57

E28 MBHICEITALREBOFHMEEL

F2E BHICHITHIOHEROFHEEL

WA ER 2 KEHR

1. BM.B=

ABTOEFEFIRABORAFRE COLERE. BinGBREHOELDO T TOEBEREL
(S, EBEBEOMEOTINCEBRED Y —DTATUVRLNTNEIEARESNATINS
(1-2) o B F . ARV X LOBEREDFEIRCDEEBDALELT | £FEBROMDEELHE
EYHIENREINTIVS (34), REBICKDBIRIFEDE L OMERICLLHEGEREDEL
BEFEZRARIVRIILEY  BEBRZENLTLEO RS OMBICEEE5Z 52 LML
N3, - TEHT S RR BROPSECIFHE RGN RDEITH T ZERRIEDELHE H
HICEEN S, ZCTINLDERT 5 RR ElRE 7B BT 52 EICEYNRDERY X LITH
FTEREEFHRONICTEIENAHES(B), ChoDBELGBRET TRADEFTETIHLKE
DEERVXLIZEZDEEFRASHTH=0HI12, 24 BRERILEA—DBHOEBEEZZEHLIC
T RRERIZHOONDERY X LOFERDELERET LT,

2. Fi&

xR IE 2009 s 2010 FICHEBBLXZKETE@ITRENHTONTZ 12 BERRELT =,
12 2055 1 RFBBEBICLIBERDI:D ., T—2IFGEPIEL, TG TE 1
ZDOFHEEIL 40.6 K. BHE 10 BEMHE 1 B2L%45o7z. RRERDEFIINAROEHNELD
SAX).6 ABK).9A. 12 A(AR)D 4 BIZTDWWTHEL -, F#-7/ILa—/ILELUHTT
AERMEREIZDONT, MEARMAINOERZEILET L (A ). LU, ERFIRERIT
HNEE (B B 2RI, mEEL . BIEHRP OIS DERIZONTIL, BZILED T HEK
Lz G M Ah ABIL6 A.BEMNS A&lEoT,

DAEEILERTIEERFARED RR MRELTATEINS, BIREBTEITIICHIY. E
BrEEER T — 2% /751012, E RRERT —42%% A0 R EFFEAMNEZETO VAL ThEMTEL
FRIC, SEHIZERRTE YT I LIz T =22 ALz, ARYMLA T TIEETED RR iR
DERIIT—RCEEFNIHRREHSEFERDENET)XLIZE>THITADERLRET,
BREDZHEL, TOKRES(NT—)F AR LELTELTz(MemCalc Chiram, Suwa Trast) ,
RR =D BIR#AEHTIZELY 0.15-0.40Hz O & B R ¥ (High frequency=HF) & 0.04-0.15Hz
DIEE K% #7 (Low frequency=LF) D Z DD RELE—IUMNBLNDIENMONTLVS, HF B
RIFBEZBEARDOSDANIZK TS RR DFIXOVKIET, FFIREEICLD RR DELEEZ
S, ZOFHITRERBENLTRZASND, LIz 5T HF (ZFFIRICHESHEZBRAO#EE
PRI B ABEREET R T HEEZOLN TS, —A LF 5 E mayer IREMEIENSMMEDE
FLEFEHIR LIZHDEZRENSD A H% baroreflex arc L TREEE IZEH D HEIxt
THRREIENEILEEZ SN TLVS, LI=A 2T baroreflex arc H KU EIZ %, X B iRaEE

' RRZFERKE
P FEHNEMRAERETEHEREMFERER

This document is provided by JAXA.



58

B28 BHICHEITHLMIEBOFHMEEL

BATWAEEZLNTLVS, &5 T HF % LH B TRRU LI R B EMREEE R T SN
TW%, TOMDOENTELL T, RREBEO IR LTSNS, ZDhTHifEEAIZ/NT—,
HEEIZFED log-log RIRETAVRLIBOMEEZE B ELEY, TORRIICHAINLIDLE
ERTESNTNS, EEH-0.5~0.0 [TEDHIEZDBERIIETRTOAHEHFIZAELTL
BLEZON. BEMEFLEEND, 1.5 PENULITGEDIGEFBEMZTLEIEN . ZO0H]
DIEITEEESNS BUOMRIEEF > TLWSIENTREIND, FT=-1.0 ITEVMGAIXEL Y/
AXERENZDEFRINETSVAIIBEEZAND T IPLEEZEALBRIITHLHLEEZOND,
EED RR EREIXIZEIZ B E=-1.0 FIEZHBITLIH. EEOLFALDOEETILOEO R EHHEE
PEIMNELN=8-0.5 ITIEDLNTULND, 7532 H L study Tl B EM-1.5 F#TEZIGEIZIE LR
FERABLIEAREINTNS, LLEOEEHOFHMEELEZLEL, BitETo1=, £, 7/L2
—ILENTAVER. B I UBIEIZHIRE R (T M of- B BHOHWEREICOLTIE. ChoDiE
BUKiRE AR BB R EOBERICOLTRE L =,

