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4. Rationale:  
Cognitive decline in the setting of clinical stroke is well-documented1,2, but it is possible that 
vascular risk factors act independently and result in either silent infarcts or by some other 
mechanism yet to be understood, contribute to brain pathologic changes sufficient to cause 
cognitive impairment.3-5 
 
Atrial fibrillation (AF) and other atrial tachyarrhymias (e.g., frequent premature atrial 
contractions [PACs] and atrial tachycardia [AT]) are potential risk factors for cognitive decline 
and dementia.  AF can cause cardioembolic strokes or silent infarction, thereby potentially 
leading to later development of cognitive impairment from direct insult.6 AF is certainly 



associated with other cardiac conditions, such as heart failure, that increase risk of dementia.7,8 
AF is also associated with vascular risk factors, which themselves are associated with elevated 
risk for dementia,9 but data from ARIC show that AF’s association with cognitive decline and 
dementia is independent not only of these comorbid vascular risk factors but also stroke.10,11 It is 
unknown, therefore, if the effect of AF on cognition is mediated entirely through these pathways 
or these shared risk factors, or there is a more direct mechanism by which AF impacts cognition, 
apart from stroke or silent brain infarction.12 There has been a suggestion that AF may impact 
brain volumes via cerebral hypoperfusion or cerebral emboli, with permanent AF more strongly 
associated with global brain atrophy than paroxysmal AF, suggesting a cumulative effect, but 
other work saw such associations attenuated after adjusting for vascular risk factors.13,14 There 
may also be a multi-hit phenomenon with literature suggesting that in patients with Alzheimer’s 
disease (AD), the APOE Ɛ4 allele, and permanent AF have lower mini-mental state exam 
(MMSE) scores and the highest risk of cognitive deterioration when compared with individuals 
without AF.15 
 
One way to evaluate potential mechanisms by which AF might impact cognition and increase 
dementia risk is to consider specific markers of diseases processes that impact cognition: the 
availability of tracers that bind to beta-amyloid (Aβ) allows consideration specifically of AD-
specific pathology. Although demonstrating an association between AF and brain amyloid does 
not rule out other mechanisms connecting the two (including shared confounding risk factors), 
evidence of elevated brain amyloid in individuals with AF would further demonstrate the 
potential importance of treatment and prevention of AF.  
 
The aim of this study is to leverage the ARIC-PET study, which provides cerebral beta-amyloid 
(Aβ) imaging (florbetapir PET) in a group of nondemented individuals, and information on 
prevalent AF to begin to answer these questions.  Of note, among those patients who have AF, 
there is a suggestion of race differences in the epidemiology of the disease, the severity of the 
disease and treatment of the disease.16,17 We have also described similar disparities in amyloid 
deposition, with higher rates of Aβ positivity in blacks vs whites in ARIC-PET.18 As a result, it 
is of interest and importance to explore the potential for effect measure modification by race of 
the association between a history of AF and brain amyloid. Therefore, we aim to determine if 
there is an association between prevalent AF and brain amyloid on PET, and explore differences 
in these associations by race.  
 
Additionally, we will leverage the Zio XT Patch data at ARIC visit 6 to define those who may 
have some atrial electrical remodeling, characterized by the present of premature atrial 
contractions (PACs) or atrial tachycardia (AT), a well-established precursor to AF19 and 
determine the association between the presence and frequency of PACs/AT and brain amyloid on 
PET. We have previously shown that there was a higher odds of elevated cerebral beta-amyloid 
(Aβ) among those with a larger left ventricular diameter.20 We will expand these considerations 
to include early evidence of atrial remodeling manifesting as frequent PACs or AT on Zio XT 
Patch in this analysis. As the sample size allows, we will also explore differences in these 
associations by race.  
 
5. Main Hypothesis/Study Questions: 
 



Aim 1: To determine the cross-sectional association between global cortical Aβ deposition by 
PET and AF, diagnosed by ARIC ascertainment. 
Hypotheses: 

1. Global cortical Aβ will be elevated in individuals with AF compared to participants 
without AF, independent of demographics and vascular risk factors. 

2. The association between the presence of atrial fibrillation and global cortical Aβ will be 
different between blacks and whites, with blacks with AF having a higher amount of Aβ 
than whites with AF, when controlling for other demographics and vascular risk factors. 

Aim 2: To determine the (nonconcurrent) cross-sectional association between global cortical Aβ 
deposition by PET and PACs/AT, as assessed by Zio XT Patch diagnosis. 

1. Global cortical Aβ will be higher in individuals with frequent PACs (defined per 
analysis plan) compared to participants with infrequent PACs, independent of 
demographics and vascular risk factors. 

2. Global cortical Aβ will be higher in individuals with a higher AT burden (defined per 
analysis plan) compared to participants with a lower AT burden or any AT, independent 
of demographics and vascular risk factors 

3. The association between PACs/AT and global cortical Aβ will be different between 
blacks and whites, with blacks having a greater amount of amyloid with the same 
incremental increase in PACs/AT.  
 

