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4. Rationale:



Heart failure with preserved ejection fraction (HFpEF) is common, increasing in
prevalence, and causes substantial morbidity, mortality, and resource utilization,
particularly among the elderly." Patients with HFpEF demonstrate pathophysiologic
characteristics similar to patients with HF with reduced EF (HFrEF),? experience similar
rates of HF re-hospitalization and functional decline,*” and face a significantly higher
risk of death compared to age-matched controls.*’ Despite multiple randomized
controlled trials, no disease-specific therapy exists to improve prognosis in this
heterogeneous syndrome.>*"’

While the primary pathophysiologic abnormality in HFpEF is generally thought to
be abnormal LV diastolic performance,'""'*"* traditional noninvasive parameters of
diastolic function are absent in approximately one-third of HFpEF patients and fail to
reliably predict adverse events among HFpEF patients.'*'> In addition, age-related
changes in these structural and Doppler measures of diastolic function are well
recognized,'® and diastolic dysfunction is frequently detected in asymptomatic older
persons, most of whom never develop HF. In the Olmsted County cohort, while diastolic
dysfunction was detected in only 12% of participants 45-54 years old, it was noted in
71% of those >75 years old, although only 8.4% had clinical HF."” These findings
suggest that, in the elderly in particular, mechanisms other than diastolic dysfunction may
be operative in the transition to symptomatic HF despite preserved LVEF. Additional
putative mechanisms include impairments in LV systolic function not reflected in EF,
excessive systolic-ventricular and arterial stiffening,'® pulmonary hypertension with
abnormal pulmonary vascular resistance,'” adverse cardiopulmonary interactions related
to concomitant obstructive lung disease, altered fluid handling related to co-existing renal
impairment, anemia, obesity, and deconditioning.*

Surprisingly little data exists directly comparing measures of cardiac and non-
cardiac dysfunction in HFpEF versus matched asymptomatic persons, particularly those
with co-existing cardiovascular co-morbidities and particularly among the elderly. A
better understanding of the cardiac and non-cardiac measures that distinguish person with
HFpEF from their asymptomatic peers matched on key clinical characteristics may
provide additional insight into potential mechanisms contributing to the transition from at
risk to symptomatic HF in the elderly. Detailed phenotyping of cohort participants in
ARIC Visit 5 offers the unique opportunity to identify cardiac and non-cardiac organ
dysfunction distinguishing symptomatic elderly persons with HFpEF from their
asymptomatic counterparts with similar risk factors. In addition, this large biracial cohort
is uniquely positioned to investigate gender and race/ethnicity-based differences in these
relationships.

5. Main Hypothesis/Study Questions:

We hypothesize that, compared to age-, gender-, race/ethnicity-, and co-morbidity-
matched asymptomatic persons, elderly persons with HFpEF will demonstrated more
pronounced abnormalities both cardiac and non-cardiac function. Specifically, we
hypothesize that HFpEF patients will demonstrate: (1) worse LV concentric remodeling,
LV systolic deformation (assessed by strain), and diastolic function; (2) higher



pulmonary artery pressure and pulmonary vascular resistance; (3) greater arterial
stiffness; (4) worse renal clearance and proteinuria, (5) greater airflow obstruction, and
(6) worse anemia.

Specifically, we aim to:

1. Determine whether persons with HFpEF, compared to matched controls,
demonstrate worse cardiovascular function in the following domains: (1) LV
structure/concentric remodeling (volumes, wall thickness, mass); (2) LV diastolic
function (TDI E’, E/E’ ratio, LAVi); (3) LV systolic deformation (longitudinal
and circumferential strain); (4) pulmonary pressure and vascular resistance (TR
jet velocity, PVR); and (5) arterial stiffness and ventricular-arterial coupling.

2. Determine whether persons with HFpEF, compared to matched controls,
demonstrate more pronounced non-cardiac organ dysfunction in the following
domains: (1) renal function (eGFR, proteinuria); (2) pulmonary function
(FEV//FVR ratio); (3) hematologic function (hemoglobin, hematocrit); and (4)
dysglycemia (Hemoglobin A,C, glucose).

3. Determine the relative association of cardiac and non-cardiac dysfunction to the
odds of having HFpEF in the Visit 5 population overall, and determine whether
these relationships vary significantly by gender and race/ethnicity.

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 will be a cross-sectional analysis based on data collected at ARIC Visit 5.

Inclusion/exclusion criteria:

Inclusion criteria for the analysis include: (1) echocardiographic data at Visit 5 with a
reading center determined LVEF>50%; (2) spirometry, renal function, hematologic, and
glycemia data at Visit 5.

