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Abstract

Key words

Background and Aims: Diectary factors may contribute to the development of pancreatic cancer, but
conventional observational studies are susceptible to confounding, measurement error, and reverse
causation. Food liking is an upstream behavioral phenotype that influences long-term dietary behavior
and has a genetic component, yet its association with pancreatic cancer risk has not been systematically
evaluated. This study investigated the potential associations between genetically predicted food liking
phenotypes and pancreatic cancer risk using a genetic epidemiological approach.

Methods: A two-sample Mendelian randomization (MR) design was employed. Exposure data were
obtained from a genome-wide association study (GWAS) of food liking conducted by May-Wilson et al.
in European-ancestry participants from the UK Biobank, covering 187 food liking phenotypes. Outcome
data were derived from three European-ancestry pancreatic cancer GWAS datasets, with FinnGen
serving as the primary dataset and ukb-saige-157 and ebi-a-GCST90018893 as supplementary replication
datasets. The inverse-variance weighted (IVW) method was used for the primary MR analysis,
complemented by MR-Egger regression, weighted median, weighted mode, and multiple sensitivity
analyses. Candidate associations identified in the primary analysis were further evaluated by external
replication, random-effects meta-analysis, and correction for potential sample overlap.

Results: In the primary FinnGen analysis, 11 food liking phenotypes showed nominally significant
associations with pancreatic cancer risk. After external replication and meta-analysis, eight phenotypes
remained statistically associated with pancreatic cancer risk. Genetically predicted liking for chilli
pepper and grapefruit was associated with lower pancreatic cancer risk, with pooled OR (95% CI) of
0.83 (0.74-0.93) and 0.89 (0.81-0.99), respectively, whereas milky sweets liking was associated with
higher risk, with a pooled OR of 1.15 (1.04-1.26). The other five meta-analysis-supported associations
were considered exploratory because of limited support in individual external datasets. Three phenotypes
that showed nominal associations in the primary analysis were not supported by meta-analysis.
Sensitivity analyses revealed no substantial evidence of heterogeneity, directional horizontal pleiotropy,
or single-SNP-driven effects. MRlap analysis indicated that correction for potential sample overlap did
not materially alter the effect estimates.

Conclusion: Genetic epidemiological analyses suggest that several food liking phenotypes may be
genetically associated with pancreatic cancer risk. Liking for chilli pepper, grapefruit, and milky sweets
showed relatively consistent association signals. Because food liking does not directly represent actual
food intake, these findings do not provide sufficient evidence to support dietary recommendations
targeting specific foods. Further validation is warranted in larger samples, populations of diverse
ancestries, and studies incorporating more refined dietary behavioral phenotypes.

Pancreatic Neoplasms; Food Liking Phenotypes; Dietary Preferences; Mendelian Randomization Analysis; Meta-

Analysis; Molecular Epidemiology
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Figure 2 Primary MR analysis of the associations between food liking phenotypes and pancreatic cancer risk (the figure shows

the IVW estimates for 11 food liking phenotypes that reached nominal statistical significance in the FinnGen dataset;

points and horizontal lines represent OR and 95% CI, respectively; the dashed line indicates OR=1)
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Table 2 Quality assessment of instrumental variables for the 11 candidate food liking phenotypes

Tz R I SNPHL Steiger 77 [1] /N FAE P24 FAH
baked/steamed fish liking 55 TRUE 19.53 25.46
chilli pepper liking 72 TRUE 19.52 26.93
coffee without sugar liking 58 TRUE 19.52 25.66
F-fish liking 137 TRUE 19.54 27.98
gherkins liking 115 TRUE 19.52 26.28
grapefruit liking 61 TRUE 19.53 28.04
milky sweets liking 71 TRUE 19.62 25.51
F-sauces liking 70 TRUE 19.52 24.29
F-small fish liking 123 TRUE 19.54 28.34
tea max liking 33 TRUE 19.58 22.45
whole milk liking 50 TRUE 19.55 23.49

