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Effects of exercise on sleep EEG following caffeine administration
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Abstract

The purpose of this experiment was to examine influence of acute exercise on nocturnal sleep which had been
disrupted by caffeine(400mg X 3) thought the daytime. Six healthy young males aged 21.0+0.2 yr with a history of low
caffeine use. Subjects completed three conditions in a within-subject. At three conditions Sleep EEG were investigated:
(1) nocturnal following quiet rest, (2) nocturnal sleep following the consumption of 1200mg of caffeine (3) nocturnal
sleep following cycling at 60 min of 60% V Oupeax with 1200mg of caffeine consumption. Sleep data were calculated for
REM sleep, REM latency, sleep onset latency, sleep efficiency, sleep stages, SWS. Those data were analyzed using
repeated-measures ANOVA of change scores.

A main effect for drug(caffeine) indicated that caffeine elicited sleep disturbance that is, TST and sleep onset latency
increase and sleep efficiency and stage 4 decrease. The effects of exercise on sleep following caffeine intake generally
improve sleep that is, stage 2, 3 and SWS increase and sleep onset latency decrease. A condition effect for sleep
indicated sleep improvement after exercise. Therefore The data supported a restorative theory of slow-wave sleep and
suggest that acute exercise may be useful in promoting sleep and reducing sleep disturbance elevated by a high dose
of caffeine.
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Table 1. Physical characteristics of subjects
. . VOipeai(ml/
Age(yr) Height(cm) Weight(kg) kg/min)
N=6 220 177.80 73.54 53.6
*04 +1.30 +1.39 +214

Values are mean+SD
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A A AP P9 ¥ A% (baseline EEG), 7 W4
QA BeiF HAw, 23 A WA A=
A Fsh £5¢ 4§AA HAE WsE 53
ZEojuHe % 1200mg?) 7}¥]¢)(Sigma Lid,
USA)E 714 A%, &5 12 4, HA 2402 Aol 47
400mge T 7o} WER XA 700mLe] 2% FA Fo
st TH54].

Y (plateau) S

3. & protocol

S=X3 ArE Ato]F o 231w (Monark Ergomed
881, Sweden)E o]-&3}ta] AAIBIYTh A /\]-/\H_l;‘s]ak =
Ao 587F 30wattd] A} warm-upg A3 - S0watte)
power output® A|Zste] w) 28vic 0watt® Hdf 53}
NA FANA EZAHUT B AFA APAe 2F 4
Aol A 5A] Ato]of ApolZ °1]§J—U]Ei°ﬂ"1 7H°]tﬂ 5]EH s



1) ¥ 3}HEEG)
Y5 ATEARYE 24 10~204A 0] teh C-A2 &

& CLAlZRE 2299 F Y 0E Fuddesz
39 &9 =592 Aa7] 98 AFATFL wrHe A

2o 73 z_wmﬁ Aoz san B3 24E 2FA
doznes ARGE4E0 948 NYA AU =4

o (art1fact)0] AP AL 1§
sl A\ (earth) S A2

old] FF o

b, =it 7|5 ¥ A

SEEE LIRS
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&/ (Sleep Efficiency; SE)
2 %x ow—t_ QHAAl 91.0% £5.1, F4EQ FoA)
+31%, 74HQ+$5A) 894+12%2 UEhted 27
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3) REM onset latency
REM onset latency®] Zi}+= <Table 2> 4] B& n}o}
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Table 2. Mean(*SE) sleep EEG data across conditions
=l - - 79l
ol BAA —El Cq] A 7} QA +&5 Al F-value Post-hoc
Z AR (min) 418456  406+119 407+8.0 19.2¢ e
2 FSA(Y e
Te EE' CT(A)) 91.0+5.1 87.7+31 894+1.2 206 T
(Sleep efficiency) T T3 T1
REM onset latency(min) 77+31 8043 7829 14.7 1T
Sleep onset latency(min) 17£12 22109 18£1.2 23.9¢ '1:'1'",'1:3 ,}'2'
Note. * P < 005, TI(HAHA), T2(7151Q) £c3A), T30 Taigh £EA)) '

