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Supplementary Material 

Supplementary Methods 

Overview of the study design 

We conducted a multi-ancestry two-sample Mendelian Randomization analysis to assess the causal 

association of type 1 diabetes (T1D) and pancreatic cancer. We begin by acquiring GWAS data 

related to the T1D and selecting the suitable instrumental variable (IV) (single nucleotide 

polymorphism (SNP) and obtaining the effect of the IV on the exposure. Subsequently, we acquired 

the GWAS data of the outcome and obtained the effect of the above IV on pancreatic cancer (PCa). 

Then we conduct two sample MR analysis, accompanied by sensitivity analyses. All analyses 

mentioned above are conducted separately for European and East Asian populations. 

Data sources 

We extracted summary data from a meta-analysis of T1D GWAS, encompassing 47,319 participants 

of European ancestry [1]. The summary statistics utilized for PCa were derived from the most 

extensive GWAS meta-analysis to date, encompassing 411,013 participants from two major 

population-based cohorts: the UK Biobank and the Kaiser Permanente Genetic Epidemiology 

Research on Adult Health and Aging cohorts, both European ancestries [2]. 

For the East Asian population, we utilized T1D GWAS data from BioBank Japan (n = 133,251) [3]. 

The GWAS meta-analysis for PCa included 34,631 participants and was based on three Japanese 

studies: the Japan Pancreatic Cancer Research Consortium GWAS, the National Cancer Center 

GWAS, and the BioBank Japan GWAS [4].  

To mitigate the influence of sample overlap on our findings, we meticulously selected the databases. 

Based on BBJ’s public meta data and cohort enrollment records, the PCa cohort includes 422 

participants overlapping with the T1D GWAS dataset—corresponding to 1.2% of the East Asian PCa 

cohort (422/34,631) and 0.3% of the East Asian T1D cohort (422/133,251). This degree of overlap is 

generally considered modest in two-sample MR settings.  

Instrument variables selection and validation 

We used genetic variants of T1D that passed the GWAS testing P value threshold (< 5 × 10−8) defined 

in the original study and had an effect allele frequency (EAF) > 0.01. We then clumped all those 

genetic variants to a linkage disequilibrium (LD) threshold of r2 < 0.001 within ± 10,000 kilobases (kb) 

distance. When palindromic SNPs were present, the forward strand alleles were inferred using allele 

frequency information. 

MR analysis 

IV variants were matched to PCa datasets by orienting the effects of the exposure and the outcome to 

the same effect allele. If an instrument variant was missing in the outcome dataset, a genetic variant 

with high LD (r2>0.8) to the variant was selected as a proxy instrument variant where possible. An 

inverse-variance weighted (IVW) approach was used to combine variant-level Wald ratio estimates 

into an overall effect estimate [5]. 
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Validation of MR assumptions and sensitivity analyses 

The study findings were reported following the guidelines outlined in STROBE-MR (Strengthening 

the Reporting of Mendelian Randomization Studies) [6]. We rigorously assessed the three crucial 

assumptions of Mendelian randomization through a comprehensive set of sensitivity analyses. To 

validate the relevance assumption, we determined the strength of genetic predictors using R2 and 

F-statistics, with an F-statistic above 10 considered as evidence against weak instrument bias. 

To scrutinize the exclusion restriction assumption, we conducted multiple sensitivity analyses, 

including MR-Egger regression, weighted median analysis, and both simple and weighted mode 

analyses. Furthermore, we utilized the Egger intercept and associated p-values to assess pleiotropy, 

while Cochran's Q test was employed to estimate the heterogeneity among instruments. We also 

depicted scatter plots to detect departures from MR assumptions and compare regression slopes from 

different MR analyses. Finally, a leave-one-out analysis was conducted to evaluate whether the causal 

relationship obtained in the study depended on or leaned towards a single SNP. 

The statistical tests were two-sided. The statistical test for the MR analyses was considered 

statistically significant at P < 0.05. All the analyses were performed on the R platform (version 4.2.1). 

The “TwoSampleMR,” “Mendelian Randomization,” “ggplot2” packages were used for statistical 

analyses and data visualizations. 