2.3 BB
JVEAL oA g R R fad AT gk —
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MR-Egger Il IVW 75 7 F 1) Cochran's Q K 55 25 5 3 &
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TE VW B R (Y S 5 1 A 36 245 2R A X 42 30T e 2
FAE (Q=88.437, P=0.068), 7& MR-Egger 5% T J)
SLARRIEE e (0=85.722, P=0.084), {H BN K ik
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Table 3 Sensitivity analysis results

E S ES Q(MR-Egger) df P Q(IVW) df P Egger #H S.E. P
baked/steamed fish liking 38.516 53.000  0.932 38.666 54.000  0.943 -0.004 0.010  0.700
chilli pepper liking 84.202 70.000  0.118 84.288 71.000  0.134 0.004 0.015  0.790
coffee without sugar liking 63.488 56.000  0.229 64.007 57.000  0.244 0.008 0012 0.501
F-fish liking 135.558 135.000  0.470 135.610 136.000  0.493 0.002 0.009  0.821
gherkins liking 103.073 113.000  0.738 103.216 114000  0.756 0.004 0011  0.705
grapefruit liking 55.652 59.000  0.600 55.701 60.000  0.633 0.003 0.011  0.824
milky sweets liking 85.722 69.000  0.084 88.437 70.000  0.068 -0.022 0015  0.144
F-sauces liking 61.230 68.000  0.707 61.230 69.000  0.736 0.000 0.014  0.994
F-small fish liking 132.660 121.000 0221 132.913 122000 0235 0.005 0010  0.632
tea max liking 24.297 31.000  0.798 24.508 32000  0.825 -0.007 0.015  0.649
whole milk liking 49.862 48.000  0.399 51.222 49000  0.387 0.010 0.009  0.258

T QRS T T IO 1 HAS B 55 B s MR-Egger #EFT T RFA & 1 K1 222800 5 P>0.05 278 A WSS FIRR L S Bk B il K- 228k e

SEUEYE s Steiger J5 [APERE 56 K2 MR-PRESSO . Radial MR 234k 5 0L 1E SC K b 55 4

Note: The Q test was used to assess heterogeneity among the instrumental variables; the MR-Egger intercept was used to assess directional horizontal

pleiotropy; a P value >0.05 indicates no statistically significant evidence of the corresponding heterogeneity or directional horizontal pleiotropy. The

results of the Steiger directionality test, MR-PRESSO, and RadialMR analyses are presented in the main text and Supplementary Table
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599 B, %2 EFRA G RIE RS X Ik 228 R R 9
Exposure Source Cases Noncases OR OR (95% CI) P
chilli pepper liking (GCST90094733)  finngen_R12_C3_PANCREAS_EXALLC 3139 378749 —=—] 0.84(0.73~0.97) 0.02
chilli pepper liking (GCST90094733)  ebi-a-GCST90018893 1196 475049 —_— 0.69(0.47~1.01) 0.02
chilli pepper liking (GCST90094733)  ukb-saige-157 589 393372 —*—1 0.85(0.69~1.06) 0.01

Random effects model .
Heterogeneity: I’=0%, 7°=0, x2=1.08 (P=0.583 2) I ﬁ ™ 0.83(0.74~093)
Test for overall effect: z=-3.22 (P<0.01) 0.3 091 1.1
Exposure Source Cases Noncases OR OR (95% CI) P
grapefruit liking (GCST90094774) finngen_R12_C3_PANCREAS_EXALLC 3139 378749 — 0.87(0.76~0.99) 0.03
grapefruit liking (GCST90094774) ebi-a-GCST90018893 1196 475049 —— 0.97(0.80~1.18) 0.03

grapefruit liking (GCST90094774) ukb-saige-157

Random effects model

Heterogeneity: I*=0%, =0, x3=0.85 (P=0.652 9) I

589 393372 _“_—— 0.87(0.69~1.10) 0.05

0.89(0.81~0.99)

