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ABSTRACT 

Background and Purpose – Atrial Fibrillation (AF) increases the risk of cardiovascular 

disease, stroke, dementia; yet, the relationships between AF, incident stroke and 

cognitive decline remain unclear, especially among ethnic diverse populations. 

Methods – Participants enrolled in the Reasons for Geographic and Racial Differences in 

Stroke (REGARDS) study with normal cognitive status and no history of stroke at 

baseline. AF was identified by self-report medical history or electrocardiogram and 

longitudinal cognitive decline was assessed using tests of executive function, memory 

and fluency. Associations between baseline AF and cognitive decline were examined and 

adjusted for participant demographics, cardiovascular risk factors, in full models incident 

stroke. 

Results – AF was diagnosed in 2,593 (8.8%) participants at baseline (mean age = 65 ± 

9.4 years; 55 % women; 41 % black). Participants with baseline AF less likely to be black 

and have higher cardiovascular risk profiles. Baseline AF was associated with baseline 

measures of executive function, learning and memory. During approximately 12 years of 

follow-up, adults with AF displayed steeper declines in learning compared to adults 

without AF, although there was no evidence of an association with fluency or memory 

over time. The patterns of AF and cognitive decline were generally consistent in sex and 

race across the neuropsychological tests overtime with no evidence of interactions (p-all 

>0.05). 

Conclusions – In this bi-racial cohort, AF was associated with poorer cognitive 

performance and steeper declines in learning tasks over time.  

Keywords: Atrial fibrillation, cognitive decline, incident stroke 
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INTRODUCTION 

1.1. Atrial Fibrillation 

Atrial fibrillation (AF) occurs when the upper chambers of the heart (atria) do not 

function properly due to abnormal electrical signalling.
1
 In individuals without AF, 

electrical signaling begins in the sinoatrial (SA) node of the right atrium.
2
 Exiting the SA 

node, electrical current flows throughout both atria, producing atrial contraction and 

emptying of blood from the atria into the ventricles. The atrioventricular (AV) node, 

which is positioned between the atria and ventricles, then receives electrical current that 

continues to progress throughout the ventricles, initiating ventricular contraction.
2
 

However in AF, aberrant electrical signals are initiated outside the SA node in other parts 

of the atria. These random impulses begin distributing through the atria to the AV node in 

a rapid and disordered manner.
2
 These abnormal signals can lead to rapid and 

uncoordinated ventricular contractions
3
, sometimes greater than 100 beats per minute.

2,4
  

Visible on electrocardiograms, AF can be indicated by rapid and irregular atrial 

depolarizations with a discrete lack of P waves.
3
 This is especially important in those at 

risk of stroke because the static blood remains in the atria, which can stimulate blood clot 

formation.
1,5

 

1.2. Classification of AF 

Three major types of AF have been categorized with regard to frequency of 

episode. The first type is described as paroxysmal AF, and happens spontaneously and 

normally resolves by itself or with treatment within 7 days.
1,6

 The next type is persistent 

AF where there is a sustained abnormal heart rhythm for an excess of 7 days even with 

treatment; however, without treatment it may eventually self-terminate.
6
 AF lasting 
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longer than 12 months is commonly termed long standing persistent and permanent AF is 

the term that is used when all methods of treatment to restore normal heart rhythm have 

been unsuccessful.
1,3,6

  

1.3. Epidemiology 

AF is the most common type of irregular heartbeat observed in clinical practice. 

Between 2.7–6.1 million people in the United States are estimated to have clinical AF.
7,8

 

Factors such as age, sex, race and geographical location influence the prevalence of AF.
1
 

While the general prevalence of AF is about 1%, for individuals over 75 years of age the 

prevalence increases to 9%.
1
 In accordance to the increasing prevalence of AF, the 

incidence of AF is predicted to double with each 10 years of adult life.
9
 It is estimated 

that about 25% of people above the age of 40 years of age will develop AF.
5
 Roughly, 3 

people per 1,000 person-years between the ages of 55 and 64 develop AF annually and 

this considerably increases to 32 per 100 person-years between the ages of 85 and 94 

years of age.
1,4,9

 As a result of the growth of the aging population in the U.S., these 

numbers are expected to increase.
6
 Reports estimate that the predicted prevalence of AF 

will increase to 7.56 million by 2050.
1
 AF increases the chances of having a stroke, 

10-12
 

cardiovascular risk factors such as hypertension, diabetes, left ventricular hypertrophy 

and even death.
7,13,14  

Risk factors for AF include hypertension, obesity, diabetes, heart 

failure and chronic kidney diseases which are shared risk factors for cognitive decline 

and dementia.
15

 

1.4. AF Etiologies 

The pathogenesis of AF involves many causes, which is why it is only partly 

understood. Some facets of the morphological and electrophysiological alterations that 
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may promote AF have been briefly discussed. AF can be triggered by a number of 

pathophysiological mechanisms such as atrial dilation, fibrosis, and subsequent 

electrophysiologic abnormalities.
2,3,6

 Atrial dilation can be the consequence of several 

etiologies, such as valvular disease, congestive heart failure, congenital heart defects, and 

hypertension, and can also be a consequence of AF itself.
2
 When the atrial tissue has 

electrical or structural defects, the atrial contractions become irregular and there is 

uncoordinated flow of blood into the ventricles.
1
 As a result, AF can cause large 

variations in blood pressure and cardiac output.
1,5

 Additionally, other common causes of 

AF include: cardiac disorders, thyroid disorders, alcohol use as well as certain 

medications.
16

  

1.5. Management and Treatment 

 Treatment for AF highly depends on the level of disability and initial cause of AF. 

