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Abstract e —— .

Jet-lag can be defined as the cumulative physiological and psychological effects of rapid air travel
across multiple time zones. Many reports have suggested that age-related changes in sleep reflect
fundamental changes in the circadian system and in significant declines in slow wave sleep. Jet lag is
a dramatic situation in which the changes of the phase of circadian process and homeostatic process
of sleep occur. Thus the authors evaluatead the changes of sleep-wake cycle from jet lag by age.

Thirty-eight healthy travellers were studied for 3 days before and 7 days after jet-flights across
seven to ten time zone. They were aged 19-70, They trareled eastbound, Seoul to North America
(USA, Canada). Sleep onset time, wake-up time, sleep latency, awakening frequency on night sleep,
awakening duration on night sleep, sleepiness at wake-up and nap length were evaluated.

Our results suggest that by the 7 to 10 time zone shift, the old age group was significantly
influenced in sleep-wake cycles. The date on which subjective physical condition was recovered was
6.23 +0.83 day after arrivals for old age group, while for young and middle age group, 4.46 +1.50
day and 4.83+1.52 day, respectively. In old age group, sleep onset time was later than baselines and
could not recover untill 7th day. But in other groups, the recovery was within 5Sth day. Nap dura fion

was longer in old age group through jet lag than younger age group. In other parameters, there was
no definite difference among three age groups.

Our results suggested that the old age was significantly influenced by the disharmony between
internal body clock and sleep-wake cycle needed at the travel site. Thus we proved that recovery
ability from jet lag was age-dependent as well as travelling direction-dependent. To demonstrate
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more definite evidence, EEG monitoring and staging of sleep were funthun encouraged.
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Table 1. Demograhpic data
A group B group C group DF F post hoc
age(years) 24074396 36.661+2.87 56.30+5.67 2 180.01%** A<B<C
education 15.38+2.14 1691 +1.67 15691110 2 281
(years)
flight time 13.93+3.18 15.54+2.90 1051171 2 11.66%%* A>C,B>C
(hours)
sleep time 3931246 4941154 4.03£270 2 0.71
during flight
(hours)
#*xp < (001
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7V BE 7t T Hadh 2 AT A o3
A =2 325341569, BE& 1.91+1.24%, C2o|

Table 2. Comparision of subjective physical conditions among three group

A B C df F post hoc
worst day 2534156 191+1.24 253+1.39 2 0.800
recovery day 446+1.50 4.83+1.52 6.23+0.83 2 6.43%* A<C,B<C
P < 01
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Fig 1. Changes of sleep onset
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Fig 2. Changes of wake up times
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Fig 3. Changes of sleep latency
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Fig 4. Changes of Waking Frequency During Night Sleep
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Fig 6. Changes of sleepiness at wake up



AYO) ME B[Pk}

29| SB-2HFT] e

70

40 |

mingtes

Fig 7. Changes of Nap

(p< 01), 2ol 3.84+1518(p< ODHZ WY A
128429 Z7Hd 28182 BAFUT} BE&
of ol ZHJAl Felgol APA Ht 33711433
oj1om AlAbASLE 7UZE Ao 7 AT CFE
of el Al EEl ol JPA H 2.30+£0.75%
o]om AlxH 53 190 4.15+ 1218 (p< .001), 2
Aol 4.38+1.32%(p< .001), 349 3.30+1.033 (p<
05)0.2 onjglA F28A TS 2718 B2
HE 6). SREE AZ L vwa iy SAHC
2 ou|lE wshes AaE R gsi. |

7) 2&(nap)2l Wal

AT-E GRAIZbo] o A W7t 13.84429.021 0
Ao ARFASHE 797 2kl 7} §ISiTh B2 o
P IS Bk Eoka Al s 797 2
o7} AU CT FA APAH Y& Budlx &
Stout Al 3} 29 o) 65.38+85.888(p< 05), 3
U ol 41.53+56.84%(p< .05), 4L o] 50.76+59.225
(p< OS2 uiglA ok S0RF x| F718 B

FAHIR ).