Statistical power calculation 

Statistical power for the MR analyses was evaluated using the mRnd framework under the binary 

outcome model (https://shiny.cnsgenomics.com/mRnd/), which is appropriate for two-sample MR 

studies with dichotomous outcomes. Because the exposure of interest, T1D, is a binary trait, causal 

effects in MR are naturally estimated on the log-odds scale, whereas power calculations in mRnd 

assume a continuous exposure measured in standard deviation (SD) units. Therefore, power 

estimation was performed on the liability scale. 

Under this framework, statistical power was assessed as a function of (i) the total outcome sample 

size, (ii) the proportion of cases in the outcome GWAS, (iii) the total proportion of variance in T1D 

explained by the genetic instruments (R²), and (iv) the assumed causal effect size expressed per 1 SD 

increase in T1D liability. The transformation between the log-odds and liability scales depends on the 

assumed population prevalence of T1D, which was set to 6 per 10,000, consistent with 

epidemiological estimates in Asian populations. Power calculations were conducted assuming a 

two-sided type I error rate of α = 0.05. 

Because the exposure (T1D) is a binary trait, we first converted the MR causal estimate to the liability 

scale, which is required for valid power estimation in this setting. Specifically, assuming a population 

prevalence of T1D of 6 per 10,000, the observed MR estimate (OR = 1.25) corresponds to an odds 

ratio of approximately 2.19 per 1 standard deviation increase in T1D liability. 

Using this liability-scaled effect size, we estimated statistical power based on the following 

parameters: total sample size of 167,881 participants, proportion of cases K = 0.0589, total variance in 

T1D explained by the genetic instruments (R² ≈ 0.0007), and a two-sided significance level of α 

= 0.05. Under these assumptions, the estimated statistical power was approximately 84%; however, 
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this estimate is conditional on the specified parameters and does not address residual bias risks or the 

limited sensitivity analyses in East Asians due to the small instrument count. 

GWAS data quality control and population stratification correction 

First, all T1D and PCa GWAS datasets used in our study underwent rigorous ancestry correction via 

PCA, following standard protocols for population stratification control [1]: For East Asian cohorts: 

T1D GWAS data (Biobank Japan) and PCa GWAS data (JaPAN, NCC, BBJ) were preprocessed by 

calculating the first 10 genetic principal components (PCs) using 1000 Genomes Project East Asian 

(EAS) reference panel (CHB, JPT, CHS, CDX, KHV). These 10 PCs were included as covariates in 

the GWAS regression models to adjust for subpopulation differences (e.g., between Japanese and 

Chinese subgroups). For European cohorts: T1D and PCa GWAS data were corrected using the first 

10 PCs derived from the 1000 Genomes Project European (EUR) reference panel (CEU, TSI, FIN, 

GBR, IBS), accounting for continental substructure (e.g., Northern vs. Southern European ancestry). 

The GWAS summary statistics we used were generated after these PCA adjustments, ensuring that 

population stratification was already controlled at the source of the data. 

Second, involving ancillary control: Ancestry-Specific IV Selection and LD Reference Panels. (1) 

Strict ancestry matching for IVs: IVs were selected exclusively from ancestry-matched GWAS 

datasets—no cross-ancestry SNPs were used. For example, East Asian IVs were filtered from East 

Asian T1D GWAS data only, with allele frequency (AF) matching to the EAS reference panel (AF 

difference < 0.05). This avoids bias from allele frequency divergence between populations. (2) 

Ancestry-specific LD pruning: LD pruning (r² < 0.001) to select independent IVs was performed 

using population-matched LD reference panels (EAS for East Asians, EUR for Europeans). This 

prevents overrepresentation of SNPs with population-specific LD patterns that could mimic 

stratification-related effects.  
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Supplementary Figure S1. Leave one out analysis for type 1 diabetes on pancreatic cancer 
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Supplementary Figure S2. Single-SNP Wald ratio estimates for East Asians and Europeans 
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Supplemental Table SI. Data sources 

