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3. Timeline:  We propose to submit a short (<800 word) research letter with the below 

analysis. As our team has already constructed the artificial intelligence model needed to estimate 

ECG-age in these patients, we foresee the analysis and manuscript writing process to take no 

longer than six months after receiving approval.  

 

4. Rationale:   

 Traditional methods for estimating risk of cardiovascular disease (CVD) rely primarily on 

vascular indicators such as blood pressure, cholesterol levels, and diabetes [1,2]. However, such 

estimates lack validation in individuals below the age of 40 and may inaccurately estimate risk in 

certain patient groups [3]. To enhance CVD risk stratification, assessments of cardiac structure 

and function are an attractive alternative given their independence from vascular risk factors and 

established ability to predict heart failure, stroke, and sudden cardiac death [4-7]. 

 The electrocardiogram (ECG) is a fundamental diagnostic tool for CVD that yields 

extensive insight into one’s cardiac structure and function. Artificial intelligence models can 

produce precise and impartial interpretations of ECG data and have recently been employed to 

estimate cardiac age from raw ECG waveforms [8]. AI-estimated ECG-age is correlated to, yet 

distinct from one’s chronological age. This novel metric of cardiac age provides a window into 

the heart’s functional capacity and is independent of traditional ECG features and existing 

biological age measures. When markedly higher than one’s chronological age, AI-estimated 

ECG-age has successfully predicted myocardial infarction, atrial fibrillation, left ventricular 

systolic dysfunction, heart failure, and mortality [9-11].   

 Despite findings suggesting clinical implications for CVD risk assessment, there remains a 

scarcity of research addressing the consistency and repeatability of this novel measurement over 

time. Further, the modifiability of ECG-age through lifestyle and/or therapeutic intervention has 

been noted as a compelling yet unexplored area of research. Determining the short-term 

repeatability of this measurement, however, will be critical to ensure validity of future 

longitudinal analyses. Consistency of ECG-age measurements in the short-term will serve as a 

foundational step in bolstering the reliability and accuracy of future research endeavors on this 

metric.  
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5. Main Hypothesis/Study Aims: Aim: We will evaluate short-term repeatability of AI-

estimated ECG-age measurements in 63 participants with repeat ECGs from the University of 

North Carolina’s General Clinical Research Center (GCRC). Hypothesis: AI-estimated ECG-age 

will remain mostly unchanged with high repeatability between two short-term measurements 

(one to two weeks). Our findings will inform future longitudinal analyses of AI-estimated ECG-

age trajectories and efforts integrating ECG-age into established risk prediction equations.  

 

6. Design and analysis  - please address the following aspects: 

a) Inclusion/exclusion 

 Upon enrollment, participants were of good health and free of CVD, including the following 

conditions: diabetes, hypertension, prevalent heart failure, coronary heart disease, renal disease, 

chronic obstructive pulmonary disease, emphysema, utilization of class I or III antiarrhythmic 

medications, atrial fibrillation or flutter, and low-quality ECG-tracings (grade 5).  

 

b)  Study design 

 We propose a prospective panel study to assess the short-term repeatability of AI-estimated 

ECG-age measurements in the University of North Carolina’s GCRC panel. Repeat ECG 

assessments were conducted on participants at two points, with one to two weeks between 

measurements. We will analyze available demographic data and AI-estimated ECG-age to assess 

short-term consistency of ECG-age measurements across participants representing community 

clinical practice.  

 

c) Outcome and other variables of interest with specific reference to the time of their 

collection 

 Our primary outcome will be variation in AI-estimated ECG-age between two timepoints. 

Other variables of interest will include age, sex, race/ethnicity, and presence of comorbidities to 

describe the study population.  

 

d) Summary of data analysis  

 We intend to estimate ECG-age for each participant by applying a previously developed 

deep neural network (DNN) machine learning model to raw ECG waveforms. In brief, our DNN 
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model was trained on roughly 17,000 12-lead ECGs from the publicly available PTB-XL 

electrocardiography dataset to estimate an individual’s cardiac age through detection and 

extraction of features directly from the ECG waveform, not relying on traditional ECG features. 