ol th& WA, SWS 121 stage REM9] =4 A1}
i <Table 3> Weht w9} e} 41 2k ©hA of A (Stage
1,2, 3, 4olA 238 fFofd =o|7h YeldThP <05).
Stage REM £ 23 <Table 2> UtEbd uh9} o] o
A 101£6.1min, 7}#)91 102£94min, 7}#Q1+&F 115
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Table 3. Mean(*SE) sleep-stage EEG data across conditions (Unit: min)
=4 2 e Nl y
T 734 Eajx] 7+ Q1 +-2-F Al F-value Post-hoc
St 46131 +23 +4. 185*
age 1 54+2 51+4.1 sl
Stage 2 201125 196+11.2 213+121 27.2% i‘_l_"l:_Z %3
NREM
Stage 3 38£3.3 34156 44147 21.9* T T2 T3
Stage 4 54+6.8 45+4.2 4655 23.2* -Tl T2 T3
SWS (stage 3+4) 92+10.2 791131 20+11.8 26.5* T2 :1:_1_"{3
Stage REM 101£6.1 102+94 115176 45.2% ,}'1;52 ;133
Note. * P <005 * P <001, TI(HAA), T27He12 £cdA), T3E9] Eajgt £5A) '

378/ AR



X EPREL

g AHR A 3k

B A¥da REM $HA| 7k A+ Nicholson &{36]%
A7 2 AR B2 A3 WEl AR, 4w
9%, FREEA, FTFUAT, stage 49 24 a3
stage 19] 93 F718 LAAZ Ao Yeyrh gy
T AUY YA 208 o] 3HAH|[55], AT A2 3
JART 35%F7HE 2088 28 FHAESAN &8 4%

A

[

8 gasE B3t Yolch AAATZ AT stage 19]
Z7ke A& FU 2, AnEWs) $EoRd AL %3
t A%E BelFE ol 3 FEAZE YW Fol

EARANZEE AT FEALE vEiT v

b T
ox AL
iy
ol

=2
R
o
>
[
)
L

(o]
oy
[2A
N
1o
8
ﬁz
el
o ¥ Kt
1
fo
)
s o

(SWS; stage 3+4) W] 74T stage 3HTHE stage 49]
A9 A A7t 409 AL E Yehdth Al ol
FEA Y FEEHe) AgRoR AT dEpe B4
& Z7M7Ie Aeg EuHE ub Ql1f3], AMggddd
stage 4€ AFIFd] e RS AFA87] gE
2 AFoA Fog 7o) Al $EA] 2¥ERE &
fdoayn 7 Be Fardd detest ARE
A0z AZdn. 2 499 7 Foz oj# g
T HAxd Hste FHYN} ddE

i

[N
ool
il
i

).

x
ox

i
.
Ot
Mot o

pay
lo

)
i
e,

o
oft
&
4
rd,
2,
)
e
rg
oy
T
oy,
o &
-
e g
=3
o 2
lo of
e
e Ho
2 o

g 1o
9
2
o e @ o ol

ez
St
2
=
£
Aul
T
=,
12
il
9,
Y,
BN
ro,
{o
(e
Ho
e,
e
4
2
oX
=
>,

onset latency?] AQ3 #AF o] UAW0], ¥ AFHA
279 o3 Aozt TAFA FYT AL i)
&2 <13 NREMo|N AAHOE stage 37 4% 7

W stage 15} 29] F712 A=Y B &5
7t A SAHA Fe Aoz ARG A
AN e FFo) 7R Qg BT FHE
A FEol A ZAAAARY) $FY FEEN &
#HE A F UAWH-

