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[Abstract] Primary osteoporosis (POP) is a metabolic bone disease characterized by reduced bone mass, degenerated bone
microstructure, and increased bone fragility. Its pathogenesis involves the interaction of multiple factors such as genetics, aging,
endocrine, and environment, which remain incompletely elucidated. Mitochondrial dysfunction can lead to insufficient adenosine
triphosphate (ATP) production and abnormal accumulation of reactive oxygen species (ROS) , activating oxidative stress and
inflammation pathways, thereby inhibiting osteoblast differentiation and promoting osteoclast activation, exacerbating the negative
bone metabolism balance in POP. Mitochondrial autophagy, as the core mechanism of mitochondrial quality control, selectively
identifies and clears damaged mitochondria to effectively reduce ROS accumulation and energy metabolism disorders, thus

maintaining the balance between osteoblast and osteoclast differentiation. It plays a critical role in maintaining bone homeostasis and
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the prevention and treatment of POP. The traditional Chinese medicine (TCM) theory of Qi transformation shares similarities with
the functions of mitochondria in energy generation and substance conversion. The pathological state of Qi deficiency and stagnation
may be associated with mitochondrial autophagy dysfunction, and the pathogenic characteristics of combined phlegm and stasis
align with the metabolic waste accumulation induced by obstructed autophagy flow. This article explores the correlation of the
theory of Qi deficiency and stagnation with mitochondrial autophagy and elucidates its potential role in the pathogenesis of POP.
Additionally, considering the pathogenesis features of POP, which involve deficiency causing stagnation and a mixture of
deficiency and excess, this article proposes a novel therapeutic approach: tonifying Qi to support the body and unblocking

collaterals to resolve stagnation from the perspective of mitochondrial autophagy. This article aims to provide theoretical support and

research insights for further exploration of TCM in the prevention and treatment of POP.
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Fig.2 Mechanism of action of POP induced by mitochondrial autophagy dysfunction
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Table 1 Targeted regulation of mitochondrial autophagy by traditional Chinese medicine

R Wl 5y T A Rtk zy AT AT

Ak ULK 1 #41% , mTOR il L EE b b 25 00 AN B TR AR SIRT1-PI3K/Akt/mTOR ; ULK1/FUNDC1

SiE A LC31/1 1 ,Beclinl T PR A AR S 2 b ERa-SIRT1-FoxO3a; PINK 1/Parkin; PUM2 %l
AR SRz 2rN I E ) Hilt 2 28 RN A Oy Nrf2/p62/Keapl ; HIF-1a/BNIP3
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XL 845 9 IR 25 A VAEEWEEIEPING 3 ¢ SN 7 % PINK 1/Parkin X[l ; RANK-JNK-Beclinl
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