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4. Rationale:

Heart failure currently represents one of the most common causes of both hospitalizations
and mortality in those over 65, with more than 650,000 cases diagnosed annually.[1] Valvular
heart disease plays a major role in the development of heart failure, and its significance as a contributing
factor to heart failure is increasing as the US population continues to age.[2] The prevalence of valvular
heart disease in patients 65-75 years old and those > 75 years old is 4.4% and 11.7%, respectively. [3] By
2030, the population of patients 65 years old and older is expected to grow by 5.7%, comprising 20.6% of
the total population. With this growth in the older population, a significant increase in the burden of
valvular heart disease and its resultant heart failure is expected. [4]

Severe valvular heart disease can lead to significant heart failure symptoms, and ultimately
death. For example, aortic stenosis is one of the most common acquired valvular defects in the
developed world, affecting approximately 2% of the population over 65. [5] Typically, this is
due to the deposition of calcium associated with aging and leads to a pressure overload of the left
ventricle resulting in congestion and heart failure. Medical therapy may provide symptom relief,
but it is ineffective in the treatment of aortic stenosis. The only effective treatment for aortic
stenosis is valve replacement. [6]

Beyond aortic valve disease, mitral valve disease represents an even larger contributor to
heart failure. Mitral regurgitation is the most common valvular lesion associated with heart
failure, as its incidence approaches roughly 9% in those over age 75.[7] Importantly, mitral
regurgitation has been demonstrated to be an independent predictor of 5 year mortality in
patients with heart failure. [8]

The long-term prognosis of valvular heart failure is dismal. Depending on symptom
severity, the estimated 5-year mortality is >20% per year in patients with aortic and mitral
regurgitation and 20% and 44% in those with aortic and mitral stenosis, respectively [9, 10, 11]

As the prevalence of valvular disease and heart failure continue to grow, it is important to
understand the characteristics and prognostic factors of patients with heart failure and valvular
heart disease. With this ARIC proposal, we will describe the prevalence and type of aortic and
mitral valvular disease in patients hospitalized with heart failure, and analyze associations with
length of hospital stay, rehospitalization, and mortality.
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5. Main Hypothesis/Study Questions:

1. Among patients hospitalized with heart failure in the ARIC communities surveillance study,
what is the prevalence of moderate or severe left heart valvular disease; namely, aortic stenosis
(AS), aortic regurgitation (AR), mitral stenosis (MS), or mitral regurgitation (MR)?

2. How do heart failure patients with different types of valvular heart disease differ by
demographic and clinical characteristics (ex. AS vs. AR vs. MS vs. MR vs. none)?

3. How does all-cause in-hospital, 28-day, and 1-year mortality differ by the various types of
valvular heart disease and heart failure and those with heart failure free of valvular disease? We
hypothesize that mortality will differ by ejection fraction, aortic vs. mitral valve disease, and by
stenotic vs. regurgitant valve disease.

4. Is the prognosis different for patients with heart failure with preserved ejection fraction and
valvular heart disease as compared to those with heart failure with reduced ejection fraction and
valvular heart disease?

5. Do patients with valvular heart disease admitted with heart failure have longer lengths of ICU
stay, total hospital stay, and more procedures and/or testing, such as cardiac catheterization,
echocardiograms, pulmonary artery catheter insertion, heart valve replacement, and cardiac
surgery, as compared to patients without valvular heart disease admitted with heart failure? Our
hypothesis is that patients with heart failure and valvular heart disease who are admitted with
acute decompensated heart failure will have longer lengths of hospital stay and more
testing/procedures, than those without valvular heart disease.

6. Among ARIC Cohort members who were hospitalized with heart failure, what is the rate of
readmissions, compared to those without valvular heart disease? We hypothesize that those with
valvular heart failure will have higher readmission rates.

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:
This study will be based on all heart failure hospitalizations sampled by the ARIC community
surveillance study from 2005 to 2013. We will analyze admission for both chronic stable heart



failure and acute decompensated heart failure, but focus on outcomes related to acute
decompensated heart failure. The prevalence and severity of valvular disease will be determined
by echocardiography, limiting our study population to those with available echocardiography
data. Because medical records for ARIC cohort members were also abstracted for each
hospitalization, if hospitalized, we will also use the first hospitalization for cohort members with
available echocardiography data as the study entry.

Key Variables of Interest:

1. Valvular heart disease: aortic stenosis, aortic regurgitation, mitral stenosis, mitral
regurgitation

2. Heart failure specifics: left ventricular ejection fraction, acute decompensated heart
failure (ADHF), heart failure with reduced ejection fraction (HFrEF), heart failure with
preserved ejection fraction (HFpEF), and chronic stable heart failure (csHF)

3. Demographics: Age, race, gender, socioeconomic status.

4. Comorbidities: Hypertension defined as >140/90 or taking antihypertensive medication,
diabetes, COPD, renal failure, hyperlipidemia, CAD

5. Other clinical characteristics: BMI, smoking history and length

Outcomes and Data Analysis:

We will describe the prevalence and type of valvular heart failure in hospitalized heart
failure patients sampled by the ARIC community surveillance study. We will also examine
overall and stratified [(aortic vs mitral), (stenosis vs. regurgitation), (aortic or mitral vs. none)]
associations with demographics and comorbidities. Longitudinal outcomes will include length of
hospital stay, in-hospital, 30-day, and 1-year mortality. In the subset of ARIC cohort members
hospitalized for heart failure, 30-day and 1-year rehospitalizations will be examined.

All analyses will be weighted by the sampling fraction and will account for the stratified
sampling design. Demographic and clinical covariates will be compared using analysis of
variance and Rao-Scott chi-square tests. In-hospital, 28-day, and 1-year mortality will be
assessed by multivariable logistic regression. Among ARIC cohort members with hospitalized
heart failure, number of re-hospitalizations over a 30-days and 1-year will be analyzed by
multivariable Cox regression, using robust sandwich estimators to account for correlation
between repeat events. Mean length of hospital stay contrasting valvular to non-valvular heart
failure will be analyzed using multiple linear regression.

Limitations and challenges:

With the available data, several limitations may be present within this study. This study will
be limited to patients with available echocardiography abstractions. There may also be a
substantial number of patients with multiple valvular lesions (aortic and mitral, or stenosis and
regurgitation) which will limit our ability to define isolated valvular heart disease. If this proves
to be true, we will analyze patients with combined valvular heart disease. Patients may be
counted more than once if they present to a hospital and are entered into a study multiple times
over the years. Finally, the echocardiography data is based on real-world clinical reports, and is



subject to variations in measurement and interpretation, as well as differences in imaging
protocols, equipment, and sonographers.
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