Ancestr

y 

Traits Consortiu

m 

Sampl

e size 

N 

case 

N 

contro

l 

Journal Yea

r 

PMID Citatio

n 

Europea

n 

Type 1 

diabetes 

Meta 

analysis 

47319 2001

7 

27302 Nat 

Genet 

202

1 

3412786

0 

[15] 

 Pancreati

c cancer 

UKB, 

GERA 

41101

3 

663 41035

0 

Nat 

Commu

n 

202

0 

3288788

9 

[16] 

East 

Asian 

Type 1 

diabetes 

BBJ 13325

1 

1219 13203

2 

Nat 

Genet 

202

1 

3459403

9 

[17] 

 Pancreati

c cancer 

JaPAN, 

NCC, BBJ 

34631 2039 32592 Nat 

Commu

n 

202

0 

3258125

0 

[18] 

N case, number of case; N control, number of control; UKB, UK Biobank; GERA, Kaiser Permanente 

Genetic Epidemiology Research on Adult Health and Aging cohorts; JaPan, the Japan Pancreatic 

Cancer Research Consortium; NCC, the National Cancer Center; BBJ, Biobank Japan. 
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Supplementary Table SII. The characteristic of instrumental variable of type 1 diabetes in European 

population 

N

o 
SNP 

C

hr 
Position 

Effec

t 

allele 

Oth

er 

alle

le 

beta se 
P 

value 

Sam

ple 

size 

R2 
F-Stati

stics 

1 rs10133

56 
4 

1656863

52 
C T 

0.20

9 

0.0

35 

3.88

E-09 

473

19 

0.00

07 
34.7 

2 rs10138

885 
14 

9801948

3 
G A 

-0.1

17 

0.0

17 

1.41

E-11 

473

19 

0.00

1 
45.7 

3 rs10480

55 
20 1629416 C A 

0.12

8 

0.0

17 

1.33

E-13 

473

19 

0.00

12 
54.8 

4 rs10486

478 
7 

2677984

6 
T C 

-0.1

36 

0.0

19 

6.35

E-13 

473

19 

0.00

11 
51.7 

5 rs10490

072 
2 

6044279

6 
C T 

-0.1

08 

0.0

18 

3.47

E-09 

473

19 

0.00

07 
34.9 

6 rs10525

53 
17 

4599652

3 
G A 

-0.1

44 

0.0

19 

5.02

E-14 

473

19 

0.00

12 
56.7 

7 rs11096

957 
4 

3877487

0 
G T 

0.09

8 

0.0

17 

6.23

E-09 

473

19 

0.00

07 
33.8 

8 rs11162

1381 
6 

2878668

2 
G A 

-0.3

85 

0.0

33 

1.07

E-30 

473

19 

0.00

28 
132.7 

9 rs11203

203 
21 

4241607

7 
A G 

0.13

8 

0.0

16 

2.03

E-17 

473

19 

0.00

15 
72.1 

1

0 

rs11216

5453 
2 

2038000

92 
T C 

0.33

9 

0.0

5 

1.34

E-11 

473

19 

0.00

1 
45.8 

1

1 

rs11301

0081 
3 

4641592

1 
C T 

-0.1

7 

0.0

26 

1.31

E-10 

473

19 

0.00

09 
41.3 

1

2 

rs11388

1148 
4 973543 A C 

0.09

6 

0.0

17 

1.78

E-08 

473

19 

0.00

07 
31.7 

1

3 

rs11571

60 
5 

4050431

8 
C T 

-0.1

01 

0.0

17 

1.95

E-09 

473

19 

0.00

08 
36 

1 rs11809 10 6132450 T C -0.7 0.1 1.92 473 0.00 49.6 
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4 3004 64 08 E-12 19 1 

