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SUPPLEMENTAL METHODS 

Measurement of Covariates in ARIC 

At the baseline (visit 2, 1990-1992) clinic visit, participants reported their smoking status and family 

history of diabetes (self-reported only at visit 1, maternal or paternal). Body mass index (BMI) was 

calculated based on measured weight and height (height was measured at visit 1 which occurred in 1987-

1989, ~3 years prior to baseline). Estimated glomerular filtration rate (eGFR) was calculated based on 

cystatin-C and creatinine using the 2021 Chronic Kidney Disease Epidemiology equation.(1) Total and 

HDL cholesterol were measured using standard methods. Systolic blood pressure was based on the 

average of the 2nd and 3rd blood pressure reading after 5 minutes rest. Participants were asked to bring 

bottles of any medications used in the prior 2 weeks; medication bottles were transcribed and coded. 

Physical activity was measured at visit 1 (1987-1989) based on the validated Baecke sport index 

questionnaire which yields a score ranging from 1 to 5.(2) Hemoglobin A1c (HbA1c) was measured in 

whole blood using high-performance liquid chromatography instruments (Tosoh A1c 2.2 Plus 

Glycohemoglobin Analyzer method in 2003–2004 and the Tosoh G7 method in 2007–2008; Tosoh 

Corporation) that were standardized to the Diabetes Control and Complications Trial assay.(3) Fasting 

glucose was measured in serum using a hexokinase method. 

 

QC for Protein Measurements in ARIC 

We ran blind duplicates for 514 (~5%) participants with available SOMAmer data at visit 2. The median 

coefficient of variation based on the Bland-Altman (CVBA) method(4) was 6.3%. The median split sample 

reliability coefficient (intraclass correlation coefficient) for visit 2 QC was 0.93. Of the 5,284 SOMAmers 

quantified using visit 2 samples, we excluded 329 SOMAmers with a CVBA >50% or variance <0.01 at 

visits 2, 3 (1993-1995) and 5 (2011-2013), SOMAmers that bound to mouse Fc-fusion or a contaminant, 

or non-proteins. 

 

External Replication in Singapore MEC 

Study Cohort 

The Multi-Ethnic Cohort (MEC) is a cohort study under the Singapore Population Health Studies (SPHS) 

that aims to discover how lifestyle factors, physiological factors, genetic factors and their interactions 

impact the development of common health conditions in Singapore (https://blog.nus.edu.sg/sphs/). The 

baseline recruitment was completed between 2004 and 2010 and details of the study are described here 

[1]. Between 2011 and 2016, the participants were invited for a follow-up. At both baseline and revisit, 

participants completed an interview-administered questionnaire and clinical examination. The 

questionnaires collected demographic information, detailed lifestyle behaviors, personal and family 

medical histories, and medication usage. At the health examination, anthropometric measures, blood 

pressures, and blood was taken for lipid and glycemic biomarker measurements. Informed consent was 

obtained from all participants. All human biological samples were collected in accordance with ethical 

regulations and protocols.  

For the incident type 2 diabetes (T2D) cases, they were identified by the date of first identification of 

diabetes (diagnosis date through national record linkage with health records or date of revisit in which 

diabetes was identified based on personal history of T2D, fasting glucose ≥7 mmol/l or random glucose 

https://blog.nus.edu.sg/sphs/
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≥11mmol/l or HbA1c ≥6.5%). Controls were selected by incident density sampling matched (1 case to 2 

controls) by age (±5 years), gender, ethnicity and date of blood collection (±2 year).  

 

Statistical Analysis 

In MEC, proteomic biomarkers were log2-transformated and then were standardized for analyses with 

T2D. The logistic model adjusted for baseline age (continuous), sex (male/female), ethnicity 

(Chinese/Malay/Indian), cystatin-C measured on SomaScan (log2transformed, continuous), current 

smoking status (yes/no), total cholesterol (continuous), HDL cholesterol (continuous), systolic blood 

pressure (continuous), BMI (continuous). As MEC did not contain a comparable physical activity 

variable, the model utilized the weekly activity level (met-hr/wk) for all leisure-time physical activities 

variable instead. However, with or without the leisure-time physical activity variable, similar associations 

results were observed.  
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Supplemental Figure 1. Scatterplot of effect estimates for the 63 protein-diabetes associations in ARIC 

and MEC. Beta estimates in ARIC from Cox regression and in MEC from conditional logistic regression. 

The MEC case-control design used a risk-set sampling design so OR can approximate the HR. Betas 

adjusted for age, sex, race, eGFR (eGFRcrcys in ARIC, log2(Soma cystatin-C) in MEC), physical activity 

(sport index in ARIC, leisure time mets per week in MEC), current smoking, total cholesterol, HDL-

cholesterol, systolic blood pressure, hypertension medication use, BMI. Red dots indicate betas had 

p<0.05/63 in Singapore MEC. 

 

  

P<7.9E-4 in MEC 
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Supplemental Figure 2. Calibration curves of the risk model (Model 4 covariates and proteins identified 

using elastic net with Model 4 adjustment in the 2/3 overall discovery) within discovery (Panel A) overall 

and within the 1/3 internal validation set (Panel B).  

A) Discovery (Overall) 

 

B) Internal Validation (Overall) 
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Supplemental Figure 3. (A) Biological pathways and (B) upstream regulators associated with ~20 year 

diabetes risk in discovery. 
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Supplemental Figure 4. Regional association plots of SHBG (A), ATP1B2 (B), and type 2 diabetes (C) 

GWAS on chromosome 17 from 7.4MB to 7.8MB. Gene regions of SHBG and ATP1B2 were marked on 

the respective x-axis and the genetic variant with the lowest p-value per trait were labeled. 
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