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1. XTI

MEAR A 2 AR T, ARTE BRI 0O IR DY RS
T R TR E LR E T D e ST
WD(TEFE, 2008; PNAT, 2006)) . JEAE T EIE 1, i
FEAA 21 CTHEIRIZEDIRE N +H431281 TR
ANDEEZ BURD 23.1%055 21%LL FIZ+5 B
2T C0D, O BIEEZEDH T TEL T, fEEE
D= DOREIRFEEHE 2014 FICE Lz (R4 5518
A, 2014) , JTF, MEIRO FEZEIEICRH 2B I E
STNDHEBZHLND,

MEAR I 5 B2 AT TRk 2 7 R O H ¢, IRER
BN AT TR BITIRE, FHICLDBREEIRIEEE D
ZALSHRE/ AR T, BR, B B=RELE
DI RBIRE 2O DNTIHEE T 2 N E T/ 5 T<
%o B CIL, BEARFFO AR FHE0 Lo fiﬁﬂ%ﬁ%
B, I BR R S REAR O A A i L B F 5 2T
WCHAE L= (K BF, 2012),

Z2TC, AR CITRIRBR B IEAR |2 R F T 52
(235 B L, BRIEFAET, Ol B AP RIS ED, &S
T RAFE T IOV TR T 5,

2. ERERBEORITTHE
1) REEAR

IR BREE DS IER IC R AE T B, SRR A
BRERNDNTRERNE D, B TEREL AN
IRVGEE . PRI CHD 29°CHOL RIEME T
DITOFVTHREESHEANT | L 2 BERR &R BERR 3 5
V9% (Haskell et al., 1981)0 BLEZEV DT, [FIUIE
JENRCELSETEE . 21°COIKIETIE, 37°COE
IREVHREEED 2 %uht%'ﬁua“é_é:f oD, Fo, L
INHEERR & AR I AR F L B2 & A IR 7213 A I35
& MEAR B I R AE T B INR L b i HI T k&
<\ 5%5ill/JAHﬁEE’Cj(%#ot(Candas et al., 1982),
TNHOEWAENG | HEIR B KT T BT m R
BEIOLIREBRBE TREIWVEEZEZHNTWD, #KT
DELDREITRIEDYERE 2K G LLTNDHD,
T ERRELT- R ELHD, LTI, BHROS A

28°CUL FIC/2 5L R L MEAR EERE 4 ASHEhNL , BEAR
BERE 3 3D L, BEIRAEREDME N 3% (Sewitch et al.,
1986), HRikHEIROB T, B:0#ERE T 20C
@f/'ﬂiiET%befL H75, -30°COBRELRE CF
WrERAWCGHABRELZSGED 1 HEIZOA R
%(Buguet et al., 1976), ZEH 3T HARC AR &L
THIMUZZ ATEEME MRS L QD
Lol KRR CE B2 AW ICA CtE S
HZEE, B AEETIEHEVZ2, Muzet H(Muzet et
al., 1984)i%., XV H & /EFEIZITV 13°C, 16°C, 19°C,
21°C. 23°CD 5 Seff CHEIRBEpEZ Lbis L7, 2 2T
Ry REHWT, #RE1 I a—Y 1M OH T, A7 1
Beafli LTz, BENR B PSS 22172 o T8 | R
DOIEIRE b B I 72D1% 16°CE 19CTh 7=, i
IREBEPEIZZENRNEEN L LT, RIRIC 10°COIED D
HDOIZKIL FEIRPNIRE D ZEDMENTHHZEDNZET
HILTWND, ZORERNG, BIRLVLBEKRNIEE %
PR R O BEEMEARRL TW1D, EE DI, 17°C,
10°C, 3°CD 3 SeffCHEIRZ LR T\D, Ny R%E
FANWT, Efl- EXR O y~b, BHREPER
Mz HAWCTHE LN, MEREPSCE T RN,
ﬁﬁ IRZh=E 95% %l 2 T\ 7= (Okamoto-Mizuno et
, 2005a), 7 EHMEIRELFEICEIL CiE, EEAE
%@J R AUEEEE TIE 3 CETITHEN RS
72N (K 1) o HEIR B PEIZ TR, L L EIR
LU LR O JE AR R BE 1072 D138 £l p 2 e
HIRAE S TUD(Muzet et al., 1983; Sewitch et al.,
1986), /> L AMEIRORE 2 K<L, B 45 0%
I LD IRIEFAEIFERE MK T 35 L A REAR O H B2
BEOHTNDHEEZLIN TS, Fio RIREE TO
TR X REAR 7% - CHY I35 (Okamoto-Mizuno et al.,
2005a), HEARE F-12L AREIR 23BN 32729 | (KIE
THEIHERE D B WREENHE Z 5L E 26N TWD, B
BAERWSMT, BEIR~OEENHERIN TS
DX, AL TD-10~-30°C(F-25C) TEAR I BE
ELT-HE Th D (Buguet et al., 1998; Buguet et al.,
1979b), ZDO#HE Tix, RIEMERICEZEILI A0
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%18 M—%#ﬁ-qa%#ﬁﬂtﬁm
JU (Okamoto-Mizuno et al, 2008)
EmER
N Muzet et al(1979)
EZA EmEPEREER =] =
(Okamoto-Mizuno et al, 2009) 4§(;|_;1%efﬁ '1%;—) T
BEETH
(Saeki et al, 2014)
Eﬁ%% 6.9 clo

(Tsuzuki et al, 2015)

