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Introduction
Atherosclerosis has traditionally been attributed to lipid accumulation and plaque formation, but current understanding highlights chronic inflammation as its central driver. Emerging evidence indicates that gut dysbiosis and angiotensin-converting enzyme 2 (ACE2) act as key modulators of this inflammatory state. While individual associations between atherosclerosis, ACE2, and dysbiosis have been reported[1] [2] [3], a unified mechanistic framework linking these axes remains unexplored. Therefore, the present study aims to unravel the molecular network linking atherosclerosis, gut dysbiosis, and ACE2 pathways through network analysis. 
Methods
The preliminary method involved the literature curation to establish mechanistic links within the atherosclerosis-reduced ACE2-dysbiosis triad. Further, the OmicsNet platform was employed used to construct the network interactions between proteins, metabolites, and dysbiotic microbes.. The resulting network triad was further validated by comparing it with the literature evidence. Guilt by Association (GBA) analysis was performed to identify the most influential node in the network. The network was then segmented into biologically relevant modules via topological clustering, followed by pathway enrichment to identify significant processes. Finally, drug target mapping in OmicsNet was applied to find out the linking of candidate drugs to the atherosclerosis-reduced ACE2-dysbiosis triad for targeted drug repurposing. 
Results
 Literature curation confirmed all three individuals arms of the atherosclerosis-reduced ACE2-dysbiosis triad. The network analysis validated these links by identifying key molecular connectors such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), transforming growth factor-beta (TGF-β), and NOD-, LRR- and pyrin domain-containing protein 3 (NLRP3) between atherosclerosis and ACE2; solute carrier family 6 member 19 (SLC6A19; BOAT1) showed link between ACE2 and dysbiosis; and flavin-containing monooxygenase 3 (FMO3), toll-like receptor 4 (TLR4), nitric oxide synthase 3 (NOS3), and forkhead box P3 (FOXP3) between dysbiosis and atherosclerosis. Guilt by Association (GBA) analysis further revealed top host and microbial hubs (scores 1.60E-06 and 1.12E-06), supporting dysbiosis as the cascade origin. Microbial hubs, particularly nitrogen and carbohydrate metabolism enzymes, appeared to drive dysbiosis through metabolites like tryptophan and arginine, which in turn activate host hubs such as toll-like receptor 2 (TLR2) and toll-like receptor 5 (TLR5), initiating chronic inflammation. This inflammatory response promotes vascular damage via granzymes B & H (GZMB, GZMH) and matrix metalloproteinase-10 (MMP10), alongside barrier dysfunction indicated by apolipoprotein A1 (APOA1) and catenin alpha-like 1 (CTNNAL1), ultimately leading to ACE2 downregulation and completing the triad. Out of  39 identified topological modules, 12 were statistically significant (P < 0.05). performing functional enrichment on these modules reveals 9 statistically significant (P < 0.05) molecular pathways relevant to the triad, based on atherosclerosis, reduced ACE2 (inflammation) and dysbiosis.   Drug target mapping on the 9 molecular pathways shows a list of 53 drugs, including the identification of 21 repurposable drugs. Some of the identified repurposable drugs (~21) were cefdinir, progesterone, trandolapril, minocycline, doxycycline, anakinra, and canakinumab, which are evidently involved in molecular pathways such as PI3K-Akt signalling, NOD-like receptor, IL-17 pathway, AMPK pathway, TNF signalling, and implicating that already approved drugs may be repurposed to target key disease-driving pathways within the triad. 
Conclusion
​​This study establishes a novel systems-level framework linking atherosclerosis, reduced ACE2 expression and gut dysbiosis as a unified pathological triad that drives chronic inflammation and cardiovascular dysfunction. Key molecular connectors such as IL-6, TNF-α, NLRP3, SLC6A19, FMO3 and TLR4, along with microbial metabolites like tryptophan and arginine, are identified as critical contributors to the disease cascade. Guilt by Association (GBA) analysis highlights microbial enzymes as initiators and host inflammatory mediators as central effectors, reinforcing dysbiosis as the upstream trigger. Importantly, drug mapping reveals 21 repurposable candidates targeting major inflammatory and metabolic pathways, providing actionable insights for future cardioprotective strategies. These findings offer a comprehensive, data-driven foundation for targeted therapeutic intervention in atherosclerosis by modulating ACE2 and gut microbiota interactions.
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