3. R
1)1 BOFH NN kR 12 BIX. O EEICLELAEITNSGERIEMN TSN = (Fig. 1)

2)1 BOFHY HF (BIRBAIFED) (3. BRESEIRIRGDERDNS 6 AIZIE HF B
ABEWMERIZH o T=ARET P EEZIROLHI -, RBMEDFEDIEZRELS LH (X
FRZBELTHEEZ LR OGN o= (Fig. 2)

3) JEARAARATI & B RR DD E (1/fvalue) IBEFZALIZERN T, (FIF-1.0~1.2 DRITHAEL 1= (Fig. 3)

4)Memcalc iEZF ALY X LEBTICEWT HF, LIHDAERY X LIF. 6 AN 9 AICLLLAEIC
ERZERO=. = 12 ALREAZHNEEZFROLEN =03 A.9 AICLLLERI HIERIC
B2tz RFRIZ LIH DERV X LELY—HT47 ) X (24 £2 F5fE) OEHFERN TIEHoFHY. 6
BIZERIZERZROT-A.HF EEZY 12 AIZIXBALHGEEE R DL > (Fig.4)

5)B HD7NLI—LELUNITIzAVERIKRICIE. BAZENRBHON ., B—EATHEIE R

[CRVIEERIRRIEELSED E%o1=(Fig.5) . HF 8K U LF/HF LM HERURROBEETIL. 5

A 3 NDHERE T, WEE(FO—E—EROEWA (f0 3 EIFEEEIEa—E—ERA)
D HF AN 4 BIhREE. 1 AOHERE TEEDSH 1A (b 3 [(LERE L) D HF AY 4 [l

=IE{EZ/RLT=(Table 1),

4. B
1)1 HOFEH NN EREIEZENZND 1 BOFEBHEFRILLT. 12 BOEMDHN TOFEEEN
—&BZ\\EEZ2onT-12 AlIcxRbEHELT=,

2)Y—hT4T7 V) XLIZEALTIE, BRBESAKRECEILLT S 6 AL 12 AIZEEL =, HIZE

This document is provided by JAXA.



59

E28 MBHICEITALREBOFHMEEL

RBMEREEZRT ESND. BRAKAS (X6 AICHAEICERL. €D THIEEH 27 ~28 FFfiF

EY—NTATIONXLDHEERLYVERL-, TDE. 9 AIC—BEHREITZHH0OD. 12 AICBEEL

RIDMERNH 1= COREELT 6 AIERE, 12 AIZEERTHROABEGEI1BIHIZED

FHTHY. TOREEZTEEREORSOMUBELNTN-CENEZEL-FREAEZLNSD,
BEOBEIZENTY, RFHOERPOR)Y L/ T 5T LKL E TIE., M E TIXER

BROERNSBESN, RER(RT—U3, 4) OFEAEEICSHDLL LEROFE A ED

FHCENHESNTINS(6) , TNITLEAR | RBEAHREDFMRZRTESNDHLHIET6 AIZHNT

3 AICHLMHZMICHEICERLEN., TOFEYREFEF-—FE2BLTY—ATATUYX L

(24x2 K DEERNTH 7=, LE=M>T. BRFEHLSNMBBHIRFICTELZ 220N

RAIZER T BIELTOGBREZRL TV SRTEEENE Z DN T,

3)RR FEfROWLEIZET HREFICHENTIE, 1 ERZBELTREFER-NTEY ., COBENS
(FAB 2 K DA AIVRB DY RV HEIFNZTEM DT,

HTNIA—LEIVHTA AEREBEDZEIZ DN TIE RIERFHIZEYEARNDEIKR

MEGDHIDELEST=H. 5 A 4 ADBEREMN S, FERICKDEIR FAIFEBDITE, EHR

[CEBRIRBAEFRHOIGFZREY HERAGON- BEMEEDITHEEESASERIZ.
FHABRCERERS. SBLURARRGEBAZAONDSD . SHOHEEERELT,. Chb

FEIF AR E T SRR N B A oS,

5. $56

W TO RR RBRNADRA AT —HTAT7 YR LDELIIERACBER L E DiEin - HBEENE
HARBE T TIXERLZBDHONT=, $FIBIKBRMEDFHNELRT HF HFEEEZITHEEZ LN,
NEDEIENIVEEDRIELE ICEET ANESIMNISHE. SOLIBNETETHEEZLND,

