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abstract

This paper examines the characteristics of circadian change of
diabetic patients. Recently their circadian changes are found to be
associated with insulin resistance suggesting the importance of is-
sue. The purpose of this study was to verify the presence or absence
of diabetes patient-specefic rhythm of circadian change of QT inter-
val,LRR intervals and QTc. Previous studies have used the cosinor
method to circadian change. In this paper, for better characteri-
zation of the circadian change, spline smoothing technique applied
to a decimated data. New indices named circadian transition time
(CT) and circadian transition amplitude (CA) associated with the
subjects’awakening process are defined to characterize diabetic pa-
tients’condition. The method is applied to twenty normal and twenty

diabetic patients.
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ARETE, IECRHAZ#H Z KD BBRICHERA SN W e aY 1 —i&
7, KOIREVIAT T4 FELIc K D EHLUIZHAZH XD Y
A7 FH =217 S el a9 5. HARDOEARICB W THERKESE D
HEIEA TV S, FERRIEHANICE BEEDZE L DDH 5%
K[EH, HAANRZ S L EBENEERICK DHERBEICEDPT
EEEONTEY, PHERROBEESBOHEIMIFINGEE KD & FH
WR—ZATHEATVS. EANTIE1070 5 AL OFEFRBEENO S,
HHEOBERFEATE 37000 FAXE T E->TWS. THfEy, BEIR
WICXBEERN R L TWS, ZCTHEREORHERETSC L
MEEELINTWVWS. BERKBICEBIETHEZI TWBERAR, 1V
AV VEFEIC KD A VA T2 @h L 7x D, MbEEZ R
BTER A5 L THIERIALMEREDORENEML T3
TeDIZEEZSNTWVWS. iz, A A B QT RO HEHN
ZHE DEREDNH S LS5O TV 5.

Z AR TIREEE EHBIRREEDLOEXRICET 5 QT IR, RR
kg e QT RIfREMIE LIz QIc OHNE#Z RS & T, HEREE
ERHAEOY X LOEERRIIT 5. iz, HANZE#HZ R 57D
RO TIZaY A F—ERHVLNTVS. L Lav A+ —iE
X, BBELIGZHAZEFHE RS ENTEEIVHOVE(LZ RS T
EMTERN. FCTHARAZHOMOWELERS®HIC, R TS
A VBt ERSC E TR O REEMMTE 2 AEZREL, 6K
DHELHET 2L TELONEIONERGET 5.
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1.1 DERLERA

19034, WillemEinthoven MMOERZRLEKY S0 ZF6HH L /2.

OEX &I ORD BRI Z Gl LdEk L7z b D TH D, 5L

D (PQRST) DFEMHRLD N> TV 3. DEDIHET 2 RFICECERE
NBFFED P, DEDUHNET BHRACRER S NAIED QRS T, D
B AN LA > TITIC RA RIS ENAIWEN TIK THB. D
F DOED 1 AN U TR A EIC PQRST O 1 #ANLEX FICidek
ENB. R, QTRREZ QRSIEDIBEXRONL TEOKDOXT
OEZE L, LZEDOBERMN S 7 X TOINEDESHIIHER
[ (ActionPotential Duration) 2R LT\ 4. QT Rif&ElE RR R &
BN D 5 7 HEERFFICITER LU, BEERICIZINMES 5 &7tk
HAhH 5. K1.1ILERDKEIERT.

o 56 100 156 200 350 300 350 400 450
Point

1.1: JOvEEX




1.2 QT¢

QT [HfRlZ RREMREHBEAN D A T2 D—EDEZFELNZWV. £
THOSNZDNMIERTH 5. MENZME QT MkRZ#HES %
CETQTHRE RRIEBOHBEZEZ T EMNTES. TOQRTH
Bzl E L7efd%Z QTc & 5. FHIERNIE Bazett DAfiE (1.1) °H
AJEED ECAP OMIET (1.2), Yoshinaga DHIETN (1.3) & EZ M
ICEZHHBD. SEE D3 DDHMEREHNTHIEEZT-> 7. X
THIERICEZFNTNRENH D, Bazett OHIER T OHED EW
BEEICEENCHIEL TLUE S, Yoshinaga D ERIT.OHEICFA
TNV EWVSTERED D B.

