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Causal relationship between metabolic parameters and breast cancer by Mendelian randomization method
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Abstract:  Objective To explore the potential causal relationship between multiple metabolic parameters and the risk of breast cancer
using Mendelian randomization (MR ) method. ~Methods A total of 13 metabolic parameters were enrolled as exposure factors in this
study. The genetic instrumental variables for these factors were derived from the corresponding Genome-Wide Association Study
(GWAS) databases, and the outcome data for breast cancer were obtained from the FinnGen database. Single nucleotide polymor-
phisms (SNPs) that conformed to the three core assumptions of MR were screened as instrumental variables. The inverse variance
weighted (IVW) method was adopted as the primary analytical approach, and MR-Egger regression, the weighted median (WM)
method, the weighted mode method and the simple mode method were combined to comprehensively evaluate the causal relationships
between exposures and outcome. Pleiotropy test, heterogeneity test and leave-one-out sensitivity analysis were performed to ensure the
reliability of MR results. Results Among the 13 exposure factors, apolipoprotein A-V (apoA-V ), the ratio of triglycerides to total
lipids in low-density lipoprotein (TG/LDL total lipid) , hypertension, diastolic blood pressure (DBP) , body mass index (BMI) , and
waist-hip ratio adjusted for BMI(WHRadjBMI) were identified as protective factors for breast cancer. Proinsulin and insulin receptor
(INSR) were confirmed as risk factors for breast cancer. No causal relationship with statistical significance was found between breast
cancer and the remaining parameters, including triglycerides (TG) , apoB, total cholesterol (TC) , low-density lipoprotein cholesterol
(LDL-C) , and high-density lipoprotein cholesterol (HDL-C). The results of sensitivity analyses showed that there was no significant
horizontal pleiotropy or heterogeneity in the selected instrumental variables, and the MR effect estimates were not affected by any indi-
vidual SNP.  Conclusion  Proinsulin and insulin receptor are associated with an elevated risk of breast cancer, while apoA-V, TG/

LDL total lipid, HTN, DBP, BMI and WHRadjBMI are correlated with a reduced risk of breast cancer. These findings indicate that
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there are differential associations between various metabolic parameters in human body and the risk of breast cancer.
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Figure 1  Research design and basic assumptions of MR
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Table 1 Information on the source of GWAS data in Mendelian randomization studies

