR ERN 3R e SRR
(HRV) #5475 %3 (HRV) P & 3Pp F 3 73 it > 55
4R PO RS G FE TS B 2R 3 e (3) RAEARA
A #r%%:}?a.égti’ AN o B e X% R (HRV) &23547
R (HRV) RIS o a5 [t @ fope - (4) &3 %
BRCF odd s jFREAHAL S FRERCF 5y & FkAS
W3 n B AR R CF iy & kR Kt 3t i 3§
FasF B (HRV) RIZ AR A CF kv o kR 33 3l
BB F )RR R CF B hn b kR Kt 3 nl e F45 1
wFRE (HRV) RIA 2@t A8 - LB CFRE B | 7
BEAIAHEGHT]FH AN EN 4 Mo FHRED g
x4 (8+23) =3594 o 4%k 4.8

—\\

M
5

3
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% 4.8
gt asf (FRRATEERARKT &+ 4ok il 5 NR & g iz
AP GHELAGFFHALO B B RERCE Y 2T RAF
W3 B KRR TG ML

FrAir | 2R | FRRREER | FRETEER | AR B AR R
i FF | MERTIES | BRTES C* Jis 3-v
I EARIRREE £ ELE I IS - EEE T - i F kR

ENI I~ R 5 & 3 B 3

RAEEE | LR
#d 5

A 3 17 (74%) 8 (35%) 11 (48%) | 13(57%)

& 6 15 12 10
& i 3 57.53+8.19 59.88+7.84 57.18+8.47 | 59.46+8.57
& | 57.67+9.45 56.3+9.53 57.92+9.75 | 55.1+9.29

Beu |4 7 3 5 5

g & 3 7 5 5

4 10 5 6 8

%47 % 3 14.88+7.94 12.3845.34 13.27+7.48 | 14.5448.1
HRV & | 24.5%4.76%* 20.07+8.56* 21.17+7.48* | 21.1+7.48*
=R 3 14.65+6.37 11.5+5.24 13.45+5.54 | 14.46+6.04
HRV & |214.38* 18.8745.67** | 18.92+6.37* | 18.7+6.55

*% p<0.05; **# p<0.01 ; ***# p<0.005 ; **** £ p<0.001

FrEELAe g (FRRRERARKYFFZ > Aiskdpsl % 1
R I NPPRE G H A F S RAN D BB BAEAC
Fledi s kR A 3) (%3147 2 prR e B2 o i
BE) vt le o R Feanfphidt (1) 17 2Rl ik 2 W
RFPERABK T E S L nRdpsl B NRA A 53 AdbpgHE
I3 E AP EFE4 Lk S~ Er 1 FEE 2]
oy R (HRV) 2528 > S o5 %8 (HRV) pl3 &
PR FHE O E TR SR FEE o (2) 17 =R Rl & FR R
PR R T I E S A e R dn sl F NDR s s A 5 R PR 1 TS s

NEN LT A B RS EE TS )N EN 3210 A v F47
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2/ )ms iR (HRV) 2 FL 3 &4 n & 1] FEEHE
wFHER (HRV) PN SR G T+ 8 > 830 4 28 F ) 3 (N 3
B EH TS ol R 3 e (3) 17 Rl RSO A A 5 M
B 10 A 2 @A op B T A v B3~ B4 Ll - 547 2
I EEEE e R (HRV) RSORS00 ¥ | 5 &8 op 2
(4) 17T =2 plE =R R CF ik & FERAHA - 7R AR
CFIEdd s iF ER B 3chen| A F R A CF uhd & if
ER M3 n 8 A Bt~ BT 2 FEEIE T RE
AHFALAR EWLIHCFREPBRREARACE By 2 kA
B3N E B R CF By L kAR K 3

