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Abstract

Objective: The objective of this study is to explore the causal relationship between breast cancer
(BC) and Alzheimer’s disease (AD) through two-sample mendelian randomization (MR) analysis.
Methods: Incorporate Alzheimer’s disease and breast cancer as exposure and outcome variables for
bidirectional Mendelian randomization analysis. Using R programming, select single nucleotide
polymorphisms (SNPs) that are strongly associated with the exposure factors (BC/AD), excluding
SNPs exhibiting linkage disequilibrium (LD, r2 > 0.001 and distance > 10,000 kb). After merging the
exposure and outcome data, eliminate SNPs with conflicting effect directions. Employ inverse vari-
ance weighting (IVW), MR-Egger regression, and others to estimate causal effects, and assess the
robustness of the results through heterogeneity testing (Cochran’s Q), horizontal pleiotropy testing
(MR-Egger intercept), and leave-one-out analysis. Result: SNP datasets of breast cancer and Alz-
heimer’s disease processed by Genome-wide Association Studies (GWAS) were selected from the
IEU (https://gwas.mrcieu.ac.uk) database, and then the linkage imbalance was removed by Mende-
lian random analysis and PVal was satisfied < strongly correlated SNPs of 5E-08, the SNP data ob-
tained after integrating exposure and outcome data were used as the final effective instrumental
variables. IVW showed that breast cancer was a risk factor for Alzheimer’s disease, and MR-Egger
regression results supported a negative association between breast cancer and Alzheimer’s disease.
According to the IVW results, MR-Egger regression intercept, mr pleiotropy test function and reten-
tion method analysis, heterogeneity analysis, pleiotropy analysis and sensitivity analysis were car-
ried out to further prove that there was a causal relationship between the occurrence of breast can-
cer and Alzheimer’s disease, while there was no causal relationship between Alzheimer’s disease
and breast cancer. Conclusion: Breast cancer is a risk factor for Alzheimer’s disease, and there is a
causal relationship between the occurrence of breast cancer and Alzheimer’s disease, which is pos-
itively correlated, while there is no causal relationship between the occurrence of Alzheimer’s dis-
ease and breast cancer.
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2. FESSHER
2.1. HIEEW

N EI AL EE A TEU (https:/gwas.mreieu.ac.uk) HUE o T #8048 1 42 5L R 4 G B A FE(Genome-
Wide Association Studies, GWAS)Ab 3 [ 7L i 5 Bl /R S BRAE ) SNP 254, JF M R studio A& GitHub
X 3k (https:/github.com) 1 N #FL AL k% T 7S 1 R package: devtools package, gwasvef package, gwasglue
package, VariantAnnoation package %5, ¥ VCF # U SO CSV, N Ja 82 Bl &

2.2. AMIBREEE

1) MHRVERE: 3 2.1 Fb 58 B 2 85 3 RI LR SNP B PVal Dy i 2k H 78 2L e s =
FIEH) SNP, 6] o (E AR K] —HKHR.

2) FhSIMERE: ] dplyr package, TwoSampleMR package, ieugwasr package %5 R package X145+
FIAK) SNP #E47 Clumping, B2 BREBUN T SNP. FE R 4147 B AR I A0 308 A% 28 S A ) T 36 R gt A, IX
TP SRR AEA T . WSS PEAAAE, AT REE T MR R ORI T3 HH B R 3R M T 8es
JA R RG R . EBA P EERMIHMWANSE 2 M kb ki, AMRIEHR 25 kb FHE N 2 =
0.001, kb=10,000, F7~EHAE 10,000 kb JEH A 55 %% SNP [ r? KT 0.001 [ SNP.

3) HIkR5S THAE: ¥ Outcome £#5 5, 7F Excel FRA&H 115 H &4~ SNP [ F-statistics, LA F N
55 LA BEIRHESIFR SNP. F HH T HIBI MEARZ B 2 R B R, WML T IR LAk 5 [F]
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18 R studio 1 H 4 = PR 2 B R JR 3 BRIE (1) SNP 50405, £ FH Merge eRi 4, BUM & 22 48, #2HX Outcome
Hells, ZBx PVal ) SNP, fRIESRREREREHF R K.

2.4. BIEHA(Harmonize Data)
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], effect allele 45—, FTXJ N[ beta {HE# IE1 5.
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25. FFREE/REENIL

1) 7E R studio FIZAT “mr ()7 , FTHBIHTT7%E “Inverse variance weighted” ,  “MR Egger” ,
“Weighted median” , “Simple mode” F1 “Weighted mode” , =47 /775~ TVW (Inverse variance
weighted), BRIANBEHL N A
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3) R, K MR SR AL
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FUBE N R GR N 2, BT /R UG BRAE J9 45 55 K 2 1) MR 237 .

Cochran Q #6361 P<0.05, 3k 5 R FH 18 )5 Z IR EAVW)RET MR 347, I847“mr_pleiotropy_test”,
MR Egger [al H#FE 25 RHZIT 0. mr pleiotropy test BREL P> 0.05. 25 R 4&n A FU/E £ 7 i, (HsHE
(B DAE R B R IARE) AT, IR S R 3 i fe B At ey, 52 VRS BRI 3R S AN B/, HL
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B IR MG BRI R B R 2K, FLIIE 45 R R 2 00 MR 73 # (1] 4~6).

o Cochran Q 2% P < 0.05, MR-Egger #FEiEHe/ngs R/ 2 8k, B2 AL R s A
WK, I HARME R S BREEA SNP J&, BRRRZELTUA K. R, WA RRIERERNKES
FUREAFER R KR
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Figure 1. Funnel plot of MR analysis of breast cancer and Alzheimer’s disease
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Figure 2. Scatter plot of MR analysis of breast cancer and Alzheimer’s disease
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Figure 3. Forest plot of sensitivity analysis of breast cancer and Alzheimer’s disease
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Figure 4. Funnel plot of MR analysis of Alzheimer’s disease and breast cancer
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Figure 5. Scatter plot of MR analysis of Alzheimer’s disease and breast cancer

5. PFI/RIGEBRAESFLARE MR 8= &

rs144261139 : °

rs867230 - °
rs12590654 - ]

rs141864196 ®
rs11767557 :

rs6733839
rs8102895 :
rs12151021 —e
rs73223431 —
rs3851179 .
rs846881
rs9381563
rs1582763
rs34665982
rs679515

@

rs112027066 : °
. °
@

All

1 ; 1 1
-0.02 0.00 0.02 0.04
MR leave—one-out sensitivity analysis for
‘exposure' on 'outcome’

Figure 6. Forest plot of sensitivity analysis of Alzheimer’s disease and breast cancer
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PIAEAS R 16 ) i AR BEALAL 73 4, AR LM 5 B R P BIOIE 2 8] RO AR DGR AT 4R (35 B, X Cfi2
100 L i S5 R AT ] 2R PR I BRORE T P Ty R S

ARSI IE I IR GWAS AP LI SR /K SR ERAE K] SNP 048 4R R AT A8 /R BN LA % 73 47
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AR CHEKRE, JCH R mIEE SNP FEH A0S M2 Mk iy R s i S8R AR 48 ), H Al
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MR BERRAEBATH[15]. WAESA AL, WAl Reid s MR &% OB NS H 35 K &= M S5
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