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4. Rationale:  

Telomeres are repeating DNA sequences located at the end of chromosomes that protect 
chromosomal regions from recombination, degradation, and the loss of coding DNA during 
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replication. 1 With each cell division, telomeres get shorter in their nucleotide repeats throughout 
an individual's lifespan. Leukocyte telomere length (LTL), due to the accessibility of leukocytes, 
is commonly used to study telomere length dynamics. 2 Numerous studies have associated LTL 
with aging, 3 age-related diseases, 4,5, and certain cancers. However, the underlying biological 
mechanisms of telomere length in age-related diseases are not fully elucidated. While a few 
studies have linked candidate plasma proteins with LTL, 6,7 to the best of our knowledge, no 
large-scale unbiased proteomics study has been conducted for LTL. To address this gap, our 
study conducted a large-scale proteomic analysis to characterize the proteomic signatures of LTL 
in the Atherosclerosis Risk in Communities (ARIC) cohort. To extend the comprehensive 
understanding of underlying mechanisms associated with LTL, we also estimated individuals' 
genetic predisposition for leukocyte telomere length by calculating polygenic risk scores (PRS) 8 
based on published GWAS data. 9 A proteomics analysis will also be conducted for LTL PRS in 
the ARIC cohort to analyze the protein signals associated with genetically determined LTL.  

We propose to derive a PRS for LTL using the published GWAS summary statistics 9 and 
ARIC GWAS data, followed by associating the LTL PRS with ~5,000 SOMAscan proteins 
measured in ARIC visits 2. In addition, we will conduct a prospective analysis to associate the 
LTL at visit 2 with the SOMAscan proteins measured at visit 3. We will compare the proteins 
associated with LTL PRS and those associated with the actual LTL measure, which may reveal 
new information on genetic vs non-genetic pathways involving LTL and the plasma proteome. 
Notably, as part of a funded R21 study (AS2020.25, PI: Weihong Tang), we are completing the 
estimate of LTL in ARIC based on the whole genome sequencing (WGS) data made available 
through NIH TOPMed10 / CCDG11 programs. The ARIC WGS were measured in visit 2 or 3 
samples (>80% samples from visit 2). The analyses of LTL and LTL PRS with SOMAscan 
proteins proposed here are supported by the R21 study.  

Abdominal aortic aneurysm (AAA), an important age-related disease and characterized 
by a localized enlargement of the abdominal aorta, 12 can lead to life-threatening rupture if left 
untreated. 13 While animal and Mendelian randomization studies suggest a causal role of LTL in 
AAA development, 14,15 the longitudinal relationship between LTL and AAA has not been well 
characterized in large prospective studies with long follow-up. Moreover, the underlying 
biological mechanisms mediating the association of LTL with AAA are poorly understood. 
Aiming to enhance our understanding of the relationship between LTL and AAA, we also 
propose a prospective cohort study between LTL and AAA in ARIC, followed by a mediation 
analysis to investigate LTL-related proteins that might mediate the pathway from LTL to AAA. 

ARIC SomaLogic protein data is of high quality and excellent reliability using aptamer 
technologies. 16,17 Investigating LTL and LTL PRS with the ~5000 proteins by SOMAscan will 
provide an unprecedented opportunity for the discovery of proteomics signatures for LTL and 
that residing in the genetic pathways for LTL. This comprehensive research will not only benefit 
the understanding of the etiology of AAA but also the research on many other chronic diseases 
associated with LTL, including cardiovascular disease and cancers. 18-21 
 
5. Main Hypothesis/Study Questions:  
Main hypothesis: We hypothesize that proteomic signatures are associated with LTL and 
genetically determined LTL as measured by LTL PRS, with significant overlap between LTL 
and genetically determined LTL. We also hypothesize that LTL is prospectively associated with 



the incidence of AAA and that protein signals associated with LTL or LTL PRS mediate the 
pathway from LTL to AAA. 
 
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). 
 
