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3. Timeline:  
Once the data is obtained, data analysis and manuscript preparation will be done in the next 6 
months.  
 
4.     Rationale:  

Heart failure (HF), a syndrome of impaired heart filling or ejection of blood, affects 6.5 
million people in the US.1 A growing public health challenge, HF prevalence will increase by 
46% by the year 2030.2 HF is associated with substantial morbidity, mortality, and healthcare 
costs, with a 1-year mortality rate of 30% after diagnosis.1-3 Medical therapies blocking 



neurohormonal activation and adverse ventricular remodeling have shown a significant 
prognostic benefit in HF with reduced ejection fraction (HFrEF).4-15 Consequently, the 
implementation of these guideline-recommended medical therapies (GDMT) in patients with 
HFrEF has resulted in declines in HF mortality rates in the US.3, 16 
 Racial disparities in HF outcomes exist. For example, black patients develop more HF 
from preventable causes like hypertension and obesity compared with white patients.17, 18 Black 
and Hispanic patients with HF report worse symptoms, functional status, and quality of life.19 
Furthermore, black patients have a higher incidence of HF at younger ages (<40 years)17, 20 and 
black males have the highest incidence of HF across all ages and racial groups.21 In the ARIC 
Surveillance of four US communities, there was a significant increase in longitudinal trends in 
hospitalizations for acute HF among black men and women compared with white participants.3 
Moreover, in the ARIC Cohort, after hospitalization with HF, black patients had a significantly 
higher 5-year case fatality rate compared with white patients.22  

In this context, research has shown that a substantial number of HFrEF patients are not 
treated with GMT for HF.23-28 However, only a few studies have examined racial differences in 
GMT use in HF and have obtained conflicting results.2930 Of note, these few studies explored 
very different settings, small single-center studies and hospitals involved in voluntary quality 
improvement initiatives31 and thus may not be widely generalizable to real world populations.  

Moreover those previous studied did not explore whether socioeconomic status (SES) 
including individual level characteristics such as income level, education attainment; and 
neighborhood characteristics such as the area deprivation index (ADI), a measure of 
socioeconomic deprivation of a geographic area, may explain racial disparities in HF outcomes.34 
Individuals with low SES may be less likely to refill prescribed medications, attend follow up 
appointments, seek medical attention when symptoms develop, and have the insight into the 
management of their disease.  

Our objective is to explore the utilization of GDMT for HF at hospital discharge and its 
impact on outcomes by race and SES. We will explore these questions in the ARIC cohort 
because of the extensive adjudication of heart failure events, information on socioeconomic 
status, comorbidities, and outcomes including re-hospitalization and mortality. 
 
5. Main Hypothesis/Study Questions: 
Aim 1: To determine differences in utilization of GMT for HFrEF at hospital discharge by 
race in the ARIC Cohort. We postulate that black race will be associated with lower utilization 
of GDMT at discharge in individuals hospitalized with acute decompensated HFrEF. 
Aim 2: To evaluate the association between the use of GDMT and HF outcome of mortality 
and repeat hospitalization by race. We postulate the used of GDMT will be associated with 
reduced mortality and repeat hospitalization, and that racial differences in GDMT use will 
correlate with racial differences in HF rehospitalization. 
Aim 3: To evaluate whether SES contributes to racial differences in HF GDMT utilization 
as well as the adverse outcomes of mortality and repeat hospitalization. We postulate that 
SES will partially explain the racial differences in HF GDMT and outcomes of mortality and 
repeat hospitalization. 
 