Ef-PEMHAMER
(Okamoto-Mizuno et al, 2010)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
RELRE(C)

| BERICHEEEZRIEFSLVRERE

T RO EL AEIR OB DR ST,
BRI HEAR 3, RS AR DR T S AR L2 L T
TRVHEIR AT BT 5720 | SBER A bhpng
LTW5, BT 2 nas | Ak CoREIR T AR
ERFLIER L QU D (Buguet et al., 1976), {RIEEREE
TIE, AR AR T D eV AR O HH 255
O WA IEDEBEZLND, L AEIRO A &5
EEDOYEINAS | MEARFF DI AL AL R HEIE IR
L RIREMED DD,

s O B ATE T T, BRI 2 F 7 T7
ERHOTHERZ 3258 £ OB ENIRE TN
IST~10CTh-oThH, KL ELEN L
(Okamoto-Mizuno and Tsuzuki, 2010; Saeki et al.,
2014a; Tsuzuki et al., 2015), S THREIERIZ, 72T
777 THREAITHEIRZHIE T 5L, AOF=ENIE
FEITKY 14°CTRREZED LB AL72Y (Okamoto Mizuno
et al., 2008), 77F 777 CHIFELIZIRY TIL. &
FIIK 9°C, LI 14 CETITMEIRIZIZFE N /LS
NIRWRTEEMEN B 2 b, FIEEORRLT | &
fin 05 R CHARIRBR BE D IR |2 RT3 R 8
RERFEIOS/ NSV A EEMEZ R L TN D, T F 2
TN KD MR/ TR O W E VL R & D — BERM
90%LL EEE D (Jean-Louis et al., 2001), —J7.,
TIF 7T 7 CIERERA IR &) E L 03< FRISTE
HEOZ VIR TOHEIITEENMLETHLHIL
HIEfE STV D (Meltzer et al., 2015; Meltzer et al.,
2012), e~ T, Ml S RORRICOWTIEE
\RFT 2D D,

2) VTR B &R PR A
BEAR LTI, BRR2S A LEREARIR MK T 3
HTENFDI TN D, IR BR B2 T 0D I AR I 0D R T

i

RIRIX, Bk 2 2R E S CORENRHDH, 29CE 21
CD 2544 (HRAK) (Palca et al., 1986). -25CL20°CD
2 5 (B 43445 ) (Buguet et al., 1976; Buguet et al.,
1979a), 17°C, 10°C, 3°CD 3 /4 (AT LN EA )
(Okamoto-Mizuno et al., 2005a), 25.5°C, 15°C, -32
CD 3 &M (32CORELR, ZDOMITIE ) (Kreider
and lampietro, 1959), 13°C, 16°C, 19°C, 21°C, 23°C
D 5 54 (FBAT 1K) (Muzet et al., 1984) TOHRE 13D
DR, WTIBRERIE L CRY, BEME TS
(DA CHEIR RF O EREVARIR DR T2 K35, %
72 BB L TSR T U R IR e (R 2 s 4
RERIE, SR 25.5°CTIERE L T D 5.3 KER, 15
CT 4.4 FH, -32°CT 3.5 Bl &, IRIRICR D138
45V (Kreider and Iampietro, 1959), #4AT 29°CL 21
CH LB LTS Tl BRI 21 C TR T 238
KT 508, IR ICIEZEIT RS2 (Palca et al.,
1986), MM iR IZREMR b MERF S TV D ATBEME D R
ST,

FETEIRA~D BT, FEEREARC L E DEALIZ LY
ek, FESEAERHWESE, 17°C, 10C, 3°C
D 3 FMETIXFET2 )N (Tsuzuki et al., 2002), kD
FRL\N-25~-32CIT 72 DL Gfh E DRI ZD LD
b, -32°C T, FHIEE D 15C, 25CHUHIK
T4 %(Kreider and Iampietro, 1959), #ilkiZ/ 72
23, 25CTHIAERIZ, 20°CE0 3 K JE IR MK T
L. 32.5°CE K FL7=(Buguet et al., 1976), #4AT
1%, 2I°C TR EIROIK T & L ABERRFIZ iTE
DR [EIRD EF-3 % (Palca et al., 1986),

— 5, BEARAN I ORI EITAT> TRV, 0~5C
DRIV TEEZ MO TRRE LB, BIICLo MRS
O R JEIR ., R EIEOK TFTARES TWD
(Scholander et al., 1958), 11.2°C, 3.8°C, 2.1C,



9.0CD 4 KM THRIBMED R ERO A LTZ
FFEThH ., BROBIBMEN 0 TRWEA, RO
JEIRDIE T 23RS TUVV5(Lin et al., 2013), ED
FZJEIR~D X, Livingstone H(Livingstone et al.,
1988)b L T, F BB RO LRIENE DR IC
BNt L 7n D T REtE B D,

i OB EREO R G R A B ECHEL ST
E, EIOHATHI(Tsuzuki et al., 2015), F/2i3fMos
KJ#(Okamoto-Mizuno and Tsuzuki, 2010)? f7 J& &
DEoT, B OOIL, X0 O GRS 5 47
U EOREWRBEOREEE BE/2RADOHEBEN LN
72 Z& T DH(Okamoto-Mizuno and Tsuzuki, 2010),
I oOW TR, HETOBRERFO O K JEiRIX
AT H KD BHAEL (Okamoto-Mizuno et al., 2009a), %
AT, MR BREECHEIR B R 2 iR A RS
VAT HZEN BN TS, Ll TR R B
IR L TR BR B C AR K0 AR L SR 0D F2 f& T %
RS THET S (Inoue et al., 2004), 52D RER
R DRI DR A ST B2 D2 LN B TD
ATREMED DD, millind EH IO TIL, A LFk, &
EDOMNTEEIRIZITZIT DI T euy,

FIRNEEIT, ZEB]CITERNIREITIEE= 0 e
<, BRI E DA BN EL/2H (G, 1999), 4T
HILE R OB IRNIRE IO FHI L 213720, 13~
23 COFMHTY , FIRDME T3 DIFEME T3 DM
IXALNDN, B EFIT/2 O (Muzet et al., 1984), L
2L, 3C T 17°C, 10°C b A EITEEBOE RN
R AME T LTV = (Tsuzuki et al., 2002), B
RORIRMED R+ 5370556 RO JFIRIME T
B8, R EBOBERPIEE DR T 23R8I E1TL T
WO RIREMEL B D, R EOERNIEE 13, FEIRL
FARIIRIRBR B2 COE EOREMEZ G - 2 FE
272D ENEZBIND, g DA T TORKANR
BETIE, OBRNIEE IIZFHZ TR0,
LU, B OBERNIRE LA Tk, FICEIT2L,
2 X0 &) o 72 (Okamoto-Mizuno and  Tsuzuki,
2010; Tsuzuki et al., 2015), $hVETIXEEHDHDOH
ETIEH DD, BERNIREIZEFHICLDZIT AL
TV 2\ (Okamoto-Mizuno et al., 2009a),

