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Circulation Research in Astrobiology: Effect of Geomagnetic Disturbances on Heart Rate Variability

Sachiko OINUMA
Department of Medicine, Tokyo Women's Medical University Daini Hospital

Recently, geomagnetic disturbances have been indicated as a remote cause of myocardial infarction or
stroke. However, the mechanism of this effect remains unclear. We identified geomagnetic activities to be a cos-
mic synchronizer of biological clocks and investigated the effects of geomagnetic activities on heart rate variabil-
ity (HRV). The effect of geomagnetic disturbances on HRV was longitudinally examined using 7-day successive
records obtained by Holter ECG in 19 adult healthy subjects living in a subarctic area (Alta, Norway, 70 degrees
N), where the biological effects of geomagnetic activities have been suggested to be stronger than in other areas.
A geomagnetic record (one-minute interval between data acquisition) was obtained from the Auroral Observa-
tory of the University of Tromso in Tromso, Norway (69 degrees N) . HRV decreased in a dose-dependent fashion
with geomagnetic disturbances. In the cross-spectral analysis, geomagnetic Pc6 pulsations observed on magneti-
cally disturbed days were correlated with HRV for the ‘very low frequency (VLF)’ spectral power. The response
of HRV to geomagnetic activities was influenced by the light/dark cycle. The power-law scaling of the power
spectra (1/f fluctuation) became steeper on days with increased geomagnetic disturbance, and the alterations
persisted for long periods after the geomagnetic storms. To evaluate whether an artificially generated magnetic
field modeled on geomagnetic disturbances would similarly affect the HRV of subjects living in a subarctic area
(Winnipeg, Canada, 50 degree N), three healthy volunteers (a Japanese student living in Winnipeg and two Cana-
dians living in the same dormitory as the Japanese student; mean age, 29 years) underwent twelve 8-hour periods
of exposure and sham exposure to the ultra low frequency magnetic fields (ULF-MFs; approximately 30 n'T, 1.6
mHz) in a room shielded from extremely low frequency (ELF) and very low frequency (VLF) magnetic fields.
The blood pressure and HRV of the subjects were monitored for 24 hours, including the 8-hour periods of expo-
sure or sham exposure. Exposure to ULF-MFs influenced HRV, though individual or circadian variations were
observed. These results suggest that concomitant longitudinal monitoring of geomagnetic activities and clinical
data, especially HRV, may provide useful information for the design of adverse vascular events countermeasures.

Key words: astrobiology, geomagnetic disturbance, heart rate variability
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Period (s)

Abbrev. (denomination) Friqalrllegrécy Range Midpoint
EHF (extremely high frequency) 30 ~ 300 GHz 33 x 10712~ 33 x 101} 6.0 x 10-12
SHF (super high frequency) 3~30GHz 33x107141~33Xx 10710 6.0 x 1071
UHF (ultra high frequency) 300 ~ 3,000 MHz 33 X 10710~ 33 x 10™° 6.0 X 1010
VHF (very high frequency) 30 ~ 300 MHz 33 X 1079 ~ 33 x 108 6.0 x 10-¢
HF (high frequency) 3~30MHz 33x%x107% ~33x 1077 6.0 x 1078
MF  (medium frequency) 300 ~ 3,000 KHz 33 % 1077 ~33 x 1076 6.0 x 1077
LF  (low frequency) 30~300KHz 33x10%~33X%1075 6.0 X 1076
VLE (very low frequency) 3~30KHz 33X107°~33X%104 6.0 x 1075
ELF (extremely low frequency) 3~ 3,000 Hz 33X 107* ~33 x 107! 6.7 x 1074
ULF (ultra low frequency) 0.001 ~ 5 Hz 33 x 107! ~ 1.0 x 10° 67 x 10™1

HWAEFIRED geomagnetic pulsation (TAGA classification)

Continuous Pcl 0.2~ 50 Hz
Pc2 01~02Hz
Pc3 22 ~ 100 mHz
Pc4 6.7 ~ 22 mHz
Pc5 17 ~ 6.7 mHz
Pcb 0.055 ~ 1.7 mHz

Irregular Pil 0.025~1 Hz
Pi2 6.7 ~ 25 mHz

02~5 0.38

5~ 10 6.7

10 ~ 45 164

45 ~ 150 69.7 (~ 115 min)

