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The Effect of Virtual Reality Combined with Aerobic Exercise on Brain Executive Function in
Adolescents with Subclinical Depression: a Micro State Data Analysis Based on EEG
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Abstract: In recent years, subclinical depression has gradually received attention among adolescents, manifested as sustained
emotional depression and cognitive impairment, especially in executive function. The combination of virtual reality (VR) technology
and aerobic exercise is an emerging intervention aimed at improving adolescent brain function through a dual stimulation of immersive
experiences and physical activity. The study used the Center for Epidemiological Studies Depression Scale (CES-D) and the Patient
Health Questionnaire-9 (PHQ-9) to screen 60 adolescents with subclinical depression, and explored the intervention effect of VR
combined with aerobic exercise on subclinical depression in adolescents. The results showed that after intervention, the VR combined
with aerobic exercise group showed significant changes in multiple EEG microstate parameters: the duration of microstate A and B
was significantly prolonged (p<<0.05) , indicating enhanced stability of emotional regulation and attention allocation networks; The
frequency of occurrence of microstate C decreases, reflecting an improvement in emotional regulation ability; The coverage ratio and
transition frequency of microstate D were significantly increased (p<<0.05) , indicating enhanced flexibility in brain information
processing. Research has shown that VR combined with aerobic exercise intervention can effectively improve executive function in
adolescents with subclinical depression, possibly through the reorganization of neural network activity patterns. The changes in EEG
microstates provide strong evidence for understanding the neural mechanisms underlying brain executive control functions. Future
research can optimize intervention plans, explore the impact of different parameters on neural network regulation, and promote its
application in adolescent mental health interventions.
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CtoA 0.069+0.015 0.069+0.019 0.080+0.018 0.08240.012 3.079 0. 035
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