P 25 Hcb L A0 BR ORI 15T
B, B OREIR RO R SR 3 L OE R N &
2D RONRWEENIREOFIFHIX, Kx3C~
25°C, 10°C~25CEE 2 LA, [FIERIZ, FElinE & 4h
IRCIE, FENIRE D HilE T 10C~22.5C, gl
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T 14.8C~214°CO#HTE LORIEMENR+4T
HIZE., BB RSB R NIEE ~D 2 T /D 72|
REMEDNE 2 B,

3) Lol B AR TG )

IR BRI D MEIR IC L IE T B CTROEE LD
(3, BEIR BERE 2 21T 0TSO D BT, Ol B
RIEENC AN RONDZETH S, D B AR
TEENT, BEIR B M I KO L | AR BENR C I A2
PRRTE BN D EALIZ 720 | BEARBEFE 2 23e, LA
B R & T R C 03 A K PR R TS By S IZ R D
(Okamoto-Mizuno et al., 2008), %7z, BEARE KD
1TIZ5E4T L CZ )3 % (Brandenberger et al., 2001;
Okamoto-Mizuno et al., 2008), & 5% 3°C, 10°C,
17°CD 3 AT Lol B AR Bh A AR AR | e
IREERE 2, L AMEIR SEEE I Co 0 TREAT LT, A
AR EN L LA ENRE D B AR AR R D FRIE CTh
L= JEE Sy (HF) | ASREARRE & Bl A Ak D /3T
REEZ BTV HF LKA B (L) BHE L
7= LF/HF, LF(LF+HF) (Task Force, 1996)% Ltz
72, 3C T 10°C, 17°CEE MR BL PR 2 i R
T LFHF &%LF 23 EIAR T L, B EARRE TS E)
PENLICZ2 203 HEECL AREIR CH B 2£1T 0
(Okamoto-Mizuno et al., 2009b)(IX] 2), HEARE:RE2L
7% U8 R MR C 1) A S AR R B 2RI Z 70 D BRI
1E, D7 EHERTE O B DR FEAKIR O 28 &2 ] A
THIED ZONEZ LD, BER, FIRITERIC
oI TNWDT | B & B O A DM I 2R iR S
b, B DB EIEDHE Dl B AR 15 H)
VLB AL AR AR DML AT 72 D D5 | AR AR RRTE B 3 AL
JEARRRIE B DMENLIZ 720 | DS RN T B A RS
S — B LW Rk RO (Cold face test)3 L2
%o ZOKEHE, HF OIS0 LA OAR T AR R
IFIAERB S AL TV (Friedman et al., 1996; Hilz et al.,
1999), /& EH %52 234\ (Khurana et al.,
1980; LeBlanc and Mercier, 1992),

MREBKT DB | i A AR TR EN DMEALI
720 fED EFHD S5 (Heindl et al., 2004), —
W, MEAREERE 2 L Awi RERR | 3 R RERR D 70%%
HOLTEME | MEMETL TWZRWATEESESL &
%o A TRIEENR H 2 ifl = 2ME R L7222 &% non-dipper
LR, Dl SR DO EE NN R i S 41TV D (Ohkubo et
al., 2002; Verdecchia et al., 1994), F7z, EKRIFCK
MR EERE, BEARELRE 2 2 O MEIR~BAT T DFRIC
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With kind permission from Springer Science+Business
Media: Eur J Appl Physiol, Effects of low ambient
temperature on heart rate variability during sleep in
humans, 105, 2009, 191-197, Okamoto-Mizuno K,
Tsuzuki K, Mizuno K, Ohshiro Y, Figure 1.

MY SR S TN (e N [ RSNy e d Y g
%o FEEEEPL AMEIR ~D A TIZ L2 0l B A
DB AT DR R EBEL TWDH T E03H
HEENTWAD(Viola et al., 2002), Kuo(Kuo et al.,
2014)51%, 23°CL 16°C T/ L AHEIRNSHEE, LA
HEAR A~ DT L3 Lol B AT RIS B0 M 1 J I E
B REL TS, 16°C TR VL AREIRDNSL L
IEAR~DATT LE/HFE DOZAb & LI E | 5
FE~OBATTY LF/HF, IHEH - L] fn = o 281k
w3 23 CLVLABICEN-T, EinE T, =il
10°COE T, 20°COFLEK LD i IR RF D I HE
Wi E A B @L<, 207D B RN DRI O H ]
IRF D I FE DA L&D =i\ (Saeki et al., 2014a),
AR ER B Tl O IR I LA 80 1 3 4E
[H Tl W2 ENZERE STV D (Marchant et
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al.,, 1993), FE LT HREZN T, ELIRL TOBERE
DRI T~10 FEIZEEH 9 5(Boulay et al., 1999)Z 41
DO MR B D ZELFE TR O BARIL, SRR
ERHL TWDEWOIHES ZEH DD (21X,
(Sharovsky and Ce sar, 2002), —E(L72\ i & (Rich
et al., 2007)b525, ZAUTIEL, AAKIRLIVHEES=E
IR E DB TR ERER &L THRRf ST
Do A=/ NTATONIZHA TIL, SAURDO B B
IARWERR KD | EESCENIRENMELS, KR TD
BFENAR A3 7 B [E XY v TO LR BRI LD
T m N >T=(Buro Winter Group, 1997), HA
EINTH, SAURDHE AOK AR ORI T, E%Vﬂ
REEIL 15CLL EThDDIIZKL, Kl &

T 10°CA, ke, KPxTH 10~15 szlbé(jc
i, 2007), A4 B AR im0 EL PRIRF O ULE
MEDZEALED, SR TR ENIRE LREH L
TWDZENFERISHU TV VD (Saeki et al., 2014a; Saeki
et al., 2014b), KRB BED FEL I IR THIB2
fERRMEEEHIT, ENBREECKIRE O 72 554
TR D EEME A RIEL TND,

3. [RIRBRE A~ DXL
=R O

IR BREE 23 Ol B AR RIS B SO 1ML £ (2 R AF T 5
ERRENZEND, ERNIRED EHPBEROE
PRIFFOD LT B AE T ZhFANZ OV TRETDAS LT
%o BAELMETT, B AT 24 IR R O e B 1 F =2z
JERZRETHE, KR ORMEERITE DT NE
FOHEWDS BCHERI M T 22 1T R B30T e
(Martinez-Nicolas et al., 2015), Il EIZZ=HiZEN RS
niﬁb\%l@ DELT, At F %

