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Figure 1 Exercise-afforded health effects and the central role of mitochondria. Exercise activates endogenous protective mechanisms through
hypoxia, oxidative stress, mechanical force and other factors. These endogenous protective mechanisms include PI3K-Akt-eNOS-NO survival
signaling and PGC-1a-AMPK-mTOR metabolic signaling. Mitochondria play a critical role in exercise-afforded health effects
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Figure 2 Exercise-induced cardiovascular benefits and underlying mechanisms. Exercise produces cardiovascular health benefits via systemic
actions. The major mechanisms include improving cardiovascular insulin sensitivity and metabolism, alleviating oxidative stress and inflammation,
initiating cardiovascular structural and functional remodeling, promoting exerkine secretion from skeletal muscles and other tissues, and reducing risk
factors for cardiovascular diseases
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Figure 3 Long-term moderate and high-intensity exercise induces cardiovascular remodeling. Long-term moderate and high-intensity exercise
induces cardiovascular structural and functional remodeling. The structure remodeling includes physiological cardiac hypertrophy and reduced
vascular wall thickness and increased luminal diameter of conduit arteries. Function remodeling is characterized by enhanced cardiac contraction/

dilation, and decreased heart rate and blood pressure
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Figure 4 Exercise induces multiple tissues to produce and release exerkines which mediate cardiovascular protection. Exercise induces secretion of
exerkines from multiple tissues, which promotes cardiovascular health through mediating cell-to-cell communication and cross-talk between organs
and tissues. Exosome is one of the major transportation vehicles for miRNAs and other types of exerkines
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Exercise benefits cardiovascular health: from molecular mechanisms
to clinical implications

ZHANG Xing, LI Jia & GAO Feng
School of Aerospace Medicine, Fourth Military Medical University, Xi'an 710032, China

Physical inactivity is a major risk factor for cardiovascular diseases. Regular exercise is considered a safe, simple, yet efficient
strategy to reduce cardiovascular risk factors, prevent cardiovascular diseases and improve cardiovascular health. Exercise acts as a
“polypill” for cardiovascular disease prevention and our body has an endogenous “medkit” with unlimited refills of this marvelous
polypill. The mechanisms of exercise-induced cardiovascular health include alleviating oxidative stress and inflammation, improving
cardiovascular insulin sensitivity and metabolism via activating Akt-eNOS “survival signaling” to reduce cardiovascular
susceptibility to injury, in which the improvement of mitochondrial function plays a key role in exercise-induced cardiovascular
health effects. Recent studies have shown that exerkines that are secreted from multiple tissues in response to exercise orchestrate
multi-organ cross-talk in exercise-induced cardiovascular benefits. Clinically, exercise intervention has become a fundamental
strategy in cardiac rehabilitation in recent years. This review highlights the challenges in elucidating the mechanisms underlying
exercise-improved cardiometabolic health and perspectives on developing personalized and precise exercise prescription for the
prevention and management of cardiovascular diseases.

exerkine, cardioprotection, mitochondria, insulin sensitivity, exercise prescription, cardiac rehabilitation
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