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4. Rationale:  

There are currently 6 million Americans with Heart failure (HF), and this number is 

projected to increase to 8.5 million by 2030.
1
 Heart failure has been associated with 

accelerated cognitive decline, however the exact mechanism of this decline remains 

unclear.
2
 While atrial fibrillation is a common co-morbidity in this patient group,

3,4
 it is 

unknown how many patients have undiagnosed paroxysmal atrial fibrillation.  Evidence 

is emerging that atrial fibrillation is associated with cognitive impairment or dementia 

even in individuals without a history of clinical stroke.
5
 In addition, it has been recently 

demonstrated that by the time atrial fibrillation is diagnosed, subclinical brain infarctions 

can be detected by MRI along with measureable cognitive deficits.
6
 Presence of these 

infarctions by brain MRI in patients with heart failure without a diagnosis of atrial 

fibrillation would suggest that atrial fibrillation is being missed. It may be that 

undiagnosed atrial fibrillation is responsible for some of the cognitive impairment 

observed in the heart failure population.  

 

In this study, we propose to analyze whether a clinical diagnosis of heart failure is 

associated with the presence of subclinical infarcts by brain MRI in patients without a 

history of atrial fibrillation. We will also assess whether these subclinical infarcts are 

associated with the presence of mild cognitive impairment or dementia. This analysis will 

be performed first in patients with heart failure with preserved ejection fraction (HFpEF) 

and then be repeated in patients with heart failure with reduced ejection fraction (HFrEF).   

 

Our overarching hypothesis is that undetected atrial fibrillation is common in the heart 

failure population, and failure to detect this is leading to subclinical brain infarcts and 

cognitive decline. If subclinical infarcts are detected in patients without atrial fibrillation, 

this would suggest that increased heart rhythm surveillance and earlier anticoagulation 

treatment may be needed. This would be the first step towards creating a change in 

clinical practice which has a large potential public health benefit.  

 

 

5. Main Hypothesis/Study Questions 
 

Part 1: Heart Failure with Preserved Ejection Fraction (HFpEF) 

 

Aim #1: To assess whether cohort subjects with HFpEF and no documented atrial 

fibrillation (AF) have a burden of subclinical infarcts (SCIs) similar to patients with 

documented AF.  

 

Hypothesis #1:  

Cohort subjects with a diagnosis of HFpEF and no prior AF will have a similar number of 

SCI as those with documented AF (whether with or without HFpEF), which will be 

higher than cohort subjects without HFpEF or AF.  

 

Aim #2: Evaluate the association between HFpEF and cognitive function as mediated 

through the presence of subclinical brain infarcts.   

 



Hypothesis #2: 

Cohort subjects with HFpEF, no AF but who have SCIs detected by brain MRI will have 

similar cognitive scores to subjects with HFpEF and AF. These cognitive scores will be 

lower than the other test groups (no HFpEF/no AF, no HFpEF/AF, HFpEF/noAF/no 

SCIs).    

 

Part 2. Heart Failure with Reduced Ejection Fraction (HFrEF) 

 

Aim #1: To assess whether cohort subjects with HFrEF and no documented atrial 

fibrillation (AF) have a burden of subclinical infarcts (SCIs) similar to patients with 

documented AF.  

 

Hypothesis #1:  

Cohort subjects with a diagnosis of HFrEF and no prior AF will have a similar number of 

SCI as those with documented AF (whether with or without HFrEF), which will be 

higher than cohort subjects without HFrEF or AF.  

 

Aim #2: Evaluate the association between HFrEF and cognitive function as mediated 

through the presence of subclinical brain infarcts.   

 

Hypothesis #2: 

Cohort subjects with HFrEF, no AF but who have SCIs detected by brain MRI will have 

similar cognitive scores to subjects with HFpEF and AF. These cognitive scores will be 

lower than the other test groups (no HFrEF/no AF, no HFrEF/yes AF, HFrEF/no AF/no 

SCI).    

 

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). 

 

Part 1: HFpEF 

 

Study Design  

This is a cross-sectional study using data from visit 5/ARIC-NCS (2011-13) of the 

Atherosclerosis Risk in Communities Study. The number of subclinical infarcts detected 

by brain MRI will be compared among the following groups:  

 

1) HFpEF, atrial fibrillation  

2) HFpEF, no atrial fibrillation  

3) No CHF, atrial fibrillation 

4) No CHF, no atrial fibrillation 

 

Study population:  

Cohort subjects from visit 5/ARIC-NCS (2011-13) of the Atherosclerosis Risk in 

Communities Study. 



Inclusion Criteria:  Subjects with the following data from visit 5 will be included: 

echocardiogram with a measurable ejection fraction, brain MRI and cognitive testing. In 

addition, subjects will need to have complete data regarding incident heart failure and 

previous or current atrial fibrillation up to the time of visit 5.  

