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ABSTRACT

The purpose of this study is to examine sleep structure and circadian rhythmicity under the hyperbaric environment to
obtain fundamental data so that a desirable sleep environment for divers may be organized using actigraphy. The total sleep
time(TST), sleep period time(SPT), sleep efficiency(SE), sleep latency(SL), wake after sleep onset(WASO), number of
awakenings(NA), length of daytime naps(LDN), and number of daytime naps(NDN) for 5 divers were measured over a
period of 55 nights under a He O, open-sea hyperbaric saturation dive to 20 ATA with excursions to 21 ATA. The results
of the one-way ANOVA, among the experimental days, showed significant effects in TST, SPT, SE, SL, LDN, and NDN.
TST and SPT were significantly shortened in the bottom and decompression periods as opposed to the pre-dive period. SE
showed the same tendency as TST. SL increased significantly from the bottom period through to the decompression period.
WASO and NA with the LDN and NDN increased in the bottom and decompression periods. Individual time series were
analyzed according to several statistical methods(autocorrelation function, Fast Fourier transform(FFT), and power spectrum
analysis(PSA)) using wrist actigraphy, in order to estimate the prominent circadian period(tau = 24-h) and to evaluate each
days differences. The autocorrelation function for the time series of each day showed significant circadian rhythmicity with
circasemidian rhythmicity(tau = about 12-h) except the 1st day of the bottom period. The PSA for the time series of each
day showed significant, about 25-h circadian rhythmicity with circasemidian rhythmicity, on the 1st, 2nd, and 5th days of
the decompression period. The 2nd day of the bottom period showed a significant circadian rhythmicity with circasemidian
rhythmicity, about 26-h. However, the remainder also showed significant circadian rhythmicity with circasemidian
rhythmicity, about 24-h. The results of FFT showed similar changes to the autocorrelation function.
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Fm 09 =49 53 22 784 W3l (Proctor, et al,
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T2 ol AAHA < 55¢ FRE AHHoR AA
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Qe olut. 7} SutstebulEef thai]
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Z 316 YA EHTA (power—spectrum analysis)
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T8 2. 20 ATA heliox E3}E49| 4 E 84 (actogram).

¥ 1& 7} 20 ATA heliox 23845 1=
HelEw oAt 5o] Funge] Wik LEAAE et

W Foltt, FHAZHF1044=5.966, p=.000) 7} F5A|7F
(F1044=5.474, p=.000)2 AUl oA frofgt 2lel &
H3low, 7iet Al ARAIET| 9 AR ol nlEA 3
AAAN7] 24AFE L7 A 713 Skl HAPF
o] W2 5AE KL FHARRES AR 9L S| A A A
7] 144l vlsiA sAAA7] 2489 771 Alelell thAl
2 sk AEgS B o1, Games—Howell 2] AFS-E-4]
of o3k ARAZET] 9 BAAANZ] 1A vlsA Tt
71 29 (APAEET] 194 p=.034; HAAA7] 19A:
p=.019) &} 247] 3GA (A7) 194 p=.004; 3+
AAZ] 144 p=.004) | EAetA & FO= FHAdh= 73
TS Ho|i §lvk I o]F, FHAIRNE ARFHET] 194
AHTE7] 1954 p=.010; 3AAA] 1¢4: p=.003)
o} AFFFET] 20 (AFART] 1A p=22 FAAA]
19A: p=.000) M= APBA7) 9 o2 BA%E 4
S Hola glon), ¢kds] HAHAE it 183 F
FHAES FAATY AR AES BT

FHAE (F1044=2.192, p=.036)> Aol QoA H
osk X}O] Hlow FAAAT] 144l 97.80%= 7}
2 wom FAAAN] 24AFE 7] AANE FF 7
| Ef Folgl, o 717kl visiA B & Aeor @
2 EAS B9 oY Games—Howell® AR A3 &
o3t zolE ROl gttt 7] 49A(87.59%) & Al