Treatment options available in clinical practice include adjusting heart rate, conversion of 

heart rhythm, and eliminating the tendency to form blood clots.
5
 Standard treatment for 

AF is frequently treatment with medicine such as anti-arrhythmic agents for rhythm 

control, along with anti-coagulants for stroke prevention. Catheter ablation is an 

alternative for AF treatment, which involves myocardial tissue lesions to disrupt the 

underlying triggers and substrates for AF.
1,6

 There are also surgical approaches available 

for treatment of AF in more severe cases, particularly for patients demanding 

concomitant cardiac surgery.
1
 The Cox-Maze III procedure involves the use of alternative 

energy sources (Cox-Maze IV) such as radiofrequency, cryo-energy and microwave, and 

minimally invasive thoracoscopic epicardial approaches.
1
 Management of AF also 

consists of decreasing circulatory instability, which in turn reduce palpitations, cardiac 
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output impairment, cardiomyopathy and stroke.
1
 The use of anti-coagulation agents for 

stroke prevention is typically managed with aspirin or warfarin. Regulating heart rate for 

the treatment of AF is usually done with β-blockers, calcium-channel blockers, and 

digoxin.
3
 Controlling heart rhythm for the treatment of AF is normally achieved with 

electrical cardioversion or with ablation.
3
 Cardioversion is recommended for patients 

with persistent symptoms, for those with an inability to maintain rate control, and for 

those with a first episode of AF, as well as those in heart failure and in the elderly.
2
 With 

proper treatment of AF, the risk of stroke and other heart related problems can be 

significantly decreased. 

1.6. AF Biomarkers 

 Biomarkers found in the blood, including markers of inflammation, coagulation 

activity, cardiovascular stress, myocardial injury, and cardiac and renal dysfunction may 

help refine risk assessment in individuals with AF.
17

 Age-related AF involves structural 

remodeling in which connective tissue deposition and fibrosis are the hallmarks, as well 

as altered atrial electrophysiological properties facilitating the initiation and perpetuation 

of AF. Furthermore, left ventricular dysfunction and elevated ventricular filling 

pressures, influence atrial remodeling and could be an immediate for AF.
17

 Inflammatory 

markers, such as Brain Natriuretic Peptide (BNP, including N-terminal proBNP) and C-

reactive protein (CRP) 
5,17

 have been shown to be associated with AF. N-terminal 

proBNP is an independent predictor of incident AF.
12

 BNP also has been associated with 

a 4-fold increased risk of AF in the REGARDS Cohort.
12

 Evidence reports that increased 

levels of CRP is linked to risk of incident AF.
12

 From a racial perspective, African-

Americans are known to have considerably higher levels of CRP.
12

 Data from this study 
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revealed that approximately half of African Americans had higher levels of CRP 

compared to Caucasians.
12,18

 

1.7. AF and Brain Structural Changes 

 A recent study looked at the relationship between AF and brain volume, measured 

by magnetic resonance imaging (MRI).
19

  Among individuals without prior stroke or 

dementia, AF is associated with total cerebral volume and regional volumes in the frontal 

lobe, temporal lobe, and hippocampal volume, as well as white matter hyperintensity 

volume. AF was associated with smaller frontal lobe volumes and the associated still 

remained after adjusting for factors such as age, gender, vascular risk factors, and 

APOE4.
19

 In addition, AF in the elderly general population was independently associated 

with accelerated loss of brain volume
20

 and cognitive function in a major longitudinal 

study.
21

 AF was associated with smaller brain volume and diminished cognitive 

performance, independent of cerebral infarcts.
21,22

  

1.8. Effects of AF on Physical Function 

AF can affect physical function.
1,12-14

 AF has been associated with a decline in 

physical function in individuals younger than 70 of age.
14,23

 AF has also been 

independently associated with lower usual gait speed in community-dwelling adults and 

this effect is greater in those aged 70 and older.
14

  Data from a cohort of African 

American and Caucasian older adults, suggest that those with AF had a significantly 

higher 4-year decline in physical performance compared with those without AF.
14

 Older 

adults with AF displayed increased frailty, which could be a consequence of loss of 

independence
23

, diminished mobility, inflammation, accelerated muscle loss, poorer 

quality of life, and death.
14

 Those with AF experience a decrease in exercise capacity by 
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reason of exercise performance depending on factors such as cardiac output and oxygen 

transport, which in turn are influenced by respiratory function.
24

 Data also suggest that 

during AF, cardiac output is possibly compromised due to impaired diastolic filling 

secondary to rapid ventricular rates.
24

 Taken together, these data stress the importance of 

early recognition and treatment of AF in order to improve physical function and reduce 

this risk.  

1.9. AF and Stroke 

AF increases the risk for stroke by 5 fold.
25,26

 To evaluate one’s risk for stroke 

healthcare providers consider the individual’s CHA2DS2-VASc score. CHA2DS2-VASc is 

a mnemonic for the major stroke risk factors for individuals with AF and stands for 

congestive heart failure (C), hypertension (H), 75 years of age or greater (A), diabetes 

mellitus (D), and history of stroke (S), vascular disease (V), 65 years of age or greater 

(A), and sex category of female (Sc).
27

 Based on the CHA2DS2-VASc score healthcare 

providers determine the risk of stroke and the type of anticoagulation an individual 

should take if necessary. AF attributes up to 20% of ischemic strokes, particularly in 

older adults.
10

  

1.10. AF and Cognitive Decline 

AF is associated with cognitive impairment and dementia. Individuals with AF 

exhibit poorer performance on tests of learning, memory, and executive function.
28

 The 

mechanism by which AF causes cognitive impairment is unclear; potential mechanisms 

include microemboli and transient cerebral hypoperfusion
29

 secondary to atrial beat-to-

beat variability.
2
 A prevailing hypothesis suggests that AF creates a hypercoagulable state 

and that formation of microemboli leads to cognitive impairment. An alternative 
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hypothesis suggests AF’s atrial beat-to-beat variability causes changes in stroke volume, 

cardiac output, and blood pressure which can lead to transient cerebral hypoperfusion.
2
 

