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3. Timeline:   

Data collection is already completed. Analysis will begin following proposal approval. Manuscript will 
follow analysis (~6-12 months). 
 
 
4. Rationale:  

Atrial fibrillation (AF) is the most common cardiac arrhythmia among older adults, afflicting 
approximately 3% of the general population, and its prevalence is expected to increase in the next decades 
(1,2). AF significantly increases the risk of stroke and heart failure (HF), and the development of AF is 
associated with poor cardiovascular outcome in several patient populations (3). Thus, early detection of 
AF is important for stroke and HF prevention as well as for overall improvement in prognosis. 
 
Different standard echocardiographic measures have been proposed as predictors of incident AF, which 
could help to identify high risk patients. Measures of left ventricle (LV) structure, such as increased left 
ventricular mass, and LV function, such as reduced LV ejection fraction, have been shown to be 
associated with the new-onset AF (4-6). Also left atrial (LA) enlargement has also the potential to identify 
subjects at higher risk of incident AF (7).  
 
However, the long-term prognostic value of a broad range of echocardiographic measures, incorporating 
conventional assessment of cardiac structure and function and novel deformational imaging technique 
(i.e. strain analysis derived by speckle-tracking echocardiography) of the LV and the LA is yet to be 
defined. Also, whether measures of subclinical cardiac impairment portend higher risk of incident AF 
regardless of history of HF or in subjects with normal LA size is largely unknown.  
 
The Atherosclerosis Risk in Communities (ARIC) (8) study offers a unique opportunity to 
comprehensively analyze the associations between measures of cardiac structure and function and new-
onset AF.  We aim to assess whether subclinical markers of cardiac dysfunction are associated with 
incident AF and whether the associations are modified by prevalent HF and LA size.   
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5. Main Hypothesis/Study Questions: 

The primary objective of this study is to assess the relationship between measures of cardiac structure and 
function and the risk of incident AF. 
We hypothesize that worse alterations in cardiac structure and function portend a higher risk of new onset 
AF. Parameters of subtle cardiac impairment (such as LV global longitudinal strain and LA strain) will 
improve the risk estimation more than conventional measures of cardiac structure.  
 
 
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:  
This is a prospective study analyzing eligible subjects without prevalent AF, who participated in the 
ARIC visit 5 echocardiography study (2011-2013) and have images of acceptable quality for analyses. 
Visit 5 (2011-2013) will serve as the baseline and incident AF events will be captured through 2019 (or 
most recent data available). 
 
Exclusion Criteria: 
Subjects with incomplete echocardiographic data, history of AF and stroke at visit 5 will be excluded. We 
will also exclude participants whose race is other than Black or white, as well as Black participants from 
the Minneapolis and Washington County centers.   
 
Variables: 
Outcomes  

- Our primary outcome is first occurrence of AF (after visit 5) through December 31, 2019. We 
defined the incidence date of AF as the date for the first ECG showing AF, the first hospital 
discharge coded as AF, or when AF was listed as a cause of death, whichever occurred earlier. 
AF was ascertained by hospital discharge International Statistical Classification of Diseases 
(ICD) codes, and death certificates (9). Hospitalizations were detected with annual follow‐up 
telephone calls and review of local hospital discharges. AF events were identified by the presence 
of the ICD, 9th Revision, Clinical Modification code of 427.31 (AF) or 427.32 (atrial flutter), 
listed as a discharge diagnostic code at any position. We excluded AF events associated with 
cardiac surgery. AF events were also identified if ICD‐9 code 427.3 or ICD‐10 code I48 was 
listed as a cause of death. 

- Secondary outcome: intermittent vs. continuous AF (based on Zio XT Patch at V6) 
 
 

Exposure variables 
Echocardiographic Variables 
- LV dimensions, volumes and EF  
- Global LV systolic strain (GLS and GCS) 
- Significant Mitral Regurgitation 
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- LV mass  
- LV diastolic function (E/A, E/e’) 
- LA Structure: LA maximal and minimal volume and derived LA emptying fraction and expansion index  
- LA function: LA Reservoir, LA Contraction, LA Conduit 
 
Analysis: 
Echocardiographic measures and confounders will be analyzed continuously and linear relationship with 
incident AF will be assessed. Cox proportional hazard models will be used to assess the association of 
cardiac structure and function and incident AF.  
 
Planned multivariable-adjusted models:  
Model 1: age, gender, race/center  
Model 2: model 1 + body mass index, systolic and diastolic blood pressure, height, antihypertensive 
medication use, heart rate, chronic kidney disease, history of coronary artery disease, diabetes mellitus, 
history of HF 
Model 3: model 2 + log NTproBNP. 
 
Interactions by age (median split), sex, and race will be explored. Stratified results will be reported when 
appropriate. We will also perform a multivariable Cox regression with the inclusion of the CHARGE-AF 
(Cohorts for Heart and Aging Research in Genomic Epidemiology–Atrial Fibrillation) score (10). We will 
test whether adding LA or LV variables to the CHARGE-AF score improves risk prediction of atrial 
fibrillation risk. LA or LV variables with the strongest association with AF events will be incorporated 
into the CHARGE-AF score. We will evaluate the performance of the new model using the C-statistic, 
calibration chi-square, and the categorical net reclassification improvement. 
 
We will furthermore perform interaction analysis to test whether history of HF and LA size modify the 
relationship between significant cardiac measures and incident AF. 
 
A two-sided p-value of <0.05 will be considered statistically significant. 
 
Limitations 

- Residual confounding remains a possibility.  
- Most of the events relied on hospitalization ICD codes leading to the potential for 

misclassification of AF, though validation studies have shown adequate validity of this case 
definition (11). 

- Power might be limited, given multiple stratification steps.  
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