2 B2 A2S v as Ry AAAEE 194
(p< Ol Sjrlgl= Wiyt #2E A e, ojdf A
T GeHo] 9193, CTH2 27.69+46.578 22 C

T2 AT-HT} 278 Yol 2718 T

o E

A A BHFL v PAIAL 7MY 3 ST
shtoltt e HIPAIAE fiEE TR
HZ”'& B, 259 2, TF, IA75 24,
57159 A, 2 71 ERREol UL
‘11(16) AT A T ABASAT), FHv
(18), ¥HEAQ] $-&35(19%°] En=HU=d 59
AHAZo] e A AE ABAQ FR/FS
FEE £ gITH20). HPAR S0l A7le 9
QAo z& B7)7ke) vlPoA] HE] v FHY
FAZF F7) Ee RS F7AH 22 JEgE N
g3t "M 3P 8. (et factor)Z At o] FOE

ut rfmm



B o= ¥stE £RAE T o
A A 8.1 "(lag factor)E 2 Q18 Ao|th2l). ¥
g "]{}EH O]%Oqﬁgc’ﬂﬁ &3 ] 733

“ B

1ﬂ$ﬂﬂﬂﬁ*w7wbk—ﬂﬂ
W whgel FEE NN o1 AR
2 festolne gep ), $R7

QA Mo o] oj R HE 41N
RECEEEERS FERE
M2 e A5 e FHo s
8237174 Azte] aaAgn A557194

=]

I 3R o] dstEE woME U S B
Alzko] 5289 Ao dydch £ APz
oI7} Wot A5E vl 2t JFg ol Bow
TIHELETL et S22 2 4 3%
TUA AA e 35U AT 44Y, BE 48Y
CT 6242 Yo|7} BEFE 35| R &

Ho] 90},

FHAGAIZLE FFo 20 oA £HFNE

%7 (advance)Al7] 7] o1 7] g Eof} ojxt}. 6 &
o] mlF TR Azt 2 W 2]+ Al &
& 232N Aol A A5FA A7 Y ) 1)
Fo] ANl v S 5o F Aotk B AN
=AY A A 32U EH 6L A 7R
eF 1A 3024 =9 uilA A dE FHAIZA)
& BHAgEo2H HL2TATT B vl8) X
£2Q FEA A7 A4 & B F9)t).

ol Yol7} BEFE A AT Bo] ol dtte= RS
HAETn S48 & i Az E gy A
Tl AZ, BT, 22| 1 CF 50 A 7|54 vl 3]
oJu| 9l Zto] & Holx] &kt o v Z9
FHUE R Q& FHIFAG ] BAA 7)Ao
A Ao AdEY wdZoA A 7)H o
stelo] tta el FE3 Fuo] uiery
HFH2 5T v R 2 BAA 7)Ao A &
FEYe A& 9rdtn &4 A0

T AE

>
ot
o

Monline'5(22)& £33} 31 & #2 v w3 979
A FdolA B Be NP TS 5287
T Hugut glon 53] sHdddgo] Fg
A ofyle] 94 e AE SAH o Hg
T oA & oM s Col A APzt E 19
JJr 30 ok 1AIZHAE go8HA watal 7 A7
£ B, ATOA = 2, 3, 489 oF 147F 30%
A% o) QA ey on, BRI & 2to] 7} 919

o 2 d7adE o[ M Bug dX &R ¢
Tolu} CToM 52 o2 w2 7)3AE
Aok B 5 AT ATAA 7173 A1 3ko] et
A ojfrE ofrtE F&olgo] 39 deld
ofaste] el the T3 vl wate]
2.2 o] & 713A12HE Bl Aol ohd7} AztE .
2 Ce) 713 AZEe] A A28 S EFEE
Bve AS AT AU 2). oA #
ZE A Fo| A F7E Aoy
202 3 EHttn B 18 Monk(23)9} Seidel 5-(24)
9 A7 RgHE Aotk

FHAAN7IE CZAM AlzRiE F 2U 3 3UA)
o ek 15EA = uIUA F7tet s o] E @4
2 yol7t S0l W2} A9} o] daeta
A 2 A3kl S7kste R 9] g o) 7} FotAl =
a9 %W"é 7179 kst g da ek &

g FEFr| M3E SEete wdTe] A
THol }E}—c A& g she 23 sl
°a1v1—714)r < RS Al Z2A(liming) & B8
3t Ao MEH 1 71 2ol stasich 34
A71AL REA2 MAE Fokete FE Bol
t7b A7 o] A ske 29 A =9
3l FHE REotAET FIYHF L £UF
HH3] FastA Hof 43713l 1‘1”86}“ 3}
9 gAR o|27174A] B3 A BE 54
3¢ M 3t 025-3H) 0. 2 YERA ETHE)
shofl M2 A7) 9] M ste} 3T o °—F
ste B, S7H B To2 vehed of

mm

%

k

s

4

Jﬂ.
;\L



ol G2 BIARE 7O $0-2937] WY

&
7y
ol HA5 o Aet & W sl Rolt) o] B
AR &t TARA oA A 2379 AL
d Z oAk Qlrh(25, 12,13, 14). &
AN e FHZE ZAI e} ZHJAIZHE: CFo]
Ak Al A 8L & R foldA Fokete &
AL By old 3 274 L koA FF717}
A= gl sl FFo 2o o o
Al FU-ZAA TN E S3717] gFoln Yo7t &
ozt wig} ol et Wisld AETH FVES
Aale Y BAA o] sl AL w3
E Rt ¥ £ 9t

