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Abstract

Key words

Background and Aims: Pancreatic cancer is a malignant tumor with a very poor prognosis, and obesity,
as a widespread health issue, is thought to be associated with various cancers. This study uses Mendelian
randomization (MR) to analyze the causal relationship between obesity and pancreatic cancer to provide
scientific evidence for preventing and intervening in pancreatic cancer.

Methods: Single nucleotide polymorphism (SNP) data for eight obesity-related anthropometric
measures were downloaded from the IEU database as instrumental variables. Genome-wide association
study (GWAS) data for pancreatic cancer were also obtained from the Finnish R10 database. The study
employed inverse variance weighting (IVW), Mendelian randomization-Egger (MR-Egger), and
Cochran's Q test to assess data heterogeneity. Potential causal relationships were further evaluated using
IVW, MR-Egger, weighted median, weighted mode, Bayesian weighted Mendelian randomization, and
constrained maximum likelihood Meta-analysis. MR-PRESSO and leave-one-out analyses were also
used to identify and exclude outlier SNPs, ensuring result accuracy.

Results: Using 6 MR analysis methods to assess potential causal relationships, the study found that
pancreatic cancer has a possible causal relationship with body mass index (BMI), basal metabolic rate,
hip circumference, trunk fat mass, trunk fat-free mass, trunk predicted mass, and whole body fat-free
mass (all P<0.05). No evidence of horizontal pleiotropy or heterogeneity was found. The consistent
direction of P values across the 6 different MR analysis methods further confirmed that BMI, hip
circumference, and trunk fat mass were positively correlated with an increased risk of pancreatic cancer,
providing robustness to the results.

Conclusion: There is a causal relationship between obesity and pancreatic cancer, suggesting that
improving obesity status may reduce the risk of pancreatic cancer.

Pancreatic Neoplasms; Obesity; Polymorphism, Single Nucleotide; Mendelian Randomization Analysis
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Figure 1 Diagram of the core assumptions of MR
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Table 1 GWAS data information on pancreatic cancer and obesity

GWAS $dfii 44 7 AR SNP # i B A8 B

SRR B
BMI 454 884 9 851 867 MRC-IEU IEU OpenGWAS project (ukb—h-19953)
Ere iAW RS 454 874 9851 867 MRC-IEU TEU OpenGWAS project (ukb—b—16446)
T 462 117 9 851 867 MRC-IEU IEU OpenGW ASproject (ukb—bh—15590)
I il 454 588 9851 867 MRC-IEU TEU OpenGW ASproject (ukb—b-20044)
KT NR 454 508 9851 867 MRC-IEU IEU OpenGWAS project (ukb—b-17409)
K0 i ik 454 463 9 851 867 MRC-TEU IEU OpenGWAS project (ukb-b—9685)
2B FRIR T 454 850 9 851 867 MRC-IEU IEU OpenGWAS project (ukb-h-13354)
Ee= /NNy 454 888 9851 867 MRC-IEU TEU OpenGWAS project (ukb—b-14540)

4 JRye e
JER M it : 1 626; %314 193 20 815 941 Finngen-R10 finngen_R10_C3_PANCREAS_EXALLC
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Figure 2 Circular heatmap of MR analysis for obesity-related metrics and pancreatic cancer risk
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Table 2  Sensitivity analysis results of obesity-related metrics and pancreatic cancer