Outcome: 1) The protein outcome variables will be each of the SOMAscan v 4.0 proteins 
(natural log2-transformed) measured at visits 2 and 3 after exclusion of proteins with large CV 
(>20%) or poor reproducibility between blind duplicate pairs. We will follow the ARIC analytic 
recommendations for the analysis of SOMAscan data. 2) Incident AAA has been ascertained in 
ARIC and was determined based on ICD codes for hospitalizations and deaths in ARIC up to 
2019. 
 
Exposure: 1) LTL PRS will be calculated based on the published GWAS summary statistics 9 
and ARIC TOPMed genetic imputation data.  2) The estimation of phenotypic LTL will be based 
on TOPMed/CCDG whole genome sequencing data at ARIC visit 2 as part of the funded R21 
study.  
 
Mediators: Proteins associated with LTL or LTL PRS in the analysis of LTL with AAA. 
 
Inclusion/Exclusion: We will conduct proteomics analyses among ARIC white and black 
participants.  We will exclude those missing SOMAscan protein data at visits 2 or 3, LTL, or the 
corresponding genetic variants for calculation of PRS, failed quality control for SNPs, 
SOMAscan proteins, or LTL. In the causal mediation analysis, LTL will be measured at Visits 1, 
2, or 3, with protein mediators will be assessed at Visit 3. The outcome will be the incidence of 
AAA cases after Visit 3.  
 
 
1) Analysis of LTL PRS with proteins: LTL PRS will be computed as the sum of the number of 
LTL-increasing alleles, weighted by their measured effects from the published GWAS summary 
statistics.9 We will conduct race-specific generalized linear regression of LTL PRS (as a 
continuous exposure variable) on the levels of ~5,000 human proteins (as the outcome) measured 
in ARIC visit 2 and visit 3, adjusting for age, sex, center, eGFR, and first ten principal 
components for genetic ancestry. We will exclude proteins with a large coefficient of variations 
(CVs) (>20%) or poor reproducibility between blind duplicate pairs and use appropriate 
statistical procedures (exclusion or winsorization) to handle extreme or unrealistic outliers and 
non-normal distribution. The results will be compared between white and black participants, with 
the analysis of white participants as a discovery and that of black participants as a replication. 
Statistical significance will be determined after Bonferroni correction for the number of proteins 
tested in each race group. We will treat the analysis of visit 3 proteins as the primary analysis 
(also for comparison with the LTL analysis) and that of visit 2 proteins as an internal replication. 
 
2) Analysis of direct associations between LTL at visit 2 and proteins at visit 3: We will follow a 
similar approach to that described in 1) above, with additional adjustment for potential 



confounders related to LTL and LTL measurement, such as smoking, and TOPMed/CCDG status 
for the source of WGS data. 
 
3) Analysis of LTL with AAA: We will associate LTL with AAA using Cox proportional 
hazards regression. In the primary analysis, we will treat LTL as a continuous variable and adjust 
for the following potential confounders: age, gender, race, field center, BMI, diabetes, 
hypertension, smoking status, estimated glomerular filtration rate (eGFR), and the sample visit 
for LTL estimation. The covariates will be those measured at the visits corresponding to the 
WGS samples for LTL estimation. Additionally, we will analyze LTL in quartiles and conduct a 
trend test, in which the rank-ordered LTL quantile will be analyzed as a numerical variable (e.g. 
1 to 4). This analysis will adjust for the same covariates as in the primary analysis. 
 
4) Causal Mediation Analysis: To assess if the LTL- or LTL PRS-associated proteins mediate the 
association between LTL and AAA, we will conduct a mediation analysis. Given the limitations 
of standard approaches, such as the difference-of-coefficients or product-of-coefficients methods 
in linear models without interactions, 22 we will utilize a counterfactual framework for causal 
mediation. 23 This approach involves a clear causal structure, enabling the simultaneous 
estimation of causal estimates and allowing for the inclusion of interaction terms. 24 Mediation 
analyses will be performed based on a causal counterfactual framework with survival data under 
a regression-based approach to estimate direct effects (LTL and AAA association, not mediated 
by proteins), indirect effects (mediation due to proteins), and total effects (direct and indirect 
effects). 24 We will assess the mediating effect of each individual protein as well as a joint 
mediation effect by including all relevant proteins in one model. 
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