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3. Timeline: We aim to complete the manuscript within 1 year from the time of approval and 
availability of SOMAScan data at visit 2. Meanwhile, we will conduct preliminary analysis using 
visit 3 as baseline for the primary/discovery analysis. 
 
4. Rationale:  
 Diabetes is highly prevalent and is projected to increase in prevalence globally.1 Type 2 diabetes 
accounts for the majority of diabetes diagnoses and is characterized by hyperglycemia, primarily due to 
insulin resistance.2 However, the etiology of type 2 diabetes is not fully understood.3  Furthermore, 
improved risk prediction for diabetes will be useful for improving the definition and utility of pre-diabetes 
and its treatment. 
 Improvements in proteomic measurements provide an opportunity to explore biologic pathways and 
improve risk assessment for diabetes onset. Previous serum (or plasma) proteomics of diabetes analyses 
have been conducted,4-6 two of which included prospective analyses.4,5 Among 1,367 Swedish older men 
(mean age 73 years),4 seven proteins (cathepsin D, leptin, renin, interleukin-1 receptor antagonist, 
hepatocyte growth factor, fatty acid–binding protein 4, and tissue plasminogen activator) of 92 
measurable proteins were statistically associated with greater insulin resistance (estimated using HOMA-
IR). Two of these proteins—interleukin-1 receptor antagonist and tissue plasminogen activator—were 
positively associated with incident diabetes, but these proteins were no longer statistically significant after 



adjusting for baseline fasting glucose. In the AGES-Reykjavik, 536 proteins of 4,137 proteins measured 
were associated with diabetes (437 associated with only prevalent diabetes, 16 associated with only 
incident diabetes, 83 associated with both prevalent and incident diabetes). A recent proteomics of 
diabetes paper (using data from Framingham and the Malmö Diet and Cancer Study) identified 146 
plasma proteins associated with incident diabetes, replicating previously identified hits such as 
adiponectin and vitamin E binding glycoprotein afamin.7 The few prospective studies that have examined 
proteomics of diabetes have generally been of smaller sample size (all less than 3,000 participants) or had 
fewer measurable proteins. None have examined the proteomics signatures associated with different 
levels of glycemic biomarkers. 

Using SOMAScan data with ~5000 proteins measured in ARIC participants at multiple time 
points, we will examine the proteomic signatures associated with 1) incident diabetes, 2) prevalent 
diabetes, and 3) glycemic biomarkers. We will compare associations across glycemic markers (glucose, 
HbA1c, glycated albumin, fructosamine, and 1,5-anhydrogluticol) to identify proteins common across 
glycemic markers and those that are specific to different measures of glycemia. By examining 
associations across multiple markers, we hypothesize that we will be able to distinguish between trait-
specific (i.e., diabetes) associations vs marker-specific associations, providing novel insights into the 
biological underpinnings of diabetes.  We will also assess the improvement in risk compared to traditional 
risk factors. 

 We propose to use ARIC visit 2 for our discovery analysis in midlife. While SOMAScan is not 
yet available for visit 2 (where we have all diabetes biomarkers measured including HbA1c), we will use 
visit 3 as baseline for our preliminary analyses. Because risk factors and pathophysiology for diabetes 
may vary across the life course, we will also conduct a separate discovery analysis in late life (visit 5).  

5. Main Hypothesis/Study Questions: 
Aim 1: What are the proteomic signatures of incident diabetes? 
Aim 2: What are the proteomic signatures of prevalent diabetes? 
Aim 3: What are the proteomic signatures of glycemic biomarkers? 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Design: Prospective (Aim 1) and cross-sectional (Aims 2 and 3). Midlife (Visit 3 until visit 2 data are 
available) and late life (Visit 5) analyses will be conducted separately.  The data will be divided into a 2/3 
discovery and 1/3 validation sample.   
   
Exclusions:  

• Standard ARIC race-center exclusions 
• Missing SOMAscan data at visit 2 or failed QC 
• Missing covariate data 
• For glycemic markers, exclude non-fasting blood draw and glucose-lowering medication use. 
• For prospective analyses, exclude prevalent diabetes at baseline (visit 2) 
• Participants with a known diagnosis of diabetes prior to age 30  

 
Exposures: SOMAScan proteins (~5,000 proteins measured using SOMAScan’s aptamer-based 
proteomics platform). We will be guided by the QC document following the current recommended data 
cleaning, focus on log protein levels, and use flag 2 to exclude unreliable data (flag2=0 for N = 4877 
aptamers excluding flag 1 cat1‐3: Fc mouse/Contaminants, or var<0.01 or soma qc cvba>50% at v3 
or v5) – this is the suggested list of aptamers to analyze). 



