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3. Timeline: 
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4. Rationale:  

Atrial fibrillation (AF) is the most commonly sustained cardiac arrhythmia, and its prevalence 

increases dramatically with age[1]. Emerging evidence suggests that AF is associated with 
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cognitive impairment [2-5]. While earlier studies have shown that such association is strongest in 

individuals with prevalent stroke[2], two meta-analyses have demonstrated that the association is 

also present in patients without a history of clinical stroke [6, 7]. Additionally, studies have 

indicated that in the absence of clinical stroke, patients with AF experience more rapid cognitive 

decline than those without [3, 5], thus highlighting the importance of atrial fibrillation as a risk 

factor for cognitive impairment, independent of clinically recognized stroke.  

 

Even though increasing evidence has shown that cognitive performance is worse in patients with 

AF compared with those without, studies investigating the potential underlying brain 

morphometric changes in this patient population are scarce [4, 8, 9]. Total cerebral brain volume 

has shown to correlate directly with various domains of cognitive performance including 

attention, executive function, and visuospatial function [10]. Additionally, it has previously been 

shown that in stroke-free individuals with AF, cognitive decline is mediated by the presence of 

subclinical cerebral infarcts [3]. As a result, it is important to understand the relationship 

between AF and brain structure, as it might provide additional insights into the 

pathophysiological mechanisms of cognitive impairment in AF patients. In the largest study to 

date among 4,251 non-demented participants, in an age and sex matched analysis, AF was 

associated with lower volume of total brain, and gray matter volume [4]. However, in a more 

recent study from the Framingham Offspring cohort, such associations only held for frontal brain 

volume after additional adjusting for vascular risk factors and APOE4. [8].  Given the conflicting 

evidences, this study aims to assess whether prevalent AF is associated with total or regional 

brain volumes and whether such association holds among patients without evidence of silent 

cerebral infarcts and microbleeds. 

 

5. Main Hypothesis/Study Questions: 

 

Aim 1. To investigate the association of prevalent AF with total and regional brain volumes, 

adjusting for sociodemographic information, cardiovascular risk factors (diabetes, hypertension, 

heart rate, obesity, smoking, dyslipidemia, kidney function), and prevalent cardiovascular 

disease (past history of myocardial infarction, heart failure, or stroke), and presence of white 

matter hyperintensity. 

Hypothesis: We hypothesize that AF is associated with lower total and regional brain volumes, 

and that the association is independent of demographics, cardiovascular risk factors, prevalent 

cardiovascular disease, and APOE4 status.  

 

 

Aim 2. To assess the role of silent cerebral infarcts, microbleeds, or volume of white matter 

hyperintensities as mediators of the association between AF and brain volumes. 

Hypothesis: We also hypothesize that presence of silent cerebral infarcts and microbleeds 

mediatethe association between AF and brain volumes.  

 

 

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 

We will include all participants who attended ARIC visit 5 and underwent brain Magnetic 

Resonance Imaging (MRI) scans.  

Of these, we will exclude those with incomplete MRI data or poor image quality, and those with 

missing values for AF ascertainment.  

 

Prevalent AF 

Participants are considered to have AF if there is evidence of AF in any of the study ECGs (Visit 

1-5) or had a hospitalization with an ICD-9-CM code for AF/atrial flutter not associated with 

open cardiac surgery prior to visit 5.[11] 

 

Outcome of interest 

The following brain volumes will be used as outcomes in our analysis: 

1. Total brain volume 

2. Lobar volumes (frontal, parietal, temporal, and occipital)  

3. Total volume of deep gray subcortical structures defined as the total volume of the thalamus, 

caudate, putamen, and globus pallidum 

4. The hippocampal volume  

5. Total volume of an Alzheimer disease signature region defined as the total volume of 

parahippocampal, entorhinal, and inferior parietal lobules; hippocampus; precuneus; and cuneus 

[12] 

 

Covariates of interest 

We will explore the following variables as potential mediators of the association between AF and 

brain volumes. Covariate information will come from visit 5, with the exception of static 

sociodemographic variables which were collected at baseline: 

1. Sociodemographic variables: age, sex, race-center, education 

2. Cardiovascular risk factors and prevalent cardiovascular disease: diabetes, hypertension, heart 

rate, obesity, smoking, dyslipidemia, kidney function, past history of myocardial infarction, heart 

failure, or stroke.  

3. AF-related medications: rate and rhythm-control therapies (beta-blockers, calcium-channel 

blockers, digoxin, type I and III anti-arrhythmics, anticoagulants). 

4. Presence of silent cerebral infarcts, microbleeds, volume of white matter hyperintensities. 

We will include total intracranial volume as a covariate in all analyses. 

 

Statistical analysis 

Characteristics of the study population will be presented by AF status. Adjusted multivariable 

linear regression models will be used to assess the associations between AF and brain volumes.  

Model 1 will be adjusted for total intracranial volume.  

Model 2 will be adjusted for sociodemographic factors and total intracranial volume 

Model 3 will include all variables in model 2 in addition to cardiovascular risk factors, prevalent 

cardiovascular disease, and APOE4 status.  

Model 4 will adjust for all variables in model 4 and presence of silent cerebral infarcts, 

microbleeds, and volume of white matter hyperintensities. All analyses will be weighted to the 

ARIC visit 5 / NCS sample using weights provided by the Coordinating Center.  

 



Among a total of 1968 participants who underwent brain MRI studies, 130 patients have AF. 

This sample size will be adequate to detect differences in brain volumes between patients with 

and without AF.  

 

Limitations 

The proposed analysis has 2 major limitations: 

1. Cross-sectional design: temporal relationships between presence of AF and brain volumes 

cannot be determined 

2. AF ascertainment: a large proportion of AF cases has been ascertained from hospital 

discharge codes without evidence of AF in an ECG 
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