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4. Rationale:  



 

Atrial fibrillation (AF), which affects 2.5 million people in the United States, is the most 
common type of cardiac arrhythmia and one of the major risk factors for stroke. Some people 
with AF may present with shortness of breath, heart palpitations, lightheadedness, and/or 
extreme fatigue. However, other people may have subclinical AF without overt symptoms. 
Subclinical AF is not uncommon. It is estimated that at least one-third of people with AF are 
asymptomatic.1 In a previous study of 2,616 participants from ARIC who wore a leadless, 
ambulatory ECG monitor (Zio XT Patch) for up to 2 weeks, we found that the prevalence of 
subclinical AF was 2.5%.2 Additionally, a meta-analysis of 54 studies showed that among 
patients with cardiac implantable electronic devices, subclinical AF was recorded in 
approximately 1/4 of patients.3 Overall, AF is associated with up to five fold greater risk of 
stroke.4 However, identification of people with subclinical/occult AF or who are at increased risk 
of AF is challenging.  
 Artificial intelligence (AI) has been shown as a promising tool for early identification of 
people at high risk of AF. By analyzing raw 12-lead electrocardiogram (ECG) sinus rhythm 
waveform data via AI techniques, previous studies reported relatively high accuracy of 
prediction of AF.1,5 The predicted risk of AF was significantly associated with structural and 
functional changes of the heart as indicated by measurements on two-dimensional transthoracic 
echocardiography,6 which confirms the importance of cardiac remodeling in the pathogenesis of 
AF.  
 Machine learning-enabled algorithms for diagnosis of subclinical AF and prediction of new-
onset AF may also be developed by leveraging a priori measured indicators of cardiac structural 
and functional remodeling on echocardiography. Echocardiogram provides comprehensive 
assessment of the structural and functional features of cardiac chambers and may identify 
subclinical abnormalities related to AF. In this study, we propose to use supervised machine 
learning to derive an echocardiogram-based risk score to diagnose prevalent AF and predict new-
onset AF using a priori measured echocardiographic parameters in the ARIC study. We will 
validate the new risk score in the Multi-Ethnic Study of Atherosclerosis (MESA).  
 
 
5. Main Hypothesis/Study Questions: 
Aim 1: Prevalent AF can be diagnosed using an echocardiogram-based risk score derived by 
supervised machine learning.     
 
Aim 2: New-onset AF can be predicted using an echocardiogram-based risk score derived by 
supervised machine learning.   
 
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 
Aim 1: Cross-sectional analysis at Visit 5.   
 
Aim 2: Prospective cohort study using Visit 5 as the baseline and follow-up through 2019.   
 
Inclusion/Exclusion 
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Aim 1: We will include participants who underwent echocardiography at visit 5. Participants 
who are neither African American nor white, and African Americans from the MN and MD 
centers will be excluded.    
 
Aim 2: The ARIC visit 5 will be used as the baseline. We will include participants who 
underwent echocardiography at visit 5. Participants with prevalent AF by visit 5 will be 
excluded, as well as those who are neither African American nor white, and African Americans 
from the MN and MD centers.    
 
Variables 
Predictors:  Derived echocardiographic features at Visit 5, including but not limited to -  

- Interventricular septum thickness (cm)  
- Posterior wall thickness (cm)  
- End-diastolic volume (ml) 
- End-systolic volume 
- Ejection fraction (%)  
- Left ventricular (LV) mass index (g per m2)  
- Maximal left atrial anterior-posterior diameter (cm) 
- Left atrial (LA) volume index (ml per m2)  
- Mitral regurgitation jet area (cm2)  
- Peak E wave velocity (cm per sec)  
- Peak A wave velocity (cm per sec)  
- Lateral early diastolic myocardial velocity (cm per sec)  
- Lateral late diastolic myocardial velocity (cm per sec)  
- Septal early diastolic myocardial velocity (cm per sec)  
- Septal late diastolic myocardial velocity (cm per sec)  
- E/e’ lateral ratio (cm per sec)  
- Left ventricular outflow tract (LVOT) peak velocity (cm per sec)  
- LVOT velocity time integral (VTI) (cm)  
- LA reservoir strain, % 
- LA conduit strain, % 
- LA contraction strain, % 

 
Outcome:  
Aim 1: Prevalent AF     
 
Aim 2: New onset AF 
 
Both the prevalent and new-onset AF will be ascertained from electrocardiograms (ECGs) 
conducted during study visits, ICD codes from hospitalization records, or an ambulatory ECG 
monitoring device during follow-up.  
 
Data analysis 
 Baseline characteristics of participants will be described using means and proportions.   
 



 

 Primary analysis for aim 1 will use logistic regression to develop a prediction model for 
prevalent AF. 
  
 Primary analysis for aim 2 will use the lasso method for variable selection in Cox 
proportional hazards model to develop a prediction model for new-onset AF among people 
without known history of AF.7  
 
 The following variables available at visit 5 will be considered as predictors in the model -  
 (1) Baseline demographics, including age, sex, and race  
 (2) Derived echocardiographic features as listed above.  
  
 Other machine learning techniques, such as random forest models, will be conducted as 
secondary analysis. Model performance of the algorithms derived through the primary analysis 
and sensitivity analysis will be evaluated using AUC (for aim 1) and Harrell’s C-index (also 
called the concordance index) (for aim 2).8  
 
 We will compare the performance (C-statistic and calibration) of our risk score with other 
risk scores (CHARGE-AF score, C2HEST score).         
 
 Validation analysis (MESA) - The ARIC model will be applied to the MESA cohort. 
Calibration and discrimination of the model will be assessed.      
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