Growing evidence suggests that AF is also a risk factor for age-related cognitive decline 

and dementia through pathways that remain unclear.
5
 The predominant pathway is 

thought to be mediated by stroke and other pathways that may be independent of 

stroke.
2,5,30

 The contribution of AF to dementia is important given that the burden of AF 

and dementia is also expected to increase.
31

 In particular, cases of Alzheimer’s disease 

(AD) are estimated to triple over the next three decades.
32

  

Although AF is recognized as a risk factor for ischemic stroke
33

 it appears to also 

be associated with cognitive decline in the absence of stroke.
13,22,34,35

 AF may also be 

associated with an increased risk of cognitive decline and dementia, in the absence of 

clinical stroke.
13

 Without evidence of clinical stroke, individuals with incident AF 

experience cognitive decline at earlier ages compared to individuals without history of 

AF.
34

 Data from the Cardiovascular Health Study (CHS) suggest that in the absence of 

clinical stroke, people with incident AF are likely to experience cognitive decline or 

dementia earlier than people with no history of AF.
34

  In addition, evidence from the 

Atherosclerosis Risk in Communities (ARIC) Study, that included detailed cognitive 

assessment and heart rhythm monitoring up to 14 days, revealed that persistent AF was 

associated with a lower of cognitive function.
36

  Taken together, these research studies 

suggest that AF may significantly affect cognitive function in the presence and absence 

of stroke; yet existing studies do not provide evidence that AF predicts cognitive decline 

over time. A more comprehensive understanding of the mechanisms explaining the 

association between AF and cognitive decline or dementia, independent of stroke, is 
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imperative in developing prevention strategies for cognitive decline. In particular, the 

racial differences in the relationships between AF and cognitive decline remain 

understudied and unclear, especially among ethnic minorities at greater risk for both 

conditions.  

1.11. AF and Race 

The known, shared and common modifiable vascular risk factors for AF, stroke 

and dementia (hypertension, diabetes, and obesity) have a higher prevalence in racial 

minorities.
37

 Furthermore, African-Americans have twice the risk of acute death from 

coronary heart disease. 
37

  Initial evidence suggests that the burden of AF is lower among 

African Americans
12

 independent of their higher prevalence of risk factors for AF, 

specifically hypertension and obesity
7,12

 and prevalence of AF is generally greater in 

Caucasians over the age of 50, when compared to African Americans of similar age.
1,38

 

Current data on the epidemiology and sequelae of AF in the United States is typically 

limited largely to Caucasians.
7
 Initial studies examining the racial differences in AF from 

the prospective ARIC Study show the impact of AF on the rates of stroke and mortality 

was considerably larger in black individuals than white individuals.
35,39

 These data 

suggest the vulnerability and increased risk in African-American individuals that have 

AF.
35

 One could speculate that undetected AF may contribute to the increased stroke 

burden seen in racial minorities.  

Gaps in the Literature 

Although there are many studies that report data related to AF, there are still some 

gaps in the literature that warrant further investigation. As mentioned above, there are 

some studies examining the association between AF and cognitive decline; however, 
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existing studies do not provide evidence that AF predicts cognitive decline over time in a 

longitudinal manner. Additionally, the mechanisms by which AF is associated with 

cognitive decline are not completely understood. While this topic cannot not be addressed 

from this project, further directions could elucidate the mechanism by which AF may 

relate to cognitive decline and point to prevention strategies and therapeutic targets that 

may aid in decreasing risk of cognitive decline associated with stroke and/or AF. 

Furthermore, studies suggest that AF may affect cognitive function in the presence and 

absence of stroke but these data are inconsistent. Lastly, the racial differences in the 

relationships between AF and cognitive decline remain understudied and unclear. Due to 

lack of evidence among nonwhites, there remains the need for other studies to examine 

the association of AF, cognitive decline and incident stroke in Blacks. Although many 

studies have limited recruitment and participation of racial minorities, the REGARDS 

study provides an opportunity to explore these associations in more detail than that of 

other existing cohorts. Previous data from REGARDS have demonstrated that cognition 

may be influenced by low levels of vitamin D
40,41

, increased NT-proBNP
42

, and 

decreased physical activity
43

; yet, the effects of AF on cognition remain unassessed in 

REGARDS.  

Here, we examine the association between AF and cognitive decline over 11 years 

of follow-up in black and white, women and men, enrolled in the REGARDS study. We 

will also examine whether these associations are consistent for racial/ethnic groups and 

are independent of incident stroke.  

Research Specific Aims/Hypotheses: 

The specific aims of this thesis are: 
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 Primary Aim: Examine the associations between baseline evidence of AF and 

longitudinal cognitive decline in the REGARDS cohort 

Hypothesis 1a: Baseline evidence of AF will be associated with cognitive decline over 

4+ years of follow-up. 

Hypothesis 1b: Greater cognitive declines will be observed in those that have 

presented with AF and incident clinical stroke compared to those with AF and 

without stroke. 