1

5 

rs12150

079 
17 

3986916

4 
A G 

0.11

6 

0.0

17 

3.89

E-12 

473

19 

0.00

1 
48.2 

1

6 

rs12237

953 
9 

9960625

9 
C T 

-0.1

11 

0.0

19 

7.88

E-09 

473

19 

0.00

07 
33.3 

1

7 
rs12306

66 
1 

1136307

88 
G A 

-0.4

61 

0.0

21 

2.90

E-11

0 

473

19 

0.01

04 
497.8 

1

8 
rs12528

890 
6 

3312182

6 
T C 

-0.6

48 

0.0

29 

1.20

E-11

1 

473

19 

0.01

05 
504.1 

1

9 
rs12643

72 
6 

3080194

9 
T C 

0.63

8 

0.0

17 

1.00

E-20

0 

473

19 

0.02

83 
1375.9 

2

0 

rs12712

067 
2 

1001474

38 
T G 

-0.0

93 

0.0

17 

2.31

E-08 

473

19 

0.00

07 
31.2 

2

1 

rs12923

098 
16 

1108319

6 
C T -0.2 

0.0

17 

7.77

E-31 

473

19 

0.00

28 
133.3 

2

2 

rs13611

09 
6 

1264499

97 
T C 

0.14

5 

0.0

16 

7.71

E-20 

473

19 

0.00

18 
83.1 

2

3 

rs14277

0866 
19 

1041469

6 
A G 

-0.1

76 

0.0

3 

4.50

E-09 

473

19 

0.00

07 
34.4 

2

4 

rs15742

85 
9 4283137 T G 

-0.1

3 

0.0

16 

3.94

E-16 

473

19 

0.00

14 
66.3 

2

5 

rs16155

04 
18 

6985940

8 
C T 

-0.1

17 

0.0

16 

1.24

E-13 

473

19 

0.00

12 
54.9 

2

6 

rs16240

88 
8 

1187771

7 
A G 

-0.1

06 

0.0

19 

1.63

E-08 

473

19 

0.00

07 
31.9 

2

7 

rs17133

807 
7 

5040998

9 
A G -0.1 

0.0

18 

2.96

E-08 

473

19 

0.00

06 
30.7 

2

8 

rs17421

3 
14 

6884379

5 
T C 

-0.1

12 

0.0

17 

7.14

E-11 

473

19 

0.00

09 
42.5 

2

9 

rs21058

99 
6 

3262269

6 
C T 

1.51

2 

0.0

33 

1.00

E-20

473

19 

0.04

17 
2060.8 
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0 

3

0 

rs21114

85 
2 

1622540

26 
G A 

0.14

4 

0.0

16 

1.52

E-18 

473

19 

0.00

16 
77.2 

3

1 

rs21240

7 
6 

1590493

85 
A G 

0.10

9 

0.0

17 

5.53

E-11 

473

19 

0.00

09 
43 

3

2 

rs22144

95 
7 

5098785

7 
C A 

0.31

3 

0.0

46 

1.64

E-11 

473

19 

0.00

1 
45.4 

3

3 

rs22692

41 
1 

6364310

0 
C T 

0.11

5 

0.0

19 

3.26

E-09 

473

19 

0.00

07 
35 

3

4 

rs22897

02 
15 

7894495

1 
T C 

-0.2

64 

0.0

28 

3.06

E-21 

473

19 
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19 
89.5 

3

5 

rs22904

38 
17 4019835 T G 
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14 

0.0

21 
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E-08 
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19 

