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4. Rationale:  
Atrial fibrillation (AF) is the most common sustained arrhythmia afflicting more than 2 
million Americans, a figure that is projected to increase to approximately 5 to 12 million 
by 2050.1, 2 AF is not only associated with an increased risk of stroke,3 heart failure,4 and 
death,5 but it also imposes considerable socioeconomic burden.6, 7  
 Recently, there has been evidence to suggest that AF may contribute to the 
development of dementia−also a burgeoning public health problem. Notably, a cross-
sectional study of the Rotterdam Study demonstrated that cognitive dysfunction was 
approximately twice as common in subjects with AF than in those without.8 Other cross-
sectional studies have shown that AF was associated with cognitive dysfunction, 
independent of stroke and other cardiovascular risk factors.9, 10 In contrast, analyses from 
some prospective cohort studies have not shown an association between AF and cognitive 
dysfunction.11-13 The Cognition in Atrial Fibrillation Evaluation (CAFE)11−a prospective, 
longitudinal, community-based cohort study−did not find any association between AF 
and cognitive impairment. Similarly, two other prospective cohort studies did not find an 
association between AF and cognitive impairment in octogenarians.12, 13  
 More recent data from the Intermountain Heart Collaborative Study, an integrated 
health system database, have rekindled the debate on the association between AF and 
cognitive function.14 This study, which included 37,025 patients (10,161 with AF and 
1,535 with dementia), not only demonstrated that AF independently predicted all 
dementia subtypes, but also showed that AF was a predictor of higher mortality among 
patients with dementia.14  

ARIC−with more than 1,000 incident AF events, and cognitive assessments and 
Brain MRI scans in a subset of participants−is uniquely suited to investigate the 
relationship between AF and cognitive function. 
 
5. Main Hypothesis/Study Questions: 
 
Aim #1: Evaluate the association of AF development with cognitive change over 
time 
Hypothesis #1: Participants in the Brain MRI Ancillary Study who develop AF will 
experience a more rapid decline in cognitive function than those who do not develop AF, 
independently of other risk factors for cognitive decline. Cognitive function will be 
measured at visits 2, 3, 4, and in 2004-2006. 
 
Hypothesis #2: Participants in the entire ARIC cohort who develop AF will experience a 
more rapid decline in cognitive function than those not who do not develop AF. 
Cognitive function will be measured at visits 2 and 4. 
 
Aim #2: Examine the association of AF development with brain MRI abnormalities 
Hypothesis #3: Participants in the Brain MRI Ancillary Study who develop AF will have 
more white matter hyper-intensity (WMH) volume and infarct-like lesions (ILL) than 
those who do not develop AF as assessed by brain MRI in 2004-2006. 
 



Hypothesis #4: Compared with participants who do not develop AF, participants in the 
Brain MRI Ancillary Study who develop AF will have greater progression of ILL and 
WMH from 1993-1995 to 2004-2006. 
 
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 
Hypothesis #1, #3, and #4 
We will focus on participants in the Brain MRI Ancillary Study. These participants were 
a subset of the ARIC cohort who, over a period of 14 years between 1990-1992 and 
2004-2006, had four cognitive assessments (called CA1-CA4). Of 2,891 participants 
aged 55 or older from two communities, Forsyth County, NC, and Jackson, MS, who 
were invited to be part of the Brain MRI ancillary study, 1,920 completed a second 
cognitive assessment (CA2) in 1993-1995. All of the 1,920 who completed CA2 in 1993–
1995 were invited to a final cognitive testing (CA4) between 2004 and 2006, 14 years 
after CA1, and 1,134 successfully completed CA4. 
 
Exclusions: Missing information on study covariates and indeterminate AF status. 
 
Hypotheses #2 
We will study the entire ARIC cohort, using data from CA1 (1990-1992) and CA3 (1996-
1998). 
 
Exclusions: Missing information on study covariates and indeterminate AF status. 
 
Exposure measurement 
AF 
AF cases will be identified from: 
1) Hospital discharge records (ICD-9 code 427.31 – Atrial fibrillation) 
2) ECGs performed during study visits 1 – 4 
3) Death certificates 
 
Outcomes measurement 
Cognitive decline 
Scores from three neuropsychological tests: Delayed Word Recall (DWR) Test, Digit 
Symbol Substitution (DSS) Test, and Word Fluency (WF) Test will be used to determine 
cognitive decline.  
 
Brain MRI assessment 
• White matter hyper-intensity (WMH) volume: Volumetric measurements will be 

determined using an automated protocol. Fully quantitative WMH volumes will not 
be possible from all 1993-1995 scans. Therefore, WMH volumes in 1993-1995 will 
be estimated using a prediction equation that relates volume from visual grades.15 



• Infarct-like lesions (ILL): defined as ≥3mm in diameter. 
• Ventricular volume. 
• Total brain volume and atrophy: defined as difference between total intracranial 

volume and brain volume. 
• Sulcal grade: graded 0 – 9. 
 
Covariates 
Age, gender, race, study center, educational level, occupation, current smoking, body 
mass index, hypertension, diabetes, stroke, history of coronary heart disease or 
myocardial infarction, and heart failure. 
 
Given that stroke is a probable intermediary in the causal pathway between AF and 
cognitive decline, we will repeat the analyses with and without adjustment for stroke in 
the models. This will enable us to determine whether the association between AF and 
cognitive decline, if any, is independent of stroke. 
 
Statistical analysis 
 
Hypotheses #1 and #2 
To test the association between AF and cognitive decline rate, we will use random-effects 
linear models (PROC MIXED, SAS Software 9.2; SAS Institute, Cary, NC). The models 
will consist of AF status, time of follow-up (per annual change), a term for the interaction 
of AF x time, and covariates: age, gender, race, educational level, occupation, current 
smoking, body mass index, hypertension, diabetes, history of coronary heart disease or 
myocardial infarction, and heart failure. The coefficient for time estimates the average 
annual rate of change in the cognitive test score, and the coefficient for the interaction 
term estimates the difference in average annual rate of change associated with the 
presence of AF. In addition, we will include a term for prevalent AF to estimate the effect 
of AF on baseline (visit 2) cognitive function, and a term for incident AF as a time-
varying predictor (the value is 1 at a given visit if AF occurred before the visit, and 0 
otherwise). 
 
Missing data on cognitive scores will be addressed using inverse-probability weighting. 
  
Hypothesis #3 
We will conduct multivariable linear regression analysis to determine whether AF status 
is associated with WMH volume, ILL, ventricular volume, total brain volume, brain 
atrophy, and sulcal grade. 
 
Hypothesis #4 
To test the association between AF and brain MRI abnormalities (WMH volume, ILL, 
ventricular volume, total brain volume and atrophy, and sulcal grade), we will use 
random-effects linear models (PROC MIXED, SAS Software 9.2; SAS Institute, Cary, 
NC). The models will consist of AF status, time of follow-up (per annual change), a term 
for the interaction of AF x time, and covariates. The coefficient for time estimates the 
average annual rate of change in brain MRI parameters, and the coefficient for the 



interaction term estimates the difference in average annual rate of change associated with 
the presence of AF. In addition, we will include a term for prevalent AF to estimate the 
effect of AF on 1993−1995 brain MRI parameters, and a term for incident AF as a time-
varying predictor. 
 
Missing data on brain MRI parameters will be addressed using inverse-probability 
weighting. 
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