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Study on the Biological Mechanism of Neural Plasticity of Adolescent Swimmers' “Learning
Training Integration” in High-altitude Hypoxic Environment

CAIRui Y, PENG Yi %
1. Quding Normal University, Qujing, Yunnan, 655000, China
2. Beijing Sport University, Beijing, 100084, China

Abstract: "Integration of learning and training" is an important concept in the current cultivation of young sports talents, aiming to
achieve coordinated progress between competitive performance and academic development. In this context, how to promote the
improvement of athletes' brain function, especially cognitive ability, through scientific training methods has become a research hotspot.
High altitude hypoxic environment training (HAPE), as a mature intervention in sports physiology, has been widely used to improve
athletes' competitive performance. However, the specific biological mechanisms of neural plasticity in the "learning training
integration" of HAPE on adolescent swimmers, as well as its potential impact on cognitive function and learning efficiency, are
currently not fully studied. The aim of this study is to investigate the effects of high-altitude hypoxic environment on the expression of
key neuroplasticity molecules such as brain-derived neurotrophic factor (BDNF) and vascular endothelial growth factor (VEGF) in
adolescent swimmers. Combined with cognitive function tests (such as working memory and executive function) and academic
performance evaluation, the biological pathway of HAPE promoting "learning training integration" is elucidated. The study intends to
adopt a quasi experimental design, selecting rigorously screened adolescent swimmers as the research subjects, divided into a hypoxic
training group and a normoxic control group. The hypoxic training group will undergo a four week cyclic training in a simulated
high-altitude hypoxic environment, while the control group will receive the same intensity of training in a normoxic environment.
Before and after training, peripheral blood samples will be collected from the subjects, and ELISA and other methods will be used to
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detect changes in the levels of biomarkers such as BDNF and VEGF in the serum. Meanwhile, the working memory, reaction time,
attention, and executive function of athletes were evaluated using standard neuropsychological scales. Based on the academic
performance data of athletes, multiple factor analysis of variance and correlation analysis are used to explore the potential association
between hypoxic training and neuroplasticity molecules, cognitive function, and academic performance. Preliminary research results
show that high-altitude hypoxic training can significantly increase the levels of BDNF and VEGF in the serum of adolescent swimmers,
indicating enhanced neurogenesis and angiogenesis within the brain. The elevation of these molecular levels is positively correlated
with improvements in cognitive function tests such as working memory and executive function. The physiological stress induced by
hypoxia, such as the activation of hypoxia inducible factor -1a (HIF-1 a ), plays a central role in the upregulation of BDNF and VEGF,
thereby promoting synaptic plasticity, neuronal survival, and vascular remodeling, providing a solid neurobiological basis for the
integration of learning and training. In addition, the results of questionnaire surveys and interviews indicate that athletes' learning
efficiency, focus, and emotional state have all improved positively during hypoxic training, further confirming the comprehensive
promoting effect of HAPE on the integration of learning and training. The innovation of this study lies in combining HAPE with the
concept of "learning and training integration" for young athletes, and deeply analyzing its mechanism of action from a neurobiological
perspective, providing theoretical basis and practical guidance for optimizing training programs and improving the comprehensive
quality of young athletes.The innovation of this study lies in combining HAPE with the concept of "learning and training integration"
for young athletes, and deeply analyzing its mechanism of action from a neurobiological perspective, providing theoretical basis and
practical guidance for optimizing training programs and improving the comprehensive quality of young athletes. The research results
not only contribute to the development of athletes themselves, but also provide a new perspective for interdisciplinary research in the
field of physical education. Although this study is limited by sample size and tracking of long-term effects, it has important
implications for future in-depth research.

Keywords: high altitude hypoxic environment; teenage swimmers; integration of learning and training; neuroplasticity; BDNF; VEGF
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