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= ABSTRACT

Objectives: The purpose of this study is to investigate the effect of exercise load on sleep structure and stress hormone
secretion during sleep.

Methods: Five male physical education students were included in this study after giving their written, informed consents in the
Research Institute for Sports Science at the University of Hanyang. All subjects have performed for at least 3 years in a regular
aerobic exercises such as football, basketball, and running. The subjects were divided into three groups NOE(non—exercise),
MDE(middle duration exercise), LDE(long duration excercise). MDE group maintained a total of 120 min exercise, and LDE
group maintained a total of 300 min exercise by football, basketball or badminton. All subjects were acclimatized to the
experimental sleep condition by spending one night under expermental conditions, including the placement of an intravenous
catheter. During the subsequent night(240 00—080 00), somnopolygraphic sleep recordings were obtained, and blood for mea—
suring growth hormone, cortisol, testosterone, and  —endorphin was collected every 120 min throughout the night. Blood samples
were obtained from prominent forearm veins of subjects. Then, the samples were immediately placed in ice and centrifuged
within 10 min at 3000 rpm at 401 . Statistical analyses were performed using the SPSS/PC”. Data were analyzed by one—way ANOVA
with repeated measures.

Results: No significant differences among groups were observed in sleep latency, total sleep time, stage 2 sleep, and slow wave
sleep. However, daytime exercise produced significant changes in stage 1 sleep, REM sleep, stage 2 sleep latency, REM sleep
latency and sleep efficiency. Stage 1 sleep, stage 2 sleep latency, and REM sleep latency significantly increased in LDE compared
to those of NOE and MDE groups. But the amount of REM sleep significantly decreased in LDE. Sleep efficiency of MDE was
higher than those of NOE and LDE. The blood concentrations of growth hormone, testosterone, and cortisol during night sleep
were significantly lower in LDE than in NOE. B —endorphin concentrations in blood during night sleep were not different among
groups.

Conclusion: The daytime exercise load was significantly related to sleep structure and stress hormone secretion during night
sleep. Long duration exercise showed a harmful effect on sleep structure and hormone secretion. However, middle duration
exercise had a beneficial effect on sleep structure and hormone secretion during sleep. Sleep Medicine and Psychophysiology
19990 6(2)0 116-125
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Table 1. Physical characteristics of subjects

Subjects(nO 5) Age(yrs) Height(cm) Weight(kg) HRmax(bpm) VO2 max(mL/kg/min)
PSW 25 176 72 201 49.14
JJH 25 175 73 199 48.23
JWC 26 170 70 193 44.22
SJH 25 171 66 198 47 .81
KDO 26 175 72 197 45.37
Mzt SD 25.4+ 0.6 173.4+ 2.7 70.6+ 2.8 197.6+ 3.0 47.0+ 2.07

HRmaxO maximum heart rate, bpm0O beat per minute
M+ SDO meant standard deviation
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Table 2. The exercise program for MDE and LDE

Ex.Hrmean EX.Hrmax
(beat/min) (beat/min)

Exercise
Program

LDE 100 00 Gathering
LDE 11000-110 50 Meal

LDE 120 00—130 00 Rest

LDE 130 00—130 20 Pre-exercise
LDE 130 20—140 00 Basket.(1st)
LDE 140 00—140 10 Rest

Group Time

128 175

LDE 140 10—140 50 Basket.(2nd) 130 174
LDE 140 50—150 00 Rest
MDE 140 40—150 00 Pre-exercise
MDE LDE 150 00—150 45 I-F.B.(1st) 133 177
MDE LDE 150 45—-150 55 Rest
MDE LDE 150 55—160 40 I-F.B.(2nd) 134 176
MDE 160 40—160 50 Post-Exercise
LDE 160 40—160 50 Rest
LDE 160 50—170 40 Badminton 124 145
LDE 170 40—170 50 Rest
LDE 170 50—-180 40 Badminton 123 143

LDE 180 40—180 50 Post-exercise

Groupl subject group who participated in that program
Pre-exercisel body stretching before exercise, Post-exercisel
body stretching after exercise

MDEO middle duration exercise, LDEO long duration exercise
Ex.HRmean mean heart rate during exercise,

Ex.HRmaxO maximum heart rate during exercise
Basket.(1st) 0 basketball first half, Basket.(2nd) 0 basketball
second half

I-F.B.0 indoor-football

0 00 OO(NOE)I 000 DOOO(MDE), 000 OO
0 00OO(LDE)D 00000 0000 00 00000.
00 00000 00 00 000 00000 00000
0000 40 0000 000000, 000 000 000
00 00 00,000 0000,000 00000 000
ooooo.