 
Covariates: age, sex, race-center, eGFR, family history of diabetes, body mass index, current smoking, 
total cholesterol, HDL-cholesterol, systolic blood pressure, hypertension medication use, physical activity 
(sport index) 
 
Outcomes: For our first aim, the outcome will be incident diagnosed diabetes (diagnosis or glucose-
lowering medication use) after midlife (visit 2 or visit 3; separate analysis for late-life, visit 5). The 
outcome for our second aim will be prevalent diagnosed diabetes, and the outcome for our third aim will 
be levels of glycemia biomarkers (available at visits 5 and 2: HbA1c, fasting glucose, glycated albumin, 
fructosamine, 1,5-anhydroglucitol), stratified by diagnosed diabetes. 
   
 
Statistical Analysis  
 We will log-transform protein levels as needed and when comparisons across proteins is desirable, 
we will analyze protein levels on a standardized scale (mean=0, SD=1). When incident diabetes (Aim 1) 
is the outcome, we will use Cox regression. For prevalent diabetes as the outcome (Aim 2), we will use 
logistic regression. We will use diabetes-stratified linear regressions where glycemic biomarkers (Aim 3) 
– HbA1c, fasting glucose, glycated albumin, fructosamine, 1,5-anhydroglucitol—are the outcomes of 
interest. For all Aims, we will use a similar set of hierarchical models, shown below. 
 

• M0: unadjusted  
• M1: age, sex, race-center, eGFR 
• M2: M1 + family history of diabetes, BMI, current smoking, total cholesterol, HDL-cholesterol, 

systolic blood pressure, hypertension medication use, physical activity  
• For aims 1 & 2 we will further adjust for hyperglycemia to discover novel markers: 

M3: M2 + most recently available HbA1c and fasting glucose 
 
To determine statistical significance threshold, we will apply the Bonferonni correction in the most 
conservative analysis. FDR (q<0.05) will be used to examine a broader list of proteins for pathway 
analyses. 
 
Replication within ARIC: In the replication analysis, we will examine which Bonferonni significant 
“hits” in the development (2/3) sample were also significant in the (1/3) validation sample at p<0.05/#hits 
tested.  This will be done separately for midlife and late-life since we hypothesize some risk factors may 
vary across the lifespan. We will also test which proteins from midlife validate as late life diabetes 
predictors. We will examine prevalent and incident diabetes separately. Similar analyses will be 
conducted cross-sectionally for glycemic biomarkers (HbA1c, fasting glucose, glycated albumin, 
fructosamine, 1,5-anhydroglucitol). 
 
Mendelian Randomization: We will conduct bi-directional Mendelian randomization using SNPs 
identified from published GWAS to validate potential causal pathways and their direction (causes of 
diabetes should have protein SNPs also lead to DM risk vs. consequences of diabetes where diabetes 
GWAS SNPs will lead to alterations in the protein) as we have done for dementia and kidney disease.   
 
Other interactions: We will explore the consistency of proteomic associations by sex and follow-up time. 
Men and women differ markedly in body composition, a key determinant of glucose metabolism, 
suggesting some pathways for diabetes risk may differ by sex.  We hypothesize that most “hits” will be 
shared across men and women while some proteins will play a greater role in women vs. men.  The more 
specific approach to this will be to test interaction of validated hits in their associations across sex.  The 
more sensitive approach will be to conduct separate discovery in the subgroups and compare the results. 



The latter approach has lower specificity and its findings will require validation.  A similar comparison 
could be made across race but we hypothesize that racial differences will be a product of social and 
behavioral differences overlaid on top of a similar biology. 
 The long duration of follow-up in ARIC (~30 years from midlife) means that risk over the full 
follow-up includes both short and long term risk factors which may not be the same.  We will test whether 
the strength of association varies by decade of follow-up.  We hypothesize that most proteomic risk 
factors in the first decade will also be risk factors in subsequent decades but the magnitude of the 
association will often diminish. As a result, we will focus on 10-year incidence in predictive models.   
 
Prediction: We will develop predictive models in the development sample and test their discrimination 
and calibration in the validation sample. We will examine 10-year risk of diabetes as the primary 
outcome.  We will consider a comparison of M3 above (full risk factor model including measures of 
hyperglycemia) as the comparison model to be improved (testing change in C-statistic and categorical 
NRI).  We will also examine discrimination and calibration among individuals currently defined as pre-
diabetic based on fasting glucose of HbA1c. The analyses in midlife at visit 3 will be limited by not 
having HbA1c at that visit. 
 
Limitations: The type of diabetes is not known; given the age-range of participants, it is likely most have 
type 2 rather than type 1. In efforts to address this, we can exclude the small number of participants with a 
known diagnosis of diabetes prior to age 30. The lack of a separate cohort for external validation is 
another important potential limitation – we will seek external replication in collaboration with Peter Ganz 
and others working with Soma Logic.  
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