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Abstract Systems biology technologies have elucidated the molecular regulatory network of non-traumatic osteonecrosis
of the femoral head (NONFH) through the integration of genomics, proteomics,and metabolomics. Genomic studies reveal
that genetic variations in angiogenesis-related genes (VEGFA rs2010963, HIF-1a, IGF-1 rs35767/rs5742714/rs972936 ,
miR-335,miR-132-3p) , lipid metabolism genes (PPARY rs2920502, LDLR rs14158/rs2738465,L.PL, ABCBI rs13233308/
3435T/2677T/A) . bone metabolism genes (RUNX2 rs3763190, MMP3 rs650108/rs522616, MMP14 rs2236302), and
coagulation-related genes (SERPINE1/PAI-1,eNOS, Factor V Leiden mutation) significantly influence disease progres-
sion by regulating angiogenesis impairment, bone-lipid metabolic imbalance, and hypercoagulability. Proteomic analyses
demonstrate that COMP and MMP13 mediate cartilage matrix degradation, AHSG and complement C3/C4 modulate
inflammatory responses, A2M alleviates oxidative damage,and 11.-34 promotes osteoclast differentiation. Metabolomic pro-
filing identifies early diagnostic biomarkers including phosphatidylcholine, lysophosphatidylcholine, L-tyrosine, and L-
leucine, confirming butyrate’s role in promoting bone regeneration via WntlOb pathway activation. Additionally, sulfur
metabolic dysregulation and gut microbiota metabolites (1-lysine,gluconic acid) are associated with disease subtypes. Sin-
gle-cell sequencing further deciphers the interaction mechanisms between genetic and environmental factors. Collectively,
systems biology approaches have established a multi-omics regulatory framework for NONFH, providing theoretical foun-

dations for early screening and precision therapeutics.
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