T 1
Test for overall effect: z=—2.23 (P=0.03) 0.6 09 1 1.11.2
Exposure Source Cases Noncases OR OR (95% CI) P
milky sweets liking (GCST90094802)  finngen_R12_C3_PANCREAS_EXALLC 3139 378749 —— 1.12(1.01~1.24) 0.03

milky sweets liking (GCST90094802)  ehi-a-GCST90018893

1196 475049 — 1.31(1.02~1.69) 0.02

milky sweets liking (GCST90094802)  ukb-saige-157 589 393372 1.19(0.66~2.13) 0.04
Random effectsz model2 . < 1.15(1.04~1.26)
Heterogeneity: I"=0%, 7°=0, x,=1.35 (P=0.508 9) 1 T 1
0.5 0.75 1 1.5 1.8

Test for overall effect: z=2.86 (P<0.01)

B3 ERRVEFUERERREREN Meta 3ER (FREREHIFENBLE, BERRIS% CI, ERR RN
BRAMEHBNE; FRERRREETNHNENEFRESHEBERNRZ BHXEK, FMREAERYERENENE

330V

Figure 3 Meta-analysis of the associations between selected food liking phenotypes and pancreatic cancer risk (squares

represent the effect estimates from individual datasets, horizontal lines represent 95% CIs, and diamonds represent

the pooled effect estimates from the random-effects model; the results reflect associations between genetically

predicted food liking phenotypes and pancreatic cancer risk and do not represent direct effects of actual food

intake)
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Exposure Source Cases Noncases OR OR (95% CI) P
baked/steamed fish liking (GCST90094696) finngen_R12_C3_PANCREAS_EXALLC 3 139 378 749 1.22(1.03~1.44) 0.02
baked/steamed fish liking (GCST90094696) ebi-a-GCST90018893 1196 475049 T 1.11(0.90~1.37) 0.35
baked/steamed fish liking (GCST90094696) ukh-saige-157 589 393372 I 0.73(0.20~2.57) 0.62

