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3. Timeline: Manuscript completed January 2023

4. Rationale:

Heart failure affects an estimated 6.2 million adults in the United States® with a projected
increase of 46% by the year 2030. It causes significant morbidity and mortality with nearly
80,000 heart failure-related deaths reported in 2016.1 Fatigue is one of the most frequently
reported symptoms of heart failure? causing significant patient distress.®# Despite guideline
directed medical therapy, high symptom burden®, mortality, and hospitalization as well as poor
quality of life persist for both patients with heart failure with reduced (HFrEF) and preserved
(HFpEF) ejection fraction. "8 Fatigue is a prevalent, persisting, and distressing symptom for
patients with heart failure.

Fatigue in heart failure is divided into two, often co-occurring constructs that are
important to the lived experience of heart failure patients: 1) generalized fatigue and 2)
exertional fatigue. Exertional fatigue is directly related to exertion while general fatigue is a
multi-dimensional, full-body experience not related to exertion. Evidence suggests that fatigue
influences important clinical and patient reported outcomes such as quality of life®°, physical
and emotional health™, higher healthcare utilization!2*14 and increased hospital length of
stay'*15, mortality'®’, and adverse cardiovascular events.'® Therefore, understanding key
predictors of both general and exertional fatigue in heart failure is critically important for
improving patient reported and clinical outcomes.

There are key gaps in the literature relating to fatigue in heart failure: 1) current
literature primarily focuses on individual biomarker correlates of only general fatigue and fails to
examine other important indicators of cardiac structure and function that could influence fatigue
symptoms and 2) differences in fatigue between HFrEF and HFpEF have not yet been explored.

Echocardiographic assessment of cardiac structure and function correlates with some
heart failure symptoms and provides prognostic information regarding prospective outcomes in
patients with heart failure.®2%2 However, the relationship between echocardiographic
parameters and fatigue symptoms in heart failure have not yet been examined. It is therefore
unclear which, if any, echocardiographic measures are associated with the fatigue experience for
heart failure patients. Understanding how key echocardiographic parameters in heart failure
relate to fatigue can enhance our understanding of the physiologic underpinnings of the symptom
experience for patients with heart failure.

The purpose of this study is to understand how echocardiographic measures of
cardiac structure and function and heart failure phenotype relate to the presence or
absence of different fatigue types in those with prevalent heart failure.
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5.  Main Hypothesis/Study Questions:

Determine whether among those with prevalent heart failure:
1. Type of echocardiographic abnormalities are associated with fatigue type
2. Severity of echocardiographic abnormalities are associated with fatigue type
3. Overall number of echocardiographic abnormalities are associated with fatigue type

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 an analysis of visit 5 participants with a prior diagnosis of heart
failure to determine the relationship between key echocardiographic parameters and fatigue type.
Fatigue type was previously determined using latent class analysis in individuals with prevalent
heart failure at Visit 5. Four fatigue classes were identified: 1) High General & High

Exertional Fatigue, 2) High General & Low Exertional Fatigue, 3) Moderate General &
Moderate Exertional Fatigue, and 4) Low/No Fatigue.

Exposures: The exposure will be echocardiographic parameters collected at visit #5. The
parameters we will examine are detailed below in table 1. We will examine these variables as
both dichotomous (abnormal or not abnormal) and categorized into tertiles (to evaluate severity
of echocardiographic abnormalities).

Table 1. Echocardiographic parameters from ARIC Cohort Visit 5 for proposed analyses

Parameter \ Scale Abnormal

Left Ventricular Structure Men Women

LV mass index | g/m?7 >06.1 >83

Left Ventricular (LV) Systolic Function

LV Ejection fraction % <60 <59

Longitudinal Strain % (adjusted for <-16% <-16%
heart rate)

Circumferential Strain % (adjusted for <-23% <-23%
heart rate)

Left Ventricular (LV) Diastolic Function

LA diameter cm >4.0 >3.7

LA volume index ml/m? >31 >30

Lateral TDI e’ cm/s <54 <5.1

Septal TDI e cm.s <4.6 <4.5

Lateral E/e” ratio ratio >11.5 >13.3

Septal E/e’ ratio Ratio >13.3 >15.1

Right Ventricular Function

RV fractional area change; cm/s Threshold for dysfunction

Tricuspid annular peak systolic myocardial not defined in ARIC,;

velocity continuous variable

Pulmonary hypertension

Estimated PASP

mmHg | >32 | >32
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Outcomes: The outcome will be an individual’s fatigue type: 1) High General & High
Exertional Fatigue, 2) High General & Low Exertional Fatigue, 3) Moderate General &
Moderate Exertional Fatigue, and 4) Low/No Fatigue.