ZEFTCND, — 5, ZOWETIIA DR ENRE D
20~21°C. HIETH 19°CTH 7=, Dl LB FEFEL
PECIE, IR 20C L ETHhIVUT M) E I TR EN
IRV ATREME A I RIB L CUVD, FFAEBMET, A=
R4 14°CL 24 C T+ 5 & | & M MEARKF O 1L+ 12
FEIZLDIVRNAS, AR B OO LSS 1 = | LS 1 1

DAV EITA E T 24°C T > 7= (Saeki et al.,
2013), =iE%x LT A2 LT, kR FFOUHER D
WL E A2 CE LA EENEN B 2 HD,

B ICOWThH, BBEA# A L= E<T 50
ANFFEDATON TS, UL, BBEAH AL TH=
RO EFIT 16°CETTHY, EIRFFO M A7 40
ST RD o 7=(Saeki et al., 2015), &g DOfF



T, MADHRTERE LITFHREESEZRL TV,
EEE CIXE A LD EENIRENMEL, BLER
2T 5 T & SCHNT A O FE 3 2 (T A A,
1993b), EENIREZ LIF T, MaES T nE
FNDHD, mEE TITEMMG T CEATEEELY
B2HZENREELZ LB RSN TV DR,
2009), HEEMADERNIBEICESEL, $tE
IRFOD T A OB A [ O A A R [ T RS 70 KD
IZT DT EbMEEEE XD, Flo, RO LIZLD
WELL, B T 0.06 [EITHDLOICKL, &
BETIR 1220 ERIEICEENL . A HIEE B L0
BAMEINTHEEAAM, 1995), EKRFEZ 1T T &
M REREREOERNOMMLUETO=RIELMEE D,
FENPOMUET, mnH OFET 2RO EEESS
W E A2 HZ IR EETHD, BEOERX
BIL, BEEHDE VIO R ERIMEO R
SILTWDEEAML, 1995), FEEZEA, FrEed 58
BECOERTORIEDLMEEE 2 HND,

2)E RN & H

IRIRERBE~ DXL LT, BRBATEDERE
AR S Bb &N Tnd, BRSO E T,
BEREAMCHADOEFZRIL60:%LL ETRIT70% T
o7 (FEAMM, 1995),

BRI EAZ R 20°C, 38 COREMIE THREK
LG RIEHEIR &L ABEIR O L REED
HENINAMERR S AU TV VD (Karacan et al, 1978), ZDH
Y, BABRBENERIC T TR KL TE
0, EIRZT CRERMNIBE ICHELE T 5 HE E
IR TS, HRODAHOERZMBEL, EX
HEATZRIE 13°C. 34 COLMEMIE TRAFERL
T2 A AL WIEA J0H EGIR O T 2340
S, IR EERNIREE S @70, MEIRTE REIX
FIMEL T3 IR HEIR ORI IR L TD, Fiz,
AREEOIRAEUATRED DD, EIRFRIIT B KU T
W (A, 1993)  BERRAN 3 O E 134T > TR
VS, BRECEAIAZ=IR 9°C, AmINE TR
RAULGADEEOK T oM<, IR EEIR
WIR E O 523 e 58 S 4L Ty 5 (Tokura and
Imamura, 1987), R EAMEEH 2L EHLZ2N
BAIVLERPIRE O EF- | BEIR T8 TRITICK
LR E RN E O EF S RS2,
1984), ELIRIFOMER O DY ELHESIILTWND(S
F£, 1980), F7=, MENROD % H4 12 BEEA TINRL

PR AR, 53558, 2-11(2016)

TeHFFECH MERZ EICREEOBMMA A 5D
(Fletcher et al., 1999),

ZNHDOFERDG | BRI AR ORI R ThH
AT, BEAR AT AR ETZ 58 I 3o
HEEE AR VRS R 0D L0 0 . b 5 PR 0D Yl #03 JRS R0 R 1 3 7]
T AR AL HL(MAM, 1993a; 4, 1980), &
IR 13 CTERNIERBEM TRIKRNO 2 A 1
RERIAMEL . BEE RN Y7235 A S L2 WA
Z R LT 9Eh &5, BEARAM I ORI E X T-> T
TRV, ElE LEELYEOBERNIEE XEL, B
RN E O — it EFS Ao 3| MR R
I Chol=(MAM, 1999), =R 13°C T, #ATE
RN D &% 37°CETINRL , BEERTICEIA L, 3
A CTH R 25 CEE N IdEnThoTo, £,
JEERE R E[FIREIC 22°CEThIRS, 3 K% T
H 17CThHo7= (A, 1999), Eilk 3°CT, &
D FEEXIE AT CTHINE T 5E, EALZRNWE
B LG IEIRE P 123800 U CHEIR 2N Z E L, EE A
RO IS, B0 K FIRSCERNIRE T
F<PR7=41CV 7z (Okamoto-Mizuno et al., 2005a), &
SR SRRSO IR AR i 1 M AE R B, R
EAOIRSE IMEEAL, 5 AR, BT 5EIRA
EETDHIVNERDD, 13CHIEOER THIZL, 5
BEANZEKRANZINEL . sEE RN ERZ YL )51
AN THLHEB ZHID, 3CHIHZ DRI TIX, &
D I T I AUTEANE ] 352 & TR 2 B
L. MEIRAZZESH D ATHEMEN DD,

IEELEKR

MR SWTIE, 16°COBREE T, #MAH 0 T2
NEELLIZSE . BESEESLIZGE ISR
RIE O T RAREL, BEIRE P13 A BITE -7
(Okada et al., 1994), BRI OFEEICED | BEIRFED
IR B2 D ATREME 2 RIB L T D03 BEAR~
DFBIIHLITIER,

REIREMET 358, HEEEIVLENTERED
B Ao T 32\ (AR, 1991), Lo, gk
FERFO BT, B Z0LEE RO KEN,
CINETIZEARHZ X RELTZAFIEIE, 19~20CD
PRI CITHOIL CWVDHEDONFEETH D, WTh
 BAT [ O PRI DN G A IR IR O K T 23
HRL, BARMNIEEICEEII R OS2, MEIRIZE
A3 R BTV 20 (Okamoto et al., 1997a; Okamoto
et al., 1997c; Okamoto et al., 1998), 5°C DR B