The model utilizes a convolutional neural network adapted for one-dimensional signals to 

capture how aging impacts ECG waveforms, resembling a residual network used in image 

classification. We will apply this model to two 10-second standard 12-lead ECG recordings 

conducted by certified technicians using standardized ARIC protocols while participants rested 

in supine position with one to two weeks between measurements. ECGs were digitized and 

stored using the MAC PC Personal Cardiograph, sent via modem to the Epidemiological 

Cardiology Research (EPICARE) Center, and are currently stored in a secure Linux environment 

as raw XML files.  

 Once the DNN models are applied to each ECG to estimate ECG-age, we will estimate its 

participant-level variability between measurements at two timepoints as an intra-class correlation 

coefficient, i.e. the between-participant variance divided by the between + within-participant 

(total) variance. Additionally, we will estimate its minimally detectable change between the two 

measurements with 95% confidence, as follows: MDC95 = SEM×√2_×1.96, where SEM 

represents the standard error of measurement. Notably, these analyses follow structures and 

approaches established by prior manuscripts evaluating the repeatability of individual ECG 

metrics in the GCRC panel [12-14]. 

 
e) Any anticipated methodologic limitations or challenges if present 

 We do not foresee any methodologic challenges as members of our team have 1) 
worked with this specific dataset previously, and 2) built the machine learning model 
needed to estimate ECG-age successfully. 

 
f) Will the author need Limited data to complete the proposed manuscript? ☐ Yes, 

Limited data is needed (Provide a brief (2-3 sentences) justification for requesting 
PHI data) .  ☒ No, De-identified data will be sufficient. 

*Please note, Limited dataset access is strict and rarely provided. Limited data includes 
identifiable information such as dates (birthdays, visit dates, etc.).  CMS, Genomic, Geocoded, 
Proteomics/Somalogic, and other -omic data all fall under the limited data category. De-
identified data does not include dates.  All dates are date adjusted to "Days since Visit 1".  
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? (Non-ARIC analysis means that the authors are not regarded as ARIC 
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investigators and the "ARIC author" is essentially just a facilitator rather than an integral 
part of the writing group.)  ☐ Yes    ☒ No 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only” 
and/or “Not for Profit” ? ☒ Yes    ☐ No 
(The file ICTDER is distributed to ARIC PIs annually, and contains  
the responses to consent updates related to stored sample use for research.) 

 
8.a. Will the DNA data be used in this manuscript? ☐ Yes    ☒ No 
 
8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the current derived consent file ICTDER05 must be used to 
exclude those with value RES_DNA = “No use/storage DNA”? ☐ Yes    ☐ No ☒ N/A 

 
9. The lead author or the "sponsoring" ARIC author of this manuscript proposal has 

reviewed the list of existing ARIC Study manuscript proposals and has found no 
overlap between this proposal and previously approved manuscript proposals either 
published or still in active status.  ARIC Investigators have access to the publications lists 
under the Study Members Area of the website at: 
https://aric.cscc.unc.edu/aric9/proposalsearch [ARIC WebsitePublicationsProposal 
Search]  

 
☒ Yes     ☐ No 

 
10. What are the most related manuscript proposals in ARIC (authors are encouraged to 
contact lead authors of these proposals for comments on the new proposal or 
collaboration)? 
#3678 (AI ECG prediction of heart failure) and #3982 (AI ECG prediction of MI). Neither 
manuscript uses the GCRC data to evaluate repeatability. 
 
11.a. Is this manuscript proposal associated with any ARIC ancillary studies or does it use 
current [or ongoing] ancillary study data (this includes ACHIEVE)?  ☒  Yes  ☐ No  
Skip to question 12 
 
11.b. If yes to 11.a., is the proposal  

☒ A. exclusively the result of an ancillary study  
☐  B. primarily based on ARIC data with ancillary data playing a minor role 
(usually control variables) 
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*ancillary studies are listed by number 
https://aric.cscc.unc.edu/aric9/researchers/ancillary_studies/approved_ancillary_studies [ARIC 
WebsiteAncillary StudiesApproved Ancillary Studies] 
 
12a. Manuscript preparation is expected to be completed in one to three years.  If a 
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 
approval, the manuscript proposal will expire. 
 
12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 
has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
policy.  Four files about the public access policy from http://publicaccess.nih.gov/ are posted in 
https://aric.cscc.unc.edu/aric9/publications/policies_forms_and_guidelines [ARIC 
WebsitePublicationsPublication Policies, Forms, and Guidelines]. 
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals 
automatically upload articles to PubMed central. 
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