Glp= % (1.1)
qszT+“_fm (1.2)
ore = 9L (1.3)
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1.3 1ERMREL

FHBIGREL (Correlationcoef ficient) &1 2 DD T — RN L THAM
2R HRT ERIEIE CTH 5. HHBIREIZ-1 A5 1 DRIDOEREZ &
D, LISV E ZIF2DDFT—RIIZIEOHEN D B &V, -1
FNREEOHENRH 2 LS. 01V & EiZ2DDF—Z DR
FNEWVWZS. SHEIE QT HkE & RR REOMEIREE QT RibR7Z
E LT OB R KD 5. LUFICHBEFREZ KD B (1.4) & 1E
WG R EE OHBIRE &K 1.1, 1.21IR7.

2 (Y — ?)2
R__ZJ%—WQ (14)




& 1.1: IEHAHBIREL

FBEIREL | Bazett | ECAP | Yoshinaga

01| 0.6703 |-0.2829 | 0.1599 0.1643
02| 0.8050 | 0.0262 | 0.5234 0.4725
03| 0.7396 |-0.3415| 0.2107 0.1832
04| 0.7924 |-0.4265 | 0.2961 0.1553
05| 0.6948 |-0.2692 | 0.2201 0.1796
06 | 0.6327 |-0.2262 | 0.1576 0.1649
07| 0.7383 |-0.5074 | 0.1017 0.036

08 | 0.8296 |-0.3462 | 0.2331 0.3013
09| 0.8123 |-0.1987 | 0.3883 0.3912
10| 0.6698 |-0.2090 | 0.2805 0.2024
11| 0.7194 |-0.5457 | -0.0387 | 0.0078
12| 0.8177 | 0.1647 | 0.6088 0.5419
13| 0.6128 |-0.5267 |-0.1105| -0.1072
14| 0.6419 |-0.2192 | 0.1986 0.1824
15| 0.7189 |-0.2950 | 0.1709 0.2054
16| 0.7416 |-0.4127 | 0.1911 0.1425
17| 0.8445 |-0.4348 | 0.1716 0.3018
18 | 0.6527 |-0.3883 | 0.0485 0.0628
19| 0.7606 |-0.3645 | 0.1502 0.1836
20| 0.8442 |-0.0769 | 0.4942 0.4813




2 1.2: BEPR A HHBE PR B

FBEIREL | Bazett | ECAP | Yoshinaga

01| 0.5848 |-0.1814 | 0.2039 0.1568
02| 0.5526 |-0.3911 1 0.1034 -0.0312
03| 0.5593 |-0.1861 | 0.2008 0.1344
04| 0.5946 | 0.1697 | 0.3730 0.2805
05| 0.7470 | 0.1971 | 0.5709 0.4852
06 | 0.5342 |-0.3148 | 0.0501 0.0325
07] 0.6992 |-0.4786| 0.0143 0.022
08| 0.6909 |-0.3113 | 0.2610 0.1548
09| 0.6911 |-0.1612 | 0.2940 0.2546
10| 0.5908 |-0.2164 | 0.2505 0.1390
11| 0.7146 |-0.6005 | -0.0265 | -0.0528
12| 0.4824 |-0.0814 | 0.1887 0.1560
13| 0.5650 |-0.1158 | 0.2320 0.1921
14| 0.6188 | 0.0599 | 0.3972 0.3215
15| 0.8380 |[-0.2939 | 0.5142 0.3689
16 | 0.6745 | 0.0153 | 0.4492 0.3689
17 0.5066 |-0.4700 | 0.0756 -0.0993
18 | 0.6480 |-0.1093 | 0.3093 0.2529
19| 0.7558 | 0.1834 | 0.5222 0.4858
20| 0.7038 |-0.3343 | 0.2606 0.1571 N
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IY A F—E R OHEFO HAZEFETICH <A SV ST
5. RRIES z(t) IR L TESETLVOY TS 2R/ _FEIC X
D1T5. T T TE MIE Mesor(midlineestimatingstatistico frhythm)
LI, FENEENOHIHETH S. Al XLORE, TiEH5
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AT —1EOHZ K 2.11SRS

z(t) = M + Acos (2 g (tT_ t“f’)) (2.1)
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2.2 RTS5A VR

ATI7A4VEBEIEEZ N2 TDRZ—DDEmITLZEAT
SO T AL, By Az X TEIL, ZOXMmICEEY
LR ERELZHATIHOMCOARITFTZFETHS. SEAVER
T4 VbR, AERRKIGEDTIESNICRIF R HED
TeZWVS. UTFICAT I A4 FEIEDR (2.2), AT Z1 2 FiE{t
OFZHK 2.2 7R7.

dx?

pi;)wi(yz- —s(z))?+ (1 —p)/ (d28> dz (2.2)