0.00

07 
30.8 

3

6 

rs22954

0 
22 

3719525

0 
G T 

0.10

1 

0.0

16 

2.69

E-10 

473

19 

0.00

08 
39.9 

3

7 

rs23177

9 
2 

2038697

64 
T C 

0.20

4 

0.0

16 

2.30

E-36 

473

19 

0.00

33 
158.6 

3

8 

rs30245

05 
1 

2067665

59 
A G 

-0.1

63 

0.0

22 

3.05

E-13 

473

19 

0.00

11 
53.2 

3

9 

rs31467

5 
19 

4669282

2 
C T 

-0.1

56 

0.0

24 

5.64

E-11 

473

19 

0.00

09 
42.9 

4

0 

rs34046

593 
4 

2610997

1 
A G 

0.10

4 

0.0

17 

6.79

E-10 

473

19 

0.00

08 
38.1 

4

1 
rs34835 16 

2848797

0 
G A 

-0.1

22 

0.0

16 

6.25

E-14 

473

19 

0.00

12 
56.3 

4

2 

rs37638

88 
11 

3528560

1 
C T 

0.09

3 

0.0

16 

7.17

E-09 

473

19 

0.00

07 
33.5 

4

3 
rs38427

56 
11 2159542 T C 

-0.7

38 

0.0

23 

1.00

E-20

0 

473

19 

0.02

13 
1029.8 

4

4 

rs43649

68 
10 6461769 A C 

-0.0

89 

0.0

16 

4.59

E-08 

473

19 

0.00

06 
29.9 

4

5 

rs45084

35 
16 

1138484

6 
G T 

-0.1

06 

0.0

18 

7.95

E-09 

473

19 

0.00

07 
33.3 
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6 
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19 

4870341
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A G 
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1 

0.0
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E-12 
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19 
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11 
50.1 

4

7 

rs60509

3 
11 

1287343

37 
T G 

0.10

4 

0.0

16 

5.16

E-11 

473

19 

0.00

09 
43.1 

4

8 

rs60888

743 
10 

8829156

0 
G A 

-0.1

79 

0.0

19 

6.18

E-22 

473

19 

0.00

2 
92.7 

4

9 

rs61839
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10 6052734 T C 

-0.4

63 

0.0

3 

1.13

E-52 

473

19 

0.00

49 
233.3 

5

0 

rs61938
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12 

5605302

0 
T C 0.23 

0.0

16 

3.26

E-44 

473

19 

0.00

41 
194.5 

5

1 

rs62322

711 
4 

1224971

80 
G A 

0.15

6 

0.0

2 

3.85

E-15 

473

19 

0.00

13 
61.8 

5

2 

rs64344

35 
2 

1910891

38 
A G 

-0.1

17 

0.0

21 

3.20

E-08 

473

19 

0.00

06 
30.6 

5

3 

rs72838
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6 

2982130

6 
T C 

0.36

2 

0.0

31 
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E-32 
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19 
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29 
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5

4 

rs72928
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6 

9026704

9 
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2 

0.0

2 
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E-17 

473

19 
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5 

rs75337
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2008634

56 
G A 

0.13

3 

0.0
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6 
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E-10 

473

19 

0.00
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7 
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18 
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E-23 
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19 
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2 
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8 

rs80568
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16 

7521842
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5
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473
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Supplementary Table SIII. The characteristic of instrumental variable of type 1 diabetes in East 

Asian population 

No SNP Chr Position 
Nearest 

gene 
Effect allele Other allele 

Effect allele 

frequency 
Beta SE P value 

1 rs2237897 11 2858546 KCNQ1 T C 0.391 -0.243 0.043 1.58E-08 

2 rs28746809 6 32633159 HLA-DQB1 C T 0.384 0.247 0.045 3.27E-08 

3 rs3757787 7 127258384 PAX4 T C 0.088 0.436 0.077 1.20E-08 
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Supplementary Table SIV. Steiger directionality test for instrumental variables 

