Lipids and risk of acute pancreatitis using bidirectional Mendelian Randomization
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Supplemental Methods
Study Populations

We examined the phenotypic associations between baseline lipids (TG, HDL-C, and LDL-C) and risk of acute pancreatitis
in UK Biobank (Supplemental Figure 2). The UK Biobank is a large prospective cohort in which 502,406 participants
were recruited from 2006 to 2010 with in-depth genetic and health information data?. Participants with missing data for
TG, HDL-C, or LDL-C, or those receiving chemotherapy or with prevalent chronic kidney diseases were excluded
(Supplemental Figure 2)% 3. We also excluded 1648 participants with prevalent acute pancreatitis and 421,181
participants remained for the phenotypic association analysis.

Lipid measurements in studies from Global Lipids Genetics Consortium (GLGC) were previously described?, whereas
serum lipids in the UK Biobank were measured by biochemistry blood assays using a standard approach on a Beckman
Coulter AU5800°. Acute pancreatitis in the UK Biobank diagnosed from hospitalization data and death records by the
International Statistical Classification of Diseases and Related Health Problems 10™ revisions (ICD-10) codes of K85,
K85.0, K85.1, K85.2, K85.3, K85.8, K85.9 or 9t revisions (ICD-9) codes of 5770. The electronic health record (EHR)
derived clinical outcomes code (phecode, i.e., all ICD-10 or ICD-10 codes for all Veterans in MVP were extracted and
each assigned a phenotype defined by a phecode) 557.1 was used for acute pancreatitis in MVP®. Covariates for the
phenotypic associations in UK Biobank are defined in Supplemental Table 7.

Genetic Data

Genotype data in GLGC was imputed from the Haplotype Reference Consortium or 1000 Genomes Phase 3 that
successfully passed variant-level quality control, and details are available elsewhere®. The genotype data in the UK
Biobank was imputed by the UK10K and 1000 Genomes Phase 3 reference panels for over 480,000 participants who
passed the sample-based quality control (Supplemental Figure 2) across diverse ancestries’.

The MVP is a nation-wide cohort launched in 2011 to study the contributions of genetics, lifestyle, and military exposures
to health and diseases among US veterans®. Blood samples were genotyped using a customized Affymetrix Axiom
biobank array (the MVP 1.0 Genotyping Array) and imputed by a hybrid imputation panel comprised of the African
Genome Resources panel and 1000G Phase 3 Version 5 panel®. Details of the genotyping, quality controls, and
imputations are reported elsewhere'®. There were 11,831 acute pancreatitis cases and 613,206 controls in MVP. These
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GWAS results were created as part of the MVP genome-wide PheWAS project!?, a collaboration between the US
Department of Veterans Affairs and the US Department of Energy.

Genome-wide association study of pancreatitis

The genetic associations for lipids were obtained from a GWAS meta-analysis of GLGC without the UK Biobank, where
TG were natural log transformed and the lipids residuals were inverse normalized. The genetic associations for acute
pancreatitis in the UK Biobank were performed using SAIGE*? v0.45 which accounts for sample relatedness and case-
control imbalance by a generalized mixed model adjusted for age, sex, genotyping batch, and the first 10 genetic principal
components (PCs). Genetic association analysis of acute pancreatitis in the MVP was also conducted using generalized
linear mixed models to account for participant relatedness using a GPU-optimized version of the SAIGE package within
each defined ancestry group (non-Hispanic White (EUR), non-Hispanic Black (AFR), Hispanic or Latino (HIS), or Asian
(ASN))*3. Analyses were adjusted for age, sex, and 10 ancestry-specific PCs. Then a multi-ancestry meta-analysis was
performed using the inverse-variance weighted method as implemented in GWAMA? to generate the acute pancreatitis
MVP GWAS results. We used METAL™ to conduct the fixed-effects meta-analysis of UK Biobank and the MVP.

Selection of instrumental variables

To examine the association of genetically predicted lipids on acute pancreatitis in a mutually adjusted model (e.g., TG and
acute pancreatitis association conditional on HDL-C and LDL-C), 1159 variants which were significantly associated with
at-least one lipid trait (i.e., MAF> 1% in the UK Biobank, imputation quality>0.3, not palindromic, and P values <5e-08 in
GLGC multi-ancestry results including UK Biobank) were selected from the GWAS summary statistics (Supplemental
Table 8). From those 1159 variants we selected 367 variants for TG (i.e., associated with TG at P values < 5e-08), 411
variants for HDL-C (i.e., associated with HDL-C at P values < 5e-08), and 326 variants for LDL-C (i.e., associated with
LDL-C at P values < 5e-08) as individual instruments for each lipid trait, respectively. We additionally selected the variants
solely associated with each lipid trait (P-values<5e-08 for the target lipid trait, while P values for the other two lipid traits
were > 1e-04 (0.05/500) in GLGC multi-ancestry results including UK Biobank). The variants solely associated with TG,
HDL-C, and LDL-C numbered 93, 136, and 156 respectively (Supplemental Table 8).

To examine the reverse causation from acute pancreatitis to lipids, three independent variants reached the genome-wide
association significant level (P value <5e-08 and clumping variants on linkage disequilibrium r><0.01 in 1000G Europeans
reference panel) in the UK Biobank acute pancreatitis GWAS and were selected as the instrumental variables
(Supplemental Table 9). We also selected 31 independent variants at the suggestive significant level (P-values<le-05)
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as instruments in the sensitivity analysis of MR. To include several top signals in the meta-analysis results of UK Biobank
and MVP, we selected 227 independent variants at an even more relaxing significance level (P-values < 1e-04,
Supplemental Table 9) in the UK Biobank as the instruments for the reverse MR sensitivity analysis.
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