 

Exclusion criteria  

1. History of a permanent pacemaker implanted  

a. Rational: these patients will not have undiagnosed atrial fibrillation 

2. Severe aortic stenosis (AVA < 1.0 cm
2
) at the visit 5 echocardiogram  

a. Rationale: these patients do not have HFpEF 

3. Diagnosis of Alzheimer’s prior to visit 5  

4. Patients on hemodialysis at visit 5 (these patient represent a different population, 

and HFpEF cannot be diagnosed in the presence of end stage renal disease)   

5. Prior open heart surgery  

a. Rational: these patients have another mechanism for the presence of 

subclinical brain infarcts via cardiopulmonary bypass  

6. Prior stroke  

a. Defined as any hospital discharge for stroke prior to visit 5 

 

Variable definitions:  

 

Primary Predictor:  

HFpEF, defined as EITHER:  

1) Incident adjudicated HF admission based on ARIC Mortality and Morbidity 

Classification Committee with an ejection fraction ≥ 50 % at the time of the 

hospitalization.  

 

2) Prevalent HFpEF at visit 5 as defined by stage 3 or manifest HF according to 

Gothenburg criteria or the use of medications for HF at visit 5 AND left 

ventricular ejection fraction ≥ 50%.  

 

Atrial fibrillation (dichotomous variable)  

Presence of atrial fibrillation will be defined by either of the following:    

1) A hospital discharge record showing an ICD-9 code of 427.31 (Atrial fibrillation) 

2) Atrial fibrillation detected by ECG performed during any ARIC study visit  

 

Outcome (Aim 1)  

Subclinical cerebral infarcts (SCIs) 

SCIs will be defined as the total number of focal, non-mass lesions ≥ 3 mm that are bright 

on T2 and proton density, and dark on T1 images. 

 

Covariates 

Baseline variables: age, race, hypertension, diabetes, hypercholesterolemia, smoking 

(never, former, current), coronary artery disease. 

 

The following variables will be tested for interaction:  



Treatment with:  

1) warfarin  

2)  statin  

3)  ASA   

 

Statistical plan (Aim 1): Multivariate linear regression, cross-sectional analysis.  

 

The four groups will be treated as a categorical variable in the multivariate analysis. 

Additionally the groups will be tested individually against No CHF/no A fib as the 

reference group.  

 

The following baseline echocardiographic variables (LA volume indexed (mL/m
2
), LA 

diameter (cm), IVS diameter (mm) as well as nt-bnp (continuous and categorical) will be 

tested in a logistic regression model along with HFpEF to assess for the odds of having 

any subclinical infarcts (dichotomous outcome).  

 

Outcome (Aim 2) Neurocognitive function  

 

1) Z-scores from 3 neuropsychological tests: Delayed Word Recall (DWR) Test, 

Digit Symbol Substitution (DSS) Test, and Word Fluency (WF) Test, as well as a 

global cognitive scores derived from these tests  

 

2) Cognitive function as defined as normal, mild cognitive impairment or dementia 

by the ARIC neurocognitive committee from comprehensive neurologic testing at 

visit 5.  

 

Covariates 

Baseline variables: age, race, gender, level of education, occupation, hypertension, 

diabetes, hypercholesterolemia, smoking (never, former, current), coronary artery 

disease, myocardial infarction, body mass index.  

 

 

Statistical plan (Aim 2): Multivariate linear regression, cross sectional analysis.  

 

For Aim 2, there will be 5 comparison groups: 

 

1) HFpEF, atrial fibrillation  

2) HFpEF, no atrial fibrillation, no SCIs  

3) HFpEF, no atrial fibrillation, yes SCIs 

3) No CHF, atrial fibrillation 

4) No CHF, no atrial fibrillation 

 

 

The five groups will be treated as a categorical variable in the multivariate analysis. To 

test the association between HFpEF and cognitive function, separate models will be run 

for each cognitive test (DWR, DSS, and WF) and the global cognitive scores.  



 

The models will consist of CHF status (time-dependent), a term for the interaction of 

CHF x time, and covariates: age, race, gender, educational level, occupation, current 

smoking, body mass index, hypertension, diabetes, coronary heart disease or myocardial 

infarction, as well as interactions between time and covariates.  

 

To be tested as a mediator: subclinical cerebral infarcts (SCIs) 

 

Part 2: Heart Failure with Reduced Ejection Fraction  

The above protocol will be repeated substituting HFrEF for HFpEF. The only difference 

in the design and analysis plan is the exclusion criteria.  

 

 

Exclusion criteria:  

1. History of an ICD or pacemaker implanted   

a. Rational: these patients will not have undiagnosed atrial fibrillation 

2. Previous diagnosis of Alzheimer’s prior to visit 5  

3. Prior open heart surgery  

4. Prior stroke  

a. Defined as any hospital discharge for stroke prior to visit 5.  
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