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 The ARIC study has demonstrated that persistent atrial fibrillation (AF) is associated with 
cognitive impairment1, that participants with high burden of PACs have lower cognitive scores2, 
and that left atrial enlargement in the presence of AF is associated with dementia.3  Other cohorts 
have supported these findings, with AF patients having poorer baseline cognition and incident 
cognitive impairment that was independent of incident stroke.4 A meta-analysis with 89,907 AF 
participants also found a higher risk of cognitive impairment independent of a history of stroke.5 
These results support that AF, even in the absence of stroke, may independently contribute to 
cognitive impairment.6  
 
AF, however, is not a binary entity. While measures of AF burden and other arrhythmias are 
important, an even earlier state of atrial dysfunction, specifically atrial cardiopathy, is becoming 
increasingly recognized as an important contributor to ischemic stroke.7  Since atrial cardiopathy 
is associated with increased risk of stroke and AF, and both stroke and AF are associated with 
increased dementia risk, it is essential to determine whether the link between atrial cardiopathy 
and dementia is independent of AF and stroke. We readily acknowledge that the relationship 
between a state of atrial cardiopathy and an atrial tachyarrhythmia is complex. It may be that 
atrial cardiopathy might result in increased dementia risk because it results in AF, or rather is 
simply mediated through AF, or it may be that a state of atrial cardiopathy independently 
increases dementia risk, apart from the development of AF.  
 
Atrial cardiopathy has been suggested as another explanation of left atrial embolization than AF 
alone, and definitions used in other research and in clinical trials have begun to incorporate 
measures of left atrial size and other biomarkers of cardiac function. We have previously 
demonstrated an association between atrial cardiopathy, defined using the criteria set forth in a 
major ongoing clinical trial, and florbetapir PET markers of beta-amyloid in the ARIC PET 
ancillary study.8  That work, however, included individuals without dementia, and although it 
suggests an association with a major mechanism of dementia, it is important to understand the 
overall role in dementia risk. The overarching goal of this proposed manuscript is to define the 
association of atrial cardiopathy, defined by three easily obtainable measures in clinical practice, 
specifically left atrial size, serum NT-proBNP and p-wave terminal force on electrocardiography, 
and incident dementia.  
 
5. Main Hypothesis/Study Questions: 
 
Aim 1: To determine the association of atrial cardiopathy in old age (defined at visit 5) with 
incident dementia, accounting for vascular risk factors.  
 Hypothesis 1a: There is an association of atrial cardiopathy with incident dementia 
independent of vascular risk factors. 
 Hypothesis 1b: There is an association of atrial cardiopathy with incident dementia even 
among people without a diagnosis of AF.   
 Hypothesis 1c: We do not anticipate that the association between atrial cardiopathy and 
incident dementia, if found, will be completely mediated through AF.    
 
Aim 2: To determine the association of atrial cardiopathy in old age (defined at visit 5) with 
incident dementia, accounting for vascular risk factors, in persons without stroke. 



 Hypothesis 2a: There is an association of atrial cardiopathy with incident dementia 
independent of vascular risk factors in persons without stroke. 
 Hypothesis 2b:  We do not anticipate that if the association in Aim 1 is found, it will be 
completely mediated through stroke.    
  
We hypothesize that the risk of incident dementia will be higher among those with atrial 
cardiopathy independent of demographics and vascular risk factors. We also hypothesize that 
there will be an attenuation of the effect when excluding participants with prevalent AF or 
prevalent stroke, but that the effect estimates will remain significant.  We also hypothesize that 
the effect of atrial cardiopathy on incident dementia will be partially mediated by AF, and stroke, 
each, but that full mediation will not be present. 
 
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 population: 
Our study design will be a prospective cohort study with study entrance at visit 5, with follow up 
through visit 7 (or most recent data).  
 
Inclusion criteria: Non-demented ARIC participants who attended visit 5 and had echo 
measurements will be included in this analysis.  
Exclusion criteria:  Participants whose race is other than black or white, or blacks from the MN 
and MD centers will be excluded. Participants will be excluded if they are missing NT-proBNP 
or covariates of interest.   
 