 Secondary Aim: Assess the racial differences in the relationship between AF and 

cognitive decline in Black and White participants 

Hypothesis 2a: Blacks with AF will have a greater risk for cognitive decline, 

compared to whites with AF and blacks without AF. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 
 

11 

 

METHODS 

2.1. Study Population 

For this project, we utilized data from the REasons for Geographic and Racial 

Differences in Stroke (REGARDS) study. The population was selected from a nationwide 

list obtained through Genesys Inc.
44

 Initial eligibility criteria included potential 

participants having a name, phone number and address in the Genesys database.
45

 After 

reaching a household resident, the household was enumerated and one resident aged 45 

years or older was randomly selected for screening to determine eligibility.
44

 Exclusion 

criteria consisted of potential participants being a race other than black or white, Hispanic 

ethnicity, actively receiving cancer treatment, medical conditions that would inhibit long-

term participation, cognitive decline, and residence in a nursing facility, or inability to 

communicate in English.
44,45

 The REGARDS cohort is a community-dwelling, 

longitudinal study consisting of over 30,000 black and white adults 45 years or older 

between January 2003 and October 2007.
44

  At the completion of recruitment, race 

distribution in this population was 58% white and 42% black. Gender distribution was 

45% male and 55% female. Regional distribution in the stroke belt was 56% and 44% of 

the sample resided in the other 40 adjoining United States. If participants could not be 

reached within four consecutive, calls they were considered lost to follow up.
11,45

 This 

study aimed to examine the causes for excess stroke mortality in the southeastern U.S. 

(North Carolina, South Carolina, Georgia, Tennessee, Alabama, Mississippi, Arkansas, 

and Louisiana, known as the stroke belt) and among blacks.
37,44

 Research participants 

were randomly sampled with recruitment using a combination of mail and telephone 

contact. Data that was collected consisted of stroke risk factors, sociodemographic, 
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lifestyle, and psychosocial characteristics.
44

 During in-home visits written informed 

consent, physical and physiological measures, and fasting samples were ascertained.
44

 

The study methods and procedures were reviewed and approved by institutional review 

boards and an external observational study monitoring board selected by the funding 

agency. 

2.2. Assessment of Atrial Fibrillation  

Atrial fibrillation was determined by means of ECG and self-reported history of a 

prior physician diagnosis at baseline. Self-reported AF was defined as a positive response 

to the question, “Has a physician or a health professional ever told you that you had atrial 

fibrillation”.
39

 AF determined by electrocardiogram (ECG) was identified from ECG 

tracing and were sent to a Wake Forest University School of Medicine core laboratory 

and examined for technical errors.
45

 Baseline ECG were read by electrocardiographers 

blinded to clinical data.
39

 ECGs were coded using the Standard Minnesota ECG 

Classification by trained physician electrocardiographers, and all abnormalities were re-

read by a second physician electrocardiographer.
45

 

2.3. Assessment of Cognitive Decline 

To characterize cognitive ability and cognitive decline neuropsychological tests 

were performed and repeated over time. Telephone interviewers were trained and 

certified to administer the cognitive assessments via phone. The six-item screener (SIS) 

was added to the baseline assessment in December 2003 and was conducted each year. A 

three-test battery (TTB) was introduced in 2006 and conducted at 2-year intervals, which 

consists of the Consortium to Establish a Registry for Alzheimer Disease (CERAD) 

Word List Learning (WLL) (range, 0-30), Word List Delayed Recall (WLD) (range, 0-
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10) and Animal Fluency Test (AFT).
45

 Both the WLL and WLR were administered on 

the same call and AFT was administered on a different call.
45,46

 The SIS is a brief 

screening measure, which assesses global cognitive function with 3-item temporal 

orientation and 3-item delayed recall.
46

 On the SIS there is a score range of 0–6 and a 

score of 4 or less correct suggests cognitive decline. This assessment has been validated 

against clinical diagnoses of dementia and mild cognitive impairment, and has been 

utilized to report cognitive impairment in older patients in randomized controlled trials.
45

 

The WLL is completed by recalling the total number of words on a 10-item, three-trial 

word list learning task. Tasks on the WLR involve recalling the number of words recalled 

after a filled delay.
45

 The AFT assesses executive function, language and measures one’s 

capacity to name as many animals as possible in 60 seconds. These cognitive assessments 

have been extensively used in observational and interventional studies of cognitive aging 

and memory impairment. Scoring of the WLL and WLR was accomplished by 

calculating summaries of valid responses in real time during the telephone-based 

assessments.
45

 In order to assure quality control, cognitive assessments were reviewed by 

a supervisor.
45

 During the learning trial, those who answer all 10 words in the correct 

order were flagged. In addition, on the delayed recall trial those whose score is 3 or more 

points higher than their score on any learning trial were flagged and those individuals 

were not included in the data analyses. 

2.4. Data Collection 

During the scheduling of an in-home exam, participants were asked to fast 

overnight for 10-12 hours prior to the visit and to have medications available for 

documentation.
44

 On the day of the in-home visit, trained personnel reviewed and 
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obtained written informed consent from the participant. The task completed at this visit 

included anthropomorphic measurements, resting ECG, medication inventory, blood 

pressure, phlebotomy and urine collection after the interview utilizing standardized 

methods.
44,45

 Self-administered questionnaires were left with the participant and 

additional demographic and risk factor characteristics were collected. 

2.5. Assessment of Incident Stroke Events 

To detect stroke events participants were followed with phone calls at 6-month 

intervals over the follow-up period for a maximum of 4 years.
44

 Information was gathered 

on suspected events that required hospitalization, in addition to physician evaluations for 

stroke-like symptoms detected using the Questionnaire for Verifying Stroke-Free Status. 

A proxy respondent was identified by the participant at baseline and was contacted in 

cases where the participant was unable to respond to follow-up telephone calls for 

medical reasons.
44

 If a participant was hospitalized or saw a physician for stroke-like 

symptoms contact information for the hospital and/or physician was acquired from the 

participant, and medical records were requested from the institution.
44

 Incident stroke 

was defined as a rapid onset of a persistent neurologic deficit attributable to an 

obstruction or rupture of the arterial system; deficit is not known to be secondary to brain 

trauma, tumor, infection, or other non-ischemic cause; deficit must last more than 24 h, 

unless death supervenes or there is a demonstrable lesion compatible with acute stroke on 

computed tomography (CT) or magnetic resonance imaging (MRI).
44

 Stroke events were 

defined following the 1989 World Health Organization (WHO) and were categorized as 

hemorrhagic or ischemic. The occurrence of strokes not in accordance with the WHO 

definition but with symptoms lasting <24 hours and neuroimaging consistent with acute 
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ischemia were grouped into the category of clinical strokes.
39,45

 In cases where there was 

possible stroke during follow-up, a request for medical records that were centrally 

adjudicated by physicians was generated. 

