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Exploring The Effect of Exercise to Promote Quality of Sleep:
Insights from Exercise and Quality of Sleep on The New Analytical Method

by

Insung Park, Kumpei Tokuyama, Makoto Satoh
International Institute for Integrative Sleep Medicine,

University of Tsukuba

ABSTRACT

Exercise is believed to improve sleep, i.e., it reduces sleep latency and increases
slow wave sleep. However, there are studies reporting contrary to this consensus that
exercise had an adverse effect on sleep architecture. Therefore, discrepancies in the
effects of exercise on sleep architecture remain to be explained. We enrolled 9 healthy
young males (mean + SEM: 23.8 + 2.1 years) in a cross-over intervention study,
assessed by core body temperature and indirect calorimetry, and on sleep quality during
subsequent sleep, assessed by quality of sleep polysomnography. Subjects exercised
at 60 % of VOsmax for 60 min beginning at 6 hours before bedtime using a treadmill or
remained seated. Exercise increased the energy expenditure throughout the following
sleep phase 5 h later. The objective measurements, based on polysomnographic
recordings revealed that exercise trial shortens slow wave sleep time and REM sleep

latency (~28 min) . Average & power in N3 is shifted toward higher § power in the
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trial with exercise compared to controls trial. In addition, The coefficient of variation

of the envelope values were significantly lower than control trial. Although, traditional

objective such as duration of sleep stages consequences in exercise trial were not

enhanced. Detailed analysis of the sleep electro-encephalogram showed significantly
increased delta (0.5-4 Hz) power in SWS (N3) together with increased SWS stability

based on the coefficient of variation of the envelope of delta waves in early sleep

phases. Vigorous exercise performed at 6 hours before bedtime might impair subjective

sleep quality
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Parameter Control Exercise p value
Total bed time (min) 480 480
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Wake (min) 219+79 155+45 0.36
Sleep latency (min) 583+2.1 4917 0.46
Sleep efficiency (%) 935+1.8 955+1.3 0.15
Stage 1 (min) 42.3+55 482+52 0.195
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REM latency (min) 1072+154 796+8.2 0.033*
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Sleep stages Control Exercise p value
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VB (1-4Hz) WD ERTH 252, v
MER TR BT 5 2 &%, IEHRSERTR 280
THIENH, BWIRD, 2F) [EROE] ©
L SNTWE, 63T —(HE#/3T —(H T
L7:Ml% 6 /X7 — % & v > NREM IR 0 58 i
DOREEL T2 2 #E305 75 6050
FH 5N T = ETIRRE A T~ b — LR
TEYEZISE - 72, EEFBZOMERATE O
BWIERE SO N, RS TEMREESEZ S
ns.

A7 b8 T — DOHIE % Hli 9 envelope 47 T
&, EEGIEBIO X D #2023 TRETH 1),
WROTBEIZHT 2 1FHmERMts 5. 7y b
BEGRUEHIZHED K MIEDIZEIC L B L, TV %
WIE— A Xy FOEQAEGDLENLLIEL
ZOBEDFER L L CTHEL AWM F 72138
T M L T OIRIEZ HIH L T b b s
Twa 8 Kigecid, AR TIZNREM & 5 —
Tienvelope A7 — VCTAT—V3I<AT—TV2<
AT —=V1IDMIIKELL % >THY, envelope &
EROFE S & L CHEBEHRTE 2. 6 EoRESE
HZALIE, envelope 7547 % fH L CEm=AY I BHR
WTE, MEIREIZIZ BT 5L 5w % 5§ % 7269
DL WY — W E LTHHATEZLEZLNS.

FH Y R AK— VR Vol. 42



—ENE VR TH 5 SWSIE, &/ Y LA
MEIR & bk L TRV CVEfE 2 £ . AIf%E T,
JEE) % D SWS DA\ envelope Dl & [ [l 7 2
SWSOEWT VT PIL, T v ha—ifftLd
R TH D EVIFRERLTVRD. O
L72T NG WDLENED A T = A L EFERIZD N
TOE O L bMEPULETH 5.