150 ~ 600 241 (~ 4 min)
600 ~ 18,000 (10 min ~5h) 1,140 (~ 19 min)
© 1~ 40 20

40 ~ 150 63.1 (~ 1.05 min)

IAGA: The International Association of Geomagnetism and Aeronomy.
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frequency (ELF) & 4\ id ultra low frequency
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BELH CHE$ % &, ULF, VLF,LF & MR EAL
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(b)

n=18
30000
> p=0.00009
Q.
Fs 25000 -5
& 20000 | - —
15000 |- -
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0

Quiet  Disturbed

K3 #MESEILOLHE () LOMEER TF G (b) [CRIETHE

F3 WHAFEELELHCBT 20NEBEREDOLE (0=18)

R EAR

LIHEBORE (mean = SD) (mean = SD) p-value
average HR 61.7 £ 47 663 £ 7.0 0.00020
average NN 996.8 = 815 9335 = 97.8 0.00003
TF . 15446 = 6,291.1 125654 + 6,104.8 0.00009
ULF 82458 + 35445 69665 = 39279 0.00865
VLF 50309 = 2,324.0 3,931.2 = 1,887.3 <0.00001
LF 14489 * 6164 1,2436 = 5928 0.00187
HFE 652.1 = 803.3 422 £ 2872 NS.
LF/HF 510 £ 517 508 = 4.53 NS

B 24 —1.001 = 0.106 -1.031 = 0.153 NS

BHBEREEDI R R 5 E BB R RER R L
(K 4).
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WHREZR A D Pc6 L AR VLF oD 2k —
Ly ZOF¥E, D/D BT 02953+0.1192, L/L B
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x4 BUWRELOZEE (K,

B WXBUTHMAESHOE (n=5)

{iv e = two-way
(mean = SD) (mean *= SD) (mean * SD) ANOVA
ap fa#t 535 = 1.37 1220 * 495 2865 + 8.16 p-value
average HR 63.18 = 6.89 63.89 = 7.07 67.73 = 543 NS.
NN 1,005.13 = 108.72 99592 = 110.12 934.05 = 76.29 N.S.
CVNN 1097 £ 110 1020 = 1.31 10.17 = 1.55 NS
SDNNindex 107.16 + 2264 97.89 + 20.44 89.01 = 13.63 0.0144
r-MSSD 7255 = 29.02 6331 + 1881 5538 £ 11.23 NS
NN50 87.89 = 26.70 81.04 + 17.83 7271 * 1565 NS.
pNN50 36.86 £ 12.67 3301 £ 936 2752 £ 575 NS
Length 90% 49856 + 111.08 457.23 = 98.36 419.68 £ 7599 0.0102
Width 90% 19790 = 97.61 16471 £ 63.13 14745 = 4818 N.S.
L/W 3.1075 = 09197 3.3072 + 0.6979 34054 = 0.3501 NS.
B 24n —1.0133 = 0.1053 —0.9641 = 0.1099 —0.9236 + 0.1670 N.S.
TF 1987099 + 943306 1630058 = 854813  13,594.99 = 6,750.35 0.0013
ULF 9,619.19 + 476494 787447 £ 5507.11 6,969.53 + 5,184.13 0.0102
VLF 6,302.54 + 2,869.74 5849.85 = 2,288.11 4,497.39 £ 1597.39 0.0209
LF 2,080.00 = 998.54 1,874.63 £ 693.81 1,576.80 £ 430.25 NS.
HF 1,307.31 = 1,350.66 950.17 = 79046 692.18 = 304.77 NS
LF/HF 35943 = 1.6091 40682 + 1.6339 3.9495 + 1.2558 NS
25000 )
p=0.0013 ap index
20000 OLow
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M High
15000 —
Nm
= p=00102
10000 +—
p=0.0209
5000 —
0
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HRV
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4 BBREEORE L OHEHISEICA SN D doseresponse Fh

) DVWTRICBNTHIWKAESLIC X D HHl s h
7z (%£5).

5) MBS BEEICHETI SN0 1/fws E8Y
D Fe by e B A 1

WRESIEELIVAZEBNC RITTHERED L bw
FHRET B 2DV TRIT L 72, 3 6 ISR EELD
BiH, MH, BH, B2 HIIBF50 0888 8E
D8Pl O F ¥ fH & R . r-MSSD, pNN50,

SDNNindex30, W, L/W i #i# KEFL 0 B H,
BLHECHRAABLGELERD .