2.6. Assessment of Covariates 

To control for potential confounders, the following covariates were accounted for 

demographic characteristics such as age, gender, race (black or white), region 

(categorized as stroke belt, stroke buckle or non-stroke belt), and education level 

(categorized as <HS, high school, some college, college and above). REGARDS also 

collected data on cardiovascular disease and risk factors, such as: hypertension (systolic 

blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg on average of two 

measurements or self-reported use of hypertension medication); dyslipidemia defined as 

total cholesterol ≥240 mg/dL, LDL ≥160, HDL ≤40 or self-reported lipid-lowering drug 

use; left ventricular hypertrophy (LVH) assess by ECG; diabetes determined by fasting 

glucose ≥126 mg/dL, nonfasting glucose ≥200 mg/dL or self-reported use of diabetes 

medications; body mass index (BMI) calculated from height and weight measurements; 

and cigarette smoking categorized as never, past, or current.  

2.7. Statistical Analysis 

The sample consists of 29,000+ study participants who were stroke-free and did 

not display evidence of cognitive impairment at baseline (years 2003 - 2007). General 

characteristics and cardiovascular risk factors were compared among participants with 

and without AF using student t-test for continuous variables and chi-square for 

categorical variables. Standardized Z-scores were created for each cognitive test enabling 

the combination of cognitive tests into domain specific outcomes. ANCOVA was also be 
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used to assess the association between AF and cross-sectional cognitive scores. Predictors 

of longitudinal cognitive decline were identified using linear mixed models. Models were 

adjusted as follows: model 1 was adjusted for age, sex, race, region and education. Model 

2 was further adjusted for systolic blood pressure, use of blood pressure lowering 

medications, dyslipidemia, and history of cardiovascular disease, left ventricular 

hypertrophy, diabetes, obesity and current smoking; and model 3 was further adjusted for 

aspirin and statin use. Model 4 was further adjusted for incident stroke in longitudinal 

models only. A fully adjusted model with diagnosed AF by ECG evidence and 

interactions terms for AF*sex, AF*race and AF*incident stroke. Stratified analyses by 

sex and race using models similar to models 3 and 4 were conducted and interaction p-

value were calculated between each subgroup and AF for cognitive decline. Statistical 

significance for all analyses were set at P < 0.05. All analyses were performed using SAS 

version 9.4 (SAS Institute, Cary, NC). 

 

RESULTS 

3.1. Baseline Characteristics of Study Population 

A total of 29,479 (mean age = 65 ± 9.43 years; 55 % women; 41 % black) 

participants were included in the analysis. Of these participants, 2,593 (8.8%) participants 

had AF at baseline. Table I shows the demographics, comorbidities and socioeconomic 

factors among those with or without AF. Those with AF were significantly older, more 

likely to be white, and displayed more symptoms of depression compared to those 

without AF. When adjusted for age and gender, adults with AF had higher baseline 

diastolic blood pressure, levels of CRP, and reduced GFR, and a higher waist 
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circumference. Participants with AF were more likely to have hypertension, LVH, 

diabetes, dyslipidemia, past (but not current) alcohol use, less education and lower 

income. 

3.2. Baseline Association between AF and Cognitive Performance  

Table II shows the cross sectional analysis of baseline AF and baseline cognitive 

performance using the following cognitive assessments: animal naming, letter F, SIS, 

MoCA, WLL and WLD. In models adjusted for age, sex, race, region and education, 

baseline atrial fibrillation was associated with poorer performance on animal naming (-

0.54(0.12), p-value≤0.0001), MoCA (-0.14 (0.039), p-value=0.0004), WLL (-0.36 (0.12), 

p-value=0.002) and WLD (-017(0.052), p-value=0.001). Associations between AF and 

poorer animal naming remained significant further adjustment for cardiovascular risk 

factors (model 2 (-0.41(0.15), p-value=0.005) and further adjustment for aspirin use and 

statin use (model 3 (-0.41(0.15), p-value=0.005). Associations between AF and other 

tests (MoCA, WLL, WLD) were greatly attenuated by adjustment for other 

cardiovascular risk factors (p-value all >0.05).  

3.3. Effect modification of Age, Sex and Incident Stroke on AF 

 Interactions between AF and sex, race and incident stroke were examined among 

the various cognitive assessments. After analysis, the interactions for sex (Pinteraction>0.16 

for all) and race (Pinteraction >0.08 for all) were not significant. Similarly, the interaction for 

incident stroke (Pinteraction>0.31 for all) was not significant. 