AT A EE IR p DIEZZELE R 5 T & TRADIKFEEZ
RETS. TOMEIFONS 1DEZID, 0IIEWGERIFXDIESD
THRRIC R D, 1ISEWEEIR T —2IC X 0 IRIF LTziifRicix 5. X
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PR
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o BEPKI LR X 20
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ERWTEBEZEIRERZTo . TOBEHWENAISAT 2 )V R
BE k2 - Caket Lz, LUMCBEREESEDOK (4.1) Z/RT

N

firz, = > x(n —1) x w(i) (4.1)

=1
CZTnE N+IL,N+2... TH5. Q1)K nDT—R %" T«

VRN Bl F#o, &7 —F2z &7 4 IV 2 EEw ZIRET %
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5.3 QTCT, QTCA

EDHEREICE AENAEMICENT 2 ICHEHTS. TDOE
LI SHERD S HEE T 2 £ TORRIZZEEZEZENS. TD
R O Eh S 2R E TO QT MROEHER % QTCT(QT
circadian transition time), R#iE%Z QTC A(QT circadian transiton
amplitude) &3 %. 7z RREMEIE RRCT, RRCA, QTcCT, QTcCA
£ 5. LUNCQTCT, QICADEHEDXZ/RT .

5.206: QTCT, QTCAEZE
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RICQTCT, QTCT, RRCT, RRCA, QTcCT, QTcCA DFER%
N

£ 5.1: QTCT, QITCA
GreT QTCA
Normal | 3.4+0.8| 87.8 £32.6
Diabetic | 3.4 = 0.8 | 70.2 = 23.1*

*p < 0.05

% 5.2: RRCT, RRCA

RRCT RRCA
Normal | 3.2 0.9 461.4 = 150.8
Diabetic | 3.0 = 0.8 | 234.6 £ 102.8***

Rk < 0.001

% 5.3: QTcCT
Bazett ECAP | Yoshinga

Normal |29+07|37Xx11| 3.7x1.1
Diabetic | 2.8 06| 3.2+09| 3.1 0.8

% 5.4: QTcCA
Bazett ECAP Yoshinga
Normal | 24.1 =176 | 44.6 =164 | 45.5 £ 18.3
Diabetic | 23.5 £ 17.3 | 32.6 = 16.1* | 31.9 = 16.4*

*p < 0.05
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BLLENTEXBENbhoT. DT ehD, BNEHTX LMD
WA LE RAEAICE IV A F—HEL D AT VI BREDADE
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6.2 QTI, RRI, QTcDBENZTENIETE

T 5.2MB AT T A VERL TIZHERD LAY > TEBIC TH B
B 5 T hbnd. THUIRHRTH & QT RIROMEE M 5, FER
NOREEST BTG EEZ NS, T OEFHDOKEVERH % F
HE CHEIRE THIR U7 HER, BRREEILZ QTCA & QTcCAWIE
HHE EHARTHRICHEL (p <0.05), RRCABEHZEICHRNTHEIC
Fh ol (p <0.001). THIEIMERKBEZEOHNEFORFMIELEX
5%,

% 6.1: QTCT, QTCA
QTCT QTCA

Normal | 34£0.8 | 87.8£32.6
Diabetic | 3.4 = 0.8 | 70.2 = 23.1*

*p < 0.05

% 6.2: RRCT, RRCA
RRCT RRCA
Normal | 32+ 09| 4614+ 1508
Diabetic | 3.0 £ 0.8 | 234.6 = 102.8%%*

*Ekp < 0.001
# 6.3: QTcCA
Bazett ECAP Yoshinaga

Normal | 24.1 £17.6 | 446 =164 | 455+ 18.3
Diabetic | 23.5 = 17.3 | 32.6 = 16.1* | 31.9 + 16.4*

*p < 0.05
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6.3 QTcODLEES

QTR E QTc 7z d % & QTcld RREMRICEE T NIZW Y,
ZEIN DR IR DR DO A DS N T EHbh S, KETIEQTc
RO B TDIT 3 DDOFMERZE N, ECAP, Yoshinaga D\
AW B REHENEFEZICHNTERICHE LS K> 7eh, Bazett
DA TRIERE LUXRTHFEOREAR S NEh >, THUX Bazett
DM ERITBENCHELTLES TS, BENWDELI Aok
BizkEZLNE. SHEAVEHIERIE 3 DM, M DEH
EREIEETS. LML, SEIECAP L Yoshinaga DINTIRIZ EA
ERUKERICZ-> T8, MOHEXZHWTEHAERLEHRFT
XA
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