Ancest

ry 

Instrument

al SNP 

Effect 

allele 

Other 

allele 

R2_expo

sure 

R2_outc

ome 
Direction 

Steiger test 

P 

East 

Asian 
rs2237897 T C 2.40E-04 

4.32E-0

5 

Exposure → 

Outcome 
1.39E-01 

 rs28746809 C T 2.29E-04 
2.76E-0

6 

Exposure → 

Outcome 
2.80E-02 

 rs3757787 T C 2.40E-04 
1.26E-0

4 

Exposure → 

Outcome 
4.73E-01 

Europe

an 
rs1013356 C T 7.32E-04 

2.98E-0

6 

Exposure → 

Outcome 
1.78E-07 

 rs10138885 G A 9.64E-04 
4.48E-0

7 

Exposure → 

Outcome 
3.85E-10 

 rs1048055 C A 1.16E-03 
4.22E-0

6 

Exposure → 

Outcome 
4.51E-11 

 rs10486478 T C 1.09E-03 
4.68E-0

7 

Exposure → 

Outcome 
2.57E-11 

 rs10490072 C T 7.37E-04 
3.45E-0

7 

Exposure → 

Outcome 
4.44E-08 

 rs1052553 G A 1.20E-03 
7.45E-0

7 

Exposure → 

Outcome 
3.58E-12 

 rs11096957 G T 7.13E-04 
1.65E-0

6 

Exposure → 

Outcome 
1.63E-07 

 rs111621381 G A 2.80E-03 
9.26E-0

7 

Exposure → 

Outcome 
9.72E-27 

 rs11203203 A G 1.52E-03 
9.74E-0

6 

Exposure → 

Outcome 
1.39E-13 

 rs112165453 T C 9.66E-04 
2.81E-0

6 

Exposure → 

Outcome 
1.37E-09 

 rs113010081 C T 8.72E-04 
2.40E-0

6 

Exposure → 

Outcome 
8.17E-09 

 rs113881148 A C 6.70E-04 6.52E-0 Exposure → 2.90E-07 
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7 Outcome 

 rs1157160 C T 7.61E-04 
2.15E-0

7 

Exposure → 

Outcome 
2.31E-08 

 rs118093004 T C 1.05E-03 
3.72E-0

6 

Exposure → 

Outcome 
3.65E-10 

 rs12150079 A G 1.02E-03 
9.59E-0

8 

Exposure → 

Outcome 
7.61E-11 

 rs12237953 C T 7.03E-04 
3.72E-0

6 

Exposure → 

Outcome 
4.04E-07 

 rs1230666 G A 1.04E-02 
1.08E-0

6 

Exposure → 

Outcome 
8.76E-97 

 rs12528890 T C 1.05E-02 
3.87E-0

7 

Exposure → 

Outcome 
8.56E-99 

 rs1264372 T C 2.83E-02 
8.58E-0

8 

Exposure → 

Outcome 
8.01E-267 

 rs12712067 T G 6.59E-04 
4.60E-0

8 

Exposure → 

Outcome 
1.55E-07 

 rs12923098 C T 2.81E-03 
1.29E-0

5 

Exposure → 

Outcome 
2.22E-24 

 rs1361109 T C 1.75E-03 
2.48E-0

6 

Exposure → 

Outcome 
9.84E-17 

 rs142770866 A G 7.26E-04 
3.12E-0

7 

Exposure → 

Outcome 
5.39E-08 

 rs1574285 T G 1.40E-03 
1.77E-0

6 

Exposure → 

Outcome 
1.06E-13 

 rs1615504 C T 1.16E-03 
9.80E-0

6 

Exposure → 

Outcome 
1.85E-10 

 rs1624088 A G 6.74E-04 
2.11E-0

5 

Exposure → 

Outcome 
1.07E-05 

 rs17133807 A G 6.49E-04 
8.28E-0

6 

Exposure → 

Outcome 
3.21E-06 

 rs174213 T C 8.97E-04 
7.16E-0

7 

Exposure → 

Outcome 
2.01E-09 
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 rs2105899 C T 4.17E-02 
4.48E-0