QoA o] F7lgthe SAE B AT
A 8H8] %1 b Ql=d](26,27,28) & Aol M = B
A Zto] CFol ARt A|2PH S £ 2, 3, 44 7kA] 2 50
E AT 9n|A F7teke S By £3 )
A e &g AT E CFY 7-F AlA
H3l3d F 7R 44 S BAT x99
Giatel T3 sl & thetatd] o}y 7R volzt &
7}8tel| wte} process C 2 o] 77t BEZ FH-
743 F71ol 9Fg vH = Rde o &9 9%)7}
At 2 o2 13 AEe] YAEEY A 2F
719] A Zo] o ZrASA| R oAzl A T] A )
7t Yepdthe $AE §itk13,14). § Yol 3
AR AN AL3] A, 354 FA(control)7} 2]
& AHE A7 e ol F/RIE AL
B FTH29, 30). o| 5 A #E A e 7)1&9 A
FEZAE DHIAA R F77 A A
Frokato] Wl f 7oz PFAe FxIE F
A 3R] £ o F911] FE317] FETH

B2 =QlollA] M4 (0.5-3 Ho)o] 8543 &
o] ZtA gt el A A T process S} viol o u}
2 ¥igle ol 3] Fsol & HEo] Bk
Reynoldg(31)& =l ojA] M ahe] A x o) 9
Ao ote] ol 2 BAZ AAY 5 UL sigma F

flo

o
)
53] ~H = 0ksleep spindle)

o2 HYh oA &
FHE FAA = 98 S e

2 g8A e &

o
U
ol
-
= e o

bt
o
e
i)
A
rlr
‘.ﬂn‘
oX
H
0,
f
et
=
b
£
>
\S]
=
R Hor
R O

ol )= spindle power, 2, 71 2+5-o1 4 32
7F EubETh35). a8y & FolA BEg
power$} 4= & &4 (sleep continuity)F}2] A a2
AZ QoM E #2e 4 gl ofd & =3t
0 e £H- 4S9 WalE #eAo s Ayt
eulE B2 Aol Aok 28y @R
FRAEYE 2AES B, =104 TR W
32 o) F£H-ZAF1e F43 W] 233}
£ 8o ol A& AA sty o B
AFAM = 283 Aol U S UFTE T AU
Monk(36)7} #] 2t3E vl 3 A2} g x] Hkh o} & 714
Z AN R 23 2o A, v A FES F
A& Haot 24, v 7| g587] Mol EFA
A9 A7+ EAR) A|zke 2 vt AR, 712,
¢33 381 FAL AP AR, BE I ES
opAlth OAA, Bte 2 YrbA WS At oA
A, 2R 9 F4A HAAAA A=t
A FA, 713 okl 3 Au & FHlg A H A,
A=A upA} B YA AL 2 HE 3] B 2T AIRE
& 7HA g ol A, 9 A9l Al & A Eglol A
o) A2 AZete AT n @) o2 At
& gutd o 2 AP L st AIREA A1
He Ay At AAE nd Ed =3 F
M= FEg A 3 3P4 7139 BAAA
71%50] 83 2HgHE 202 B = vt 53
2] AA3A QA HAADNNA AAYF 2 A
g 7134 Qg Y] BAAA 715E Hig)
sto] A3 1Y-E B 2d4 REE dA9
7 AIZHA dA o] g wZo] HAY BQ3t
o dr1A oz ALse FHAE dAHLR

i

w
aQ
=
0

&



a2s
FH-Z 771 7E A3 g5 Ao whe) o) g A
Evas Bogm A3 =)o ut
Fredol Al AHu| ) o] A A 4}gko) A
TA| & Aol me} Alap sl 3o
w3 xfo] 7} Y EA S GolB A}
Al =3t

