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nervous system, PSNS) i P i A5 b (M AR 45, 2016; #hIH 45,
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R R )0 FUIRZS (Shaffer et al., 2017) ., M4k, H 4R
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Figure 1. Exercise Intervention Process (Left) and the Recovery Process (Right)
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Table 1 Basic Characteristics of Participants in Experiment 1
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Figure 2. Protocol of Experiment 1

TF AL 28 (n=24) AL 28 (n=24)
BIA 12 12
H/A 12 12
Fi 5 22.91+0.47 23.41+0.44
4 #/em 170.45+1.76 172.75+1.69
¥ /kg 63.25+2.18 67.25+2.80

F2 ZIH-FETERFATNS ENLE
Table 2 Pre-test and Post-test Data of Dependent

Variable Index in Experiment 1

M=*SE
Jaks i el
AL 5, 48 AL 28
AR/ AR 2% (1-PANAS-SF/25°)
R RN arm 14.21+0.85 14.29+0.77
& Ml 14.3340.86 17.58+0.81
WA LMY ATl 9.08+0.47 9.1740.47
J& 7.424+0.44 6.08+0.22
BP/mmHg
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Figure 3. The Variation of Positive and Negative Emotion Scores under Different Conditions in Experiment 1
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Figure 4. The Variation of SBP under Different Conditions in

Experiment 1
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Figure 6. The Variation of HF under Different Conditions in

Experiment 1
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Figure 8. The Variation of Positive and Negative Emotion Scores under Different Conditions in Experiment 2
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significantly reduction in proportion of deep sleep time (DST) and rapid eye movement (REM) sleep (P<<0.01). During the sleep
initiation stage, the power spectral density of 6 and ¢ bands were increased more slowly, while the  band were decreased significantly
more slowly in the chronic insomnia group compared to the normal sleep group (P<<0.05). During the sleep maintenance stage, the
DST phase exhibited lower 0 and ¢ bands power, while the REM phase showed higher o band power density (P<<0.001). During the
sleep transition stage, the o, o, and B bands powers were higher (P<<0.001), whereas the & band power was lower (P<<0.01).
Throughout the whole night and in the first 10 minutes of the non-rapid eye movement (NREM) phase, chronic insomnia athletes had
fewer sleep spindles (P<<0.01) and lower spindle density (P<<0.01). From the brain source localization results, chronic insomnia
athletes exhibited higher d-band activity in the left prefrontal cortex (e.g., medial frontal gyrus) before sleep (P<<0.05) compared with
normal sleep athletes. Regarding brain functional network connectivity, the local efficiency of the & band before sleep and in the
morning, the clustering coefficient of the § band, the global efficiency of the 6 and ¢ bands in the morning, the Laplacian eigenvalue of
the B band in the morning, and the Laplacian eigenvalues of the o and  bands before sleep were all lower in the chronic insomnia group
compared to the normal sleep group (P<<0.05). Conclusions: In chronic insomnia athletes, the 5-band activity of the left prefrontal
cortex (e.g., medial frontal gyrus) is excessively elevated before sleep, leading to decreased brain functional network efficiency and
disrupting the wake-sleep transition process. Accordingly, these changes prolonged SOL and increased AT, ultimately reducing SE.
Additionally, the slow increase in low-frequency brain waves and the delayed decrease in high-frequency brain waves during sleep may
contribute to a reduced proportion of DST and REM sleep, further impairing the functional network connectivity of the brain upon
waking.

Keywords: EEG; sleep quality,; central nervous system, brain functional connectivity,; athletic performance
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combined with multisensory stimulation on emotions through randomized controlled trials. Methods: The 1™ experiment employed a 2
(time: pre-test, post-test) X 2 (visual stimulation only, audio-visual-olfactory combined stimulation) two-factor mixed design, 48
participants were grouped randomly and conducted a 10-minute moderate-intensity aerobic exercise experiment. Because of the visual
stimulation is the basic sensory stimulation method in multisensory stimulation, the 2™ experiment used a two-factor mixed design of 2
(time: pre-test, post-test) X 4 (audio, olfactory, audio-then-olfactory, and olfactory-then-audio stimulation), and 64 participants were
recruited and conducted a 10-minute moderate-intensity aerobic exercise experiment. Results: Experiment 1: 1) After exercise, the
positive and negative emotion scores of the audio-visual-olfactory group were significantly higher than those of the visual-only group;
2) after exercise, the root mean square of successive differences (RMSSD) and high frequency (HF) of the audio-visual-olfactory group
were significantly higher than those of the visual-only group, and the systolic pressure (SBP) was significantly lower than that of the
visual-only group. Experiment 2: 1) After exercise, the positive emotion score of the audio group was significantly higher than that of
the olfactory group and the olfactory-then-audio group; 2) after exercise, the negative emotion scores of the audio group and the audio-
then-olfactory group were significantly lower than those of the olfactory group; 3) the mean decrease of blood pressure (BP) in the
olfactory group and the audio-then-olfactory group were greater than that in the audio group and the olfactory-then-audio group, and the
mean decrease of low frequency (LF), HF, RMSSD, and standard deviation of the nn intervals (SDNN) were smaller than those in the
audio group and the olfactory-then-audio group, but the differences did not reach significance. Conclusions: Moderate-intensity aerobic
exercise combined with single or multiple sensory stimulations can effectively alleviate negative emotions, but only multisensory
stimulation can effectively enhance positive emotions, the reduction of parasympathetic nerve activity depletion is the potential
physiological mechanism. In the combination of aerobic exercise and multisensory stimulation, auditory stimulation is better than
olfactory stimulation in improving subjective emotional experience. Only when the three senses of vision, auditory, and olfaction are
simultaneously stimulated, the depletion of parasympathetic nerve activity is effectively reduced. When two senses are stimulated, the
effects of different combinations or sequences of stimulation are not significant.

Keywords: aerobic exercise; multi-sensory stimulation, emotion, autonomic nerve function
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