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[bookmark: _Toc240377514]Pre-imputation QC: Genotype array and pre-imputation quality control

For the UK Biobank Axiom array subset, samples were excluded for the following reasons: 1) low call rate (< 97%), 2) heterozygosity outlier, 3) failed channel contrast (DishQC <0.82), 4) discrepancy between reported and genetic sex, 5) unusually high number of singleton genotypes and 6) impossible identity-by-descent values. Variants were excluded for the following reasons: 1) call rate < 95%, 2) minor allele frequency (MAF) = 0%, 3) Hardy–Weinberg equilibrium p-value < 10-6, 4) clusters failing Affymetrix SNPolisher standard tests and thresholds, 5) MAF significantly affected by plate, 6) Y and mitochondrial chromosomes were removed, 7) duplicates.
 
For the Illumina Infinium HumanCoreExome-24v1 subset, samples were excluded  for the following reasons: 1) low call rate (<98%), 2) heterozygosity outlier (ethnically aware rare variant heterozygosity, ethnically aware common variant heterozygosity and ethnically aware rare allele count outliers and ethnic outliers with inconsistent heterozygosity patterns), 3) discrepancy between reported and X Chromosome heterozygosity based genetic sex, 4) duplicates: removed sample with lower call rate where both passed. Variants were excluded for the following reasons: 1) call rate < 95%, 2) MAF = 0%, 3) Hardy–Weinberg equilibrium p-value < 10-6, 4) those without multi high quality (>90% identity) match to the genome. 
 
For the Affymetrix SNP5.0 subset, samples were excluded for the following reasons: 1) call rate < 95%, 2) heterozygosity outlier, 3) discrepancy between reported and genetic sex, 4) duplicates. Variants were excluded for the following reasons: 1) call rate < 95%, 2) MAF <= 1%, 3) Hardy–Weinberg equilibrium p-value <10-6.

Further pre-imputation QC was performed as per the recommended checks by HRC-1000G (v4.3.0) tool (https://www.chg.ox.ac.uk/~wrayner/tools/), for all array subsets, variants were excluded if failed liftover (to B38), A/T & G/C SNPs if MAF > 0.4, SNPs with > 0.2 allele frequency difference, SNPs not in reference panel TOPMed freeze5.

[bookmark: _Toc240377515]Incretin hormones and glucagon measurements

The method for MSD measurements can be divided into the following parts: Standard and Pool preparation, Plate coating, Sample aliquoting, measurement, and finally Analysis. The MSD kit contained the following reagents:
	Stop solution

	Linker 1

	GIP Biotinylated Capture Antibody (Primary Antibody) 

	GIP SULFO-TAG Conjugated Detection Antibody (Secondary Antibody) 

	Linker 3

	GLP-1 Biotinylated Capture Antibody (Primary Antibody) 

	GLP-1 SULFO-TAG Conjugated Detection Antibody (Secondary Antibody) 

	Linker 10

	Glucagon Biotinylated Capture Antibody (Primary Antibody) 

	Glucagon SULFO-TAG Conjugated Detection Antibody (Secondary Antibody) 

	Aprotinin

	Calibrator 13

	Diluent 11

	Diluent 13

	MSD GOLD Read Buffer B

	Plates



1. [bookmark: _Toc240377516]Standards and Pool Preparation
Standards (STDs) were prepared in batches to minimise day-to-day variations and stored at -80 °C; however, they can also be prepared on the day of the run. The following instructions describe the standard preparation for one plate. The Metabolic Assay Working Solution (MAWS) was initially prepared at a 1:200 dilution by mixing aprotinin with Diluent 13. The calibrator 13, which had been brought to room temperature, was reconstituted by adding 250 μL of MAWS. The reconstituted calibrator was then inverted gently for at least three times and was then left to equilibrate at room temperature for 15-30 minutes. After 15-30 minutes the vial was vortexed 3 times (upright, inverted, upright). A 10× concentrated calibrator stock solution was prepared. Standard 1, representing the highest point on the calibration curve, was prepared by diluting the 10× stock solution, 25 μL of the stock was added to 225 μL of MAWS. Standards 2 to 7 were then prepared through serial 4-fold dilutions. Specifically, 75 μL of the preceding standard was mixed with 225 μL of MAWS and vortexed to ensure thorough mixing. This process was repeated sequentially from Standard 1 to Standard 7. Standard 8 served as the blank and consisted of MAWS only.
Pools were used as a QC measure.  Since they are a mixture of numerous samples of the same time point, their concentrations of total GIP, total GLP-1, and glucagon should stay consistent throughout the measurement period for the batch.  They were also made in advance and were stored in -80 °C until use. Two sets of Pools were made, one for each time points T000 and T120. The samples that were used for the Pools’ preparation were initially left to defrost in wet ice and subsequently put on a roller to complete thaw. They were then centrifuged at 2000rpm for 1 minute and afterwards, 50μL of each sample was taken, put in a reservoir and mixed. In the end 200μL of the pooled samples was aliquoted into 1.5mL Eppendorf tubes and stored at -80 °C.