T.EROERIIFELCTH, TEHEEILLER
T, BFEHZESLEERS EHE TR DES
Z W)U EAR IS | R RIR O RS R&E D)o
7o(mfth, 1995), IR EREE T B H ORI AIR
FRENC B2 AT T ATREME A RIE L T D, — 7,
IRBREE Cld. AREEO MRS ANIRZ 1S T 52 &
HIE SV TRV, 1998), ALk & - fiFt
VB THD, FHEIRECT, ILAED O F o0 VRS
—VEMDT =Y LT DL HEIRIZZEI TRV E
B MERE X%y — Y TR THH- -
(Okamoto et al., 1997b),

EARITONTE, HPERIR CORIBPED R -4 -
YRR DRV~ TRM - BEAR L IOHEEVAIR
DK THRRENZENRHE SN TS (Park and
Tokura, 1998), {KIEERIE COHE R, #HIEH, FK
\ZBAT 2R3 7 BRI I8 200 78 L 7= o 1
B DINDIRY B 7257200,

IR BRZITCD | KITEEPZ BN LD %
EDHEINIL THRY | WEEEPT O E W 1345 % [E
W X TOHURKIZMEETH D, REEEFTCIE, IR T
HoTHZERZRETHZENNEETHY, BIEITIT
BEEOKRNEEREEEZFF >, HAAKEKT
VL REEERT CRbE L7 i oD REER 20 3 03 5 B oD
90%7 5, I 40%F TR FL, FRAIROER 1T
FX7Z572(Mizuno and Okamoto-Mizuno, 2014), &
FolL, BT COELBEREL, 28D NICTF
WAL T WER =V ZERO TIZHE, #ne
WG A X0 R R IR S IEE O 8 PR N TR 3 &
<, HEEEEG A 352 L% 3 & L7z (Okamoto
Mizuno et al., 2016), L2>L. MiSefhEBITH DS
OB, FIRVDOUICKE, D FESED AP
X 1449 11 ARG,

RIRBREE CHLARD CE S & DB ARE K OF
PEAS | AR & AIRFRE | (Lo B AR I B <o i
FIETHELRFTHIEMES % OBETHD,

4. BOYIZ

RIREREE Tl B EORIRMED 2 ThaL, M
IREEPE I TR RAE &2, LinL, H ROV
(ol B AR R TS B SO L L 252 RS e A TUWNVD FTRE
WD, ZORIZHOWNT RIRERE O EAIL SR
REEIVE RENWEE ZBND, BENREZ DL
H 10CUL EITR S| Sl CIEM UL DR DR
e ZEL, BEENOMUETOIREEL/RT L
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HHEETR>TLD, —J7 . ANEITITEISEVDORES)
W%, LR CIRDEEOH LA — AN TU TR
FERIF, RIRREICENL TR WE AN TITZD R
JEIRAME T U CIRALVRWVEREE T L PRE IciRY | 2
DR [EHE EV LS 4 DH(Scholander et al, 1958),
R BR B CREIR AR IR AR E 038 S L7235 6 L Dol
B AR TS B R0 LT 6 38 b T2 D DN T BULBR TR,
AN, 1992) TR BRI IR D Z 813, 43D
fERRICELRS Le W EfafaL Tng, R0 IR % 3
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Review: Low ambient temperature and sleep, Kazue
OKAMOTO-MIZUNO, Tohoku Fukushi University
Kansei Research Center, Thermal environment is one
of the most important factors that can affect human
sleep. Low ambient temperature decreases slow-wave
sleep and rapid eye movement sleep and increases
wakefulness in subjects sleeping without bedding.
Interestingly, sleep is not affected even at temperatures
below 3°C when bedding and clothing are used.
However, cardiac autonomic response is affected at
temperatures below 3°C. Recent studies indicate that
these effects on cardiac parasympathetic activity are
related to increased blood pressure. This review
discusses the effects of low ambient temperature on
sleep, thermoregulation, and cardiac autonomic
response in young and aged subjects. Further, various
manipulations have been detailed to cope with low

ambient temperature during sleep.
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Abstract

Compression wear has recently exhibited some
beneficial effects on swelling and leg shape, but its
effects on human health and stress remain
controversial. In this study, we examined how the
perspiration rate is influenced by pressure applied
underneath the bust. Two women aged 21 and 56
years who placed their feet in a 42°C footbath for 30
min for perspiration acceleration with an artificial
climate room (room temperature, 28.0 = 0.3 °C;
relative humidity, 50% = 0.5%; air current, 0.08 +
0.01 m/s).

under the bust using an experimental band (inside-belt;

They underwent application of pressure

comprising a band with a core material) that was
shortened from 1% to 5%. Their rectal temperature
(Tre),
sensation increased with the pressure stimulation. The

skin temperature (Tsk), and warm-cool
younger subject perspired when she began to take a
footbath,
significantly decreased. She reported that the 1% to
5%
physiological

and her Tsk/Tre/warm-cool sensation
and her
thus, the

tightening rate was tolerable. However, the older

pressure stimulus was not tight,

response was normal;
subject had lower sweat gland activity than the
younger subject, and perspiration was not promoted.
Therefore, she felt hot, and her Tre increased at 1%
constriction but decreased at 2% to 5% constriction.
This decline was thought to be caused by continuation
of the skin baroreflex at the 2% to 5% tightening rate,
which was a physiological burden for the older
woman. It is thus necessary to determine the clothing

pressure tolerance level depending on age.

Introduction

Benefits of compression wear on the lower half of
the body have recently been demonstrated in terms of

12

decreased swelling and improved leg shape (Morooka
et al. 1995, Nakahashi et al. 1999). However, the
effects of compression wear on human health and
stress remain controversial. According to Kikufuji et
al. (2002), the menstrual cycle should significantly
lengthen by wearing underwear for tight manipulation
for a long time. The prevalence of diabetes is
reportedly 30% higher among women with long
menstrual cycles than those with short cycles
(Solomon et al. 2001). We previously examined how
autonomic nervous system functions, such as skin
temperature and salivary secretion, change when
pressure is applied to the body. Even with only 2 min
of slight pressure stimulation that the subject did not
consider to be tight, both skin temperature (Mitsuno et
al. 1998a) and salivary secretion (Mitsuno et al.
1998b) significantly decreased. These findings
indicate that accurate determination of the effects of
pressure should involve consideration of not only the
subject’s subjective feelings, but also various objective
indices. In this study, we focused on perspiration for
temperature control to determine how application of
pressure under the bust affects perspiration. We aimed
to identify the optimal clothing pressure load tolerated
by the human body.