B 7 Z AR S E LAY S TR
Bsw DELEFXD 1 BITH 5. L 1/f @ 5 EDHE Ba
i, WEREILOYHOALR ST, BH, BLHF
TRECEFHLTWS., L/ L EDHE Ba
D 8 FIOF¥fE L, Fi H 25— 1.0906, 24 H A% — 1.2455,
BH-12118, B4 H-11973 &, MBI L &
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Under dark/light sunshine condition (y=3)
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5 & HBB&MHICBYT A HBEEKTS T & OHIEE) VLF R & oFHae —L v A

WKLY, FOEIHBBAELLD 2 HEE TR
L7 (8, p=0.0001).

3. B

WRABEEL BRI RITTEEEIHE AP DELD
Wgehz snTB Y, LHEESCRER, MEhi
POREEDEEEED, NMENOEELHRESN
TWwb. 1979 48, Malin 591, 4 >~ FiZB W THuR
SRB Kp 0ZFH L, 2 ORBORIEIZEVIEM
B &7 L i L7z, Halberg 5VEEA T TJIC
B 5 HBEESLICEE L 2R E B R RMEsE ORIt

B 5 Bz DZE B & L AR 2E O FHE & 0 B & BRET
L,Bz ZE L7230 LB 2 HICHRISOHMEZER
EREIMTAZ 2R L. SNLOMRZIZILD,
WA EL I ERBEORKNFE L THRESN
TWABY, RERBO—BIH SR TV,
Phillips 5% Deutschlander”iZ & - C, » %
O AR OB BERICHEAZTBRPFIEL, L
RIS HHMEEZEMSEL LV T EE2HEET S
EBRPHE SN, 20%, BicswTid, 2870
DHRZEEELELE I N TS, 123 EELY
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DD
LL
DL

F=363.0
p<0.000001

]
i

i I T T T

0.25

0.5

1 T

Coherence
6 &HBEMICHBITLHBEARLEDDD peb & OHES) VLF Koo ak—1 ¥ A

0.

75

£5 EisHRBEMIBT 2 HEAERIC X 2 050 0N

BRROBRSH

HRRIERL

L) H R %Mt (mean + SD) (mean + SD) t-value p-value
HR D/L 6142 = 514 66.05 = 7.32 —3.5721 0.01601
D/DorL/L 61.06 = 6.11 66.38 = 7.67 —5.6800 0.00236
NN interval D/L 983.0 + 88.6 917.8 = 105.83 4.6307 0.00568
D/DorL/L 1,0109 = 1010 935.3 = 99.57 6.0950 0.00172
Bom D/L -1.03 % 0.12 —1.08 = 0.15 0.9356 N.S.
D/Dor L/L =094 = 010 —098 £ 0.17 0.8011 NS.
TF D/L 16,851.0 = 7,550.3 13,610.1 = 7,9285 7.8010 0.00056
D/DorL/L 16,4260 + 3,080.7 13,3915 * 49628 2.0461 NS.
ULF D/L 9,233.2 + 4,037.0 7,708.1 = 5017.7 2.6359 0.04621
D/Dor L/L 8,413.7 £ 2,882.8 7,362.6 = 3,775.7 1.0318 N.S.
VLF D/L 5,664.1 = 29230 4,2450 * 2,453.3 6.8679 0.00100
D/DorL/L 5,409.9 = 1,294.0 4,1855 = 1,458.1 47584 0.00507
LF D/L 14100 = 6249 1,272.1 = 692.2 4.1032 0.00933
D/Dor L/L 1,492.9 = 504.9 1,275.0 = 324.2 1.4299 N.S.
HF D/L 511.0 £ 497.1 3558 + 290.0 14011 NS.
D/Dor L/L 1,0451 = 1,2483 574.1 * 263.1 1.1216 N.S.
LE/HF D/L 5.390 + 4.489 6.087 = 5.780 —1.0361 NS.
D/D or L/L 2973 = 1.386 3490 = 1.567 —2.4620 N.S.

