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Abstract: Objective Based on the theory of “heart-small intestine relationship” and the “gut-heart axis” hypothesis, this study applies
Mendelian randomization (MR) and bioinformatics approaches to investigate gut microbiota with genetic causal effects on myocardial
infarction (MI), explore underlying mechanisms, and predict potential interventional traditional Chinese medicines. Methods
Genome-wide association study (GWAS) and gene expression data for gut microbiota and MI were obtained from the MiBioGen, IEU
GWAS and GEO databases. MR analysis was primarily performed using the inverse variance weighted (IVW) method. Potential
mechanisms were explored through gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses.
Core genes were screened via machine learning algorithms. Potential traditional Chinese medicines were predicted by integrating the
Coremine database, and their properties (four ¢i), flavors (five tastes), meridian tropism, and functions were statistically analyzed.
Results MR analysis revealed six gut microbiota taxa with genetically causal associations with MI: Butyricicoccus (a protective
factor, OR < 1, P < 0.05), Lachnoclostridium, Ruminococcaceac UCGO014, Odoribacter, Oxalobacter, and Sellimonas (risk factors,
OR > 1, P <0.05).The core genes were mainly enriched in signaling pathways including the ephrin receptor signaling pathway, calcium
signaling pathway, and mitogen activated protein kinases (MAPK) signaling pathway. A total of 596 potential traditional Chinese
medicines were predicted. Their properties (four gi) were predominantly warm, followed by cold and neutral; their flavors (five tastes)
were primarily sweet, with bitter and pungent also being notable. The main therapeutic functions identified were clearing heat and
detoxifying. Representative medicines included Renshen (Ginseng Radix et Rhizoma), Sanqi (Notoginseng Radix et Rhizoma), and
Huanglian (Coptidis Rhizoma). Related classical prescriptions encompassed Xiaochaihu Decoction (/N4E#7%) and Taohong Siwu
Decoction (Hk£1.PU47%). Conclusion This study reveals the genetic causal relationship and molecular mechanisms through which
gut microbiota mediates the occurrence of MI. It enriches the modern biological connotation of the “heart-small intestine relationship”
theory. The predicted traditional Chinese medicines provide new strategies for the traditional Chinese medicine-based prevention and
treatment of MI and offer a reference for further investigation into the “gut-heart axis”.
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Table 1 Information of included instrumental variables in MR analysis
V18 T A SNP EA OA B SE P
Butyricicoccus rs10084203 A G 0.055 0.012 8.59X10°¢
rs12034718 A G 0.070 0.016 9.58X10°¢
rs12585793 T C —0.262 0.056 5.79X10°6
rs2017189 G T —0.051 0.011 3.87X10°¢
rs4962426 G T 0.061 0.014 7.38X10°¢
1s56221232 T C 0.083 0.017 7.62X1077
1s62478070 T G 0.224 0.049 5.94X10°6
1s7322368 T C 0.082 0.018 5.52X10°¢
1s75238760 T A 0.062 0.014 6.80X 1076
Lachnoclostridium rs1031599 G T -0.079 0.018 6.31X10°¢
rs12566975 T C —0.047 0.011 9.57X10°¢
rs1528479 G A —0.050 0.011 9.64X10°¢
rs1997204 T C —0.108 0.024 5.97X10°¢
rs2385421 A G 0.075 0.018 7.14X1076
rs3821998 C A —0.086 0.019 6.72X1076
rs4738679 G A —0.052 0.011 4.42X10°°
rs6112314 A C —0.056 0.011 2.43X107
1s615997 T C 0.051 0.011 2.03X10°¢
rs62285313 A G 0.086 0.018 1.58X10°¢
rs72829893 G T 0.117 0.027 5.58 X107
rs78068103 A G 0.089 0.019 3.67X1076
rs789029 C T —0.064 0.014 3.75X10°6
Odoribacter rs10093869 A G —0.058 0.013 3.67X10°¢
rs10423795 C T 0.055 0.012 6.58X107¢
rs16918425 A T 0.100 0.022 8.85X107¢
Oxalobacter rs28417404 A G —-0.073 0.016 3.68X10°°
rs4793970 A G —0.058 0.013 6.03X10°°
rs6856150 G A 0.088 0.019 6.06X107°
rs74553962 T G 0.121 0.026 9.49X10°¢
rs77779484 G A —0.133 0.027 6.56X1077
rs10464997 G A 0.138 0.029 3.30X10°¢
rs11108500 A G —0.199 0.043 3.74X10°°
rs111966737 T C 0.213 0.047 7.30X10°°
rs12002250 A C 0.217 0.047 1.42X10°6
rs1569853 T C —0.138 0.030 3.65X10°°
rs36057338 G T 0.208 0.042 8.80X 1077
1s3862635 C T —0.172 0.039 9.19X10°¢
rs4428215 G A 0.130 0.024 7.51X1078
rs6000536 C T —0.131 0.025 2.06X1077
rs6071435 T A —0.106 0.021 1.07 X107
1s6993398 G A 0.127 0.028 7.13X10°6
15736744 C T 0.118 0.021 2.57X1078
Ruminococcaceae UCGO014 rs10495392 C T —0.082 0.019 9.96X10°¢
rs10791168 A G —0.066 0.015 9.76 X 1076
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Ruminococcaceae UCG014 rs10941294 C T —0.122 0.026 2.40X10°¢
rs115777838 T C —0.188 0.039 4.62X107
rs12638134 T G 0.058 0.012 1.21X10°¢
rs17296933 C G —0.083 0.019 7.34X10°6
1rs34402072 C T —0.069 0.016 9.80X 1076
rs439810 G C —0.058 0.013 7.04X10°6
1s56105232 G A 0.139 0.030 2.91X10°¢
rs61898819 A T 0.061 0.014 9.92X10°¢
1s62478832 T A —0.058 0.013 6.04X 1076
1s72809222 T C 0.067 0.014 2.41X10°6
1s73186226 G A —0.099 0.022 6.72X 1076
rs74060145 C G —0.116 0.025 8.71X10°¢
1s77627087 C G 0.068 0.015 7.43X10°6
1s79640386 T A —0.111 0.025 8.74X10°¢
rs853612 A G —0.053 0.012 9.75X10°6
1$995642 C T 0.060 0.013 1.90X 1076