Table 1 Physical characteristics of subjects

Subicct Age |Height|Weight BMI Basal body
) (year) (m) (kg) (ke/m) |temperature(°C)
A 21 1.62 [50.37+0.05( 19.19+0.02 | 36.08+0.19
B 56 1.59 [57.99+0.23(22.94+0.09| 36.21+0.10
Time 8:00 8:20 8:30 8:40 9:00 9:30 9:45

Artificial | | | | | | ]
. I | 1 1 1 1 |
climate room | | | | 1 1 1
Measuring | I ' 4 4 4 {
| | | | ] ] ]
Pressure | | i ! ! ! \
Footbath | | | | [— |
Sensory test | I |l e el - ] ]

Fig. 1 Experimental schedule



Warm-cold sense
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Very cold Cold Cool slightly cool Comfortable Slightly warm Warm Hot Very hot
A S Y I
| | | | | | | | |
0 1
Pressure sense
Very loose Loose Slightly loose Perfect fit Slightly tight Tight Very tight Pain Tough
witou | | | | | ! | | | | | ! | | | | |
belt o [ | l | l | [ | | | I | [ | | |
0 1

Fig. 2 Scale of warm-cold sensation (upper scale) and pressure sensation (lower scale)

Table 2 Items, methods, and regions of measurement

Measuring item Measuring method Measuring region

(Type) MI1M2M3MAMSM6M7ME MY
Skin temperature Thermocouple (T type)| O|O|O[O[O|O[O[O] -
Skin humidity Hygrometer (TDK) [O|O|O|0O|0|0|0|0O] -
Perspiration Perspiration meter  [O[O[O[O|O| - |O] - | -
Pressure sensation . -1010|0[-1-10[-10

—{Ratio scale

Warm-cold sensation - [O[O[O]-[-10]-10
Core temperature | Thermocouple (T type) MI10

Cross points between anterior

Hydrostatic pressure-

balanced method outside lines, left and right

side/mammillary/scapula lines
and under bust girth

Clothing pressure

/posterior median lines and 3cm

Weight Balancer (sartorius) M9

Measured regions: M1: head, M2: bust, M3: back, M4: upper
arm, MS5: forearm, M6: hand, M7: thigh, M8: lower leg, M9:
whole body, M10: rectum

Experimental method

The subjects were two women aged 21 and 56 years
(Subjects A and B, respectively). Their physical
characteristics are given in Table 1. In an artificial
climate room (Artificial Climate Experimental System
of Shinshu University; room temperature, 28.0°C +
0.3°C; relative humidity, 50.0% = 0.5%; air current,
8.0 £ 0.1 cm/s; illumination, 827 + 27 Ix), the subjects
soaked both lower legs and feet up to the knees in a
42°C footbath for 30 min to cause perspiration.

The experimental schedule is shown in Fig. 1, and
the items, methods, and regions of measurement are
shown in Table 2. The subjects slept for 7 h the night
prior to the experiment, ate 2 h before the
measurements, and entered the artificial climate room
at 8:00. Before and after the experiment, the subjects’
body weight and clothing weight were measured using
a balance. From 8:20, the rectal temperature, skin
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temperature of eight body regions, and quantity of
perspiration with perspiration meters (SKINOS,
SKN-2000, KANDS, SS-1001I') of six body regions
were measured every 10 s. Additionally, on a day to
carry out pressure stimulation for 5 days when varied
in the low body temperature phase of the subjects, we
applied pressure under the subjects’ bust using a
2.5-cm-wide experimental band at 8:30; the pressure
was measured by a hydrostatic pressure balanced
method (Mitsuno et al. 2010). The pressure
measurement was finished at 8:40.

The rates of band tightening were 1%, 2%, 3%, 4%,
and 5%; that is, we tightened their underneath bust by
winding the experimental band shortened 1% to 5%.
The subjects placed their feet into a 42°C footbath
(BT-5N; Minato, Bithatizer) for 30 min from 9:00,
removed their feet from the bath at 9:30, and rested in
a sitting position for 15 min. A paired t-test was used
to examine significant differences in the sweating rate
and body temperature between the subjects and
control; not tightened by band with only use of the
footbath, when pressure was placed under the bust.

The scales used to examine pressure sensation and
warm-cold sensation during the experiment are shown
in Fig. 2. The subjects described their subjective
sensations a total of seven times (every 10 to 15 min).
Numerical values for the pressure feeling was obtained
by supposing that the feeling without tightening had a
score of zero and a perfect fit feeling had a score of 1
(Mitsuno et al. 1997). In other words, the numerical
if the subjects felt that the
experimental band was tight and less than 1 if they felt

value exceeded 1

that the band was loose. Numerical values for the
warm-cold sensation were obtained by supposing that
very cold feeling had a score of zero and comfortable



feeling had a score of 1. In other words, the numerical
value exceeded 1 if the subjects felt hot, and less than
1 if they felt cold. The correlation coefficients among
the perspiration rate, clothing pressure, and

subjectivity evaluation were also calculated.

Results

1) Perspiration rate

The perspiration rates starting at 10 s in each
measurement region are shown in Figure 3. In Subject
A, the upper arm (M4) perspired first, followed by the
back/thigh (M3/M7). The perspiration response was
faster in Subject A than B, and the relative
perspiration rate was higher in Subject A than B. The
conditions of perspiration were compared every 5 min
as shown in Fig. 4. The relative perspiration rates at a
band constriction rate of 1% increased in the head/bust
regions (M1/M2), but the rate at the thigh decreased.

The significant differences in the regional
perspiration rates between the control and pressure
conditions in Subject A are summarized in Table 3.
The pressure stimulus was started at 15 min (shaded
columns), and the footbath was used from 40 to 70
min (dark shaded columns). The increases and
decreases in the perspiration rates are shown as “+”
and “-” symbols, respectively. Greater numbers of
symbols indicate greater statistical significance. The
1% constriction rate at M1/M2 was associated with a
decrease in the perspiration rate (-), and use of the
footbath was associated with an increase in the
perspiration rate (+). Thus, body regions with
increased and decreased perspiration rates coexisted
during application of the pressure stimulus and
simultaneous use of the footbath. The significant
differences in the relative regional perspiration rate
between the control and 1% to 5% pressure conditions
are shown in Table 4. The regional perspiration rates
were significantly higher in Subject A than B.