D/L (n=6), D/D or L/L (n=6)

Pt LTRAEZH WSS DT, Diebel 5212
Lo THr, S AEOWMIC D 5 BEF LA O
PHLMICEIN. B9 1 DERBREZHIERE
29 b DT, Weaver 52T X o TREZEZ AL
FRICOBME FNVAERB I N/ AT,
Nemec HP935 v NI BIF A E PR - E
EOBEZHELTWA. b MNIBI AR ZEE
WOANZALCETAHRIZT oL RV R
W,

LRI OFFEITEWT, BT dose dependent
IDAEBNCRE Y RIZL, TORBIIHBEENO
BONDIFHIIBOTRDBNIEIRENLZ L
h, & MIBITLMRAZEROIEEITRR I N,
ZOMRZHERBICIIHREEVEEL VWD LE
Z b7,

WAL E & OSSO ae — L ¥ XTI,
WS DEBR D) b, BIELOBEL{BREINS
Pc6 (0.055~1.7mHz, 10 4r~5 BREER) &0H%
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®6 WHEAEIOYH, BH, B4 HOMAZHOEEE—FIEH L OLE—
-

IL\?EI%’ZE)N) MRS R w ﬁﬁﬁﬂg}\uﬁiﬂ [ ANOVA Friedman

iR (mean = SD) (mean * SD) (mean * SD) (mean *= SD) F-value pvalue X’r  p-value
HR 6358 = 7.22 7043 = 6.74 67.01 = 692 6399 = 9.26 4016 <005 85 <005
NN interval 953.3 + 96.2 858.6 = 81.9 904.2 = 946 9542 = 132.3 4259 <005 88 <005
CVNN 2258 + 690 2790 + 9.14 26.75 = 817 2146 * 453 1.688 NS. 1.20 N.S.
SDNN 21191 = 74.29 22305 = 78.38 233.66 + 82.94 19838 + 4572 1.014 NS 0.15 N.S.
r-MSSD 4884 + 20.30 42.34 + 19.89 4521 + 23.09 51.20 = 29.82 2770 <010 810 <005
PNN50 2118 = 1274 15.68 = 11.60 17.74 = 13.29 2269 = 18.95 2521 <010 88 <005
SDANN5 1859 = 677 2050 = 734 219.1 = 834 1730 = 434 1.396 N.S. 0.45 NS.
SDANN30 1744 + 670 1984 = 773 2141 = 85.0 160.1 + 50.9 1.550 N.S. 0.90 N.S.
SDNNindex5 87.2 = 265 79.7 = 226 80.5 = 250 849 = 338 1.262 NS 4.05 NS.
SDNNindex30 1142 + 33.1 1034 = 264 102.9 = 29.1 1084 + 426 1.651 N.S. 945 < 0.05
TI-N 4804 £ 96.1 4204 = 889 4640 + 748 522.8 = 1288 1.452 NS 1.65 N.S.
TI-X 909.0 = 156.2 692.0 = 1615 830.0 = 269.1 9620 = 2194 2513 <010 665 N.S.
TI-M 1,4295 + 202.1 1,346.6 + 2552 1,3488 + 2015 1,401.3 = 2209 1.060 NS 422 NS
TINN 949.1 + 2294 926.4 = 296.2 884.8 + 2585 8784 = 2275 0553 NS. 4.05 NS
HRVI 95.27 + 36.97 90.20 = 31.63 89.28 + 37.04 85.90 + 26.89 0.578 N.S. 4.05 N.S.
TI 9396 + 37.07 87.86 = 32.09 84.39 = 3291 8392 + 26.06 0.773 NS 6.15 N.S.
Length (L) 951.05 = 307.45 99560 + 34302 106278 = 38349 919.95 + 211.22 0.900 N.S. 0.45 N.S.
Width (W) 126.59 £ 57.76 108.90 + 60.90 114.55 * 66.28 13151 + 8372 2932 <010 831 <005
L/W ratio 810 + 192 1051 £+ 4.11 1062 = 347 872 £ 351 3823 <005 1035 <001
B 2an -1.0738 £ 01155 —1.1838 = 0.1106 —1.1338 £ 0.1303 —1.1388 + 0.1428 2.003 NS 675 < 0.10
TF 16,5222 = 87461 13,7730 + 64774 139091 = 73141 159127 = 11,086.9 1.660 NS 5.55 N.S.
ULF 97144 + 52421 82177 = 39214 79700 = 39214 91894 + 64232 1.316 NS. 4.35 NS
VLF 4,907.2 £ 29942 38174 = 2,169.0 41153 = 26481  4,6665 = 3,774.3 1.323 N.S. 4.65 NS
LF 14515 = 761.9 1,365.0 £ 744.5 14064 + 864.7 1,539.7 = 1,100.7 0.728 NS 3.15 NS
HF 4167 = 2915 3447 = 282.3 391.1 = 3448 4782 = 464.1 2.051 NS. 6.45 NS
LE/HF ratio 462 = 370 559 *+ 490 512 = 410 482 = 4.70 2.130 NS. 6.49 N.S.