B @39 FudA oA stage 12 FHHR1oz HFA
2o 27h90) QuAztel 37tEs 38 ¥ ATk
FOE Q13 stage 19 FaFo] HstA AYAT 7
o2 Q% FHEE Y S0%RBEE FAAA B
2L FHozy YL E2IA ZoE ey
12-14Hz7k 052 old A&shke $ W5Ae K53
(K-complex)] @02 EASE stage 204 7<)
oA ta g4 ® widd 25 stage 28 HYA)
Folgoz 333 F/MAA AL YIY TEH #
ol gt Ao stage 29 F/HE Hug oy FF
Agtel sl Aolth510,1333] o stage 29 F
7b= NREM H9 di7} F3AAA % ohet 23
(non-CNS) thAb& s BAH[17] JAche A& vieh
E AoZH 7Y FoE A HEst dA
&g $502 AF A Luprt F 49
Zre e,

Oswald [39]¢] Ag2Z 53} SWSY HsE H
o] §& A7t o]FAA Y 5 H BHAE SWS9
i1 wEelA 4#AA ¢kttt Horme F[24
Fo] SWSef| A& &3t AL F7ioh BE s ol
Atk & SWS7 ALEE Y A vidn @
Hollthe Flojrf. o]F o5 A7 A 4% AT,
80%2] AT 53 =AF B px xASER

L A3} 40%0) 4 SWSo| Ed} Qi IAE 2

rr

4

r

2 o B e
o
=

o,

AT

Ho

Mo re o

S

3

7]

ol

N
RN W

»o oo

fru
0%

¥ e
g g
Mo of ot

R

299 &

53} mAS B8 7 0¥, NEOZ EAS Zho] £F

% YUY YHOR SWSE FAHIAEL HUY + U
e}

tH22). whekA SWSE| F7b7 £E 02 QAF ogA] 4|
F7ts A2F7tek #EH0 5 AARE B A
2 Ao 54T FAE00%VOra) g #UT

o, olgt Bl B 2FA] SWSY F717h VEhA

Vol. 12. No. 4 (2002. 8) / 379



7t £ & &Fo| £ viXe &3

a3t AAAT79161853]9= th=A SWSS F77t £
Ao sttt ojd g Xole TFAHANZHIE, AY
AFel[53,18], SEAEAIZHI] ToAA Y Atol7t AU R
2 A9 FUaEA4Y F7PE gEskRe] ol
SWsel 7 34 &F4 ALF7hek 1€ oA avl
&3 Bdso A7l WEA[228] ol F AdTFEol 713
e A SWSS 28 712 A AdA 33 #
Aot BE AH0F £ F A& Aotk
SWSE FA3ta Q= stage 33 48 FAFoz A4
£ 9 stage 39| F7t9h& JERASE Horne (2219 2
ot FAFSHA stage 3914 HAFAS T FAAEG
4ed F7He el stage 49 F7olE /oY &
7t dehdA] gtk oled Abde JlEdel 2 Wi
£ wz] ok stage 3o S7FEFSL AAAE M
A8 Ae G WekY stage 4ol JFL A
2&E RAFY BEE 5] stage 49 4TS n|A]A
S AAT12], ALY Al ol F£EA 2
F28-E JAske Adrt A 23] 7hEdol +&d
/‘tt]_:é‘_jq,g. 04;“}\]9] /“E 0]‘— 7«]0§_ 3“)\-1?;;__]- 2= 9}%
71015} 3 ATk stage 39| F7tAFHI} Fol SWS FHE
A7lE Bde AT
Aol FAAA dFEES ATEAN
3wl 9131[34,43,33)],
il s FA geta
agnl gicH4] AT B AFoAe REM FHAZE
of 42d Z7b velth AT FE 2dH A4
£ REMo] 2712 Hu@
= ¥%°] 19 sfY(circadian) ]
Eol wxE A7 JaAdE Avisty Ao & A
A o]#|g REM —’F‘?"‘;*]Z_PJ I7te &3 HE 2Ey

2o WSARE ANY + Yol[HM], REM 3718 25
of 99 2Ed A BAH A5e vt 498 8y
o2 §48 4 U2 Aotk

gish 2ol A HA7 SRR ¢ B3 A
A, cf7lol $5¢ ANAS W FEEAY £H EE
4 293 Qe £U ARFAGWI)SY F7bt et
BTk AEHOE ¥ ATl £Fe FHPHE 4B

