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4. Rationale:  



 

It is known that atrial fibrillation (AF) is associated with increased risk for stroke1,2, which can 

further cause cognitive impairment or dementia among patients3. Mounting evidence suggests 

that AF might be directly associated with an increased risk of cognitive impairment,4,5 and one 

proposed mechanism is through the increased risk of stroke in patients with AF 4,6. However, 

recent studies have also shown that AF is associated with an increased risk of cognitive 

impairment and dementia even in the absence of prevalent stroke6,7. Studies have suggested 

alternative explanations linking AF to cognitive impairment and dementia. For example, lower 

cardiac output among AF patients might induce brain hypoperfusion5, which might further 

compromise cerebrovasculature and brain tissues8. Therefore, it is critical to investigate the 

direct association between AF and cognitive impairment in those with and without stroke in 

order to elucidate potential underlying mechanisms for prevention purposes. 

 

Cerebral white matter disease plays an important role in cognitive impairment. White matter 

hyperintensity (WMH) assessed through MRI as a consequence of cerebral small vessel disease 

is associated with increased risk of cognitive impairment and dementia9. Recent technology - 

Diffusion Tensor Imaging (DTI) – supplements WMH volume measured with traditional MRI 

and can provide information on more subtle damages to white matter microstructures. DTI tracks 

the diffusion distribution of water molecules in the tissue. Fractional anisotropy (FA) and mean 

diffusivity (MD) are the two most common measures. FA captures the directionality of water 

flow whereas MD informs the mean diffusivity of water molecules in all directions10. Thus, 

when applied to the white matter, DTI measures are considered highly sensitive markers of 

neuropathology10 and provide information that can be critical to early detection of white matter 

integrity change that could prevent worsened outcomes.  

 

Several studies have suggested that vascular risk factors such as hypertension are associated with 

worse white matter microstructural integrity4,6. Studies have also examined the association 

between AF and WMH dependent and independent of cerebral infarcts11,12. However, there are 

no studies to date investigating the direct association between AF and white matter 

microstructural integrity using DTI measures. Moreover, few studies have investigated etiologic 

pathways from AF to cognitive impairment or dementia independent of stroke or silent cerebral 

infarcts (SCI) 13,14. Therefore, in order to better understand the potential mechanistic pathway 

linking AF to cognitive impairment and dementia, we propose to examine the association of 

prevalent AF with WMH and white matter microstructural integrity (assessed with FA and MD) 

among persons with and without the presence of clinical stroke and SCI in the ARIC-NCS cohort 

using a cross-sectional study at Visit. 5.  

 

Also, we will conduct a quantitative bias analysis to examine the impact of selection bias and 

information bias on the above estimates of associations. 

 

5. Main Hypothesis/Study Questions: 

 

Aim 1: Examine the association of AF with WM microstructural integrity (measured by FA and 

MD) and WMH volume 



 Aim 1.1.1: Examine the association of AF with WM microstructural integrity and WMH 

in the ARIC sample, as well as the association of AF with WM microstructural integrity 

independent of WMH. 

 Aim 1.1.2: Examine the association of AF with WM microstructural integrity and WMH 

among persons without clinical stroke and silent cerebral infarcts (SCI). 

 

Hypothesis: We hypothesize that AF is associated with reduced WM microstructural integrity as 

defined by MD and FA, and with increased volume of WMH, independently of presence of 

stroke and SCI. 

 

Aim 2: Methodological aims. Apply a quantitative bias analysis on the estimates of association 

detected in Aim 1 

         Aim 2.1: Identify the appropriate bias model for bias analysis. 

         Aim 2.2: Assess the impact of selection bias and misclassification bias over the association 

detected in Aim 1.  

 

 

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: Cross-sectional study of the association between Visit 5 AF status and Visit 5 

WM microstructural integrity.   

 

Exclusion Criteria for Aim 1.1.1: Participants of race other than black or white, non-white 

participants examined at MD or MN; Missing DTI data at Visit 5; no consent to use of genetic 

data  

 

Exclusion Criteria for Aim 1.1.2: Participants of race other than black or white, non-white 

participants examined at MD or MN; Missing DTI data at Visit 5; Prior history of either stroke 

or SCI before Visit 5; no consent to use of genetic data. 

 

Exposure: Atrial fibrillation status (yes /no) at Visit 5 as defined by past AF history based on 

study ECGs; history of AF hospitalization. 

 

Outcomes: DTI data (regional average FA and MD measurements) measured at ARIC-NCS visit 

5; White matter hyperintensity volume measured with MRI at Visit 5.  

 

Covariates:  

age, sex, race/center, systolic/diastolic blood pressure, fasting glucose, HDL-C, LDL-C, 

triglycerides, education, smoking history, alcohol use, BMI, hypertension medication, diabetes, 

ECG-based left ventricular hypertrophy, plasma CRP, eGFR and ApoE * E4 allele status, and 

anticoagulant use at Visit 5. Most covariates and biomarker data are collected during Visit 5 of 

ARIC-NCS except for race/center, education, and sex (using information from visit 1),  

 

Data Analysis:  



 

In our primary analysis, we will investigate the association between AF status and WM 

microstructural integrity using weighted multiple linear regression models, incorporating the 

ARIC-NCS MRI sampling weights and adjusting for potential confounders. We will repeat the 

analysis adjusting for WMH as well as in the participants without prior stroke or without SCI in 

MRI. Additional analyses will also consider log (WMH volume) as an independent variable. 

 

The impact of selection bias due to loss-to-follow-up and information bias due to 

misclassification of AF on the association between AF and WH microstructural integrity will be 

performed through a formal bias analysis as described in Applying Quantitative Bias Analysis to 

Epidemiologic Data15. We will examine different sets of bias parameters and perform 

multidimensional bias analysis to each bias scenario separately. Based on our results from bias 

analysis, we will then determine whether to perform multiple imputation on missing 

exposure/covariates data including previous ARIC study visits.  

 

Limitations and Challenges: Our study is limited to a cross-sectional analysis since DTI data is 

only available during ARIC-NCS visit 5. Moreover, we will only use regional average FA and 

MD as measurements due to data availability. Due to limited prior knowledge, unknown 

confounding remains an issue in our analysis, though we are adjusting for the main established 

risk factors for AF. Certain covariates such as plasma CRP are measured as an indicator for 

inflammatory response at an immediate time point at visit 5. Even though evidences suggest that 

inflammatory response could be a potential confounder, the direction of association remains 

unknown due to temporal ambiguity.  
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