B VLF Ko & oMMz REN/z, £1UIRT LD BOBELELTHERAIA TV (F2). LMEZHO

ICEREIIEEROEV D O LE DO THha
Th 5N, HBREEIZ D% ELF (extremely
low frequency) % ULF (ultra low frequency) (2%
INARERERS CTH L. BHEEEEED ELF
PERBICRIZTTEBIBBEEOARLZEDEH SN
TE&DY, 1996 4, &XKFET 77 I — O ERT&
AT [ CRFEHEE KOS CRRBERHERT
Xheholz] ERFENTWAHM, ELF 2S4EFITE
FEERITES RV L 2R 5 E BE S
NTVWBRHD Li72h> T, MBREEO ) bAK

CREBERIZTTOR L ) EEARORA (ULF) TH
%pkﬁﬁﬂéhqh6kbm£@VU?t®W%#
NRENTESBEORRICTIE LS.

—77, Bigger 5@ H M 2MH], B X U@L
REREICBVT, OB EEBEBENT ICE
\J % VLF (0.003~0.04Hz) , ULF (0.003Hz LAT) A%
GDIST =R, L HITH LT, BRTPRIEREE
B EERLIE DI, LB BEMREIERE
DFHIHNSEN LT TRL, BRTHE, £aT

VLF % ULF OAMZMBERIZOWTIEHE LTI
WA, Lo -7 I T Y Rk EOMBRNG
WROBRAHDIPIES L T2 L0HmED D

5% Fk 2 ORFZRIZ BT, MR ZEEN: LF/HF
WX A EEIIH S TiE e {, SDANN, TF,
VLF, ULF ¢ \woi:, FRTH, £aFRICEEL

7o A% ﬁ@hﬁ%ibﬁ%b%ﬂbt L&y,
ZOREIX VT I T VY VR EETMR
w5 M%ﬁk@@%&ﬁ%ﬂnﬁ RE L 72 H S
AN Z A LNDFEEDHER S 7.

VEws XL, 772720V (HCHM) % K
THHRATHY, ARBRREECHARAROVWAVS
ZBRICEBNICHEET LI L0, #ELRLEME
ZLLRNLEHOHCHEIEDNRELZOLEEL
T, AMOAETE VR EERENR TV 52,
Musha 5%, 10 B ER-OEMESHRD RR BRIC
BWT, 0001~1Hz OFEBIC 1/f 0 S EPHEHET S
TEERHELL AW S EORBIEERT —
) TEEBLTRRNT L 72 DA AR MV Oiftih & A
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11500 ‘ - 0.0
o6 == FEL << .
HI R & HII H iﬂifﬁ\;ﬁ?&ﬁg %‘ria HxrH

11300 1 OKESDN " TRk = 0.2 —
| 5
K
11100 A 2 WA L X LV W AN | 0.4 o
%<

10900 -0.6
; g
— ~
R 10700 1 -0.8 =
& =
B N
% 10500 1-10 &
ﬂhﬁ SN
= 10300 1 -12 E
- /r

10100 1 -1.4

9900 DS By, (1/19BFOME) | |

11:30 23:30 11:30 23:35 11:35 23:30 1130 2330 11:30 2330
clock time

R7 1EF C4RBME) B0 1/100X0NE B) OEL:, BWREEKTESH

DEH)

Wz NN BBERT LI LICLVHZES R, L
A DIEO T H MR X 9 2800
IR (BEAD) i3k, hEIRGRERE (7
750, BOMEMMS) 2KBELTWLEEZS
NTw5s, 1/f@®6 XOFE B I, MNEheekit, %
DRDBEEIZB T, &R %d, HDBVIIEL LS
CEPHEINTB Y™, 12 IF EEAKIC
HELWwEZEZ LN TWw5, Bigger 5 3AM L
MEROEBZEIZBVT 1/f 05 XIS
NERIEDEN /- TFRRTFTHHZ L 2HEL T
5.

