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3. Timeline: 

Data analysis will start immediately.  A manuscript is expected to be prepared within 

6 months.   

 

4. Rationale:  

 

Protein biomarkers in peripheral blood have been essential for diagnosis and prediction of 

disease in clinical practice (1). The protein biomarkers with known disease association or 



currently used in clinical practice represent a small subset of the proteome. Studying the 

proteome can reveal biological pathways underlying diseases and discover novel protein 

biomarkers for diseases diagnosis and prognosis (2-4). Studies on the repeatability and 

longitudinal variability of the proteome are limited. Multiple technologies have proposed 

for proteomic profiling. The aptamer array has been shown to have wide dynamic range 

and good reproducibility (1). The ARIC study has conducted a pilot ancillary study using 

the SOMAscan assay, an aptamer platform, which provides relative quantification of 

4,001 proteins (5). The pilot study included 42 individuals who participated in visits 2, 5 

and the repeated visit 5. The samples from the repeated visit 5 were split to serve as blind 

duplicates for quality control purpose. The participants were selected based on stratified 

sampling in seven groups with six participants in each groups. The stratification factors 

were race, sex, and CKD defined as serum creatinine-based eGFR < 60 mL/min/1.73m2 

at visit 5. Proteomic profiling was performed using ethylenediaminetetraacetic acid 

(EDTA) preserved plasma.  

 

5. Main Hypothesis/Study Questions: 

 

 The goals of this study are to assess the repeatability, and short (~six weeks) and long 

(~20 years) term variability of protein levels as measured by the SOMAscan assay.  

 

Hypotheses: 

1) Greater than 1000 proteins will have excellent reproducibility (split sample 

CV<10%).  Furthermore, the majority of proteins that were also previously 

measured in ARIC will show good agreement (correlation >0.8). 

2) The short and long term variability will be the dominant components of the 

overall variance for most proteins.   

 

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). 

 

Inclusion criteria: All participants in the repeatability and longitudinal variability study. 

 

Outcomes: Protein levels measured by SOMAscan and passed the quality control check 

of SomaLogic. We will investigate the appropriate transformation of the relative 

florescence units (RFU) of protein levels, such as log and inverse normal transformation. 

 

Predictor: ARIC ID, visit, and split sample status to be used for variance component 

estimate.  

 

Other variables: age, sex, and CKD. 

 

  



Data analysis:   

 

Repeatability study. Previously reported blind duplicate analysis of the SOMAscan used 

the commercial platform, which included ~1,300 proteins.(3) The repeatability of many 

protein measures in the research platform in this pilot study is unknown. To assess the 

repeatability of the protein levels, we will conduct the following analyses:  

A) Use of coefficient of variation, Spearman correlation, and principal component 

analysis of the split samples to assess repeatability. Since the underlying 

distribution of the protein levels can vary from quite symmetric to very skewed, 

the coefficient of variation (CV) of the split samples will be calculated by three 

methods: 1) mean of the pairwise CV (=SD/mean); 2) CVanova; and CV 

described by Bland and Altman (6, 7).  We will also conduct similar analyses for 

short term and long term variability, which incorporate biologic changes.  Our 

primary analysis will not exclude outliers but secondary analyses will quantify the 

proportion of outliers and their impact on the results.   

B) Assess the normalization methods that are appropriate for longitudinal studies.  

 

We will describe (graphically and using percentiles) the distribution of coefficients of 

variation and correlations. We will also categorized coefficients of variation at <10%, 10-

20% and >20% and test the hypothesis that the scan will yield >1,000 proteins with a CV 

of <10% providing a wealth of reliable information.   

 

Variability study. We will use mixed effect model with restricted maximum likelihood to 

estimate experiment-wise, the short and long term with-in-person variability for each 

protein using the following models. 

Model 1 includes the split sample observations from the repeated visit 5 and will estimate 

the experiment-wise variability as random effect. 

Model 2 includes the observations from visit 5 and the average of the pairwise 

observations from the repeated visit 5 and will estimate short variability as random effect. 

Model 3 include the observations from visits 2 and 5 and will estimate the long term 

variability as random effect. We will evaluate the association between protein levels with 

age across the 4 measures adjusting for the sample selection stratifying factors (sex, race, 

and CKD) use generalized estimating equation (GEE) to estimate the population average 

association. The association can inform the extent of the variability relating to 

chronological age.    

 

Significance threshold: We will account for the number of independent tests.   

 

Limitations:  The protein levels were quantified on a relative scale, and the sample size is 

limited.  
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