Inclusion criteria: Participation in visit 5 and have prevalent heart failure

Exclusion criteria: Missing data on fatigue measures and echocardiogram, and the small
number of individuals that are non-black or non-white.

Covariates: We will adjust for age, race, sex, education level, smoking status, BMI, diabetes,
systolic blood pressure, eGFR (creatinine and cystatin C), total cholesterol, HDL cholesterol,
triglycerides, and the use of antihypertensives, beta-blockers, diuretics, psychotropics, or CNS
depressants in the last 4 weeks.

Summary of Data Analysis:

e Exploratory data analysis will be performed. Continuous variables will be described
using means and standard deviations or medians and IQR depending upon data
distributions. Categorical or dichotomous variables will be described with percentages
and frequency counts. Data will be evaluated for data distributions, skewedness, and
missing data. Alpha will be set at 0.05 and all inference tests will be two-sided.

e We will compare echocardiographic parameters across fatigue classes (or factors or
cross-categories) using independent t-test, chi squared test, and ANOVA for >2 group
comparisons.

e We will perform multivariable multinomial latent class regression using the 3-step
method for latent class regression:

o0 Examine the association between different individual echocardiographic
parameters and fatigue type among those with prevalent heart failure.

o0 Examine whether a greater number of echocardiographic abnormalities
(dichotomized as normal or abnormal) are associated with fatigue type

o0 Examine whether the severity of echocardiographic abnormalities (categorized
into tertiles) is associated with fatigue type

o0 NOTE: we will use the 3-step method for latent class regression described by
Asparouhov & Muthen?? to account for classification error when assigning the
most likely latent class to each individual participant.

e We will compare the distribution of fatigue classes between heart failure phenotype
(HFrEF v HFpEF) using chi-squared tests

e We will perform multivariable multinomial latent class regression stratifying on heart
failure phenotype to:

o Examine whether associations between fatigue type and echo parameters vary as a
function of heart failure phenotype

Sensitivity Analyses:
e We will perform sensitivity analyses:

JAARIC\Operations\Committees\Publications



o excluding individuals with comorbid COPD or other respiratory conditions.

o0 excluding those with a confirmed diagnosis of depression, and those with cancer
receiving active treatment at visit 5.

0 Excluding those classified as frail.

o Stratifying individuals on whether they had an ADHF hospitalization in the year
prior to visit 5.

e prevhf52 (n=907) and prevdefposshf51 (n=1114) will be used as our primary definitions
of prevalent heart failure diagnosis. However, we will perform a sensitivity analysis using
prevdefhf51 (n=355) as our definition because it is the most specific definition.

e We will perform a sensitivity analysis using the clinical cut points for LVEF (Women
<53%; Men <52%) rather than <60% or >60% as described above.

e These analyses may be limited by power due to the number of individuals who would
need to be excluded.

Additional Secondary Analyses:
e We may consider additional analyses examining the relationship between
echocardiographic parameters and fatigue type in those without heart failure.

Limitations:

e Risk of unidentified confounding.

e Over-representation of HFpEF in the visit 5 dataset due to earlier mortality of HFrEF
cohort members.

e Exertional fatigue here is being operationalized using a scale that measures exertional
dyspnea. We are conceptualizing exertional dyspnea as an indicator of the larger
construct of exertional fatigue. It is possible that this operationalization does not capture
individuals who experience exertional fatigue, but little to no dyspnea (exertion limited
by angina, muscle weakness, etc.).

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript? Yes X No

b. If Yes, is the author aware that the current derived consent file ICTDEROS5 must be
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