An 49 P40 290 2 4 A= Ao 4AEn

380 / 4TI A|

2 o

5o o HXe EHE Boh BFEA HAFE)
& YurdEl 7 obd AAEeE A FHAR A W
ZAEIg T B A7 dE4e 339 4
BAA, 2. 7HEQ0 44, 3. AHAHA X EF)
o ;}Oqsﬂxi o5 FHHS FHA HIAE ZHY
o} 74H9le 18O 2 1200mgd00mg X 3) S Foati e

¥ Mo Ho
ofr!
1o,
pop
-E
mlm

o, $EAEE 0% VOl 6088 Alo]Z o211
HE ol43] AAsHh £ 4827 79 d3z A7
A7 A3 FHEEA T 23 AssEEWS)e 2
28 Fud 2 235 IR AT AHEd 4
A9 £35 ¢ WIPL 9 75 FAA 2 EAE A

1. Adamson, L, W. M. Hunter, O. O. Ogunremi, I
Oswald and I W. Percy-Robb. 1974. Growth
hormone increase during sleep after daytime
exercise. . Endocrinol. 62(3), 473-478.

2. Baekeland, F. and R. Lasky. 1966. Exercise and sleep
patterns in college athletes. Percept Mot Skills 23(3),
1203-1207.

3. Benington, J. H., S. K. Kodali and H. C. Heller. 1993.
Al adenosine receptor stimulation nimics changes in
non-REM sleep EEG slow-wave activity produced by
sleep deprivation in the rat. Sleep Res. 22, 452-455.

4. Berger, R. J. and N. H. Phillips. 1988. Comparative
aspects of energy metabolism, body temperature and
sleep. Acta. Physiol. Scand. Suppl. 574, 21-27.

5. Bevier, W. C.,, D. L. Bliwise, N. G. Bliwise, D. F.
Bunnell and S. M. Horvath. 1992. Sleep patterns of
older adults and the effects of exercise. J. Clin. Exp.
Gerontol. 14, 1-15.

6. Biaggioni, I, S. Saul, A. Puckett and C. Arzubiaga.
1991. Caffeine and theophylline as adenosine receptor
antagonists in humans. J. Pharmacol. Exp. Ther. 258,



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

588-593.

. Bonnet, M .H. and D. L. Arand. 1992. Caffeine use

as a model of acute and chronic insomnia. Sleep 15,
526-536.

. Borbely, A. A. 1982. Sleep regulation. Introduction.

Hum Neurobiol. 1(3), 161-162.

. Browman, C. P. and D. L. Tepas. 1976. The effects of

presleep activity on all-night sleep. Psychophysiology
13(6), 536-540.

Browman, C. P. 1980. Sleep following sustained
exercise. Psychophysiology 17(6), 577-580.

Brunner, D. P, D. J. Dijk and A. A. Borbely. 1993.
Repeated partial sleep deprivation progressively
changes in EEG during sleep and wakefulness. Sleep
16(2), 100-113.

Buguet, A., B. Roussel, R. Angus, B. Sabiston and M.
Radomski. 1980. Human sleep and adrenal individual
reactions to  exercise.
Neurophysiol. 49, 515-523.
Bunnell, D. E., W. C. Bevier and S. M. Horvath. 1983.
Nocturnal sleep, cardiovascular function, and adrenal
activity following maximum-capacity exercise. Electro.
Clin. Neurophysiol. 56(2), 186-189.

Daly, J. W. 1993. Mechanism of action of caffeine.
Caffeine, Coffee, and Health, Raven Press. New York.
pp- 77-150,

Deckert, . and G. H. Gleiter. 1994. Adenosine-
neuroprotective and
neuromodulator. ] Neural Transm Suppl. 43, 23-31.
Desjardins, J., T. Healey and R. J. Broughton. 1974.
Early evening exercise and sleep. ]. sleep Res. 3,
31-35.