A4 DHETIE, BICBHLTLDZ L ORY]
T8 557202, 3SHHBEOT -5 % 55D
TOLTHITAZLICEY, BEKELDOB IR
TREPHO LISz, Thbb, By TR
BEUCE DALY, Z08bH 2 HE T TS
5 EHHBHL 7. Halberg 5™IZER 7 7 HL—
W OMIBEROBRRHE & WS IEE & O &R
HL, HBEKEILVBN SN E2H 25 0ICR L H
DB ERIEDS T 5 & W) BERALTRE R
HELTWS. SEOFRERICAR S W SR
B /fw s EOEALOBIRIE, Halberg 50

TR IR THIREE VL LS.

2000 4F- 5 B 12K E NASA T8 4 ¥ % astrobi-
ology &\ 9) Fr LW ERAERSEE L. Akl
BITBH LIRS HO 128 LTHEFEShTw
5. BIzIE, DEBESSEOREL FET LI LT
SHRVHEEBE LT, FERABIR TR WKL
REEBEIHMEI N TS Z ERERTIE WD
EHHIING., COZEBBED 1 DL LT, W
[EBEOFAENHEN S NG, MR OEEIL,
JRADRR % 72 RO BREE O S 12 H_E ]
DEPLREIHILHIT ELWD, AERICHBRSE
T UL, HMBRIEBOZLE Rm L TAk
BRIET A EETAICWEETH 5. MERERERL
BADPE MIED L) 2 BEEZEATV 200, ¥
72 MEFEEPLDO Y I FMIED X 5 IZ0E LiE
IRLTEZZOPICDWT, b o LMWK RAAIE
FNTn5,

4, ME

HWREEIEED, R FHRLEGTFRICEEL 720
WHEBOREZELSELIEBHELNICRY, H
BEIEE 2 M5 & LAVNRBRIEDOTH, FRiIZo
LB EDRBEINTZ. Sk, AMKIZBIT A
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27

-1.30

-1.40 -1.0906

DHIEE) B, (1/8d5HE D)

L

-1.50

-1.60

— -1.1973

12118,

-1.2455

e

p<0.0001, n=1239, by ANOVA using Bonferroni’s correction

8 LHEH) By DHBESBALI N 5 REFRICE A
WHEABEIICL 2 BOENIFELHOBRADALLTRHL HICHBO LN,

SEBBEOMBAN, ML II LD L LEGTFR
DI, EELRBREDO 1 DODTHAHI LEZRLTWY
5.

e

CORFITICH ) TEWB W22, AEEKR
ZLREHIERREM T EO FMEA R R LN,
% = — Tromso 7% # Auroral Observatory it & @
Trulis L Hansen # #%, / V7 = — Finnmark X % ®
Andi Weydahl Bi#IZISRH 2L £9.

R 2 WEREIZEL ATBERESHESEN
OREE (8B BRE L OHED

1. BHE

F9E 1 i, MBEREEDY, BRTPHRILEG TR
B L 72 BB ORIE L LI L 2 LS
Pl ofz. £ 2 TR TR RBELZ R L 72
NI, @BIKEM% ULF EEBEHE~ORKH 8
Wf) BEDS, OHAEE - MEEHZIILOETS
B RERERIS, Wik EER RITTPICOWn
THETL 72,

W AT 5 2D RRBEARAFEH S i, ik
KGR ZRICANOHEZE - LIMERFBERED T
oo PREAEEIC 2 B LEIEEI NG, TabL, K
W7o BRI HBAEELOBICOEEN S, BIERA
WERELE~ORREBEN, © MIBIT 5 FRIHIH
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BRICW IR AR RITHhE, ERINICHRET
52 EThHDH. BARIE, BREE 30nT O AT REE
KAB (1.6mHz) ~OEfE 8 R OBFREAS, LHE
B, MEEBHZIICD LT 2AEMEROREEE
chronomics % 21t & €18 2 B0 % EERHY IR FE
THIEILED, AETRGIBEERECRITT R
BILOEBOEEIZOWTHRET - £#8T 5.