Key variables of interest:

1. Echocardiographic variables (visit 5 echo): (1) LV structure (LV end-diastolic and
end-systolic volumes and dimensions), wall thickness, relative wall thickness, and
mass); (2) LV diastolic function (E wave, A wave, E wave deceleration time, TDI
E’, and LAV1i); (3) LV systolic function (LVEF, mid-wall fractional shortening,
longitudinal strain, circumferential strain); (4) pulmonary hemodynamics
(estimated PASP based on TR jet velocity, PVR); and (5) right ventricular
function (RVFAC, TDI tricuspid annular S’)

2. Pulmonary function variables (visit 5): FEV,, FVC

3. Renal function variables (visit 5): serum albumin and creatinine, urine albumin
and creatinine, eGFR

4. Hematologic variables (visit 5): hemoglobin and hematocrit, glucose



5. Measures of dysglycemia (visit 5): hemoglobin A1C

6. Clinical covariates (visit 5): age, gender, race/ethnicity, height, weight, blood
pressure, heart rate, history of hypertension, diabetes, dyslipidemia, coronary
artery disease, prior MI or revascularization procedure, prior stroke or TIA,
peripheral arterial disease, heart failure, prior hospitalization for heart failure

Data analysis:

Prevalent HFpEF cases in ARIC will be identified as ARIC participants with: (1)
prevalent HF based on the recently approved ‘specific’ ARIC Heart Failure Committee
Definition (based on information on prior adjudicated HF hospitalization, Physician
health survey, and hospitalization prior to 2005 with ICD code 428.x in first position),
and (2) an LVEF>50% on Visit 5 echocardiogram. Two comparison groups will be
identified: (1) a ‘healthy’ elderly group of participants without CV risk factors
(hypertension, diabetes, obesity, atrial fibrillation, kidney disease, CHD, stroke, PAD,
>moderate valve disease at Visit 5) matched for age, gender, and race/ethnicity; and (2)
an ‘at risk’ population with CV risk factors matched for age, gender, race/ethnicity, and
key co-morbidities (hypertension, diabetes, chronic kidney disease, CHD, atrial
fibrillation, BMI).

To investigate cardiac and non-cardiac features differentiating HFpEF from healthy
elderly, cardiac and non-cardiac functional measures will be compared between HFpEF
group and matched ‘healthy’ group. Similarly, to investigate those features
distinguishing HFpEF from asymptomatic elderly persons with similar HF risk factors,
cardiac and non-cardiac functional measures will be compared between HFpEF and the
matched ‘at risk’ group. Between-group comparisons will be performed using a Fisher’s
exact test for categorical variables, t-test for normally distributed continuous variables,
and Wilcoxon rank sum test for non-normally distributed continuous variables.

To quantify the magnitude of association of cardiac and non-cardiac features with
HFpEF, we will utilize univariate and multivariable logistic regression models. This
portion of the analysis will be performed using the entire Visit 5 population (n ~ 6,000),
with HFpEF status (yes/no) as the outcome variable. Cardiac and non-cardiac measures
significantly different between HFpEF and comparison groups will be modeled
separately as the primary predictors of interest. Multivariable models will adjust first for
demographics then additionally for key HF risk factors. Area under the receiver-operator
curve analysis will be employed to evaluate the ability of these measures to discriminate
participants with from those without HFpEF, beyond information on demographics and
key HF risk factors.

Anticipated methodologic limitations:

A major limitation for this analysis is its cross-sectional design. Ideally, we would be
able to relate cardiac and non-cardiac measures characterizing HFpEF with (1) the risk of
death or HF hospitalization among persons with HFpEF, and (2) the risk of incident
HFpEF among participants without HF at Visit 5. However, this data will not be
available for several years and future manuscript proposals will focus on this analysis.
For prevalent HFpEF cases, LVEF assessment at Visit 5 may not reflect LVEF at the
time of HF diagnosis or hospitalization. Indeed, in a subset of patients with HF in the
context of reduced LVEF, LVEF subsequently recovers.”’ Among HFpEF cases with HF



hospitalization and chart abstraction by ARIC HF Classification Committee (occurring
since 2005) and with abstracted hospitalization LVEF, we will determine the proportion
with LVEF during prior hospitalization of <50%. We will compare Visit 5 measures
among prevalent HFpEF participants with prior hospitalized LVEF<50% versus those
without prior reduced LVEF and perform a sensitivity analysis restricted to those
participants without prior reduced LVEF.
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