Feinberg, I. and J. D. March. 1995. Observations on
delta homeostasis, the one-stimulus
NREM-REM  alternation the
implications of experimental dream studies. Behav.
Brain. Res. 69, 97-108.

Griffin, S. J. and ]J. Trinder. 1978. Physical fitness,
exercise, and human sleep. Psychophysiology 15,
447-450.

Hasan, ], H. Urponen, I. Vuori and M. Partinen.
1988. Exercise habits and sleep in a middle-aged
Finnish population. Acta. Physiol. Scand. 133, 33-35.
Hauri, P. 1968. Effects of evening activity on early
night sleep. Psychophysiology 4(3), 266-277.

Hauri, P. J. 1992. Sleep Disorders. Kalamazoo, ML

Electroencephalogr. ~ Clin.

anendogenous metabolite

model of

and neurobiologic

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Upjohn Company. pp. 232-235.

Horne, J. A. and A. Minard. 1985. Sleep and
sleepiness following a behaviourally  active day.
Ergonomics 28(3), 567-575.

Homne, ]. A. and ]. M. Porter. 1976. Time of day
effects with standardized exercise upon subsequent
sleep. Electroencephalogr. Clin. Neurophysiol. 40(2),
178-184.

Horne, J. A. and L. H. Staff. 1983. Exercise and sleep:
body-heating effects. Sleep 6(1), 36-46.

Horne, J. A. 1981. The effects of exercise upon sleep:
a critical review. Biol. Psychol. 12(4), 241-290.
Karacan, I, J. I. Thornby, M. Anch, G. H. Booth, R.
L. Williams and P. J. Salis. 1976. Dose-related sleep
disturbances induced by coffee and caffeine. Clin.
Pharmacol. Ther. 20(6), 682-689.

Kripke, D. F. 1998. Light treatment for nonseasonal
depression: speed, efficacy, and combined treatment.
]. Affect. Disord. 49(2), 109-117.

Landolt, H. P, E. Werth, A. A. Borbely and D. J.
Dijk. 1995. Caffeine intake (200 mg) in the morning
affects human sleep and EEG power spectra at night.
Brain Res. 27, 67-74.

Martinsen, E. W. and T. Stephens. 1994. Exercise and
mental health in clinical and free-living populations.
Human Kinetics. New York. pp. 55-72.

Matsumoto, K., Y. Saito, M. Abe and K. Furmi. 1984.
The effects of daytime exercise on night sleep. J.
Hum. Ergol. 21, 232-237.

McGinty, D. and R. Szymusiak. 1990. Keeping cool: a
hypothesis about the mechanisms and functions of
slow wave sleep. Trends Neurosci. 13, 480-487.
Mendelson, W. B. 1995. Long-term follow-up of
chronic insomnia. Sleep 18(8), 698-701.

Montgomery, I ], J. Trinder, S. Paxton and G.
Fraser. 1987. Aerobic fitness and exercise: effects on
the sleep of younger and older adults. Aust. J.
Psychol. 39, 259-272.

Montgomery, L. J., S. Trinder and G. Fraser. 1985.
Sleep disruption following a marathon, ]. Sports
Med. 25, 69-73.

Morin, C. M,, J. P. Culbert and S. M. Schwartz. 1994.
Nonpharmacological interverntion for insomnia: a
meta-analysis of treatment efficacy. Am. ]. Psychiatry
151, 1172-1180.

Nicholson, A. N. and B. M. Stone. 1980. Heterocyclic

Vol. 12. No. 4 (2002. 8) / 381



37.

38.

39.

40.

41.

42,

43.

45.

46.

A Tl F 250

amphetamine derivatives and caffeine on sleep in
man. Br. ]. Clin. Pharmacol. 9(2), 195-203.

Okuma, T., H. Matsuoka, Y. Matsue and K
Toyomura. 1982. Model insomnia by methylphenidate
and caffeine and use in the evaluation of temazepam.
Psychopharmacology 76, 201-208.