E:JJ o Ei—‘&f'%\' 4.9 °

* 4.9

FraeEi s (FRRREEABK T E S AR % NSRS S e - &
FRGHAGTFRASS AR ARERCF B0 S kRFN3) B d

REFAF M (EREI 2 BREC A s m L)
cER [ Ll [FRATEER [ ARTEER | iR FRERCF
$FS | I | BERTVEY | BRIGES T 39 ik

3/ Aiednsl & Aieldnsl ¥ B %33

E 1] N i

R g 53 4 &5

oF S 7 13 7 10 9

& 4 10 7 8
L2 T T 14.77+8.04 12+5.66 13.1+£7.87 1418
HRV # 22.75+4.43 19.9+8.03* 21.7145.28* 19.63+7.41
1|3 15.92+6.95 12.85+4.71 13.94£5.86 14.44x4.75
| P & 22+4.55 20.5+£6.5* 22.23+5.09** 20.63+7.67*
HRV
H2 |7 14.69+5.38 13.29+6.82 13.245.18 14.44+4.9
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BYAEE
Purpose:

A decrease in heart rate variability (HRV) is known to be an
independent predictor of mortality after myocardial infarction. Metabolic
syndrome (MetS), diabetes mellitus(DM) and high-sensitivity C-reactive
protein(hs-CRP) level are known to play important roles in cardiovascular
morbidity and mortality. Therefore we investigated the heart rate
variability (HRV) in uremic patients with respect to metabolic syndrome
(MetS)( Asia definition of NCEP-ATP Il and IDF), diabetes mellitus(DM)
and high-sensitivity C-reactive protein(hs-CRP) level to find out their

correlation with cardiovascular risk in these patients.
Materials and methods:

A cross-sectional cohort study involving 23 patients on
maintenance hemodialysis at the Dialysis Unit of The Taipei City Hospital,
Yangming Branch. Patients with the following conditions were excluded:
<40 years old, >75 years old, hemodialysis history <3 months; presence of
cardiac arrhythmia, weak pulses, psychosis, infection or malignance. Each
participant took a 20-min rest before the HRV evaluation with ANSWatch
® . The test which last 7 minutes was taken 30 minutes prior to
hemodialysis session (pre-dialysis period) and 30 minutes following
dialysis session (post-dialysis period). Data in ANSWatch® was
downloaded to a notebook computer immediately following the test for
review and storage. The blood sample was taken in the same day before

hemodialysis.
Results:

Uremic patients with metabolic syndrome ( NCEP-ATPIII) , DM and

hs-CRP > 3 have lower HRV when compared to uremic patients without
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those conditions( 14.88+7.94(n=17)v.s.24.5+4.76(n=6);
13.27+7.48(n=11)v.5.21.17+7.48(n=12);14.54+8.1(n=13)v.5.21.1+7.48(n=
10) ) in the pre-dialysis period( all P value < 0.05). We separate the
metabolic syndrome ( NCEP-ATPIII) to 3 group: The number of risk

factors and HRV was found to have negative correlation. Risk factors=2,
risk factors=3 and risk factors=4 (24.5+4.76(n=6)v.s.17.11+9.45(n=9)
v.8.12.38+5.34(n=8)) in the pre-dialysis period and (21+4.38 (n=6) v.s.
17.44+6.21 (n=9) v.s. 11.545.24 (n=8)) in the post-dialysis period.

Patients with risk factors of metabolic syndrome =4 has the lowest HRV.
Conclusion:

Uremic patients with metabolic syndrome ( NCEP-ATPIII) , DM

and hs-CRP > 3 have lower HRV which indicating impairment of
autonomic nervous function, especially found in the pre-dialysis period. In

the metabolic syndrome ( NCEP-ATPIII) group, the increase in the risk

factors of metabolic syndrome was correlated with the decrease of HRV,
indicating the impairment of autonomic nervous function, especially
found in the pre-dialysis period. Patients with risk factors of metabolic
syndrome =4 have the highest risk of cardiovascular disease because they
have the lowest HRV.
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