00 000 500 00 000000 00 00 000
00.0000(NOE)D 0000 00 000 000 00
00 0000 0000, 000 000O0(MDE)D 1200
00 00 00 000 0000 000 00000, 000
00O0O0(LDE)D 3000 OO0 00 00 000 0000 O
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Table 3. The sleep structures of NOE, MDE and LDE groups
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Antibodyd 000 tubed OO (standard)C 00O (con—
trol), 000 O0O0O0O(sample)d OO 25 p L(cortisol),
50 u L(testosterone) 00O 0. 10 OO0 antigen 1.0
mLO 0000 OO0 O cortisold 450, testosteronel
300 00 0000 twbed DOODO OO O y —counter
0 ooogo.

2. Growth hormone?| £A1 it

Antibody(] 000 beadd 00 (standard) OO (con—
trol), 000 OOOO(sample)d 100 p L OOOO. 210
000 GH Antibodyd 100 mL O0O0O0O, 0000 rota—
torD 300 0000 0O, beadd O0OO0O y —counterd
goood.

3. #-endorphin

000 O 000 Chromatography column Sepha—
rosc particled 200 y L O0O0O0O O,00,0000,00
(EDTA Plasma)J 1.0 mL OO0ODO 00O, 208000 40
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Sleep Group NOE MDE LDE F ratio
Time(min)
Sleep latency 5.8+ 1.2 5.5+ 2.4 7.2+ 2.3 0.939
Total sleep time 419.5+ 19.0 430.3+ 20.4 428.8+ 5.5 0.637
Percentage(%)
Stage 1 13.0+ 2.4 9.1+ 0.6 16.5+ 6.5 4.251*
Stage 2 48.5+ 6.7 56.1+£ 10.0 59.2+ 9.2 1.971
SWS 12.6+ 5.2 13.1+ 13.0 10.2+ 8.5 0.135
REM 259+ 1.4 21.8+ 3.8 14.1£ 0.9 31.727%**
Latency(min)
Stage 2 9.0+ 1.6 8.5+ 3.4 123+ 1.4 4.031*
REM 81.6+ 11.0 71.5+ 8.3 144.8+ 43.3 11.457**
Sleep efficiency(%) 88.2+ 4.0 93.0% 1.1 88.8+ 1.6 5.035*

Values are meant SD.

NOEO non-exercise, MDEO middle duration exercise, LDEO long duration exercise, SWSO slow wave sleep, REMO rapid eye

movement

*p<0.05, *p<0.01, **p<0.001(one way ANOVA with repeated measures)
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Table 4. The sum of hormone concentrations at 020 00,
040 00 and 070 00 during sleep after NOE, MDE and LDE

GH Cortisol  Testosterone B -endorphin

CrOUP (hg/ml) (ug/dl)  (ng/ml)  (pmol/L)
NOE 32.5+ 8.6 13.6% 3.4 174+ 2.2 13.9+ 2.6
MDE 11.2+ 6.7 11.9%+ 6.3 16.1+ 1.6 11.0+ 1.1
LDE 57+ 2.1 9.5+ 1.3 12.8+ 0.1 10.5+ 0.7

Values are meant SD.
NOED non-exercise group, MDEO middle duration exercise
group,LDEO long duration exercise group
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Table 5. The blood concenfrations of GH, cortisol, festosterone and B -endorphin at night after NOE, MDE and LDE

Blood concentration

Time Group
GH(ng/mL) Cortisol(p g/dL) Testosterone(ng/mL) B -endorphin(pmol/L)
240 00 NOE 0.57+ 7.07 1.83+ 1.42 4.30+ 0.24 3.27+ 0.39
MDE 0.57+ 0.13 1.57+ 1.09 4.73+ 0.29 3.33+ 0.68
LDE 0.34+ 0.16 3.33+ 0.76 3.40+ 0.50 3.93+ 0.18
020 00 NOE 28.80+ 7.21 0.66+ 0.26 5.43+ 0.72 4.03+ 1.40
MDE 9.00+ 4.81 1.98+ 1.74 5.40+ 0.55 3.73% 0.69
LDE 4.35+ 2.37 1.50+ 0.28 3.90+ 0.14 2.95+ 0.18
040 00 NOE 3.40+ 0.85 1.35+ 0.58 6.13+ 0.84 4.00% 0.67
MDE 1.10+ 0.87 2.07+ 2.04 5.13+ 0.63 3.73% 0.61
LDE 0.85+ 0.25 1.27+ 0.30 4,25+ 0.11 425+ 1.17
070 00 NOE 0.25+ 5.12 11.60+ 2.01 5.87+ 0.69 5.87+ 1.14
MDE 1.06+ 1.12 7.80+ 2.29 5.57+ 0.67 3.53+ 0.27
LDE 0.46+ 0.13 6.70+ 0.71 4.70+ 0.14 3.25+ 0.32

Mean+ SDO meanz standard deviation, NOEO non-exercise, MDEO middle duration exercise, LDEO long duration exercise

oo oaa ooo ooo.