Olah, M. E,, H. Ren and G. L. Stiles. 1995. Adenosine
receptors: protein and gene structure. Arch. Int.
Pharmacodyn. Ther. 329(1), 135-150.

Oswald, 1. 1962. Sleeping and Waking. Elsevier. New
York. pp. 221-224.

Peneter, D., U. McCann, G. Kamimori, C. Galinski,
H. Sing, M. Thomas and G. Belenky. 1993. Caffeine
reversal of sleep deprivation effects on alertness and
mood. Psychopharmacology 112, 359-365.
Rechtschaffen, A. and A. Kales. 1968. A manual of
standardized terminology, techniques and scoring
system for sleep stages of human subjects. Public
Health Service, US. Goverment Printing Office.
Washington. D.C. pp. 121-176.

Shapiro, C. M. and G. ]. Vershoor. 1979. Sleep
patterns after a marathon. S. Afr. J. Sci. 75, 415416
Shapiro, C. M., R. Bortz, D. Mitchell, P. Bartel and P.
Jooste. 1981. Slow-wave sleep: a recovery period after
exercise. Science 11, 1253-1254.

. Shapiro, CM., Griesel, RD., Bartel, P.R. and Jooste,

PL. (1975). Sleep patterns after graded exercise. J.
Appl. Physiol.,, 39: 187-190.

Youngstedt, S. D. P. J. O'Connor, ]. B. Crabbe and R.
K. Dishman. 2000. The influence of acute exercise on
sleep following high caffeine intake. Physiol. Behav.
68(4), 563-570.

Smith, A. P, A. L. Maben and P. Brockman. 1993.
The effects of caffeine and evening meals on sleep
and  performance, and cardiovascular
functioning the following day. ]. Psychopharmacol. 7,

mood

382 / AEEER)

47.

48.

49.

50.

51

52.

53.

55.

Aol vjAe a3

203-206

Snel. 1993. Coffee and caffeine, sleep and
wakefulness. In Garattini S{ed), Caffeine, Coffee and
Health, Raven Press, New York. pp. 255-290.

Soto, J, J. A. Sacristan and M. ]. Alsar. 1994.
Cerebrospinal  fluid concentrations of caffeine
following oral drug administration: correlation with
salivary and plasma concentrations. Ther. Drug
Monit. 16(1), 108-110.

Tobler, 1, P. Franken and R. Scherschlicht. 1990.
Sleep and EEG spectra in the rabbit under baseline
conditions and following sleep deprivation. Physiol.
Behav. 48(1), 121-129.

Torsvall, L. 1981. Sleep after exercise: a literature
review. . Sports Med. Phys. Fitness 21(3), 218-225.
Urponen, H., . Vuori, J. Hasan and M. Partinen.
1988. Self-evaluations of actors promoting and
disturbing sleep: an epidemiological survey in
Finland. Soc. Sci. Med. 26(4), 443-450.

Virus, R. M, S. Ticho, M. Pilditch and M.
Radulovacki. 1990. A comparison of the effects of
caffeine, 8-cyclopentylthe- ophylline, and alloxazine
on sleep in rats. Possible roles of central nervous
system adenosine receptors. Neuropsyc- hophar-
macology 3(4), 243-249.

Walker, J. M., T. C. Floyd, G. Fein, C. Cavness, R.
Lualhati and 1. Feinburg, 1978. Effects of exercise on
sleep. J. Appl. Physiol. 44(6), 945-951.

. Youngstedt, S. D., P. J. O’Connor, J. B. Crabbe and

R. K. Dishman. 2000. The influence of acute exercise
on sleep following high caffeine intake. Physiol.
Behav. 68(4), 563-570.

Youngstedt, S. D., P. ]. O’Connor and R. K. Dishman.
1997. The effects of acute exercise on sleep: a
quantitative synthesis. Sleep 20(3), 203-214.

(Received April 17, 2002; Accepted August 20, 2002)



