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4. Rationale:

Heart failure (HF) is a major cause of both hospitalization and mortality in the United States,
and was estimated to affect 6,600,000 adults 20 years or older in 2010.> The incidence of heart
failure in individuals older than 65 years was reported to be approximately 10 in 1,000 in the
Framingham Heart Study. For adults 40 years of age, the lifetime risk of developing HF for both
men and women is one in five, with this risk reported to double for subjects with blood pressure
greater than 160/90 when compared to those with blood pressure less than 140/90.2 Major risk
factors for heart failure include coronary heart disease, hypertension, left ventricular
hypertro3phy, abnormal heart valves diabetes, cigarette smoking, obesity, and lack of physical
activity.>*

In a systematic review of studies published between 2002 and 2007, Pressler reported that
approximately 25-50% of patients with heart failure had cognitive impairment, with decreased
attention and executive function, reduced processing speed, and memory loss as the most
frequent deficits.>” Similarly, in a pooled analysis of 2,937 heart failure patients and 14,848
controls, the odds ratio for cognitive impairment was 1.62 (p< 0.0001) for subjects with heart
failure.® A comparable estimate of a 1.96-fold greater risk of cognitive impairment in patients
with HF was obtained in a population-based study of 1,075 Italian individuals 65 years and older
(p< 0.028).° Cerebral hypoperfusion secondary to reduction in cerebral blood flow has been
suggested as a physiological mechanism linking heart failure to impaired cognitive function.*

However, an association between cognitive deficits and heart failure has not been observed in
all studies. For example, a recent report in which the impact of cardiovascular risk factors
including heart failure was examined in 3,336 participants 80 years or older in the Hypertension
in the Very Elderly Trial found no association with cognitive decline.* In another large study,
the relationship between heart failure and cognitive impairment was attenuated if depression was
added to logistic regression models where cognitive impairment was defined by scores on the
Six-item Screener in 14,080 participants in the Reasons for Geographic and Racial Differences in
Stroke cohort.*?

In an earlier study, Elkins et al. tested the hypothesis that impaired cognitive function in early
middle age is likely to be attributed to subclinical vascular injury.*® Since cardiovascular disease
and cognitive decline share a common set of vascular risk factors including diabetes and
hypertension,' the authors speculated that poor cognitive function may be used to identify
individuals who are particularly susceptible to developing myocardial infarction and stroke and
found that lower cognitive scores were associated with a greater risk of cardiovascular events
over a 6.4-year period in the ARIC study. Similar results were recently reported for 5,292
participants in the Whitehall 11 study where lower scores on the general cognitive factor (g) and



tests of vocabulary and verbal and mathematical reasoning were associated with an increased
incidence of coronary heart disease during 6 years of follow-up.*

The aim of this proposal is to evaluate whether scores on three neurocognitive tests
administered at the second clinical examination, or decline in cognitive function are associated
with incident heart failure in Caucasian and African-American participants in the ARIC study.
Cognitive data from a 6-year follow-up period for the entire cohort and from a 14-year follow-up
period for 1,134 subjects participating in the ARIC Brain MRI study (2004-2006) are available
for this study.
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5. Main Hypothesis/Study Questions:
The aims of the study are:

Aim 1: To estimate the frequency distributions of the test scores for three neurocognitive tests
(DWR, DSS, and WF) administered at Visit 2 in incident heart failure cases and in non-cases
who will serve as the comparison group.

Aim 2: To estimate the frequency distributions of the change in test scores for three
neurocognitive assessments between Visits 2 and 4 (6-year change), or between Visits 2 and the
ARIC Brain MRI visit (14-year change) in incident heart failure cases and in non-cases who will
serve as the comparison group.

Aim 3: To determine if cognitive status at baseline is associated with incident heart failure.
Cognitive status will be defined by cognitive test scores (DWR, DSS, and WF) at Visit 2.
Incident heart failure will be assessed after the date of Visit 4 for each study participant.