A43d FHARME) FFAAE) FHEE () YEIAE) SEAIARIE) SEAYIF SHERRNE) SHEEls
AP BT

194 470.6(17.6) 466.8(18.5) 97.2( 0.5) 9.6( 1.8) 3.6(1.7) 3.0(1.4) 0.0C 0.00 0.000.0
A AA7

144 501.2( 3.1) 497.6( 4.6) 97.8(0.8) 7.6(3.1) 2.4(2.6) 1.8(1.3)  43.4(17.00 1.8(0.8)

294 455.6(70.9) 434.6(70.5) 93.8( 2.5) 7.6( 4.3) 18.0(13.8) 6.4(3.90 190.8( 38.00 2.8(1.5
A7)

144 424.2(54.4) 406.0(50.3)  92.9( 2.6) 12(12.8) 19.6( 6.6) 6.6(5.5) 146.0( 55.9) 3.0(1.7)

294 352.0(45.0) 339.8(53.1) 93.0( 4.3) 13(11.0) 12.8(10.8) 6.2(5.1) 157.6( 39.6) 3.8(1.5)

394 372.2(25.9) 352.4(28.4) 91.9( 4.6) 11.6( 5.2) 20.0(16.6) 7.6(4.9 171.0(58.4) 2.8(1.1

497 426.4(57.3) 407.6(84.4) 87.6(10.3)  38.2(16.2) 28.0(39.3) 11.4(9.6) 208.6( 65.9) 3.2(1.1)

594 365.0(56.9) 344.0(53.6) 91.4( 4.7) 12.0( 4.1 18.0(15.0) 8.0(4.8) 150.4(115.3) 2.8(2.5)

644 370.9(55.6) 359.9(64.4) 92.3( 3.7) 17.4( 8.3) 10.4(10.8) 6.0(6.7) 190.4( 57.9) 2.5(1.D
AR-ET]

194 404.9(18.7)  396.0(20.6)  95.6( 2.1) 9.1(5.3) 8.5( 6.2) 49(3.3) 183.4(119.1) 2.4(0.4)

297 414.3(40.5) 400.5(44.8) 93.3( 3.6) 13.8( 7.2) 14.1(12.3) 6.2(4.6) 144.0(56.7) 2.5(1.2)
ANOVA

[ ratio 5.966 5474 2.192 5.642 NS NS 5118 2.867

P-value .000 .000 .036 NS NS .000 .008




$25%, B2k, 2006. 5. 31

190-m Heliox oi&t ZStE=0IM2l =HIEID StRFII2IE 99

Qe AA 7719k ARFERE A O] FHEES 91.41~
95.60%% A3t

P (Fr044=5.642, p=.000)+= A& L] JoiA
o3t 2polg B o}, 11 HEATS AT AR
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E 3. 20 ATA heliox Z3}&4 Al HE|O2tZ 2SO FFT MM 2 12412k 2442t 7|2 59| B at #EHAL

Day Pre Bot_1 Bot_2 Dec_1 Dec_2 Dec_3 Dec_4 Dec_5 Dec_6 Pos ANOVA
Circadian Mean 33.68 29.82 3157 3641 4293 37.35 3558 4198  27.11  22.77
n.s
frequency SO 1178 554 1089 17.38 3563 2033 1071 2445 1649 854
Semi—circadian Mean 3678 1107 1630 2950 2201 4071 3640 24.94 1908 2173 p,, =235
frequency SD 17.72 6.97 6.33 1947 1359 1971 1117 1589 14.04 1404 #»=0031

oldth. zEla 7] 64A L} AFFEET| O] 244 7HFT]
o] Wol= b7t 30.72A18F 20,4841, 12A17HE7]¢] M9 =
12.29419} 10.594] o]tk

4.1 ME[T2=Z0| 2Tt Mol M3

3¢t Heliox 734 & 5
£ o] gsto] AFshes A-gele st At 1htet
uf, ol 7ER19] $ Qa7 AN W ]
Batele, 295 A gtelE A ojgeol
AEAE 7SR, TIKHMIE, SR
<%, 74 AN 7z AAR Qg AEH A Fol
o] Q= Aoz kA, 83 Ao Fito|u)
Ao AQ5E AuwelA s, o 2
g well = AP IR Ao AhGeA] o= A
Aeko] rtE 4= el ik & A3 319t Heliox 8
2opEARES] ool ofwglt FegtEmlE v
u|xw, 53] WEAIZEE ofwgl ot slElu|El g} FRio]
17kl tiaiA HESSIT