1994 10€ 58 19959 129 7}4] A ol A] m| 3=
=, AU5)RY JFAE =, X217} A 29
FFAIG TAIZ A 10A17E A5 AR E A7 &
ol AYPNES Ao 2 Yol el e ¢
GIAlelah 2 AT, FEFG1-504)S BE, 181
EETGIA NS CR o B Uiro] Ax e A
o o) FRAY TV & v ud A% T e

ANE AU

Heno

T e

F

A
ro,

ARZEN 7} 718 o 8he G AFol o
F 25341569, B 1.91+124 12
253113992 AT A zto]7}
11 AAFE ] 382 ATo] o3
44641509, BT 483+1.529 18]3. C
2310834 2 CEAA AZT BL ]3]
3] 5o Fo5HA £tk
2. FEAFAIZHE AT AP ELE 4, 590 oF
SRR = ORI A 213 o8 BLAME Aol
7H AR I CEo A uk A2 3L 52,3 4,5,6Y 0
Ht FHAFA o] oF (A7 30E-F = f-o) 5}
A =31

3.718AIEE Aol A Al AP} 32,3, 49 of) oF |
AZE 303 i glA webR 3 BRo A& Aol 7}

bt
Y

o X

24
rlo

-

N
¢
X

o

A RS R o

£ o & -
(@)}

AR CFAM = A A3 3 1, 3o B 7]

A Vo] SR IA A E 9] 3} walA .

FHAAZ], FEF DN E, $HZE A A7

5 AT BTAME o] 7} 93 ColjAl

Az T 19 A g o8 F7lsle Ao

2 A

5. ool ZHAJA] £ & AT A AP EE |,
299 A F71etR 2 BRI & 2ol 7}
AA T Crol M= AlAHE £ 1, 2, 3P 2]n]
QA F7kA e

6. ¥ AT BZAAE 2ol 7} gz CFol
A A|2EESE £ 2,3, 4 of) oF S0EH = 2 1] Q)
Al F7vstArt

ol 2 HHARZRE A sHE FAH o2
B 517171 A& AlRte] et 56 Y37
B P33 Aol FaHE mddME £
et} SH-AYF77E SH 0 bIEE v
Az BH B BS B Aol 284
Zolgke 43 dAE 2ot o S wEe &

AZ A7) Asto] FRT AAL o AT
ool dagd Aoz Agdt

SHE : H[YAR} - & -

Soi-244%7|

REFERENCES

1. Aschoff J, Hoffman K, Pohl H, Wever R. Re-
entrainment of circadian rhythms after phase shifts of
the zeitgeber. Chronobiologia 1975 ;2 : 23-78.

2. Bearpark HM. Insomnia: cause, effects and treatment,
In : Sleep. Ed by Cooper R, London, Chapman &
Hall, 1994 ; 593-610.

3. Bixler E, Kales A, Soldato C, Kales D, Healey S.
Prevalence of sleep disorders in the Los Angeles



AFol T2 BIYAIK} 29| 3

metropolitan area. Am J Psychiatry 1979 ; 136(10) :
1262-75.

4. Dement W, Mils L, Carskadon M. White paper on sleep
and aging. ] Am Geriatr Soc 1982 ; 30(1) : 25-50.

5. Reynolds CF, Kupfer DJ, Taska LS. EEG sleep in
elderly depressed, demented, and healthy subjects.
Biol Psychiatry 1985 ; 20(4) : 431-42.

. Prinz P. Sleep patterns in the healthy aged :
relationship with intellectual function. J Gerontol
1977,32: 179-186.

7. Miles LE, Dement WC. Sleep and aging. Sleep 1980 ;

3:119-220.

8. Borbely AA. A two process model of sleep regulation.
Hum Neurobiol 1982 ; 1(3): 195-204.

9. Borbely AA, Achermann P. Concepts and models of
sleep regulation: an overview. J Sleep Research 1992
:1:63-79.

10. Achermann P, Dijk D, Brunner D, Borbley A. A
model of human sleep homeostasis based on EEG
slow-wave activity: camparision of data and
stmulations. Brain Res Bull 1993 ; 31(1-2): 97-113.

11. Campbell SS, Dawson D, Anderson MW. Alleviation
of sleep maintenance insomnia with timed exposure to
bright light. ] Am Geriatr Soc 1993 ; 41(8) : 829-36

. Campell SS, Gillin JC, Kripke DF, Erickson P,
Clopton P. Gender differences in the circardian
temperature rhythms of healthy elderly subjects:
relationships to sleep qaulity. Sleep 1989 ; 39(4) :
383-7.