3.4. Longitudinal Cognitive Decline by Neuropsychological Assessment 

We assessed longitudinal cognitive decline by cognitive assessment in those with and 

without AF in Table III. A small but statistically significant difference in decline in 
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learning was detected among those with AF (16.41±0.12), illustrated by WLL compared 

to those without AF (16.75±0.03) over time (p-value=0.001) adjusted for age, sex, and 

race but was attenuated after further adjustment for education and region (p-

value=0.171). There were no statistically significant associations of increased cognitive 

decline for AFT, LF, SIS, MoCA, and WLD, among participants with AF compared to 

those without AF over time (Table III and Figure 1). 
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DISCUSSION 

4.1. Overview 

In this secondary data analysis of the REGARDS cohort, a nationwide study of 

adults aged 45 and older, free of stroke and normal cognitive status at baseline, we 

examined the associations between AF and longitudinal cognitive decline in blacks and 

whites, women and men and determined whether such associations were mediated by 

incident stroke. We found that participants with AF at baseline have an increased amount 

of cardiovascular risk factors. In addition, individuals with AF tend to have lower 

socioeconomic status. We found cross-sectional associations between AF and executive 

function and speed processing measured by animal and letter fluency and learning and 

memory measured by WLL and WLD. It is necessary to note that these findings were no 

longer significant after cardiovascular risk factors as potential confounders were 

accounted for. Results from this present study complement the findings of an earlier 

analysis in older adult men, which demonstrated these associations.
47

  

Most studies examining AF have been performed on predominantly white 

populations, and less is known about AF risk factors in nonwhite populations. It is 

unclear why AF was less prevalent in blacks compared to whites despite increased 

prevalence of modifiable risk factors such as obesity, hypertension, and diabetes 

associated with AF. The findings of this current project failed to explain differences in 

the magnitude of risk associated with common AF risk factors between black and white 

individuals when looking at the interaction between AF and race. Because there is some 

evidence that blacks are less likely to be aware of their diagnosis than whites,
48

 this 

perhaps resulted in the under detection of self-report AF in blacks. This could be 
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investigated in REGARDS by examining differences in self-report AF by race. In 

contrast, the ECG monitoring is objective and does not require the participant to be aware 

of this research diagnosis.  

Many studies, including previous work in the ARIC study
49

, have presented that 

those with AF experience higher rates of cognitive decline.
13,23,31,34,49-51

 Data from these 

studies highlight the importance of considering cognitive function when examining 

patients in clinical practice. The cross-sectional data suggest that AF is related to 

differences in cognitive performance; yet, the lack of association between AF and 

cognitive decline suggests that the initial differences by AF may be an early offset in 

cognitive function, but AF does not drive accelerated decline over time, with the 

exception of learning. We examined the association between AF and cognitive decline 

over time and determined that over time means for fluency and memory were consistent 

in this cohort. There are other reports that AF does not increase the risk of cognitive 

decline over time.
52-54

  

4.2. Strengths of the Study  

This analysis the role of AF in cognitive performance and longitudinal cognitive 

decline has several strengths. REGARDS is the largest, nationally representative sample 

of stroke risk among black and white participants. REGARDS excelled in black 

recruitment as evidenced by the high proportion of Black recruitment into this cohort was 

42%, which permitted us to access racial differences. Another strength of this 

longitudinal study design is that it allowed us to evaluate the relationship between AF and 

the outcomes of cognitive decline and detailed assessment of incident stroke. The 

longitudinal cognitive assessments in this population permitted estimates of the effect of 
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stroke on cognitive decline across cognitive domains, including learning, memory, and 

executive function. Additionally, the investigators examined ethnic differences in stroke 

by looking at various regions in the United States. Due to the disproportionate risk for 

stroke in the ‘stroke belt’ of the Southeastern United States, REGARDS oversampled this 

region but also included ‘non-belt’ regions for reference. Last, but not least, this cohort 

measured several vascular risk factors, which are listed in the assessment of covariate 

section.  

4.3. Limitations of the Study 

Our study also had limitations that merit attention. Inclusion of only black and 

white adults limits the generalizability of these findings to other races/ethnicities; 

however, this represents the two most common ethnic groups in the United States 

currently. Despite this, generalizability was increased since the cohort was composed of a 

sample from several regions of the United States. In addition, we had only one baseline 

measure of AF, which could mean that some individuals were diagnosed with AF after 

baseline leading to an underestimation of AF observations. Furthermore, self-reported AF 

was not verified by medical record review; however, a previous study demonstrated that 

self-reported AF is a predictor of stroke and could be used interchangeably with ECG 

detected AF in stroke risk prediction models.
39

 Study variables such as income, alcohol 

use, education and medication use were self-reported and subject to recall and reporting 

bias in this cohort. Also, selective attrition could lead to underestimation of cognitive 

decline because participants with worse cognition at baseline die, withdraw, or need a 

proxy. Participants who experience cognitive impairment during follow-up are less likely 

to complete follow-up cognitive assessments. Nevertheless, the attrition rate in 
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REGARDS was about 3% per year, which is not atypical for a large study with high 

proportion of older adults. Despite these noted limitations, our study was able to answer a 

number of questions related to AF and its association with longitudinal cognitive decline 

in a well-defined large biracial cohort. 

4.4. Future Directions 

AF increases the risk of cardiovascular disease, stroke, dementia and overall 

mortality and further investigation should address the mechanisms for such differences to 

improve treatment of AF and prevent further complications. The incidence of AF, stroke 

and dementia are anticipated to further increase in the upcoming years. We highlight the 

need for randomized controlled trials to explore the effect of anticoagulant medication on 

cognitive decline in individuals with AF. Similarly, continued investigation of the origins 

for the racial and ethnic differences could reveal racial disparities and propose 

approaches to address and alleviate the health burden.  

4.5. Conclusion 

In summary, we have demonstrated that AF is associated with cognitive 

performance; however, new learning is the only domain that demonstrates cognitive 

decline over time. 
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Table I: Baseline Characteristics in cases of Adults with and without Atrial Fibrillation 

  All With AF Without AF P-Value
a 

Adjusted 

P-Value
b 

  N=29479 N=2593 N=26886 

 

 

Demographic Variables 

Age, mean (SD), years 64.85 ± 9.43 67.54 ± 9.68 64.57 ± 9.36 <0.001 . 

Black race (%) 12514 (41.46) 945 (36.44) 11212 (41.7) <0.001 <0.001 

Women (%) 16632 (55.10) 1648 (63.56) 15676 (58.3) 0.35 . 

