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Fig.1. Experimental procedure.
Participants performed 10 minutes stretching program or rest-
ing control on just before going to bed, then measured sleep
electroencephalogram (EEG) during five days. On the sixth
day, participants performed cognitive tasks in the experimental
room.
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Fig.2. Examples of cognitive task.
(A) Color-word Stroop task. (B) Mnemonic
discrimination task.
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Table 1. Effects of stretching on sleep parameters, mood and flexibility.
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Control Stretching d P
Sleep parameters
Time in bed, min 340.5(19.0) 339.7(16.4) 0.01 0.95
Sleep latency, min 14.6(3.0) 7.9(1.1) 0.93 0.07
Total sleep time, min 314.4(16.4) 318.7(14.0) 0.09 0.63
WASO, min 11.5(2.0) 13.1(3.7) 0.16 0.50
Sleep efficiency, % 92.3(0.7) 93.9(0.9) 0.60 0.19
N1, % 9(1.2) 5.8(0.8) 0.04 0.87
N2, % 44.7(1.4) 45.6(1.0) 0.23 0.58
N3, % 23.2(2.2) 24.7(1.3) 0.25 0.40
REM, % 24.1(2.4) 23.5(1.3) 0.11 0.74
Subjective sleep quality .5(0.5) 5.4(0.5) 0.60 0.09
Mood
Fatigue at go to bed 4.9(0.6) 5.1(0.3) 0.09 0.84
Vitality at go to bed 1(0.5) -0.4(0.3) 0.35 0.44
Vitality at wake up 8(0.4) 1.6(0.4) 0.14 0.63
AVitality 1.7(0.5) 2.0(0.5) 0.19 0.66
Stability at go to bed 5(0.4) 1.3(0.5) 0.15 0.65
Stability at wake up 8(0.5) 1.5(0.6) 0.19 0.48
AStability 3(0.5) 0.2(0.7) 0.06 0.85
POMS
Tension 2(1.3) 5.6(1.3) 0.10 0.70
Depression 5(0.7) 2.6(1.0) 0.04 0.85
Anger 9(0.5) 2.4(0.9) 0.63 0.11
Vigor 10. 8(1 6) 10.2(1.8) 0.11 0.57
Fatigue at go to bed 8(1.2) 5.6(1.4) 0.20 0.58
Confusion .0(0.9) 5.7(1.7) 0.40 0.20
Total Mood Disturbance 6(4.2) 11.7(5.6) 0.33 0.28
Flexibility
Sit-and-reach, cm 45.1(3.3) 46.8(3.0) 0.17 0.15

Values are mean (standard error), WASO=wake after sleep onset, REM= rapid eye movement, POMS= Profile of Mood States.
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Table 2. Cognitive performance in each task.

Control Stretching
Stroop task
Accuracy, %
Neutral 98.5(1.1) 98.5(0.8)
Incongruent 96.5(0.8) 97.0(1.1)
Response time, ms
Neutral 871.4(30.8) 889.6(32.1)
Incongruent 967.5(47.7) 940.3(33.9)
Mnemonic discrimination task
Target old, % 82.6(3.2) 85.2(2.2)
Target_similar, % 11.6(2.5) 11.7(2.2)
Target new, % 5.8(0.9) 3.1(0.6)
Lure_old, % 31.7(3.4) 34.2(4.7)
Lure_similar, % 53.1(4.1) 57.7(5.1)
Lure_new, % 15.0(1.9) 8.1(2.7)
Foil_old, % 1.4(0.4) 1.7(0.8)
Foil similar, % 13.3(2.1) 12.3(3.4)
Foil new, % 85.2(2.2) 85.9(3.3)
Values are mean (standard error) .
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Fig.3. The effects of stretching on cognitive performance and prefrontal activation.

Stretching had a positive large effect on Stroop interference time (A) and cortical activa-
tion in the DLPFC (B) compared to resting control condition. Stretching had a positive
moderate effect the LDI in middle similarity bins compared to resting control condition

(C). Values are mean =+ standard error.

DLPFC; dorsolateral prefrontal cortex, LDI; lure discrimination index.
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Fig.4. The relationship between sleep stage change and cogni-

tive performance change.
The ratio of sleep stage N3 in control condition are (A)
negatively correlated with Stroop interference time and (B)
positively correlated with LDI in L3 in control condition. The
ratio of sleep stage N3 changes are (C) negatively correlated
with Stroop interference time and (D) positively correlated with
LDIin LS.
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