Ao Fue AT glojd FusAo] M
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ol A= 47k} REM (rapid eye movement)

(i, FREE] AR, FEAARIS Z7E Qugha o)
7sl ol FEtE AL WS S e, olHE Ay

uf

=
53] 54 A G Wl dASHA YERT] wlel
AL A F9(first night effect) 8+ &} (Recht—
schaffen and Verdone, 1964; Agnew et al., 1966). 18]
1 Ho Le Bon et al.(2001)2 Adwt & 3fo] thshA
AojE 2972 AEAIAK FHA] FHTRE AT
T UeS Buskal gtk o]t AR n|Fo] & u|, A3}
= Mg 4 Q= fadt e 394 WEE sk Zlo) e
3k Aot} 23y} Ozawa et al.(1991) 9] aA+to]] Z7}sh
FA s vR 2 2 A2 FAEE o Ay
A AFE3E A3} A1 BH] (chamber) o4 A27k4] Fat
3.28] xspd gl APE s A AbdEEr Y A

2 rlo ofx Lo et

ol

I~

=4
92

2 AREEIGITE 8o gyl AyATE Ry
of| A Thkst AL ok ab7] wiwel ®

713k stell e Wellx] A3@AE e SEiA FAlE
= @ g arell glsich 2eiu 2 A9R9] Heliox X3kt
AZoMe FH-ZA A 5S Hot W8S 7HgA et
at7] f1ste] 7kt abe skt 21 ATAZMA 9] s st

QlataE= FAAA7] o] FHEl= AE7IZE Yol ofw
A& FolshA] ¢kl pAbEo] AHrREe] g o

wet BAE A otk APAZET] kel ulsA] ]
29758 7] AAZIE T FFHEAE
o] Fost =, FHEES] fa, dHzrle] S7h
SZMARE} R3] Sk Hole 5 AdAT
18t Heliox R84 9] Add}el AL dA|sta
(Townsend and Hall, 1978; Rostain et al., 1988;
Ozawa et al., 1991; Rostain et al., 1991).

B Ao Axel Ao FAFSF Ozawa et al.(1991) £}
Seo et al.(2001) 8] APAT-] Aol 2 A2 A=
Ho}h Ao nlws] B, B AT SIAAAT] Fke
Ft FTTAAITHA66.13) & AT AAAT] A2
He F4EAN(Ozawa et al. (1991): 431.5%; Seo et al.
(2001): 432.1) ol H]E|A] & ATl o) 3462 A=
o Ao, A9l ke Bt FFAAIRH368.2%) &
AgATtel 18] w9 H AR (Ozawa et al.
(1991): 451.2% Seo et al.(2001): 431.3%) of vlsiA F
g 83F AL o] Fort ki, siAAA] At HT 5
HEE(95.78%) 2> AYATF(Ozawa et al. (1991): 91.0%;
Seo et al.(2001): 90.1%) ol HlaiA 2t 71RO,
7] et B FHEE(91.5%)2 APAT (Ozawa
et al. (1991): 94.4%; Seo et al. (2001): 90.1%) 2} #1<]
AR S Rk Hago] AadTet fARE AE
< Ho|a gl AL AsidTe} # ATl ks ArAkE
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3t o| 25 Wo] 343y =], o)A Sanquist et al.
(1997) 0] A HAgs ﬂb el S4
24% RE o] 92E =1tk Basgk A
A7t & *46“03?01] A= F2e] el s
2 Ao SRR F 27} Wol A 5 gle A
Q1 Q1 I o] X&Ho] & ke &
Trwrzto] AgATe vlsiA 257 71 AoE deEn)
2 A9 AANAT] Fgol= 7t 21 ATA7ZEA] 3|

S Wb YA AT sdsAl SAlE 33
o5l Aol AAE O, ATl E Ml AT 9 g
Frrbso] ojmst FA% glo] AREA AgEows 4
g4 ndto] A3 wWo FAW e H3k 4 9lA| o
22X AYAFRCE F5HEA o] A8 Ao g FokE) HE
A2 S AANA7] B B PHEIA(7.68) & Ozawa
et al.(1991) (12.23%) ol vlajA] Rzt g, 745t71e] Bt
AHAAN(7.68) & 5L TS Bvk 283 747] 4
A2 YAFAIZE e AU vjaliA 53] 71 FE oE
FHE FE ATHRD 23A1FH Al 3A7H] VIRS A%
Sl 740]] ]O]Ql—— og A@ﬂ—ﬂ]:]—

