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ABSTRACT

KEY WORDS

Objective: Cardiovascular disease is the most common extrahepatic complication and
leading cause of death in metabolic dysfunction-associated fatty liver disease (MAFLD).
However, early metabolic biomarkers for subclinical atherosclerosis (SA) in MAFLD
patients remain unclear. This study used untargeted metabolomics to investigate serum
metabolite and pathway changes associated with SA in MAFLD patients and to screen for
potential serum metabolic biomarkers.

Methods: From December 2023 to December 2024, 64 MAFLD patients with SA enrolled
in the “Pan-Vascular Cohort Study” at the Health Management Medical Center of the Third
Xiangya Hospital of Central South University were included as an experimental group, and
50 age- and sex-matched MAFLD patients without SA were included as controls. MAFLD
was diagnosed according to the Guidelines for the Prevention and Treatment of Metabolic
(Non-Alcoholic) Fatty Liver Disease (2024 Edition). SA was defined by the presence of
multi-segment arterial plaques and/or peripheral arterial obstruction. Untargeted
metabolomics  profiling was performed using ultra-high performance liquid
chromatography coupled with mass spectrometry. Differential metabolites were screened
using fold change (FC) analysis, principal component analysis, and orthogonal partial least
squares discriminant analysis. Receiver operating characteristic (ROC) curves evaluated
diagnostic performance of differential metabolites, and pathway enrichment analysis
identified metabolic pathways associated with MAFLD and atherosclerosis.

Results: Using selection criteria of FDR-corrected g<0.05 and FC >1.5 or <0.67, a total of 415
differential metabolites were identified between the 2 groups. The top 5 differential
metabolites were lysophosphatidylcholine (18 : 3), chelerythrine, N, N-hexamethylene
thiocarbamate S-ethyl ester, N-ethyl-o-crotonylmethylaniline, and lysophosphatidylcholine
(18:1). ROC analysis based on support vector machine (SVM) modeling of these top 5
metabolites yielded an area under the curve of 1. Differential metabolites were mainly
enriched in histidine metabolism, sphingolipid metabolism, glycerophospholipid metabolism,
unsaturated fatty acid biosynthesis, tryptophan metabolism, and taurine/hypotaurine
metabolism.

Conclusion: The metabolic profiles of MAFLD patients with and without SA differ
significantly. Key differential metabolites may serve as potential biomarkers for predicting

atherosclerosis in MAFLD patients.

metabolic dysfunction-associated fatty liver disease; subclinical atherosclerosis;

metabolomics; lysophosphatidylcholine; biomarker
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Table 1 Comparison of baseline characteristics between MAFLD patients with SA and MAFLD patients without SA

415 n AEIY % HPE/11(%)] R E AU (kg'm”) [ /em AAE/%

SR 64 56.33+5.41 43(67.2) 25.5142.73 88.72+7.92 27.615.78

X 2 50 54.75+4.20 30(60.0) 25.92+2.45 87.78+7.80 30.47+6.89

tylZ -1.717 0.856 0.842 -0.621 0.874

P 0.101 0.364 0.402 0.919 0.323
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tylZ 0.040 -1.827 -0.165 -1.296 -1.708 -0.528

P 0.841 0.571 0.402 0.378 0.063 0.601

. BRI L1%)] Ll ?H%E@ﬁ/ 1&%75}%5%& %ﬁfﬁﬂﬁﬁﬁi HEZE fx/ ’4?@%’:@?%&/
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Figure 1 Quality control plot of metabolomics data for experimental and control groups

A: Quality control plot of metabolomics data for the quality control, experimental, and health control groups. B: Quality control plot

of metabolomics data for the experimental and health control groups. PC: Principal component.
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Figure 2 PCA and OPLS-DA score plots of experimental and control groups
A: PCA scores plot. B: OPLS-DA scores plot. PCA: Principal component analysis; OPLS-DA: Orthogonal partial least squares

discriminant analysis.
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Figure 3 Screening and analysis results of differential metabolites in the experimental and control groups

A: Volcano plot of differential metabolite screening between experimental and control groups. B: Heatmap of the top 25 differential
metabolites between experimental and control groups. C: Bubble chart of KEGG pathway enrichment analysis for differential

metabolites between experimental and control groups. FC: Fold change.
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Figure 4 Top 15 differential metabolites ranked by importance in random forest analysis between experimental and control

groups

ROC curves: Individual top5 metabolites and combined model
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Figure 5 ROC curves plotted using SVM model for the top 5 differential metabolites and the cut-off values from univariate

ROC analysis

A: ROC curves plotted using SVM model for the top 5 differential metabolites. B: Cut-off value for the differential metabolite LPC
(18:3) calculated by univariate ROC analysis. C: Cut-off value for the differential metabolite chelerythrine calculated by univariate

ROC analysis. D: Cut-off value for the differential metabolite molinate calculated by univariate ROC analysis. E: Cut-off value for

the differential metabolite crotamiton calculated by univariate ROC analysis. F: Cut-off value for the differential metabolite LPC

(18:1) calculated by univariate ROC analysis. ROC: Receiver operating characteristic; SVM: Support vector machine; AUC: Area

under the curve; MAFLD: Metabolic dysfunction-associated fatty liver disease; SA: Subclinical atherosclerosis; LPC:

Lysophosphatidylcholine.
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