Exposure: 
We will define atrial cardiopathy as a combination of enlarged left atrial diameter, the p wave 
terminal force measure in lead 1 on electrocardiogram, and elevated serum NT-proBNP. 
Specifically, atrial cardiopathy will be defined as present if the participants have ≥ 1 of the 
following: P-wave terminal force >5000 mV x ms in electrocardiogram (ECG) lead V1, serum 
amino terminal pro-B-type natriuretic peptide (NTproBNP)>250 pg/mL, and LA diameter index  
≥3cm/m2.  Other work has demonstrated an association between p-wave terminal force in lead 
V1 and atrial abnormalities such as fibrosis and myocyte hypertrophy.9,10 Left-atrial chamber 
dilatation is also associated with atrial dysfunction independent of AF.11-13 Finally serum NT-
proBNP reflects atrial myocyte dysfunction, and has been associated with ischemic stroke 
independent of AF.14 These three markers together help form a picture of the function of the left 
atrium, apart from tachyarrhythmia alone. It was also chosen as the definition of atrial 
cardiopathy used to enroll participants in ARCADIA, a major, ongoing stroke clinical trial 
designed to test if patients who have atrial cardiopathy go on to have recurrent stroke after being 
randomized to receive either aspirin or apixaban.15 This was also the definition used in our prior 
ARIC work determining the association between atrial cardiopathy and florbetapir PET.8 As a 
result of this, we believe that this is an optimal definition by which to define atrial cardiopathy in 
a way that can be easily applicable in clinical practice as it requires no advanced imaging (LA 
diameter easily obtained from standard, routine clinical transthoracic echocardiography). In this 



study, P-wave terminal force will be calculated by multiplying amplitude by duration from 
participant ECG.  
 
Outcomes: 
We will use the level 3 definition of dementia in ARIC that includes participants with 
adjudicated dementia by in person exam, by telephone assessment, informant telephone 
interview, or by medical records (identified through surveillance for hospitalization discharge 
codes (ICD-9) or death certificate codes related to dementia). 
 
Statistical Analysis: 
Covariates:  
Covariates will include age, race-center, sex, education (visit 1), Apo E4 allele, current alcoholic 
use, current cigarette smoking, body mass index, history of coronary artery disease, history of 
prevalent heart failure, low density lipoprotein cholesterol and hypertension.  Adjudicated atrial 
fibrillation (defined by ECGs, hospital discharge records and ICD-9 codes) will be included in 
the adjustment model for Aim 2. ARIC adjudicated ischemic stroke will be included in the 
adjustment model for Aim 1.  We will additionally consider the use of anticoagulants or 
antiplatelet medications as covariates.  
 
Primary Analysis: 
We will use an adjusted Cox proportional hazards regression models to determine the association 
of atrial cardiopathy with incident dementia. We will follow participants over time until either 
the participant has the event of interest (dementia), death, or censoring (drop out or end of 
follow-up). We will perform this analysis among all participants who meet inclusion criteria, and 
then will additionally exclude those with prevalent AF (Hypothesis 1b) or prevalent ischemic 
stroke (Hypothesis 2a). We will then perform a formal mediation analysis using structural 
equation modeling to estimate the direct and indirect mediation effects of atrial fibrillation (Aim 
1) or ischemic stroke (Aim 2) on the association between atrial cardiopathy and dementia. We 
will also consider a competing risks analysis depending on the number of outcomes.  
 
Additional Analyses: 
 
We will additionally test for center*race-based interactions in the association between atrial 
cardiopathy and incident dementia. Given that there is a lower rate of AF in Blacks but a higher 
rate of dementia in Blacks, it is plausible that a similar pattern may be seen for atrial cardiopathy 
and thus hypothesize that atrial cardiopathy may be a more important risk factor for dementia in 
Whites versus Blacks.   
 
Limitations: 
We recognize that there will be limitations in our analysis.  It may be that we may miss 
asymptomatic AF or silent cerebral infarction, not captured in the ARIC adjudication process. It 
may be that another definition of atrial cardiopathy may be superior to the one chosen for this 
manuscript, but it is a definition that has been used in other research, and by ongoing clinical 
trials and will therefore offer the ability to compare our findings to other’s work. We also 
recognize that the participants who develop either AF or stroke during the duration of follow up 
may be small.  
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