) . SRS S YIS 2 e ivL A
TR Fik
Q df 2 Egger B SE 2
E = SNEIUNG N MR Egger 528.498 101 525 0.448 964 023
-0.001 908 538 0.004 368 677  0.662 386 258
IVW 528.690 227 526 0.458 842 749
B K TR MR Egger 552.238 336 539 0.337 164 515
-0.002203 995  0.004 343276  0.612 046 742
VW 552.502 166 540 0.345 395 858
R MR Egger 428.403 025 397 0.133529 18
-0.008 993401  0.005779014  0.120 453 216
IVW 431.016 405 398 0.122 449 217
- TiAWIIES MR Egger 517.364 181 511 0.413 290 447
-0.006 623322 0.00447393  0.139 375 862
IVW 519.583 138 512 0.398 734 97
IR AR BT MR Egger 548.915 987 535 0.329 197 884
-0.000 760 857 0.004 320423  0.860 276 467
IVW 548.947 807 536 0.339 935 489
BMI MR Egger 430.400 826 424 0.404 554 285
-0.009 171 812 0.005 498 991  0.096 072 242
IVW 433.224 741 425 0.380 891 902
KT Nefs MR Egger 422.616 891 385 0.090 503 114
-0.010796 354 0.006 109 646  0.078 003 721
VW 426.044 634 386 0.078 094 07
GR350 5 MR Egger 558.422 663 531 0.198 276 096
-0.002 565063  0.00436076  0.556 638 329
IVW 558.786 528 532 0.203 790 584
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Exposure SNP  Method OR (95% CI) Beta (95% CI) P
EHLIRERGE 527 VW — 1.38 (1.05, 1.81) — 0.32(0.05,0.59)  0.019
MR Egger " 1.57(0.83,2.97) P 0.45(-0.19,1.09) 0.166
T . 1.17 (0.77, 1.76) e 0.15 (-0.26,0.57)  0.462
IRk —— 0.79(0.29,2.12) =T -0.24 (-1.22,0.75) 0.640
BWMR I 1.38 (1.05, 1.82) i 0.32(0.05,0.60)  0.020
cML-MA —— 137 (1.01, 1.84) et 0.31(0.01,0.61)  0.041
4 B K Bt 541 VW — 1.30 (0.99, 1.70) — 0.26 (-0.01,0.53)  0.058
MR Egger ' 1.51(0.80, 2.86) ' 0.41(-0.23,1.05) 0.208
S e 1.07 (0.70, 1.64) e 0.07 (-0.36,0.49)  0.750
RgERE T 0.55(0.18,1.64) <1 -0.60 (~1.69,0.50) 0.286
BWMR —— 1.30 (0.99, 1.71) e 0.26 (-0.01,0.54)  0.059
¢ML-MA et 1.28 (0.96, 1.70) e 0.24 (-0.04,0.53)  0.093
T 399 VW e 1.20 (0.96, 1.51) e 0.18 (=0.05,0.41)  0.117
MR Egger 190 (1.02, 3.52) S 0.64(0.02,126)  0.044
I - 1.24 (0.88, 1.75) e 0.22(-0.13,0.56)  0.218
Sk Gk T2 175 (0.72, 4.26) T 0.56(-0.33,1.45)  0.221
BWMR et 1.21 (0.95, 1.53) et 0.19 (-0.05,0.42)  0.116
cML-MA e 1.21 (0.94, 1.55) e 0.19 (-0.06, 0.44)  0.135
SERBAR R 513 IVW et 1.39 (1.07, 1.81) e 0.33 (0.06,0.59)  0.015
MR Egger V214 (1,14, 4.04) VT 0.76(0.13,1.40)  0.019
PIE G R ERES e 1.16 (0.75, 1.82) e 0.15 (-0.29, 0.60)  0.502
Sk e 0.65(023,1.79) — —0.44 (-1.45,0.58) 0.401
BWMR e 1.39 (1.06, 1.83) e 0.33(0.06,0.60)  0.016
¢ML-MA — 1.37 (1.00, 1.87) —— 0.31(0.00,0.63)  0.050
IR PR R 537 IVW P 1.47 (1.13,1.92) e 039 (0.12,0.65)  0.004
MR Egger ' 1.55(0.83,2.88) ST 0.44(-0.19,1.06)  0.170
I GRIENS — 1.19(0.79, 1.78) e 0.17 (-0.23,0.58)  0.403
TGS —_— 0.84(0.31,2.30) -0.18 (-1.19,0.83) 0.730
BWMR P 1.47 (112, 1.92) e 038 (0.12,0.65)  0.005
¢ML-MA — 1.46 (1.08, 1.97) i 0.38 (0.08,0.68)  0.013
BMI 426 VW Lo 1.61 (1.29, 2.00) P 0.48 (0.26,0.69)  0.000
MR Egger PO T8 (1.42,4.67) PTTTTT7095(035,1.54)  0.002
LG R ERES b 2.00(1.38, 2.90) 069 (0.32,1.06)  0.000
Sk VT 2.41(1.15,5.04) T 088(0.14,1.62) 0,020
BWMR Co 1.62 (1.29, 2.02) i 0.48 (0.26,0.70)  0.000
cML-MA P 1.63 (1.27,2.11) P 0.49 (0.24,0.74)  0.000
KAy 387 VW et 1.15 (0.91, 1.45) e 0.14 (-0.09,0.37)  0.238
MR Egger 7 1.98(1.04,3.78) T 0.68(0.04,1.33) 0,039
GV S e 1.29 (0.91, 1.81) e 0.25 (<0.09, 0.59)  0.149
Sk T 1.56/(0.65,3.71) T 0.44(-0.43,1.31) 0319
BWMR e 1.16 (0.91, 1.47) e 0.15 (-0.09, 0.39)  0.228
cML-MA e 1.18 (0.92, 1.50) e 0.16 (-0.08,0.41)  0.186
SR o5 i 533 IVW — 1.41 (1.07, 1.84) — 0.34 (0.07,0.61)  0.014
MR Egger T 167 (0.89, 3.14) T 051(=0.12, 1.14)  0.113
PG R ERES e 1.15 (0.74, 1.78) —_ 0.14 (-0.29,0.57)  0.527
JinasusE Gk —— 0.74(0.27,2.03) ——T -0.30 (-1.31,0.71) 0.558
BWMR e 1.41 (1.07, 1.85) . 0.34 (0.07,0.61)  0.014
cML-MA b 1.35(1.01, 1.81) b 030 (0.01,0.59)  0.045
01 1 15 3 15-075 0 075 15
OR B
MRS AU R R

B3 RERFEXIEIRSRRARENG X R A MR ST 3R AR E

Figure 3 Forest plot of MR analysis on the relationship between obesity-related metrics and pancreatic cancer risk
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Figure 4 Scatter Plots for causal relationship assessment between pancreatic cancer and eight obesity-related anthropometric
traits  A: BMI; B: Trunk fat mass; C: Hip circumference; D: Whole body fat-free mass; E: Basal metabolic rate; F: Trunk
fat-free mass; G: Trunk predicted mass; H: Whole body water mass
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Figure 5 Funnel plot for pleiotropy assessment of the causal relationship between pancreatic cancer and eight obesity-related

anthropometric traits
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A: BMI; B: Trunk fat mass; C: Hip circumference; D: Whole body fat-free mass; E: Basal
metabolic rate; F: Trunk fat-free mass; G: Trunk predicted mass; H: Whole body water mass
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