(1) 000 GHO O OO0

NOED 00O 00O 3245(ng/mL)0O 0O, MDEO OO 11.
16(ng/mL)0 00O, LDED 5.66(ng/mL)0 OOOO. O,
0000 00000 GHO 0000 oooooo, oo o
000 000 000 00 0O GHO 0000 00 0ooo
O0.00 00 0000 00 000 o000 ooooe<
0.024, ANOVA with repeated measures), 2000 OO
OO0 NOEO MDE(p0.004), LDE(pC 0.003, paired t—
test) 000 OO0 OO0 OOO.

(2) OO0 cortisold 0 OO0

NOEO O 13.6(u g/dL)0 OO, MDEO 11.9(u g/dL), L—
DEOOO 95( g/dL)0D O0OODO ODO0O0O0 OO00OO0
0000 000 0000,3000 000 OO0 ooo
000 (O0.113, ANOVA with repeated measures). [
00,0000 00000 NOEOO LDED OO0 OO0
000 O000(@pd0.025, paired t—test).

(3) OO0 Testosteroned O OO0

NOED 00 17.4(ng/mL)00 0O, MDEO 16.1(ng/mL)
ooon, LDED 129(ng/mL)0 OO0 OOO0O OO0
U0 OO0 testosteronell OO0 OO0 OOO O

121

000,3000 000 000 O000(p00.054, ANOVA
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LDEC NOE(p0.008, paired t—test), MDELl NOE(pO
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00000 00 0000 07000 3.53(pmol/L)000.
LDEO OO0 000 000 3.93(pmol/L)CO00, 020
00 2.95(pmol/L), 04000 4.25(pmol/L), 000 070
00 3.25(pmol/L)0 OOO0 NOED MDED OO0 O
00 OO0 00 LDED 00000 000 000 0000
ooo ooo.

1%
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000,0000,000 00

0 00,00 00000 00 100,200,0000, REM
00, 00 200 0000, REM OO0 0000, 00 OO0
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0 000 00,0000 000 000 000 og, od
00 000 0000 REM 000 0OO0O0O0O0OO, 0000
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00000.000 00 0000 0 000 000 0 00
00.0 0 000 000000 0000 000 000 O
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00 Kern(20), Montgomery(8)0 00000 O0OOO,
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00 00 00 00 0000 0000 000 000 o0,
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000 0000 000,0 0000 0000 0000 O
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000 00 00 00000 0000 000 0000 O
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000 OD00O0 boOoooo, Hartmann(2), Oswald(3),
Shapiro(6) 00 000 000 000 OO0 0OO0OOO O
000 00000.0 0000 0000 00 ooooo
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000000 000 0000 000 000 o0oog O
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000,00 000000 00 000 00,0000 00
000 D000 000 000.00,00 0000 000
0000 00 00000 000 00000 00000, O
00,00 30 00 00 000 000 00,0 0000
0 00,00,0000 00 00000 O000O00.0,0
00 00 00000 000 00000 O 000 00 O
00 D000 000 000 000 00 0000 oo
00 000 oood.

OO0 REM sleep latencyd 000 0000 OO OO0
00 20 OO0 0000.00 000 00 000 stage 1
000 0000, stage 2 000000 O0O0O, 00 OO
00 000 REM OO0 0000 OO0 000 000 00
O00.REM 0000 OO0 00000 OO OO0 OO0
35045% 00 0000, 000 000 REM O0O0O OO
00 000 o00.

OO0 00 (sleep efficiency)D 0000 OODOO OO O
00 OO0 0000 000.0,0000 000 000 O
0 000 000 000 000 00 00000 0O 0 00
0.000 000 000 00000 00oo oog, o0
000, 0000 00 0000 00000, oooooo
00 0 000 000 000 00 000 000,000
000 0000 00000000 000 0000 000
0000. 00 00 000 000 00000 0og O
0,000 000 000 300 00000 000 000
oooo ooo.

000 000 0000 000 0000 1) stage 1 00O
0 000,2)stage 200 0000 REM OO0 0000
000,3)REM 0000 00,4) 00 000 0000 O
O00.000 000 00000 1)stage 1 000 OO0,
2) 00 000D 0000 O000.000 D000 000 O
00 000 00000, 000 000 000 00 000
ooooao.

