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4. Rationale:  
 
Blood levels of amyloid beta (Aß) peptides, namely Aß1-40, Aß1-42, and their ratio, have been 
proposed as biomarkers for the early detection of Alzheimer’s disease (AD) pathology, 
particularly cerebral amyloidosis.1-3 Although Aß1-40 is the most abundant Aß  peptide, the 
accumulation of Aß1-42 fibrils in the brain are a neuropathological hallmark of AD.4 Higher 



plasma levels of Aß1-42 and Aß1-42 /Aß1-40 ratio have been associated with a lower risk for AD or 
dementia5,6, including work in ARIC (MP #3489), potentially reflecting increased clearance of 
Aß plaques from the central nervous system.  
 
The determinants of Aß peptides in plasma are not well understood. These peptides are cleaved 
from the amyloid-beta precursor protein, whose encoding gene, APP, is expressed in a wide 
range of tissues.7,8 These Aß peptides have been found in peripheral tissues, including arteries, 
platelets, skeletal muscles, and the liver.9 The plasma levels of these Aß peptides can be 
influenced by the function of other organs. The association between these Aß peptides and 
circulating proteins may inform the pathways that regulates these Aß peptides and their role as 
plasma biomarkers of cerebral amyloidosis. In addition, recently the potential pathogenic role of 
these Aß peptides on peripheral organs, particularly in blood vessels and the heart, has been 
gaining attention.10 Some hypothesize that these Aß peptides may link to arterial stiffness and the 
risk of cardiovascular disease in the context of aging.10 Recent genetic studies suggest the levels 
of complex traits may be determined by gene networks involving thousands of variants in many 
genes across the genome.11,12 A cross-sectional association study of the levels of these Aß 
peptides and the circulating proteome may identify genes and pathways related to the regulation 
of these Aß peptides and help to gain insight on the potential pathogenic role of these Aß 
peptides or their coregulation on diseases.  
 
Visits 3 and 5 of the ARIC study has measures of these Aß peptides quantified using a sandwich 
immunoassay13 in approximately 2,500 participants and a large number of plasma proteins 
(~5000) quantified using the SomaScan assay in the overall cohort.14 A discovery study on the 
association between these SomaScan proteins and the plasma levels of the Aß peptides may 
inform the mechanisms that determine the levels of these Aß peptides, potentially identifying 
novel targets for interventions. 
 
 
5. Main Hypothesis/Study Questions: 
 
Study question: To identify plasma proteins that are associated with Aß1-42, Aß1-40, and the ratio 
of Aß1-42  and Aß1-40 peptides in midlife and late life. The associated proteins may be related to 
co-regulation of Aß clearance from the brain or the production of Aß from peripheral organs in 
these two periods of life. The associations discovered in midlife may suggest mechanisms 
leading to dementia, while the associations discovered in late life may suggest biomarkers of 
dementia versus normal cognition.  
 
 
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). 
 
Study design: Cross-sectional study at ARIC visits 3 and 5. 
Plasma Aß1-40 and Aß1-42 peptides were measured in 2,588 participants, who were a subset of 
those selected using a case-cohort sampling that included (1) all participants who failed at least 1 



cognitive domain at visit 5 and (2) an age-stratified random sample of cognitively normal 
participants. 
 
The SomaScan assay are available for all participants who provided full consent and did not 
refuse industry research. So we anticipate the vast majority of the participants with measures of 
the Aß peptides also have SomaScan protein measures. 
 
Inclusion criteria: All participants with measures in plasma Aß peptides, SomaScan proteins 
and covariates. 
 
Dependent variable: SomaScan proteins. We will include those with flag2 = 0, i.e. human 
proteins that do not bind to related proteins with similar affinity, or have not been tested for 
binding specificity.  
 
Independent variable: Aß1-42, Aß1-40, Aß1-42 /Aß1-40 ratio in separate analyses.  
 
With 3 independent variables and SomaScan proteins at each visit, three sets of association 
analyses will be conducted at one visit for a total of six sets of association analyses across the 
two visits. 
 