Sellimonas rs113379006 T C —0.163 0.036 7.21X10°6
152016057 A C —0.126 0.026 1.03X10°¢
152187447 A C 0.243 0.053 3.98X10°¢
12371572 A C 0.127 0.025 4.46 X107
rs41816 A G 0.132 0.029 8.39X10°¢
rs4600608 A G —0.137 0.030 4.95X10°¢
1s553697 T C —0.154 0.034 6.13X10°6
1s56203279 T C —0.124 0.027 3.72X10°¢
1s72553859 G C —0.150 0.033 5.38X10°¢
rs7968030 A T —0.127 0.028 5.56X107¢

SNP-HUIZHIR Z &1 EA-RUNENHER ;. OA-HABSAIEE A B-2URiAH: SE-brifEiRzE.
SNP-single nucleotide polymorphism; EA-effector allele; OA-other alleles; B-effect size; SE-standard error.
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Fig.2 MR scatter plot of gut microbiota and MI

exposure nsnp pval OR (95% CI)
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Butyricicoccus 9 0.010 HH| 0.904 (0.837 to 0.976)
Oxalobacter 12 0.002 L] 1.067 (1.023 to 1.113)
Sellimonas 10 0.002 - 1.066 (1.024 to 1.110)

0|5 1 1.I5 é 2|5

E 3 BEERX MI ) MR SHER
Fig. 3 MR analysis results of intestinal flora to MI
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(calcium signaling pathway) S LA 4 g A () 40 A B facilitator superfamily domain containing 6, MFSD6)
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x2 REMEEER
Table 2 Heterogeneity test results

V18 T A Ji i (0] Q df Q pval
Butyricicoccus MR Egger 2.683 7 0.913
W7 ZE AL 2.690 8 0.952
Lachnoclostridium MR Egger 10.804 11 0.460
W7 FE AL 10.843 12 0.542
Odoribacter MR Egger 7.967 6 0.241
W7 B 8.314 7 0.306
Oxalobacter MR Egger 7.878 10 0.640
W7 FE AL 9.682 11 0.559
Ruminococcaceae UCGO014 MR Egger 13.427 16 0.641
W7 FE AL 13.463 17 0.705
Sellimonas MR Egger 8.157 8 0.418
Wy ZEMBLE 8.239 9 0.510

O- kRGO df-A ;O pval-FRE AR PAH.
O-heterogeneity test; O df-degrees of freedom; Q_pval-P value for heterogeneity test.
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Fig. 4 Results of leave-one-out sensitivity analysis
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methyltransferase 1 like, TRMTIL) fEXT IR RIA B FEE (mercaptopyruvate sulfurtransferase,
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Fig. 5 Enrichment analysis of GO functional and KEGG pathway of genes
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Fig. 6 Identification and analysis of DEAGs in MI
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Fig. 7 Machine learning analysis and nomogram construction and validation based on DEAGs

*3 EEPNEEMTS

Table 3 Importance scores of genes

o B B ES IR s
1 TMOD2 0 0.340 515 393 201 758 SVM
2 MYBPCI 0 0.373 478 384 761 718 SVM
3 DOCK4 0 0.420 691 347 165 312 SVM
4 TRMTIL 0 0.424 285 112 907 373 SVM
5 NLRP3 0 0.452 533 818 273 276 SVM
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Fig. 8 Statistical analysis results of traditional Chinese medicines and mapping network diagram of “gene-component-

traditional Chinese medicine”
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