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 cohort: The analysis will be of all participants in the completed ARIC-PET study (N= 346 
completed scans) for Aim 1 and all participants in the ARIC-PET study who also have Ziopatch 
information available (N=199) for Aim 2. All analyses will be cross-sectional, using 
echocardiogram (echo), electrocardiogram (ECG) and laboratory data from ARIC visit 5 and 
PET data from ARIC-PET (scan #1, concurrent to visit 5), although Ziopatch data is from visit 6, 
so aim 2 will be nonconcurrent (~5 years apart)).  
 
Inclusion criteria (for inclusion in ARIC-PET; all of these persons will be included in analysis): 
no ARIC diagnosis of dementia at time of florbetapir PET scan, and with a brain MRI (from 
ARIC-NCS) within 12 months of recruitment. All participants were required to be able to give 
their own consent. For Aim 2, we will require participants to have Ziopatch data and will exclude 
participants who wore Ziopatch for less than two days. 
 
Exclusion criteria for involvement in ARIC-PET: We excluded individuals with history of: (1) 
radiation therapy, chemotherapy, or surgery in the 6 weeks preceding the ARIC-PET visit; or (2) 
clinically significant liver or renal dysfunction; (3) prolonged QT interval; (4) drug or alcohol 
abuse. We allowed use of anticholinergic medications or memantine if the dose had been stable 
for ≥3 months preceding the PET scan. 
 
Outcome: Standardized Uptake Volume Ratio (SUVR) of florbetapir (amyloid) by ARIC-PET, in 
prespecified regions of interest. Global mean cortical SUVR, which is a weighted average (based 
on region-of-interest (ROI) volumes) of regions known to be typically impacted in AD. The 
SUVR’s will be evaluated at a cutpoint of 1.2, with values >1.2 considered positive, or elevated.  



 
Exposure: AF will be defined per ARIC ascertainment at visit 5 while PAC burden and AT will 
be obtained from Zio XT Patch at visit 6 and will be defined as follows:  

1) AT: narrow complex tachycardia >4 beats with a rate >100 bpm;  
2) AT burden: Number of AT episodes per day 
3) PAC burden: Number of PACs per day or % of heart beats that are PACs 

 
Other variables: We will include race, center, sex, and age information from ARIC baseline 
(race, center, sex) and visit 5 (age), as well as APOE genotype from prior ARIC measurement. In 
addition, hypertension and systolic and diastolic blood pressures, diabetes, hypercholesterolemia, 
and smoking status will all be assessed from visit 5. Level of educational attainment as a 
covariate will be included in the models. Cognitive status (MCI versus normal cognition, since 
no participants with dementia were included in the cohort), defined based on the ARIC-NCS 
expert classification, will also be considered in later models as a covariate. 
 
Data analysis: Our primary analysis for Aims 1 and 2 will utilize logistic regression models with 
evaluation of elevated SUVR as a binary dependent variable; the SUVR data are highly skewed, 
not easily handled with transformation, so we will not plan to use continuous SUVR data. AF 
will be considered as either present or absent up to and including visit 5.  
 
For Aim 2 (Hypothesis 1) PAC burden will be considered as number of PACs per day/% of heart 
beats that are PACs.  As there is no clinical cutoff for frequent PACs, different modeling 
strategies will be considered.  PACs will first be categorized using the Zio reports which is <1%, 
1-5%, >5%. It will also be considered as a continuous variable, per 1-SD increase. Finally, the 
PACs will be considered as tertiles with the lowest category as the reference group. (Hypothesis 
2). Given that participants who are in continuous AF will not have PACs, we will consider 
excluding those participants with continuous AF when PAC is the exposure. 
AT burden will be considered as a count (number of AT episodes per day) as well as either AT is 
present/AT is absent. Given that the analysis is non-concurrent, it is possible that both Aβ and 
cardiovascular risk factors/PAC burden at visit 5 may affect participation in visit 6 (when the Zio 
data were collected). This could lead to selection bias, and as such, we will consider using either 
multiple imputation methods or inverse probability weighting to account for selection bias. 
 
All models will include adjustment for demographics (model 1); other covariates (model 2), with 
addition of APOE and cognitive status in model 3. We will add race interaction terms when 
appropriate (Aims 1+2).  
 
Sensitivity analysis: We recognize that stroke may represent a confounder in the relationship 
between AF and global mean cortical SUVR, or between PACs/AT and global mean cortical 
SUVR.  However it is also possible that As such, we will include stroke in the adjustment model 
(model 2) in the primary analysis.  There are not many participants in the ARIC-PET cohort with 
stroke, but in a sensitivity analysis we will exclude these participants due to the possibility of 
stroke as a mediator between the exposure and outcome.  We also recognize that there are 
participants who will have AF at the time of visit 6, but not at the time of visit 5.  We will adjust 
for prevalent AF at visit 6 in the main analysis (model 2) and in a sensitivity analysis we will 
exclude those participants who have prevalent AF at visit 6. 



 
Limitations: We recognize that ARIC-PET was performed as an ancillary to visit 5 and Zio XT 
data was obtained at visit 6 so the analysis is non-concurrent.  We acknowledge the timing of 
PET relative to Zio as a limitation, but we have planned the above sensitivity analysis to address 
those with prevalent AF at visit 6 and have limited the definition of AF to ARIC ascertainment at 
visit 5. We will additionally consider the need to address selection bias as mentioned above.  
Finally, we recognize that the sample size is small and therefore may preclude adequate power to 
address interactions by race. 
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