2. &

A F ¥ @ Manitoba N Winnipeg (At # 49 & 53
4, TUHRE 97 BE 10 93) 12 A Manitoba K222 9 F
WER 29 mOBREREE 3B (HRAFAE 1HLZD
HARANEFEUEC LA FFAFE24) H5E 1N
24 WEfE, 12 HEOME & CHHEBOE=5)
YT EATo 7 HEBREIL 6 DD E BERRT (03 00,
07 : 00, 11:00, 15:00, 19:00, 23:00) %5,
NS W RS~ 8 W H e iR 5 & e DR &
rENLEN1LEITOAR 12 )7,

WAIRER 30nT, %k 1.6mHz O A T 728K
W (ULF RS ~OEfRE (7235008
#) |3 ELF B\ & VLF EERY O A% RT3
BWEY—NVE  v—2ohmTiTbhl, BRAY —
VE V= ADOHFIZIEARENY B (F90cm, &
200cm)3 B xiE L, BIKEEERS L RESES
72O ORER2em DNV ARV Y 24V 1%, %
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EHitHRER - T - &

OIREEHV L FED (ms?2)

I[:,\*E'EE}JV L F’:-'f(-.ﬁ'.l\ (msz)

—&— ULF (21:00)

9000 —O— ULF (03:50)
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7000

{378
6000 % 5 1
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4000 /Q

e ey el
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0 [ R L R
rRi#lL 2 3 4 5 6 7 8 9

ERISRER P&

9 MHZE) VLF B RIEd, ATL@BEER (ULF ) BRBH~OREHBEOBE

7 : ULF BEESRE & PR EO LK 1 6

i ULF BRHBERERFIIC L 2 8o 16

BEORy FeEAmE2» ot X 5 IC%E L7z,
WeBRE (3 8 I OB EHERE (B
IR ) L 2T &R 16 FEH (1 BAFT
2IFHOB - B - FEKHZERL) 2BAY -V
Fe—2HWOXRy O LTHBIL 7.

DHAEB ORI EIZ AN & — LEESM50 (727 5
B AV, OAZET— 7 3/ AT Y b
T ¥ — (MEM) % HWCHENT L7z, MEDE=S
VY 7 B B B T e i TM2421 (A&D
t, WE) ZHWT 30 5®ICAT- 72, SO/, (A
L, MEELS, BIROY, WEOKE time esti-
mation (60 B O Fifl), WEWE W E, FIAGEEIEOH
ExRITo7z. Tz, BERE (P8 11 BE~T8 7 )
B HW, 4 REHEICER IR EiE L, 1 R
72 ) OWEVE R R B L 72,

OH% (HR) B L OLAEEZE O KHEE (NN,
SDNN, ULF, VLF, LF, HF, LE/HF) 122w <T
(&, BRERZ O WICBERESRTY 9 DO (BRI
1 BREEFIAATERT O 1 WER, RRRIHT 2 @ BB BHIATE 4
D 1R, ReMT 3 0 RERIAT 2 10he < 2 e, RERYA
4 D RERT 31T < 2 e, WERIS 5 0 BRERITE 4 108
< WM, BLUWEM 6 BMBRTEBD 1 KR,
PR 7 @ RERAT 6 1She < 2 e, BRI 8 BRI
7TAZHE < 6 MRp [, R T O L ORE R 81Tt < 6 B
M) 1%L, BESGTLRUBESRETOF—
¥ % HBET L 72,

Thbb, IEOREFEOTFHELRD, BEL

BT EBRUBRESRG T TRONT— 5 O
MBI, tEDB & O parameter test (&=
5% OTWHEKE) % AT, MAZEEIIEF— 7 D
HHEBEZ2To72. £, 1HEOEYEZER L,
tRE R VW CIRESRMS L RUBREELNE OB/
Mg Z 7072 ERBEOKE Ly P a v OlEE
MEE AW FEOMEH 1) X A1 single cosinor 74T 12 &
DEH L, ¥ 512 population mean cosinor 237 iE %
AWT, #HBELERDO& Yy ¥ a v OMFE & W5
WE O HNZBE, MESOR 3 X 0F acrophase % &
L7

BB IOEBRBRHERELFENRF L 5N
Manitoba R¥ZOHHEZEEXOFT OB L1, AAD
A7+ =L NIy 2Bl ETHRITENT,

3. #R

1) ULF W RIS 8 BB E O LR B~ D B E

SR IFD I E 2 TOR, DIHEBIRITIC 45
% BIF 80RO NIz, ZOMITRERE,S, 2 6w»
TN ERBEREICL 5.0 0HME, LIHEE
HF B DA BBIE SN2, ZoMo.0 L)
DRI L Tid, 260 1 BI(HARANFE) TOH,
VLF 855, LF B4, SDNN, r-MSSD O &% iR
/WS ENEOZIBLIEE SN,