Random effects0 model2 . 117(1.03~1.33)
Heterogeneity: 1°=0%, °=0, x5=1.05 (P=0.592 4) I T T ™
Test for overall effect: z=2.38 (P=0.02) 0.2 0.5 1 2 2.6
Exposure Source Cases Noncases OR OR (95% CI) P
coffee without sugar liking (GCST90094741) finngen_R12_C3_PANCREAS_EXALLC 3 139 378 749 —— 1.16(1.01~1.33) 0.03
coffee without sugar liking (GCST90094741) ebi-a-GCST90018893 1196 475049 _"._ 1.05(0.68~1.61) 0.84
coffee without sugar liking (GCST90094741) ukb-saige-157 589 393372 =T——1.20(0.88~1.63) 0.25
Random effects model .
? 1.16(1.03~1.30
Heterogeneity: I°=0%, 7°=0, x3=0.26 (P=0.878 4) I T 1 ( )
Test for overall effect: z=2.39 (P=0.02) 0.6 0.75 1 1.5 1.7
Exposure Source Cases Noncases OR OR (95% CI) P
F-fish liking (GCST90094762) finngen_R12_C3_PANCREAS_EXALLC 3 139 378 749 e 1.11(1.02~1.20) 0.01
F-fish liking (GCST90094762) ebi-a-GCST90018893 1196 475049 1.11(0.74~1.68) 0.61
F-fish liking (GCST90094762) ukb-saige-157 589 393372 0.89(0.67~1.20) 0.45
Random effects2 model2 . ? 1.09(1.01~1.18)
Heterogeneity: I"=0%, 7°=0, x>=1.94 (P=0.379 8) I 1 i
Test for overall effect: z=2.28 (P=0.02) 0.6 0.75 1 1.5 1.7
Exposure Source Cases Noncases OR OR (95% CI) P
eherkins liking (GCST90094770) finngen_R12_C3_PANCREAS_EXALLC 3 139 378 749 i 0.90(0.81~0.99) 0.02
eherkins liking (GCST90094770) ebi-a-GCST90018893 1196 475049 e (0.93(0.80~1.09) 0.37
eherkins liking (GCST90094770) ukb-saige-157 589 393372 " 0.85(0.62~1.17) 0.32
Random effects7 model2 . 0.90(0.83~0.98)
Heterogeneity: I"=0%, r°=0, x,=0.36 (P=0.833 9) [ 1
Test for overall effect: z=-2.56 (P=0.01) 0.6 09 11.112
Exposure Source Cases Noncases OR OR (95% CI) P
F-sauces liking (GCST90094831) finngen_R12_C3_PANCREAS_EXALLC 3 139 378 749 = 0.89(0.81~0.98) 0.02
F-sauces liking (GCST90094831) ebi-a-GCST90018893 1196 475040 e——p—tae 0.72(0.46~1.15) 0.18
F-sauces liking (GCST90094831) ukb-saige-157 5890 393372 - 0.84(0.39~1.79) 0.65
Random effects model .
0.88(0.81~0.97
Heterogeneity: I°=0%, 7°=0, x3=0.75 (P=0.687 4) I |° ™1 ( 97)
Test for overall effect: z=-2.67 (P<0.01) 0.35 0751 1518
Exposure Source Cases Noncases OR OR (95% CI) P
F-small fish liking (GCST90094840) finngen_R12_C3_PANCREAS_EXALLC 3 139 378 749 ‘= 1.11(1.01~1.21) 0.03
F-small fish liking (GCST90094840) ebi-a-GCST90018893 1196 475049 —-—f- 0.63(0.40~0.99) 0.04
F-small fish liking (GCST90094840 ukb-saige-157 589 393372 —T+1.19(0.56~2.55) 0.65
Random effects model .
0.94(0.63~1.40
Heterogeneity: I°=66%, 7%= 0.079, x3=5.93 (P=0.051 5) 1 ? 1 ( )
Test for overall effect: z=—0.30 (P=0.76) 0.35 0.5 1 2 2.6
Exposure Source Cases Noncases OR OR (95% CI) P
tea max liking (GCST90094856) finngen_R12_C3_PANCREAS_EXALLC 3 139 378 749 |-.- 1.24(1.00~1.53) 0.05
tea max liking (GCST90094856) ebi-a-GCST90018893 1196 475049 m——().93(0.66~1.32) 0.69
tea max liking (GCST90094856) ukb-saige-157 589 393372 0.29(0.07~1.16) 0.09
Random effects2 model , . 0.99(0.66~1.48)
Heterogeneity: I"=64%, 7°=0.072, x>,=5.60 (P=0.060 9)
Test for overall effect: z=-0.06 (P=0.96) 0.05 0.75 1.5
Exposure Source Cases Noncases OR OR (95% CI) P
whole milk liking (GCST90094870) finngen_R12_C3_PANCREAS_EXALLC 3 139 378749 e 0.83(0.72~0.96) 0.01
whole milk liking (GCST90094870) ebi-a-GCST90018893 1196 475049 s o 1.07(0.86~1.34) 0.54
whole milk liking (GCST90094870) ukb-saige-157 589 393372 ===————— 1.07(0.74~1.54) 0.71

4

Random effects model

Heterogeneity: I'=54%, 7=0.015, )(§=4.35 (P=0.1138)

Test for overall effect: z=—0.50 (P=0.62)

.

e

0.95(0.79~1.15)
1

0.7 1

T
1.5
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Figure 4 Meta-analysis of the associations between other candidate food liking phenotypes and pancreatic cancer risk (squares

represent effect estimates from individual studies, and diamonds represent pooled effect estimates)
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