 
Other variables:  
Demographics and genetics: age, sex, race-center, APOE genotype 
Other variables at visit 5: smoking, BMI, CRP, triglycerides, total cholesterol, prevalent diabetes 
and hypertension, fasting glucose levels, eGFR, prevalent cardiovascular disease (coronary heart 
disease, stroke, heart failure),  
 
 
Data analysis: 
 
Controlling for unmeasured broad factors that affect plasma protein levels. We aim to identify 
proteins that are more specifically related to the regulation of Aß. Unmeasured factors, e.g. 
relative abundance, could give rise to spurious associations unrelated to Aß regulation. In 
addition, low molecular weight proteins tend to have inverse correlation with kidney function 
due reduced filtration, secretion, or catabolism by the kidney as kidney function decline.15-17 
Although estimated glomerular filtration rate (eGFR) is available in the ARIC study, due to 
measurement errors of eGFR in the intermediate range,18 controlling for eGFR may not 
adequately adjust out the influence of kidney function on protein levels. We will use the 
SomaScan protein measures to generate probabilistic estimation of expression residuals (PEER) 
factors to represent board shared latent factors influencing protein levels.19 The PEER method is 
based on factor analysis and has shown to be more sensitive to the underlying complexities of the 
data than other similar methods.20 We will use factor relevance to select the appropriate number 
of PEER factors as recommended by the developers of this methods.19 
 



Modeling of the SomaScan protein and Aß peptide measures. We will investigate appropriate 
transformation of the protein measures for linear regression, including log2, inverse normal 
transformation, and winsorization.  
 
Covariates: age, sex, race-center, eGFR, and an appropriate number of PEER factors. 
 
The limited number of covariates is motivated by: 

1) Many commonly used covariates in dementia research, such as APOE4 genotype, BMI, 
and diabetes, etc. may be upstream effectors of the co-regulation pathways between some 
plasma proteins and Aß peptides. Including these variables would reduce the chance of 
identifying proteins in the co-regulation pathways. 

2) PEER factors, which represent broad laden factors influencing protein levels, will be 
included.  

  
Secondary analysis. For significant proteins, we will conducted secondary analysis that include 
additional covariates: APOE4 carrier status, cognition status, smoking, systolic blood pressure, 
BMI, CRP, triglycerides, total cholesterol, prevalent diabetes and hypertension, fasting glucose 
levels, prevalent cardiovascular disease (coronary heart disease, stroke, heart failure). The 
change in significance after controlling for additional covariates may help to identify upstream 
effectors of the association between a plasma protein and an Aß peptide.  
 
Significant threshold. We will use the Bonferroni method to determine significance threshold for 
each set of analysis (~ 0.05/5000 = 1e-5). 
 
Associated proteins will be prioritized by binding specificity. Tier 1 association will be those that 
have been tested and did not bind to related proteins. The rest will be tier 2.  
 
 
Power analysis. Based on a type-I error rate of 1e-5 and a sample size of 2,000, we have 80% 
power to detect ≥ 0.13 SD difference in the plasma protein levels per SD difference in Aß 
measures.  
 
 
Follow-up analysis. We will investigate the following follow-up analysis: 

1) Enrichment analysis. We will perform follow-up analysis to identify the gene sets or 
pathways that are enriched for the associated proteins. Tools for performing these 
analyses include Database for Annotation, Visualization and Integrated Discovery 
(DAVID)21,22 and Ingenuity Pathway Analysis (IPA), etc. These analyses can help to 
interpret the associations and generate hypotheses on potential mechanisms. 

2) Association analysis of the Aß-associated proteins with Aß burden detected in PET scan 
in ARIC.  

 
  

Limitations: 
1) External validation. We will seek other cohorts for external validation.  
2) If some proteins are related to Aß regulation and have non-linear relation with the Aß 

variables, this will be considered in other future manuscript proposal. 



3) The potential relation between changes in the levels of the Aß peptides from visit 3 to 
visit 5 and the SomaScan proteins will be considered in other future manuscript proposal. 

4) Given that the measures of the SomaScan proteins are from relative quantification, 
studies on the change in RFU of the SomaScan proteins from visit 3 to visit 5 need to 
consider a) the potential effects of differences in the assay technique details between the 
two visits on RFU levels, and b) the interpretation of the difference between RFU values 
between the two visits. Studies of the change in RFU of the SomaScan proteins from visit 
3 to visit 5 will be considered in other manuscript proposals.  
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