Gl PEAR GWAS ID N iz G *ﬁg;ﬁ SNP %t
2% 16 ebi-a-GCST90018975 European  Sakaue S 2021 343992 19052580
TC ebi-a-GCST90018974 European  Sakaue S 2021 344278 19043 498
apoB ebi-a-GCST90025952 European  Barton AR 2021 435744 4231412
apoA-V prot-a-125 European  Sun BB 2018 3301 10534735
LDL-C ebi-a-GCST90002412 European  Klimentidis YC 2020 431 167 16 293 344
HDL-C ebi-a-GCST90018956 European  Sakaue S 2021 315133 19051 633
TG./LDL total lipid ~ ebi-a-GCST90092967 European  Richardson TG 2022 115082 11 590 399
HTN ukb-b-14177 European  Ben Elsworth 2018 461880 9851 867
DBP ukb-a-359 European  Neale 2017 317756 10 894 596
PI ebi-a-GCST001212 European  Strawbridge RJ 2011 10701 2479 861
INSR prot-a-1564 European  Sun BB 2018 3301 10534735
BMI ebi-a-GCST90018947 European  Sakaue S 2021 359983 19 066 885
WHRadjBMI ebi-a-GCST90025996 European  Barton AR 2021 458349 4238887
4hJs  BC finngen_R12_C3_BREAST_EXALLC  European - 2024 246348 21319111
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REER SNPEE ik P& OR(95% Cl)
apoA-V 11 MR Egger 0.497 o 0.963 (0.868 to 1.069)
11 Weighted median 0.077 - 0.948 (0.893 to 1.006)
11 Inverse variance weighted 0.008 0 0.940 (0.898 to 0.984)
11 Simple mode 0.200 M 0.946 (0.874 to 1.024)
11 Weighted mode 0.194 0 0.951 (0.887 to 1.021)
BMI 571 MR Egger 0.174 —— 0.863 (0.699 to 1.067)
571 Weighted median 0.014 m 0.883 (0.799 to 0.975)
571 Inverse variance weighted <0.001 o 0.856 (0.796 to 0.921)
571 Simple mode 0.239 —— 0.814 (0.578 to 1.146)
571 Weighted mode 0.146 >—0—H 0.834 (0.653 to 1.065)
DBP 317 MR Egger 0.270 ——— 0.849 (0.635 to 1.135)
317 Weighted median 0.018 m 0.866 (0.768 to 0.976)
317 Inverse variance weighted 0.005 m 0.877 (0.800 to 0.961)
317 Simple mode 0.434 —et— 0.834 (0.530 to 1.313)
317 Weighted mode 0.326 o, 0.824 (0.561 to 1.211)
HTN 381 MR Egger 0.690 »—04—» 0.895 (0.518 to 1.544)
381 Weighted median 0.022 >—0—- 0.731 (0.559 to 0.957)
381 Inverse variance weighted 0.003 o 0.728 (0.592 to 0.895)
381 Simple mode 0.308 v—O—-—- 0.642 (0.275 to 1.502)
381 Weighted mode 0.462 *—0—-—‘ 0.819 (0.481 to 1.394)
INSR 11 MR Egger 0.355 —e—i 1.124 (0.889 to 1.421)
11 Weighted median 0.137 O« 1.059 (0.982 to 1.143)
11 Inverse variance weighted 0.008 . 1.075 (1.019 to 1.134)
11 Simple mode 0.302 H—| 1.071 (0.947 to 1.212)
11 Weighted mode 0.268 [l 1.070 (0.956 to 1.198)
PI 17 MR Egger 0.181 —— 1.160 (0.943 to 1.427)
17 Weighted median 0.384 v-O-t 1.053 (0.937 to 1.183)
17 Inverse variance weighted 0.014 004 1.105 (1.020 to 1.196)
17 Simple mode 0.812 »—o—~ 1.023 (0.849 to 1.234)
17 Weighted mode 0.739 r—’—' 1.032 (0.861 to 1.237)
TGI/LDL total lipid 121 MR Egger 0.372 m 0.964 (0.890 to 1.044)
121 Weighted median 0.182 Di 0.953 (0.888 to 1.023)
121 Inverse variance weighted 0.022 . 0.937 (0.886 to 0.991)
121 Simple mode 0.248 ol 0.927 (0.815 to 1.054)
121 Weighted mode 0.140 w 0.955 (0.899 to 1.015)
WHRadjBMI 353 MR Egger 0.009 - 0.754 (0.610 to 0.932)
353 Weighted median <0.001 HH 0.808 (0.721 to 0.905)
353 Inverse variance weighted <0.001 o 0.839 (0.768 to 0.917)
353 Simple mode 0.357 —— 0.842 (0.584 t0 1.213)
353 Weighted mode 0.061 ——i 0.777 (0.597 to 1.011)
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Figure 2 Forest plot of Mendelian randomization causal estimates for 8 exposure factors and breast cancer
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Figure 3 Scatter plot of Mendelian randomization for the causal association between eight exposure factors and breast cancer
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Table 3 Results of sensitivity analysis for the Mendelian
randomization between exposure factors and
breast cancer
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apoA-V 0.957 3 09694  0.6205
LDL-C 1.77x107"" 2.19x107""  0.963 3
HDL-C 8.27x10™% 9.40x10™"*  0.5533
TG/LDL total lipid 538x107°  5.11x10°  0.3306
HTN 1.57x107"" 1.64x107""  0.423 6
DBP 4.56x107"" 572x107"" 0.8189
Pl 03264 03753  0.6220
INSR 03349 0.4093  0.7108
BMI 4.63x107° 5.51x107°  0.9333
WHRadjBMI 1.56x107"%  1.37x10™%  0.2749
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Figure 4 Results of the leave-one-out analysis for meta-

bolic indicators and breast cancer
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