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Abstract: Objective To investigate the causal relationship between metabolic syndrome and breast cancer
by using a bidirectional two-sample Mendelian randomization (MR) approach. Methods Genome-wide
association study (GWAS) summary statistics for metabolic syndrome and breast cancer were acquired from
the Integrative Epidemiology Unit GWAS database and the GWAS Catalog, with populations encompassing
the United States and East Asia. A bidirectional causal design was employed: a forward analysis with
metabolic syndrome as the exposure and breast cancer as the outcome, followed by a reverse analysis wherein
their roles were interchanged. The inverse-variance weighting (IVW) method was primarily used for effect
estimation, supplemented by MR-Egger regression, the weighted median method, the simple mode method,
and the weighted mode method. Instrument variable strength was screened using the F-statistic (F>10).
Robustness of the results was assessed through heterogeneity tests, horizontal pleiotropy tests, forest plots,
and leave-one-out sensitivity analyses. Results The IVW analysis indicated no significant causal relati-
onship between metabolic syndrome and breast cancer (OR=1.00, 95%CI: 0.97-1.03), P>0.05). Sensitivity
analyses yielded consistent results, suggesting the good robustness of the study findings. Conclusion This
study found no evidence to support a causal relationship, either positive or negative, between metabolic
syndrome and breast cancer.
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Table 1 Instrumental variable information for the Mendelian randomization of metabolic syndrome

SNP EA OA EAF SE P F

1528929474 T C 0.01976 0.1448 2.51594e-26 112.7
1s3130614 A T 0.092 61 0.066 3 9.45148e-13 50.9
rs17120361 A G 0.03511 0.098 5 5.23299e-07 25.1
rs8016947 G T 0.56 0.0354 1.03999¢-06 23.8
151230666 G A 0.8343 0.047 4 1.355e-06 232
rs116847823 C T 0.0375 0.094 6 2.503e-06 22.1
157667208 T C 0.236 0.0414 2.92099¢-06 21.9
1513247735 G A 0.2132 0.0431 2.93002¢-06 21.9
rs1624327 G A 0.7575 0.0411 4.22299¢-06 21.1
15179154 C T 0.4572 0.0354 4.83805e-06 20.9
1s35294772 A G 0.1335 0.0518 4.98896¢-06 20.8
152581631 A G 0.605 7 0.0359 5.81701e-06 20.5
1575994450 A G 0.061 34 0.0740 6.59007e-06 20.3
152702575 C T 0.639 6 0.036 5 7.54397e-06 20.0
rs138255301 C T 0.01542 0.1507 8.37491e-06 19.8
rs12717565 C A 0.947 0.0793 8.69201e-06 19.7
1s3922420 T G 0.846 8 0.048 8 9.56797e-06 19.5

Notes: EA: effector allele; OA: other effector allele; EAF: effect allele frequency; SE: standard error; P: P value; F: F-statistic.
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Figure 1 Forward Mendelian randomization analysis results
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Table 2 Results of Mendelian randomization analysis
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MR analysis Exposure Outcome Methods p SE P OR (95%CI)

Forward Mets BC IVw 0.0039 0.0175 0.8210 1.00 (0.97-1.03)
MR-Egger 0.0255 0.0314 0.4305 1.02 (0.96-1.09)
Weighted median 0.0314 0.026 2 0.608 0 1.01(0.96-1.06)
Simple mode —0.0477 0.053 6 0.386 1 0.95(0.85-1.05)
Weighted mode 0.049 8 0.0353 0.1770 1.05(0.98-1.12)

Reverse BC Mets vw —0.007 2 0.007 1 0.3060 0.99(0.97-1.00)
MR-Egger 0.012 4 0.026 1 0.682 4 1.01(0.96-1.06)
Weighted median —0.0059 0.004 9 0.2335 0.99(0.98-1.00)
Simple mode —0.004 4 0.0059 0.5059 0.99(0.98-1.00)
Weighted mode —0.005 5 0.005 1 0.3583 0.99(0.98-1.00)

Notes: IVW: inverse-variance weighting; WME: weighted median estimator; Mets: metabolic syndrome; BC: breast cancer.
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Table 3 Instrumental variable information for the Mendelian randomization of breast cancer

SNP EA OA EAF SE P F

rs1035142 G T 0.655 654 0.020 166 3 2.55288e-09 355
15476663 A C 0.372 008 0.019746 3 1.87025e-11 453
rs4784227 T C 0.23248 0.022904 8 1.09875e-28 132.2
156557160 C A 0.246 385 0.022 321 6.44614e-17 72.2
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Figure 3 Forest plot of reverse Mendelian randomization analysis by using the “forestploter” package
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