Aim 4: To determine if change in cognitive function over a 6 or 14-year follow-up period for the
DWR, DSS, and WF tests is associated with incident heart failure after Visit 4 or after the ARIC
Brain MRI visit, respectively.

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).

Independent variable/Cognitive variables:

The Delayed Word Recall Test (DWR), Digit Symbol Substitution Test (DSS), and Word
Fluency Test (WF) are available from Visit 2 (1990-1992, whole cohort), Visit 4 (1996-1998,
whole cohort), and in participants in the ARIC Brain MRI study (2004-2006, Forsyth and
Jackson Brain MRI study subset).

Dependent Variable:

The incidence of hospitalization for heart failure has been assessed in the entire ARIC cohort.
In a preliminary data analysis of the race-specific incidence between Visit 4 (1996-1998) and
2008, there were 632 cases in whites and 196 cases in African-Americans.

Data Analytic Plan:

Caucasian and African-Americans will be evaluated separately by self-reported racial
groups. Cox proportional hazards models will be used to test the hypothesis that the incidence of
heart failure is not associated with cognitive status as measured by individual test scores at Visit
2 and at the ARIC Brain MRI visit. A categorical measurement of cognitive impairment, defined
as those falling below the 20" percentile of scores for each of the cognitive tests, will also be
analyzed in these models. Hazard ratios (HRs) based on the regression coefficients from Cox
proportional hazards modeling will be reported.




Cox proportional hazards models will be also be applied to examine the association between
mean change in cognitive function between Visit 2 and Visit 4 (6-year change) and incident heart
failure for the entire ARIC cohort. Cognitive change will be defined as the Visit 4 test score
minus the Visit 2 test score for each of the three cognitive tests. Likewise, we will examine
mean change in cognitive function between Visit 2 and the ARIC Brain MRI visit (14-year
change) for participants in the ARIC Brain MRI study.

Incident cardiovascular events will be ascertained by annual telephone contact and
surveillance of hospital and death records. Heart failure will be defined as the first HF
hospitalization (ICD-9 code 428 in any position), or any deaths where the death certificate
included an HF code (code 428, ICD-9 or 150, ICD-10, in any position). Exclusion for HF will
be based on reported current medication use for HF, or having manifest HF as defined by
Gothenburg criteria stage 3. The follow-up data in this study used to determine incident heart
failure will include events after Visit 4 through December 31, 2008 for the analyses of 6-year
cognitive change, and after the ARIC Brain MRI visit for the analyses of 14-year cognitive
change (variable INCHF08).

Inclusion/Exclusion:

We will exclude by ethnic group (as appropriate to each field center) and missing data.
Other exclusion criteria will include history of stroke or TIA prior to Visit 2, prevalent HF at
Visit 1, incident heart failure between Visit 1 and Visit 2, incident stroke and heart failure
between Visit 2 and Visit 4, and incident stroke after Visit 4.

Other variables of interest:

In both aims 3 and 4 above, we will determine whether any observed relationships are
independent of cardiovascular risk factors and potential confounding factors. These factors will
include but are not limited to:

Visit 1- Education, gender, exam center.

Visit 2- Age, APOE genotype, history of diabetes, fasting glucose, smoking pack years,
hypertension status, antihypertensive medications, systolic blood pressure and diastolic blood
pressure, BMI, carotid IMT (right and left sides), alcohol consumption, total cholesterol, LDL-c,
HDL-c, and triglycerides.

Depression as assessed as Vital Exhaustion at Visit 2 and the CES-D score at the ARIC
Brain MRI visit. CNS medications (antidepressants, neuroleptics, antianxiolytics,
benzodiazepines, antiepileptics) at each visit (Visit 2, Visit 4 and the ARIC Brain MRI visit).

Limitations of study:

A limitation of the study is the possibility of selection bias introduced because of differences
between those subjects who did and did not participate in the Brain MRI study. To address this
issue, baseline characteristics and clinical outcomes will be compared for the two groups.
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