4. #& @

EEIMEREEO T AL F—HEEF RS
5. [EIRFIE D 6 787 — R O RIEIR O % HE
W9 2% & B %o BERRHT 2B O 8\ R % 74 5
i, & b5lZenvelope 53T & IV TIRIEIR DS & 1) %2
ELTWBEIEWPHERTE. ZOFBRICLYE
B OSIRD T E - RelEAVRIE S . 72,
EEIERA 7 — Y OB EEEZ A L1
AT, MR A 2 NDEA IV TREZDHIE
R L7z

B om

COWMFEOFEITICH-D, WEMEEZE) L
T2 EEE NA ARG &7 > b AR — v BHER
WY ENCE CHFLE L BFE

X ®

1) Spiegel K., Tasali E., Leproult R. et al., Effects of
poor and short sleep on glucose metabolism and
obesi., Nat. Rev. Endocrinol., 5: 253-261(2009)

2) Hobson J.A., Sleep after exercise., Science, 162
(3861) : 1503-1505(1968)

3) Shapiro C.M., Bortz R., Mitchell D. et al., Slow-
wave sleep: a recovery period after exercise.,
Science, 214 (4526) : 1253-1254(1981)

4) Driver H., Taylor S., Exercise and sleep., Sleep
Medicine Reviews, 4: 387-402(2000)

5) Youngstedt S.D., Effects of exercise on sleep., Clin.
Sports Med., 24: 355-365(2005)

6) Atkinson G., Davenne D., Relationships between
sleep, physical activity and human health.,
Physiology & Behavior, 90: 229-235(2007)

TH Y AR—YEE Vol. 42

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

—193 —

Kubitz K.A., Landers D.M., Petruzzello S.J. et al.,
The Effects of Acute and Chronic Exercise on Sleep
A Meta-Analytic Review., Sports Med., 21 (4) :
277-291(1996)

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

Driver H., Taylor S., Sleep disturbances and
exercise., Sports Med., 21: 1-6(1996)

Trinder J., Montgomery 1., Paxton S., The effects of
exercise on sleep: the negative view., Acta. Physiol.
Scand., 133 (574) : 14-21(1988)

Reid K., Baron K., Lu B. et al., Aerobic exercise
improves self-reported sleep and quality of life in
older adults with insomnia., Sleep Med., 11: 934-940
(2010)

Montgomery I., Trinder J., Paxton S. et al., Sleep
disruption following a marathon., J. Sports Med., 25:
69-73(1985)

Driver H., Rogers G., Mitchell D. et al., Prolonged
endurance exercise and sleep disruption., Med. Sci.
Sports Exerc., 26: 903-907 (1994)

A'F. Meintjes, H.S. Driver, C.M. Shapiro., Improved
physical fitness failed to alter the EEG patterns of
sleep in young women., Eur. J. Appl. Physiol., 59:
123-127(1989)

Shi N.W., Mark H., Chin-M.C., The effects of
moderate to vigorous aerobic exercise on the sleep
need of sedentary young adults., Journal of Sports
Sciences, 31 (4) : 381-386(2013)

Nicolaidis S., Metabolic mechanism of wakefulness
(and hunger) and sleep (and satiety) : role of
adenosine triphosphate and hypocretin and other
peptides., Metabolism, 55: S24-29(2006)

Tokuyama K., Sato M., Ogata H. et al., Improved
transient response of whole body indirect
calorimeter by deconvolution., Jap. J. Fitness and
sports medicine, 56: 315-326(2007)

Diaz J., Bassi A., Coolen A., Vivaldi E.A., Letelier
J.C., Envelope analysis links oscillatory and
arrhythmic EEG activities to two types of neuronal
synchronization., Neuroimage., 172: 575-585.
doi:10.1016/j.neuroimage.2018.01.063.(2018)

Horne J.A., Moore V.J., Sleep EEG effects of
exercise with and without additional body cooling.,
Electroencephalogr Clin. Neurophysiol., 60: 33-38
(1985)



— 194 —

20) Horne J.A., Reid A.J., Night-time sleep EEG
changes following body heating in a warm bath.,
Electroencephalogr Clin. Neurophysiol., 60: 154-157
(1985)

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

22) Aeschbach D and Borbely AA. All-night dynamics

of the human sleep EEG., J. Sleep Res., 2: 70-81
(1993)

23) Nato Darchia, Ian G. Campbell, Tan X. et al.,
Kinetics of NREM Delta EEG Power Density
Across NREM Periods Depend on Age and on
Delta-Band Designation., Sleep, 30: 71-79(2007)

FH Y R AK— VR Vol. 42



