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[Abstract] Objective To investigate the shared gene expression signatures of comorbid genes between rheumatoid arthritis
(RA) and metabolic syndrome (MS) using bioinformatics approaches, identify potential biomarkers, and evaluate their diagnostic
utility. Methods  This study harnessed microarray datasets from the Gene Expression Omnibus (GEO) to explore gene expression
patterns in RA and MS. Differentially expressed genes (DEGs) were identified, and weighted gene co-expression network analysis
(WGCNA) was applied to uncover genes common to both conditions. Functional enrichment analyses, including Gene Ontology
(GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG), alongside protein-protein interaction (PPI) network analysis,
were employed to elucidate the biological roles of these shared genes. Key hub genes were subsequently screened using random forest
and least absolute shrinkage and selection operator (LASSO) algorithms. Furthermore, Mendelian randomization (MR) analysis was
utilized to verify causal relationships between these key genes and RA. To translate these findings into clinical application, a diagnostic
prediction model was developed using the XGBoost machine learning framework. The CIBERSORT algorithm and gene set variation
analysis (GSVA) were used to explore the correlations between hub genes and immune cell infiltration as well as metabolic pathway
activities. Finally, the expression and potential roles of these hub genes were rigorously validated through single-cell RNA sequencing
Analysis of the GSE93777 and GSE98895 datasets using limma R package

identified 259 and 280 DEGs, respectively. Integration with WGCNA revealed 88 genes co-expressed in both RA and MS. Functional

(scRNA-seq) data and clinical blood samples. Results

enrichment analysis revealed that these genes were significantly enriched in biological processes related to immune response and
metabolic regulation. Subsequent refinement using machine learning algorithms (LASSO and random forest) pinpointed 24 key hub
genes, which were then used to construct a prognostic prediction model. These hub genes demonstrated significant associations with
immune functions and metabolic activities in peripheral blood. Additionally, Mendelian randomization (MR) analysis suggested a
potential causal relationship between signal transducer and activator of transcription 3 (STAT3) and RA risk. Analysis of scRNA-seq
data and clinical blood samples confirmed the diagnostic significance of two prominent hub genes: granzyme A (GZMA) and STAT3.
Conclusions Key regulatory genes shared between RA and MS have been successfully identified. The GZMA and STAT3 genes are
positively correlated with energy metabolism processes, suggesting that the metabolic pathways in which they participate may be
closely associated with cellular activities.
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Fig.2 Weighted gene co-expression network analysis (WGCNA) of RA and MS
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Tab.1 Baseline information on clinical samples

EiE 7 (RN HEZH (n=6) MS 4 (n=6) RAH (n=6) RA+MS 4 (n=6) ©/F/Z/t P
PERN[51(%)] 2.15 0.131
5 3(50.0) 3(50.0) 2(33.3) 3(50.0)
i 3(50.0) 3(50.0) 4(66.6) 3(50.0)
AEHS (5, xts) 55.8+5.2 58.1+8.5 54.5+5.3 60.543.5 1.18 0.340
TREFE B (kg/m?, x) 23.5+1.3 34.9+1.9?) 22.243.5® 33.0£0.99®) 5205  <0.001
I [mmol/L, M(Q,, Q)] 536(5.18,547)  8.81(8.26,11.32)?  6.46(5.82,6.71)V®  11.41(8.99,12.67) 1846  <0.001
TRFE(4E, x4s) NA NA 6.48+3.79 7.36+2.98 -0.45 0.664
DAS28(x+s)" NA NA 4.96+0.91 6.21+0.59 -3.12 0.011
RF(U/ml, x+s) 9.00+3.74 10.66+3.26 172.00£103.85P@  293.33+110.57P®© 1606  <0.001
CRP(mg/L, x+s) 1.65+0.42 9.93+2.65? 30.50+10.03P 55.16+8.95@®© 91.54  <0.001
ESR(mm/h, %+s) 12.66+1.21 28+4.77% 52.33+10.85P® 74.66+8.04H© 13542 <0.001

SR IBAL L #, (1)P<0.0S, (2)P<0.01; 5 MSZH LA, (3)P<0.05, (4)P<0.01; 5 RAZIHH: (5)P<0.0S, (6)P<0.01; *Fifi
DAS28 G LR ST FEAR A2 56, {UFE RA LS RA+MS AL HEFT. RA.ZERWBIETT 45 MSACEMIZEAAE; DAS28. S&5 B sh T
4r; RE MR F; CRP.CIRMZET; ESR ZIAIMUIESR; NA. JCEE
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