4-Item CES-D score, mean (SD)
c 1.16 ± 2.07 1.6 ± 2.46 1.11 ± 2.01 <0.001 <0.001 

Relationship Status  

Widowed (%) 5718 (18.94) 577 (22.25) 4979 (18.52) . . 

Single (%) 1606 (5.32) 111 (4.28) 1447 (5.38) . 0.5287 

Married (%) 17714 (58.69) 1495 (57.66) 15868 (59.02) . 0.4822 

Divorced (%) 4417 (14.63) 356 (13.73) 3950 (14.69) <0.001 0.5304 

Other (%) 728 (2.41) 54 (2.08) 644 (2.4) . 0.9389 

Comorbidities/Vascular Risk Factors  

Blood pressure, (SD) mm Hg, mean  

Systolic, mean (SD) 127.6 ± 16.69 128.2 ± 17.66 127.54 ± 16.61 0.07 0.5551 

Diastolic, mean (SD) 76.55 ± 9.73 75.65 ± 10.07 76.62 ± 9.68 <0.001 0.0043 

Hypertension (%) 17570 (58.5) 1809 (70.25) 15316 (57.23) <0.001 <0.001 

Current use of antihypertensive 

drug (%)  

15551 (53.63) 1638 (65.92) 13517 (52.31) <0.001 <0.001 

Aspirin use (%) 13047 (43.25) 1294 (49.9) 11437 (42.56) <0.001 <0.001 

Left ventricular hypertrophy (%) 1047 (4.95) 115 (0.74) 868 (4.15) <0.001 <0.001 

Diabetes mellitus (%) 6814 (22.65) 728 (28.2) 5870 (21.9) <0.001 <0.001 

Use of glucose lowering drug (%) 6398 (22.02) 655 (26.27) 5544 (21.41) <0.001 <0.001 

Dyslipidemia (%) 15698 (52.52) 1533 (59.67) 13763 (51.68) <0.001 <0.001 
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Use of statins (%) 10010 (33.53) 1080 (42.09) 8650 (32.52) <0.001 <0.001 

GFR (CKDEPI), mean (SD)
d 84.98 ± 20.34 79.59 ± 22.38 85.49 ± 20.02 <0.001 <0.001 

GFR (MDRD), mean (SD)
d
 85.37 ± 23.89 80.54 ± 25.83 85.81 ± 23.61 <0.001 <0.001 

C-reactive protein, mean (SD) 4.65 ± 8.7 5.48 ± 9.36 4.56 ± 8.61 <0.001 <0.001 

Waist circumference, mean (SD) 96.18 ± 15.69 97.75 ± 16.21 96.01 ± 15.62 <0.001 <0.001 

Body mass index category  

<18.5 underweight (%) 318 (1.06) 31 (1.21) 282 (1.06) 0.23 0.7133 

18.5-24.9 normal (%) 7091 (23.66) 621 (24.2) 6321 (23.66) . 0.4067 

25-29.9 overweight (%) 11057 (36.9) 901 (35.11) 9914 (37.11) . 0.0989 

≥30 obese (%) 11499 (38.37) 1013 (39.48) 10199 (38.18) . Referent 

Missing (%) 218 (0.72) 172 (1.04) 172 (0.64) . . 

Alcohol use  

Current (%) 15567 (51.58) 1200 (46.28) 14052 (52.26) <0.001 <0.0001 

Never (%) 9119 (30.21) 818 (31.55) 8072 (30.02) . 0.2375 

Past (%) 5497 (18.21) 575 (22.18) 4764 (17.72) . . 

Exercise  

None (%) 10240 (34.44) 1085 (42.58) 8882 (33.51) . Referent 

1-3 d/wk (%) 10695 (35.97) 811 (31.83) 9658 (36.43) <0.001 0.0057 

4 d/wk (%) 8798 (29.59) 652 (25.59) 7968 (30.06) . <0.0001 

Missing (%) 450 (1.49) 380 (1.74) 380 (1.41) . . 

Sociodemographics 

Education 

 <High school (%) 3792 (12.57) 359 (13.87) 3301 (12.29) . 0.8176 

High school graduate (%) 7804 (25.88) 722 (27.89) 6893 (25.65) . 0.0360 

Some college (%) 8090 (26.83) 679 (26.23) 7227 (26.9) . Referent 

≥College graduate (%) 10472 (34.72) 829 (32.02) 9448 (35.16) 0.0009 0.0255 

Missing (%) 25 (0.8) 19 (0.15) 19 (0.07) 

 

 

Income 

 <20k (%) 5478 (18.15) 581 (22.41) 4720 (17.55) . Referent 
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20k-34k (%) 7307 (24.21) 669 (25.8) 6477 (24.09) <0.001 0.6182 

35k-74k (%) 8914 (29.53) 692 (26.69) 8066 (30) . 0.0268 

≥75k (%) 4754 (15.75) 300 (11.57) 4374 (16.27) . <.0001 

Refused (%) 3730 (12.36) 351 (13.54) 3251 (12.09) . 0.1683 

Region of residence 

    

 

Nonbelt (%) 13429 (44.49) 1115 (43) 12015 (44.69) . Referent 

Stroke buckle (%)
e 

6307 (20.90) 581 (22.41) 5595 (20.81) . 0.0149 

Stroke belt (%)
f 

10447 (34.61) 897 (34.59) 9278 (34.51) 0.11 0.9442 

Urban/rural residence 

    

 

Mixed (%) 2953 (10.83) 283 (12.14) 2609 (10.73) 0.09 0.0370 

Rural (%) 2919 (10.70) 255 (10.94) 2600 (10.7) . 0.9588 

Urban (%) 21405 (78.47) 1793 (76.92) 19097 (78.57) . Referent 

Missing (%) 2906 (9.63) 2582 (10.1) 2582 (9.6) . . 