2. 2T £HT 32F W3

000 00D O0 000D 000 000 000 0o
0 00000,00 0000 000 000000 00 O
00 00 00 0000. 000 000 00000 000
000000000000 00,000 000000
0 00 00 0000 0000 0000, 0000 000
0 00000.0 0000 0000 00 000 000 O
Oooob 000 00, 000 GH, testosteronel] Cor—
tisolD OO0 0000 000 0000 0000 Ooo0.
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00a, B —endorphind OO0 OO0 OO0 OOO.

0000 00 000 00 000 00 0000 GHO
00 000 00 0000 0000 0200 0000 OO0
000,00 0000 00 00000 00000 o000
000 0O00.00 0200 0000 000 00000 O
0 000 00 0000 00 000 00 0000 000
00 GHOOOO 0000 000 0000.

00 000 0000000 HachneyD(21)O 00O 0O
000 GHO D000 00000 000 00, Zir(22)0
Adamson(10), Davies(23), Weltman(24) 0000 OO
0 000,000 00000 0000 00000. 000
O 000 D0OD Born(29), Hachney(21), Kern(20)O O
0000 0000 0000 00 000 GHO 000 OO0
00 000 0000 00 00000.00 000 GHO
00 000 02000 00000 U000 000D O00o.
00 000 GHO 00 000(240020)0 0DOO0OO O
0000 0000(@20070) 0000 000 0DOO0O O
00 ooo.

U0 0000 OO 000 testosteronell OO0 OO
0000 000 0000 000 000.000 000 O
000 00 000 U0 00000 0000 00 oo
OOd. 00 0000 00000 testosteroned OO0
0000 00 0000.000 000 Morville(30), Roff—
warg(19), Kern(20)0O 00000 000000, Hachney
(1989)0 00000 OO0 000 00000 000, O
OO OOCOD OO0 testosterone] 0000 O0O0OOO
00 0000 0000 000 O 000 0O 000 000
00 00 000 0O 0o00.

00 D00 cortisol 00 000 OO OO0 OO OO
00 02000 00 00000 020 00000 000 O
000 00 000(©40)0 0000 000 0ooOo O
00 000,000 0D 00 0000 000.000 O
0 0000 000 O cortisold 00 000000 OO0
00000 00 000 000 000 000, 00000
000 00000 0O 00000 00000 cortisold O
00 000 00O oooao.

0000 000 000 000 GHO B —endorphin OO
0 000 00000, 00 0000 00 0000 Ooo
00000 O00000(CRAH) 00 000 0D0000-00
0 00 (growth hormone—releasing hormoned GHRH)[O
00000, 000 somatostatind 00000 OO0 GHO
B —endorphind O0O0O0O OO OO0 000OO0.000 O
00 D000 0000 000 00 0000 000 00

oo o



O D000 -1(GF-I0insulin—like growth factor—1)00 0O
00 0000 GHRHO 000D negative feed—back 0O
00 D000, 0000 000 0000 00 IGF-10 O
00 GHRHO 0000 somatostatind OO0 0000 O
0 GHO B —endorphinD 000 0OO0O0 000 000O0O.

00 0 0000 000 00 00 0O 000 00 00
000 cortisolD GH 000 000 00 000 0000
0000.0,00 000000 GHO 0000, cortisold
000 000000,00 000000 GHO 0000 O
000 cortisold 000 0000 000 000.000 O
000 OO0 000 000 00000 00000 000
00 0000 000 000 CRHO OO OO0 OO GH
0 0000, cortisold 0000 00O OO0 000 OO
0 000 00(26,33,34). 000 000 0000 O0OO
00 00000 00000, 000 00000 000 O
000 0000 000 000 O 00 000 oooao. o,
GHO cortisold OO0 000 0000 000 OO OO
00 00000,0 00000 0000 00000 GHO
cortisold 000 OO0 0000 OO0 0O0O0O,000 0
00 000 00 0000 000 0000 000 O o0
0 oooo.

2 E

0000 OO0 sleep latency, total sleep time, stage 2
sleepD 00 00000 OO0 000 000 00O OOO
(=005). 000,000 000 O 000 stage 1 sleepd
0000, REM sleepll 00000, stage 2 sleep latency
O REM sleep latencyll O0O0O000O0O, 00O (sleep effi—
ciency)D 00000(p<0.05). 00O, 000 OO0 OO
00 00 000 0000,0000 o0O0oOo.

oo 0000 0o 0 00 O GH, testosterone, cor—
tisol0 000 0000 000000(@e<0.05), 0000 O
00 B —endorphind OO0 0000 0000 000O.O
0000 000 000 00000 00 0O 000 000
0000 000 0000, 0000 000 000 oo
00,000 00 o0o0oo.

ZA S0 000- 0DO000O- Growth hormone: Cortisol:
Testosterone: [3 —endorphin.
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