. Moe KE, Prinz PN, Vitiello MV, Mark AL, Larsen

LH. Healthy elderly women and men have different

entrained circardian temperature rhythms. J] Am

Genatr Soc 1991 ; 39(4) : 383-7.

Czeisler CA, Dumont M, Duffy JF. Associaton of

sleep-wake habits in older people with changes in

14.

output of circardain pacemaker. Lancet 1992 ;

B-25%7] o

340(8825) : 933-6.

ol ® A, AR v A R et lag) = Q1@
oA YA FHAYF7]Y W £H-P A
8} 1995;2(2) : 146-55.

16. Wright JE, Vogel JA, Sampson JB, Knapik 1], Patton
JF, Daniels WL. Effects of travel across time
zones(jet-lag) on exercise capacity and performance.
Aviat Space Environ Med 1983 ; 54: 132-137.

. Tashima CK, Fillhart M, Cunanan A. Jet lag
ketoacidosis. JAMA 1974 ; 227(3) : 328.

. Snyder S. Isolated sleep paralysis after time-zone
change('jet-lag) syndrome. Chronobiologia 1983 ;
10: 377-379.

19. Tec L. Depression and jet lag. Am J Psychiatry 1981 ;

138 858.

20. Wooldridge WE. Medical complications of air travel.

Who is at risk? Postgraduate Medicine 1990 ; 87 :

75-71.

Graeber RC. Alterations in performance following

rapid transmeridian flight. In : Rhythmic Aspects of

Behavior. Ed by Brown FM, Graeber RC, Hillsdale,

NJ, Erlbaum, 1982 ; 173-212.

Monline ML, Pollak CP, Monk TH, Lester LS,

Wagner DR, Zendell SM, Graeber RC, Salter CA,

Hirsch E. Age-related differences in recovery from

simulated jet Iag. Sleep 1992 ; 15 : 28-40.

Monk TH. Shift work. In : Principles and Practice of

Sleep Medicine. Ed by Kryger MH, Roth T, Dement

WC, Philadelphia, PA, WB Saunders, 1989 ; 163-172.

Seidel WF, Cohen SA, Blinise NG. Jet lag after

eastward and westward flights. Sleep Research 1987

;16:639.

Weitzman ED. Chronobiology of man. Sleep,

21.

22.

23.

24,

25.
temperature and neuroendocrine rthythms. Hum
Neurobiol 1982; 1(3): 173-83.

26. Buysse DJ, Browman KE, Monk TH, Reynolds C3,



Fasiczka AL, Kupfer DJ. Napping and 24-hour
sleep/wake patterns in healthy elderly and young
adults. J Am Geriatr Soc 1992 ; 40(8) : 779-86.

27. Tune G. Sleep and wakefulness in 509 normal human

28.

29.

adults. Brit Med J 1969 ; 42 : 75-70.

Zepelin H. A survey of age difference in sleep
pattems and dream and recall among well educated
men and woman. Sleep Research 1973 ;2 81.
Nakagawa Y. Continuous observation of EEG
patterns at night and daytime of normal subject under
restrained conditions. 1. Quiescent state when lying
down. EEG Clin Neurophysiol 1980 ; 49 : 524.

30. Campbell SS. Duration and placement of sleep in a

31

"disentrained" environment. Psychophysiology 1984
; 21(1D) 1 106-13.

Reynolds CF, Monk TH. Hoch CC. Electroence-
phalographic sleep in the healthy "old old" : a com-
parision with the "young old" in visually scored and
automated measures. J Gerontol 1991 ; 46(2) : M39-46.

32. Naitoh P, Antony BV, Muzet A, Ehrhart J. Dynamic

33.

34.

relation of sleep spindles and K-complexs to
spontaneous phasic arousal in sleeping human
subjects. Sleep 1982 ; 5(1): 58-72.

Hirshkowitz M, Thornby JI, Karacan I. Sleep
spindles: pharmacological effects in humans. Sleep
1982 5(1): 85-94.

Johnson LC, Spinweber CL, Seidel WF, Dement
WC. Sleep spindle and delta changes during chronic
use of a short-acting and a long-acting benzo-
diazepine hypnotic. Electroencephalogr Clin
Neurophysiol 1983 : 55(6) : 662-7.

35. Principe JC. Smith JR. Sleep spindle characteristics

as a function of aging. Sleep 1982 ; 5(1) : 73-84.

36. Monk TH. Disorder relating to shift work and jet lag.

In: Review of Psychiatry. vol 13, ed by Oldham JM.
Riba MB Washington DC, American Psychiatric
Press, 1994 ; 753-754.