 
a
p-value: unadjusted model 

b
p-value: model adjusted for age and sex 

c
CES-D-4: 4-item Center for Epidemiologic Studies – Depression Scale 

d
GFR: glomerular filtration rate 

e
Stroke buckle: coastal plains of North Carolina, South Carolina, and Georgia 

f
Stroke belt: North Carolina, South Carolina, Georgia, Tennessee, Mississippi, Alabama, Louisiana, and Arkansas 

Statistical significance for categorical variables tested using the chi-squared method and for continuous variables, the t test was used
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Table II: Baseline Association between AF and Cognitive Performance 

   

With AF 

(N= 2593) 

 Without AF 

(N= 26886)  

Cognitive Domain 

(Assessment) Model 

Total 

Observations Estimate 

Standard 

Error  P-Value 

Executive Function/ 

Language (Animal 

Naming) 

 

 Model 1
a 

22437 -0.54 0.12 Referent <0.001 

 Model 2
b 

15392 -0.41 0.15 Referent 0.005 

 Model 3
c 

15375 -0.41 0.15 Referent 0.005 

Executive Function 

(Letter F) 

 

 Model 1 19663 -0.22 0.11 Referent 0.052 

 Model 2 13828 -0.04 0.14 Referent 0.752 

 Model 3 13813 -0.04 0.14 Referent 0.757 

Global Cognitive 

Function (SIS) 

 

 Model 1 28905 0.01 0.02 Referent 0.396 

 Model 2 19417 0.02 0.02 Referent 0.322 

 Model 3 19392 0.02 0.02 Referent 0.316 

MoCA  

 Model 1 21389 -0.14 0.04 Referent 0.0004 

 Model 2 14600 -0.08 0.05 Referent 0.080 

 Model 3 14587 -0.08 0.05 Referent 0.080 

Learning (WLL)  

 Model 1 20472 -0.36 0.12 Referent 0.002 
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 Model 2 13882 -0.25 0.14 Referent 0.077 

 Model 3 13869 -0.25 0.14 Referent 0.078 

Memory (WLD)       

 Model 1 19865 -0.17 0.05 Referent 0.001 

 Model 2 13571 -0.12 0.06 Referent 0.061 

 Model 3 13559 -0.12 0.06 Referent 0.062 

 
a
Model 1 adjusted for age, sex, race, region and education 

b
Model 2 further adjusted for systolic blood pressure, use of blood pressure lowering medications, dyslipidemia, and history of CHD, 

LVH, diabetes, obesity and current smoking 
c
Model 3 further adjusted for aspirin and statin use 
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Table III: Longitudinal Analysis of Cognitive Assessment by AF status 

 

 With AF 

N=2593 

Without AF 

N=26886 

 

     

Cognitive  

Assessment Time 
a
LSMean±

b
SE LSMean±SE 

P-value 

AF*Time 

Animal Fluency    0.3582 

 1 16.04±0.13 16.46±0.04  

 2 15.24±0.14 15.77±0.04  

 3 14.78±0.15 15.35±0.04  

 4 14.26±0.18 14.10±0.05  

Letter Fluency    0.8470 

 1 10.33±0.12 10.59±0.03  

 2 10.19±0.13 10.42±0.04  

SIS    0.1027 

 1 5.55±0.02 5.54±0.004  

 2 5.33±0.02 5.35±0.005  

 3 5.48±0.02 5.50±0.005  

MoCA    0.3327 

 1 9.48±0.04 9.61±0.01  

 2 9.51±0.04 9.63±0.01  

 3 9.39±0.05 9.43±0.01  

 4 9.24±0.07 9.38±0.01  
c
WLL    0.0011 

 1 16.41±0.12 16.75±0.03  

 2 16.13±0.13 16.84±0.04  

 3 16.43±0.15 17.23±0.04  

 4 16.26±0.18 17.23±0.05  

WLD    0.1134 
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 1 6.08±0.05 6.25±0.01  

 2 6.11±0.06 6.36±0.02  

 3 6.18±0.06 6.47±0.02  

 4 6.09±0.08 6.46±0.02  

 
a
LSMean is age, sex, and race adjusted 

 
b
SE = standard error of the mean 

 
c
WLL further adjusted for education and region (p= 0.1709) 
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Animal Fluency 
N=19597 

P-value=0.3582 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Letter Fluency 
N=20084 

P-value=0.8470 

 

SIS 
N=29617 

P-value=0.1027 

 

MoCA 
N=21879 

P-value=0.3327 
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WLL 
N=20929 

P-value=0.0011 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

WLD 
N=20305 

P-value=0.1134 
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Timeline of Data Collection 

Component 

Baseline 

telephone 

Interview 

In-

home 

Exam 

Self-

administered 

and mailed 

Every 6 

months 

telephone 

call 

Annual 

telephone 

call 

Every 2 

years 

telephone 

call 

Verbal Consent        

Medical history        

Demographics        

Stroke free status         

Physical activity        

Depression        

Cognitive screening        

Six Item Screener         

Three-test battery        

Health/quality of life        

Written consent        

Blood collection        

Urine collection        

Anthropomorphic 

measures        

Blood pressure        

Electrocardiography        

Medications inventory        

Residential history        

Dietary intake        

Family history        
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30,239 REGARDS participants 
with completed home visits 

704 Excluded for incompleted 
data or variables of interest 
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30,183 Eligible participants 

56 Excluded for anomalous 
data 

29,479 Included in analyses 

Atrial fibrillation status 
2,593 with AF 

26,886 without AF 
 

Neuropsychological tests 
19,597 Animal fluency 
20,084 Letter fluency 

29,617 SIS 
21,879 MoCA 
20,929 WLL 
20,305WLD 
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