2 AT B FEAIAEE SAAAT] Ftel 10.2
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k. 53] 77| EO}Oﬂ FEZIAIZTO] 11 AL AT
el FFARER stlw AR g Tl Fox
A APATET = SEARTe] A7) i) o
Hrh, 2 A7 AAA Y B TR 4.13%
A AT (Ozawa et al. (1991): 33]; Seo et al. (2001): 5.6
3]) 9} A9 Ak S B3Itk Alexander et al. (1973)
o oJahd 1¢to]x & (hyperbaric urination effect)©ll

oJalx] FEAAAIR] FrkehE ZlE Haskal ik
A2 FHYA ] Aol b, FEAF YSKE vl ®
Q18 Z}Ae APA TR vbo)| 13], s AA7] o] 23], 72t

7ol 18J0]9lek, e)i the J4AREE A AA17] 9 sk
7) Fetel 1~28 A Wk Qe 2ol gglont, vl
2 5 Fofl T $UE Heb AL FFAOR 10 o
ol oIStk elefet A0 vt} ¥ ), 20 ATA A=
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S, Wit BA B R AN 47
171183 3052 48] A5tk A7elA Qe e
2ol RPIINS) F5AR SR go] & Fow 7
sl @A) LRt 21 4] kel B wAlgle]
2 A3 el Azel Aga] g eA - e

Dol 2 Alojekal Az @A 9] AT =
Heliox Z3}<pel 2lojA] wahalzb ozbwnisole]
W& AR A= vk 2L 59 o) Heliox 314
APE shs Eotel ST oo vgd d8S
Fot] sjate] Fihol kgl W G Hojakal
7] W]l AeR APz,
2 Aol SRkt ok el El%ilﬂ
TS AAE Ak ki
A Ao vebdth & el Pk EE %

4y

IS YRR S4sk 0131 =2 A
9] AT 10~80m/helel vhd, 1MRIASET
i AR A 180 -300mh
TR AEETE ol s Bl 7]1sks AL
Ht}H(Rostain et al., 1988; Rostain et al., 1991).

ankd o 7 wdo] QA (Kroeger, 1985), +%olu} ¢
% (Horne, 1981; Horne and Staff, 1983) o #l-&o] 4
A A3k (Slow wave sleep) ©] Z7)sl= ¥, 32y
ZZoe= Y EqfAAdo] AXthE & Haskal 9
t}(Haskell et al., 1981; Palca et al., 1986). &F2 a2
W7iA717] 4

, &
>~ :(o

I oy JFO

b4

T8 (thermal conductivity)©] Z31 AA=
7] el (Rostain et al., 1991), ¥ Aol A A A 7]
Sl AW Yo 255 30TE A FpakEe] #4
2% o] A F  UAlE AASIT] ikl Ad
7R T e T PR QAL FEAtel mek
AE g e Yztada dste] Sus Fshet JF
< USSR NS FoR A7 o] Aol T
AE g% )32 % (skin temperature) 2 AFAL (core
body temperature) 59 F4S E3lo] AASHA HES
Hevtk s Aoz g7

Fopta @0lA e ey Ui o2 M= v AR
asfopdt gk F AA AsiE=gA] el AAEe] Sl

294 o] F1he Fi, AEE AAH] oA o]
4

4.2 HE[O2=0| 2Tt SIEFVIEE
) F52o] 284 (biological) W4=9F

8584 (behavi—
oral) WTFEL 12A7HEel 7|13 =4 &

a9 (post-
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lunch effect) & 4913t SFF-F7|8]l5& RHoli Q&=
2 9494 h(Adan, 1993). 344719 &5 3
Aol oEH 7] wliEo] 17t T 5 -
g5e Yk AL e T, 1 ekl Jre
FERAEE Bot] o5& 4 ok (Nishihara et al., 2002).
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