When Subject A underwent a 1% to 5% increase in the
pressure stimulus, her perspiration rate increased in most
measured regions. In Subject B, the perspiration rate
under the 1% pressure condition increased in all regions
except M7; at 2% to 5%, however, perspiration at M1
and M7 decreased while that at M4 and M5 increased.

Relative perspiration rate (%)

Relative perspiration rate (%)

WeARfE SR, 55355, 12-18(2016)

The total and relative perspiration rates of the whole
body are shown in Figure 5. The total perspiration rate of
Subject A (upper figure) was significantly higher than
that of Subject B. The relative perspiration rates of both
subjects (lower figure) were higher than those of the
control condition when the constriction was applied

under the bust.

Control

Foot bath

5000 -
| Subject A

3000 A
2000 A

S ialinbz;

5000 -

mavelraa,

-\“_F\l

4

— M1 . M2 _—.M3
Subject B

— M7
4000 4

3000 4
2000 4
1000 A

el
A St o,
- ._",...-.-n-.-r--,...--Mﬁ""v'w",.m'w_h'.i‘cn-' W Vb

0 10 20 30 40 50 60 70 80
Time (min)
Fig. 3 Perspiration rates starting at 10 s in each
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Table 3 Significant differences in regional perspiration
rates between control and pressure conditions (Subject
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2) Body temperature

The rectal temperatures (Tre) of both subjects are

A) shown in Fig. 6. In Subject A, the Tre with 1% to 5%
. w1 M2 M3 M4 M5 M7 constriction was significantly lower than that in the
Time\[1 273765123 51 23 51 2'3"5[1 2°3"5[1°2'3"5 o )
o - " +++ NI  control condition (Four % data was lost with the sensor
- —— +++
e —e e e trouble.). In Subject B, the Tre with 1% constriction
20-25 N = . . . . . e
- . x N —x vl - n n| significantly increased, but with 2% and 4% constriction,
30-35 |— + N . . . :
35-40 + ++ -4+ - — | it significantly decreased. Thus, the younger subject’s
40-45 ++ N ++
gl OO ML RO O e Nl s = core temperature always decreased with the constriction
55-60 [+++ ++ . . 5 .
aoces s AN stimulus, but the older subject’s core temperature did not
65-70 . - ..
70-75 et N N N consistently change with the rate of constriction.
75-80 N ++H{ N ————————~
80-85 N N

M1-MT7: measurement regions described in Table 2. Increases
and decreases are shown as + and -, respectively. +(-): p <

0.05, ++ (=-): p < 0.01, +++ (—): p < 0.001.

3) Skin temperature
The relative skin temperature (Tsk), Tre, skin humidity

(Hsk), and perspiration rate of Subject A while not

wearing the band are shown in Fig. 7. The Tre and Tsk
slightly increased while using the footbath. About 10 min
Table 4 Significant differences in regional perspiration
5%

after placing her feet in the footbath, her Hsk rose,

rates between control and 1% to pressure perspiration began, and her Tsk fell. Her Tre was almost

Relative perspiration (%) Total perspiration (mg/min)

conditions the same from the start to the end of the experiment.
Subject A | 1%[2%|3%| 5% || Subject B | 1%|2% |3% [4%|5% The correlation coefficients between Tre and Tsk of
Ml Rl Rl s Ml [ - | =1 1—| poth subjects are shown in Table 5. Negative correlations
M2 [+ | M2 NN|[N|N|N
M3 NN = =+ M3 T NN = between Tre and Tsk were noted at M2, M4, and M5 of
M4 | N |+ [ M4 [+ N =+ ++| both subjects. The Tre rose, but the Tsk on their chest
MS i e MS T+ T and arms fell. Subject A showed this negative correlation
M7 |+ M7 ||| N .
at M2 to M5, but not M7. Her Tre rose, but her regional
M1-M7: measurement regions described in Table 2. Increases Tsk fell, resulting in regional perspiration. However,
and decreases are shown as + and -, respectively. +(-):p < Subject B showed a positive correlation between Tre and
0.05, ++ (--): p < 0.01, +++ (---): p<0.001. Tsk at M1, M3, and M7. Both Tre and Tsk rose when she
used the footbath because her perspiration rate was low;
thus, her body temperature rose (see Fig. 5).
50 7 Subject A 0 Subject B
40 4 Subject A EE33
40 o | k&
30 1 30 4 sk 001 . 102 - 1#‘ !
20 1 |—l-| ’-l-l ’-I-I 2 pﬁ ] —— *x%: <0001
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Fig. 5 Total and relative perspiration rates starting at

five min Fig. 6 Relative rectal temperature starting at five min
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Table 5 Correlation coefficients between rectal

temperature and skin temperature

Items|Subject Skin temperature
Ml M2 M3 M4 M5 M7
MI0 A |-0.040 -0.990 [*¥*#-0.464 [**1-0.452 |**4-0.441 |** [ 0.209
B [ 0.760 |**¥-0.243 |* | 0.319 |**|-0.455 [**%-0.257 [* | 0.303 |**

*:p <0.05, **: p <0.01, ***: p <0.001

4) Sensory test

The warm-cold sensation of both subjects is shown in
Fig. 8, and their pressure sensation is shown in Fig. 9.
The warm-cold sensation of Subject A increased when
she used the footbath and decreased when she got out of
the footbath; however, the sensation of Subject B did not
change substantially even when using the footbath.
Conversely, the pressure sensation of Subject B increased
when the band was tightened under her bust and
decreased until the end of the experiment. This indicates
that she became accustomed to the tightening of the
band. The sensation of Subject A did not substantially

change.

5) Clothing pressure of experimental band

The clothing pressures where the experimental band
(CP) was constricted under the bust are shown in Figure
10. The CP increased as the rate of band tightening
increased. Ordinarily, if a rigid body and the same
materials are used, CPs increased along with the increase
in the band ratio (Mitsuno et. al 1991a).