2. [bookmark: _Toc240377517]Plate coating (1 plate)
Each plate well had 10 spots which were corresponding to different Linkers. In our case we used spot 1 with Linker 1 for GIP total, spot 3 with Linker 3 for GLP-1 total and spot 10 with Linker 10 for glucagon. 
To prepare the individual U-PLEX Linker-Coupled Antibody Solutions (10×), 200 μL of each biotinylated antibody was added to 300 μL of its assigned Linker and mixed thoroughly by vortexing . The antibody-Linker mixtures were then incubated at room temperature for 30 minutes. After incubation, 200 μL of Stop Solution was added to each mixture, followed by vortexing. The solutions were then incubated for an additional 30 minutes at room temperature.
To prepare the Multiplex Coating Solution (1×), 600 μL of each 10× U-PLEX Linker-Coupled Antibody Solution was combined and vortexed. Stop Solution was then added to bring the final volume to 6 mL, maintaining a ratio where each U-PLEX Linker-Coupled Antibody Solution contributed 10 parts, and the Stop Solution contributed 70 parts of the total coating buffer. The coating solution can be stored up to 7 days at 2-8 °C. 
The Plate was coated on the day of the run by adding 50μL coating solution to each well and incubated at room temperature for 1 hour on a plate shaker at 600rpm. The plate was then washed 3 times with at least 150μL per well with 20X PBST (Phosphate Buffered Saline with 0.05% Tween-20).

3. [bookmark: _Toc240377518]Sample aliquoting and Measurements
Each plate included samples from 36 participant with 36 samples at T000 and 36 samples at T120. Additionally, from these samples, we randomly selected two samples from each time point to be run in duplicate for quality control purposes. All samples, pools, and standards were thawed and centrifuged at 2000 rpm for 1 minute. MWAS was prepared at a 1:200 dilution by mixing aprotinin with Diluent 13 for both the sample and pool dilutions. A volume of 25 μL of this mixture was manually pipetted into the wells designated for the samples and pools. A Hamilton STAR robot was then used to aliquot 25 μL of each sample and pool, and 50 μL of each standard into the plate. Prior to loading onto the robot, all samples and pools were inspected for clots. Figure 1 shows the robot’s deck layout. Once the samples, the pools and the standards were pipetted, the plate was sealed and incubated at temperature with shaking at 600rpm for 2 hours. 

[image: ]
Figure 1: Hamilton Star deck layout 

The Detection Antibody Solution was prepared by mixing 1 part each of the GIP, GLP-1, and glucagon detection antibodies with 97 parts of Diluent 11.
After the 2-hour incubation, the plate was washed three times with 20× PBST (150 μL per well), followed by the addition of 50 μL of the detection antibody solution to each well. The plate was then sealed and incubated at room temperature with shaking at 600 rpm for 1 hour.
After the incubation with the detection antibody, the plate was washed three times with 20x PBST (150μL per well). Next, 150 µL of MSD GOLD Read Buffer B was added to each well, and the plate was immediately read using the MSD Sector Imager 600. No incubation in the Read Buffer was required prior to reading.

4. [bookmark: _Toc240377519]Analysis and Quality Control
If measurements were below or above the limits of quantification, the software didn’t assign a concentration, and values will be recorded as NaN. That led to excluding 5 samples from GIPT0, 1 sample from GLP-1T120, and 1 sample from glucagonT120. 
Quality control (QC) was applied as per the following criteria:
Individual measurements were excluded if they fell outside the batch-specific Limits of Inclusion (LOI) or Limits of Acceptance (LOA). The criteria for GIP, GLP-1 and glucagon were defined as follows:

1. Accuracy (concentration): Calculated concentrations for standards and QC samples were required to be within +/-50% (LOI) and +/- 20% (LOA) of the target or mean concentration.
2. Signal Intensity: Raw signals for standards had to remain within 50% (LOI) and 20% (LOA) of the mean signal value
3. Precision (CV): The coefficient of variation (CV) for calculated concentrations was required to be <50% for LOI and <20% for LOA across the three analytes
4. Signal Precision: The CV of the raw signals for standards were required to be <50% (LOI) and <20% (LOA).

Analytes were excluded if they failed 2 or more out of the 4 criteria listed above, and that removed 573 and 580 samples from GIPT0 and GIPT120 respectively, 533 and 539 samples from GLP-1T0 and GLP-1T120 respectively, and 496 and 502 samples from glucagonT0 and glucagonT120 respectively.
Analytes were further excluded if the coefficient of variation of calculated concentration between intra-plate duplicates as calculated by the MSD software (where applicable) were higher than 20% for GLP-1 and glucagon, and 25% for GIP; excluding 42 samples from GIPT0, 67 samples from GIPT120, 12 samples from GLP-1T0, and 9 samples from GLP1T120, 17 samples from glucagonT0 and 16 samples from glucagonT120.
Lastly, we conducted Incurred Sample Reanalysis (ISR) using four plates. We repeated measurements for samples at the 5th, 50th and 95th percentiles selected from original plates that had passed initial QC to ensure measurements are reproducible. A CV of 30% was applied to compare concentrations between original and ISR measurements. The 50th percentile measurements demonstrated the highest reproducibility across GIP, GLP-1, and glucagon (87.08%, 100%, and 82.14%, respectively), and 95th percentile measurements also showed strong reproducibility (75.67%, 80.56%, and 60%, respectively). However, the 5th percentile measurements showed very low reproducibility (32.14%, 0% and 0%, respectively). Upon investigation, this discrepancy was attributed to robotic pipetting errors resulting in artificially low results. Consequently, we excluded results from aliquots at the same timepoint where all three analytes (GIP, GLP-1 and glucagon) fell below the 5th percentile per plate, as these were deemed unreliable.
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