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Abstract

Non-alcoholic fatty liver disease (NAFLD) is linked to metabolic dysfunction, high-fat diets, and physical
inactivity, culminating in chronic inflammation, hepatic fibrosis, and increased risk of cirrhosis and
hepatocellular carcinoma. Given the limitations of pharmacotherapy, exercise represents a safe, accessible
intervention that can attenuate lipogenesis, suppress inflammation, and enhance mitochondrial function.
This review-plus-bioinformatic study interrogated the crosstalk between exercise and non-coding RNAs
(ncRNAs)—microRNAs (miRNAs), long non-coding RNAs (IncRNAs), and circular RNAs (circRNAs)—
in NAFLD, with the goals of identifying exercise-modulated ncRNAs and reconstructing competitive
endogenous RNA (ceRNA) networks governing lipid metabolism, inflammation, and bioenergetics. We
first retrieved murine high-fat diet (HFD) liver datasets with and without exercise from GEO (GSE239729,
GSE226132), then conducted a systematic literature search of PubMed, Scopus, Web of Science, and
Google Scholar (2019-2025) using standard keywords. RNA-Seq preprocessing and normalization were
performed in R (v4.5.0) with DESeq2; ncRNAs were prioritized using |log:FC| > 2 and FDR < 0.05.
Annotations were drawn from Ensembl, NONCODE, LNCipedia, circBase, and circAtlas; miRNA targets
from TargetScan and miRWalk; circRNA-miRNA interactions from starBase. ceRNA networks were
reconstructed in Cytoscape (v3.10.1), and functional enrichment (GO/KEGG) was conducted with
clusterProfiler and DAVID. Integrated evidence from the literature and reanalysis showed that exercise
consistently downregulates miR-34a and the IncRNAs MALAT1/HOTAIR, while upregulating miR-122
and circScdl and decreasing circRNA 002581. The resulting ceRNA programs converge on AMPK,
SIRT1/PGC-1a, and PPARa axes, aligning with reduced lipogenesis (| SREBP1/FASN), enhanced fatty-
acid oxidation (fCPT1/FAO), dampened inflammation (|NF-«B/TNF-a), and modulation of TGF-$
signaling. Concordant patterns across both datasets support a robust, exercise-driven ncRNA response;
sensitivity analyses with more permissive thresholds preserved the key signals. In sum, exercise reprograms
NAFLD liver through coordinated ncRNA regulation that reshapes gene networks controlling metabolism,
inflammation, and mitochondrial function. By integrating systematic evidence with RNA-Seq reanalysis
and ceRNA modeling, we outline a practical framework for (i) ncRNA-based biomarkers of exercise
response, and (ii) RNA-directed “exercise-mimetic” interventions targeting AMPK/SIRT1/PPARa to
optimize therapy and improve metabolic/inflammatory outcomes in NAFLD.
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