6 

Exposure → 

Outcome 
0 

 rs2111485 G A 1.63E-03 
1.45E-0

7 

Exposure → 

Outcome 
1.70E-16 

 rs212407 A G 9.08E-04 
5.32E-0

8 

Exposure → 

Outcome 
7.28E-10 

 rs2214495 C A 9.58E-04 
1.42E-0

6 

Exposure → 

Outcome 
8.70E-10 

 rs2269241 C T 7.40E-04 
1.24E-0

6 

Exposure → 

Outcome 
7.71E-08 

 rs2289702 T C 1.89E-03 
5.29E-0

7 

Exposure → 

Outcome 
1.29E-18 

 rs2290438 T G 6.52E-04 
3.65E-0

6 

Exposure → 

Outcome 
1.14E-06 

 rs229540 G T 8.42E-04 
2.93E-0

6 

Exposure → 

Outcome 
2.32E-08 

 rs231779 T C 3.34E-03 
4.58E-0

8 

Exposure → 

Outcome 
1.60E-32 

 rs3024505 A G 1.12E-03 
1.22E-0

7 

Exposure → 

Outcome 
8.37E-12 

 rs314675 C T 9.07E-04 
4.99E-0

7 

Exposure → 

Outcome 
1.37E-09 

 rs34046593 A G 8.04E-04 
4.62E-0

6 

Exposure → 

Outcome 
6.66E-08 

 rs34835 G A 1.19E-03 
2.55E-0

7 

Exposure → 

Outcome 
2.57E-12 

 rs3763888 C T 7.07E-04 
4.67E-0

7 

Exposure → 

Outcome 
9.37E-08 

 rs3842756 T C 2.13E-02 
4.54E-0

7 

Exposure → 

Outcome 
9.41E-197 

 rs4364968 A C 6.31E-04 
1.12E-0

6 

Exposure → 

Outcome 
7.10E-07 

 rs4508435 G T 7.03E-04 
4.03E-0

7 

Exposure → 

Outcome 
9.70E-08 
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 rs601338 A G 1.06E-03 
2.34E-0

6 

Exposure → 

Outcome 
1.72E-10 

 rs605093 T G 9.10E-04 
5.96E-0

6 

Exposure → 

Outcome 
1.10E-08 

 rs60888743 G A 1.95E-03 
6.83E-0

7 

Exposure → 

Outcome 
3.80E-19 

 rs61839660 T C 4.91E-03 
3.27E-0

6 

Exposure → 

Outcome 
5.03E-45 

 rs61938963 T C 4.09E-03 
5.05E-0

8 

Exposure → 

Outcome 
1.65E-39 

 rs62322711 G A 1.30E-03 
2.94E-0

6 

Exposure → 

Outcome 
1.96E-12 

 rs6434435 A G 6.46E-04 
5.72E-0

8 

Exposure → 

Outcome 
2.14E-07 

 rs72838204 T C 2.90E-03 
8.86E-0

6 

Exposure → 

Outcome 
9.31E-26 

 rs72928038 A G 1.54E-03 
6.56E-0

8 

Exposure → 

Outcome 
1.03E-15 

 rs7533782 G A 9.42E-04 
5.96E-0

7 

Exposure → 

Outcome 
7.08E-10 

 rs77027760 A G 8.21E-04 
1.91E-0

6 

Exposure → 

Outcome 
1.93E-08 

 rs80262450 A G 2.04E-03 
1.29E-0

6 

Exposure → 

Outcome 
1.06E-19 

 rs8056814 A G 2.07E-03 
1.00E-0

5 

Exposure → 

Outcome 
2.43E-18 

 rs9266642 T C 1.95E-02 
2.40E-0

6 

Exposure → 

Outcome 
1.83E-180 

Notes: Steiger filtering was used to evaluate instrument directionality by comparing the variance 

explained in the exposure and outcome for each SNP. R²_exposure > R²_outcome indicates 

consistency with the assumed causal direction. Steiger test P values were interpreted as indicators of 

confidence in directionality. 



 

 16 / 16 

 

References 

1. Robertson CC, Inshaw JRJ, Onengut-Gumuscu S, et al. Fine-mapping, trans-ancestral and genomic 

analyses identify causal variants, cells, genes and drug targets for type 1 diabetes. Nat Genet 2021; 53: 

962-971. 

2. Rashkin SR, Graff RE, Kachuri L, et al. Pan-cancer study detects genetic risk variants and shared 

genetic basis in two large cohorts. Nat Commun 2020; 11: 4423. 

3. Sakaue S, Kanai M, Tanigawa Y, et al. A cross-population atlas of genetic associations for 220 

human phenotypes. Nat Genet 2021; 53: 1415-1424. 

4. Lin Y, Nakatochi M, Hosono Y, et al. Genome-wide association meta-analysis identifies GP2 gene 

risk variants for pancreatic cancer. Nat Commun 2020; 11: 3175 

5. Burgess S, Butterworth A, Thompson SG. Mendelian randomization analysis with multiple genetic 

variants using summarized data. Genet Epidemiol. 2013;37(7):658-665.  

6. Skrivankova VW, Richmond RC, Woolf BAR et al. Strengthening the Reporting of Observational 

Studies in Epidemiology Using Mendelian Randomization: The STROBE-MR Statement. JAMA 

2021;326:1614-1621. 