(5&XX#]

1. Yoneyama S, Hashimoto S amd Honma K. Seasonal changes of human circadian
rhythms in Antarctica. Am J Physiol Regul Integr Comp Physiol 277, 1999

2. Sleep during the Antarctic winter: preliminary observations on changing the special
composition of artificial light. J. Sleep Res. 354-360, 2008

3. Beckers F, Verheyden B and Aubert AE. Aging and nonlinear heart rate control in a
healthy population. Am J Physiol/Heart Circ Physiol 22, 2560-70, 2005

4. Fiorentini A, Perciaccante A, Paris A, Serra P, Tubani L. Circadian rhythms of autonomic
activity in non diabetic offsprings of type 2 diabetic patients. Cardio Diabetol. 4,:15, 2005

5. Otsuka K, Yamanaka T, Kubo Y, Nakajima S, Cugini P, Watanabe H. Chronobiology in
cardiology. Ann Ist Super Sanita. 1993;29(4):633-46.

6. Changes in sleep patterns during prolonged stays in Antarctica. Bhattacharyya M, Pal
Ms, Sharma YK, Majumdar D. Int J Biometorol 52 869-879, 2008

This document is provided by JAXA.



P=0.030]

P=0.0342
(msec) ' P=0.0127
1000 :

March September December

({ Willcoxon pared rank test)

Fig.1 Comparison of NN intervals

sep Dec Mar Sep Dec

(Data represented Mean £ 5D, Willcoxon paired rank test)

Fig.2 Comparison of HF and L/H

This document is provided by JAXA.



Fig.3 Comparison of NN (RR) complexity (1/f*)
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Fig. 4 Comparison of HF and L/H ratio
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* :5 glasses of shocyu # :one glass of wine $:200 ml of wine

* * :300 ml of shocyu $ $:180 ml of Japanese sake
$$$:one glass of Japanese sake
$$$$:360 ml of Japanese sake

Fig.5 The time and volume to drink caffeinated and alcoholic beverages and to smoke around the
24 hours holter ECG recording period

Four figures at the top represent the subject’s ID number. Each subject’s holter ECG recording period is
surrounded by black line.

C: coffee (the number on the right of “C” represents the number of cup); T: tea (the number on the right of “T”
represents the number of cup); B: beer (the number on the right of “B” corresponds to one can (350 ml)). Tb:
smoking (the number on the right of “Tb” represents the number of cigarette).

Intakes of alcoholic beverages are colored in orange.
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Table 1 Results of heart rate variability (HR. HF and LF/HF) in 5 subjects who had no restriction to
drink caffeinated and alcoholic beverages and to smoke during the 24 hours holter ECG

recording period.

The highest and the lowest values of HF in each subject are surrounded by blue and red lines, respectively.

ID: 5001 Mar. June Sept. Dec.
HR(beats/min) 87.3 75.6 77.7 77.2
HF (msec?) | 64.0 179.0 1851 || 216.9
LF/HF 2.94 2.31 2.36 2.63
ID: 5009 Mar. June Sept. Dec.
HR(beats/min) 70.9 72.0 72.8 72.9
HF (msec?) 179.2 166.6 144 1 159.9
LF/HF 4.26 4.01 3.54 3.68
ID: 5120 Mar. June Sept. Dec.
HR(beats/min) 81.7 79.6 72.4 80.0
HF (msec?) 71.5 97.0 164.5 82.8
LF/HF 2.6 2.24 1.37 2.08
ID: 5122 Mar. June Sept. Dec.
HR(beats/min) 55.9 51.8 54.8 58.6
HF (msec?) | 1273 F 182.2 132.7 135.9
LF/HF 5.14 3.61 491 5.24
ID: 5123 Mar. June Sept. Dec.
HR(beats/min) 69.5 59.8 68.3 81.2
HF (msec?) 237.6 402.9 1805 | 117.2
LF/HF 4.43 2.66 5.74 5.26

The subject 5001 took one or two cups of
coffee in March, June and September, but
took no coffee in December.

The subject 5009 drunk a glass of beer
only in_September.

The subject 5120 smoked about 10
cigarettes/day at every recording period.
He/she drank alcoholic beverages at every
recording period except in September.

The subject 5122 drank alcoholic
beverages at every recording period except
in June.

The subject 5123 drank alcoholic
beverages at every recording period except
in December.
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