16

WeARfE SR, 55355, 12-18(2016)

Subject A Subject B
IR S Pressed under bust > ;. <— Pressed under bust —>
1 = b
Io;: —i—f- éj= —— = q
i-Mz Foot bath N
| .
E:): PRI i A
=3 4 o
§2-M3 : M3
1 { ==t =
2] 1{ —a—=n o |
o 3 m4 0 Foot bath
P21 31 M4
E14 =g __; % 2
gu_ é r-—-—-—n-:.-lv'"ﬁ
3.
2_M7 :: M7
1] et - e ———— iy
D.
; ]
E;'MQ , |M9
(=] T -
Syl H=¢=-Tl=""‘*‘~‘! ===
4’0 (1]
7

1 2 3 4 5 6 7 1 2 3 4 5 &6

) ——control -=-1%  —=—2%
Times 3y —.4%  -=-5%
Fig. 8 Warm-cool sensation
Subject A Subject B
23 4 €— Pressed under —_ < Pressed under bust >
M1 bust 1

I ’ l |i 2 4
=y
ol 1 4
L -

$1m2 ! 1

i 2 4
31 =ttome—f—e—g | .
c
@Q 0 -
R L Foot bath 3
=2 o 2
=
£ B—p— B —8 1
EE b 93
Sl v
219 m 14 ﬂ
[*]
So 0
¢-1234567 1. 2 3 4 5 6 7

) ——control =#=1%  ——2%
Times
3% —-4%  -==5%

Fig. 9 Pressure sensation

g

< 30

5 20 O Subject A Subject B

9 10 7.

% 0+ T r% T I_% T T

% 1% 2% 3% 4% 5%
o

Constricted ratio (%)

Fig. 10 Clothing pressure of band constricted under
bust



The CP differed although the band constriction was
the same ratio. Nevertheless, Subject B showed rather

WeARfE SR, 55355, 12-18(2016)

Table 6 Correlation coefficients between clothing
pressure and perspiration rate, core temperature,

higher pressures than Subject A (see Figure 7). The pressure sensation, and warm-cold sensation

difference in the CP resulted from the hardness of the Clothing pressure (hPa)
body; lower pressures occurred in softer regions, but ltems Subject A (21 vears) | Subject B(56 years)

. . . . Max Min Max Min
higher pressures were obtained in harder regions Perspiration rate | 0.260 |[* | 0.216 [* [-0.190 -0.300 [**
(Mitsuno et. al 1991b). The CP was thought to be Core temperature |-0.250 |* |-0.250 [** ]-0.150 -0.240 |*

. . Bust 0.440 [¥x4 0.390 [**x| 0.610 [***[ 0.600 [**x
lower in Subject B because she was an older woman |Pressure |Back 0.180 0.130 0.730 [##| 0.740 [+*+

. . sensation|Thigh 0.570 [*xx| 0.460 |**¥
with more subcutaneous fat and greater radial Whole body| 0.450 [x## 0.375 [xk#| 0.689 4k 0.716 [k
curvature; thus, her body was softer than that of the Head -0.032 -0.047 0215 |* | 0.207 |*

Warm-— [BUSt -0.335 [** |-0.354 |** | 0.168 0.217 [*
younger woman. g [Back -0.350 |** |-0.386 [**+ 0.026 0.099
Se::ation Arm —0.360 |*+#-0.411 |+ 0220 [* | 0201 |*
Thigh -0.363 [**#+|-0.372 |**+| 0.222 [ | 0.257 [*x*
Discussion Whole body|-0.212 [* [-0.254 |* | 0.244 |* | 0.293 [%*

The CP changes with respiratory movements;
higher and lower values occur in association with
inhalation and exhalation (Mitsuno 1991). Thus, the
the CP

perspiration rate, core temperature, pressure sensation,

correlation coefficients between and
and warm-cold sensation were calculated from the CP
on inhalation (maximum value) and on exhalation
(minimum value) and are shown in Table 6.

A positive correlation was shown between pressure
sensation and the CP in both subjects; they reported a
tight high.

Additionally, although pressure was only applied

sensation when the pressure was
under the bust, Subject B reported tightness in her
whole body and thigh. The core temperature and CP
were negatively correlated in both subjects, so their
Tre decreased along with the increased in the band
ratio. Even Subject A and B, is the cause that core
temperature fells to the same reason as expected?

The correlations of the perspiration rate and
warm-cold sensation with the constriction condition
were reversed between the older and younger subjects
(see Fig. 5). In the younger woman, the correlation
between the perspiration rate and CP was positive,
while that between the warm-cold sensation and CP
was negative; thus, the perspiration rate increased and
warm-cold sensation decreased during tightening of
That is, with
constriction under the bust, the younger woman’s

the constriction under the bust.

warm-cold sensation rose once (see Fig. 6); however,
finally cooled by perspiration, and she reported feeling
cold. Conversely, these correlations were reversed in

*p < 0.05, **p < 0.01, ***p < 0.001

the older woman; during the constriction under her
bust, she did not perspire, so she reported feeling hot.
This may have occurred because the sweat gland
activity reportedly decreases with age (Inoue et. al
1998).

In this way, both the Tre and Tsk rose with pressure
stimulation, the warm-cool sensation rose together.
However, because Subject A perspired after the
constriction under the bust, she showed a significantly
decreased Tsk and Tre, and her warm-cool sensation
significantly decreased. This young woman estimated
that a 1% to 5% pressure stimulus under the bust was
tight, the

phenomenon was normal. This was therefore a

not and responding  physiological
tolerable tightening rate.

Conversely, in the older woman, perspiration was
not promoted by pressure stimulation, although she
felt hot. As mentioned above, older persons are
thought to have lower sweat gland activity than
younger persons. The older subject’s Tre rose with 1%
constriction because perspiration was not promoted. If
perspiration is not promoted, the Tsk and Tre should
rise together; however, the Tre significantly decreased
(see Fig. 6). This decline was thought to be caused by
continuation of the skin baroreflex at the 2% to 5%
tightening rate.

Therefore, the 2% to 5% tightening rates appeared
to be physiological burdens for the older woman in
this study. The present results suggest that under
conditions of accelerated perspiration, it is necessary
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to determine the CP tolerance level based on age
because perspiration rates differ with age. Future
studies with greater numbers of subjects of different
ages are necessary to clarify this issue.
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