X 9 Z2i2 ULF SRR R T IS X 0 LS VLF
B DS L7z 1B 19100 7 5 DBEE % 6112
Eo THMIRE L DLBERR L. £72, 19:00
(EERBFIRRFZI OB ND S, EFBRITIZ 211 00) 25 &
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7 ULF BEBSBREO LB~ DY

—IRERMGEFR OEVIZ X 5B 1 §l—

| BRE G VIBERT
BRI 2 RERIFE 3 FRIRT 4 BRREN S BEREN 6 BRROE 7 BREOMS S BRI O
19:00 (EBRIZ21:00) &1
VLF 0.026 < 0001 < 0001 < 0,001 0015 0.003 < 0.001 0.003
LF 0.005 < 0001 < 0.001 < 0.001 NS. < 0001 NS. 0.009
HF 0.002 < 0001 < 0.001 < 0.001 0.002 < 0.001 N.S. < 0.001
LF/HF NS. NS. < 0.05 0.001 NS. NS. NS. NS.
SDNN < 0,001 < 0001 < 0001 < 0001 0.008 < 0001 N.S. 0.002
r-MSSD 0.006 < 0,001 < 0,001 < 0001 < 0,001 < 0001 NS. < 0.001
HR < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.001 NS. 0.006
03:00 (EBIZ03:50) &b
VLF NS. NS. < 0.001 NS. 0.007 < 0.001
LF NS. NS. < 0.001 NS. < 005 0.001
HF NS. < 0.05 < 0.001 < 005 < 0.001 < 0.05
LF/HF NS. < 0.05 NS. < 0.05 < 0,001 N.S.
SDNN NS. NS. <0001 NS. 0017 0.001
r-MSSD N.S. <005 < 0.001 0.001 0.002 NS.
HR NS. < 0.001 < 0.001 <0001 - <0001 NS.

29

FBE19:00 &0, TEIZ03:00% Y DBEE. £4,

700 5 OBEBIGBRELSOIEENH LTHERT
HY, 3:00 (EBRFEBHRHAOENL S, ERICIX
3:50) 25 & 2310000 DBEEITERTH 7.
B 941, ULF EMBGEEIC XD .OMEE) VLF
DBIHBRD NI 1B 19100 7 5HOBEE L,
310005 DBELBICEL > TRIRL 7.

K7, FEMCBIT219:0225 & 3:00
»5 0 ULF WEBSGBZEICBVT, SRHFOL
MEBKIBED, BPREIIBTHEE Ok
HEEBERRE R L.

2) ULF WE#Y 8 IRHMBREDOMH U X AND5%
o

BEHY X203, BERIGBEER, BUBEROWT
NOEBFICBWTDH, IUHEBME (systolic blood
pressure: SBP) (BE#:35 1 I | p=0.001, B LR
B¢ 1 p=0003), HR CERIABEZER | p<0.001, HEBIER
T 1 p<0.001), B X UOMERESGUWE (flow rate) (B
R ERE | p<0.001, BEUIERER | p<0001) 2B
WTRD bz, IEIRMMmE (diastolic blood pres-
sure: DBP) iIZ DWW TITRPIBEZEROABH V) X A0
Ao BNz (ERGRER | p=0141, BLBEER
p=0012).

BHY X 2EHICowTid, ME, HR, MERDW
FEOWTIIIBWTD, BRIGBRET LBRUBET
WKBITAEEZIRDO LN o7z FERIZ, HR
BLOLMEEOLKEE (NN, SDNN, ULF,
LF, HF, LF/HF) @ 1 HBEOFHMHEIZBNVTDH,
BRSHBRETBLCRUBETOR TOREEIER

BORE & ORI EOABERE/RERT.

DL,

B OB (time estimation) (&, BERT, BRI
BRI (boVITEDIER) K, BERL, RI{k5
EAFRE SNz bbb, BEN, EHERE
i, BEE A O time estimation 52 FIE (R )
&4, 581 (37), 59.1 (63), 60.3 (6.7) sec (p<
0.10, Kruskal Wallis #85€) TH D, BEH, BROE
TbE, BEEO time estimation BV HE (ER
7#%) 3% 4, 575 (36) , 595 (4.3) , 616 (4.8) sec
(p<001, Kruskal Wallis #5g) Td -7z,
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