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:  
Combination of cross-sectional (during incident ADHF hospitalization) and prospective cohort 
(after incident ADHF hospitalization) study 
Study population: 
ARIC cohort participants hospitalized from 2005 to 2017 with adjudicated definite or probable 
ADHF. 
Inclusion criteria: 
Hospitalization with adjudicated ADHF with reduced ejection fraction (EF<50%).  
Exclusion criteria: 
We will exclude races that are other than black and white. We will also exclude black 
participants from the Minneapolis and Washington County field centers. We will also exclude 
those discharged to hospice or who die prior to discharge. 
Exposure, outcome, and statistical analysis: Summarized by aims below 
Other variables of interest: 
-Demographics: age at discharge, sex, race, year of hospitalization, region of hospitalization 
-Anthropometric characteristics: height and weight at admission and discharge, blood pressure 
(systolic and diastolic) at admission and discharge, heart rate 
-Lifestyle characteristics: current smoker, former smoker, excess alcohol use, illicit drug use 
-Clinical characteristics: hypertension, diabetes, coronary heart disease, myocardial infarction, 
atrial fibrillation/flutter, chronic obstructive pulmonary disease, stroke or transient ischemic 
attack cancer, lowest ejection fraction, arrhythmia (atrial fibrillation, flutter), pulmonary 
hypertension. Other medications at discharge: diuretics, lipid lowering therapy, calcium channel 
blockers, antiplatelet, anticoagulation, antiarrhythmic 
-Other variables: Left ventricular ejection fraction, highest b-natriuretic peptide (twice upper 
limit of normal vs below), highest troponin (twice upper limit of normal vs below), hemoglobin, 
last eGFR, lowest sodium, length of stay, depression 
 
 
(a)Aim 1: To determine differences in utilization of GDMT for HFrEF at hospital 
discharge by race in the ARIC Cohort.  
Exposure: Race categorized as (black vs. white). 
Outcome: Each GDMT therapy as a binary variable: ACE inhibitor (ACEI) or Angiotensin 
Receptor Blocker (ARB) (yes /no), ß-blockers (BB) (yes/no), Aldosterone antagonist (AA) 
(yes/no), Hydralazine and Nitrates (ISDN/H) (yes/no); or as a combination (1) Optimal therapy 
(ACE/ARB + BB, +/- AA, +/- ISDN/H) (2) Adequate therapy ( BB only, ISDN/H only, ACE or 
ARB only, AA only) (3) Inadequate therapy (no HF therapies). In secondary analysis we will 
also assess for utilization of inpatient procedures including coronary artery bypass graft, 
percutaneous coronary intervention, valve surgery, pacemaker/defibrillator, transthoracic echo, 
right heart catheterization, coronary angiography, stress test during 
Statistical analysis: Cross sectional analysis  
• Descriptive statistic of key GDMT by race 
• Logistic regression to estimate the adjusted odds ratio of each GDMT and procedure by race. 

We will also assess whether other clinical factors including eGFR <30 ml/min per 1.73m2, 
blood pressure <90 mmHg, heart rate < 60 bpm are associated with the use of guideline 
recommended therapy. 



• The regression models will be adjusted for demographics, lifestyle and clinical 
characteristics.  

 
(b) Aim 2: To evaluate the association between the use of GDMT and HF outcome of 
mortality and repeat hospitalization by race. 
Exposure: Each GDMT therapy as a binary variable: ACE inhibitor (ACEI) or Angiotensin 
Receptor Blocker (ARB) (yes /no), ß-blockers (BB) (yes/no), Aldosterone antagonist (AA) 
(yes/no), Hydralazine and Nitrates (ISDN/H) (yes/no); or as a combination (1) Optimal therapy 
(ACE/ARB + BB, +/- AA, +/- ISDN/H) (2) Adequate therapy ( BB only, ISDN/H only, ACE or 
ARB only, AA only) (3) Inadequate therapy (no HF therapies). 
Outcome: Mortality and re-hospitalization with ADHF. 
Statistical analysis: Prospective analysis 
• Cox proportional hazard analysis to assess the longitudinal association between each GDMT 

individually and in combination on the outcome mortality and re-hospitalization.  
• We will stratify the results by race.  
• The regression models will be adjusted for demographics, lifestyle and clinical 

characteristics. 
• We will also estimate propensity score weights using logistic regression with characteristics 

that are known to be related to the exposure of GDMT and the outcome. We will use 
propensity score for inverse probability weighting of our regression models.  

 
(c) Aim 3: To evaluate whether SES contributes to differences in HF GDMT utilization as 
well as the adverse outcomes of mortality and repeat hospitalization. 
Exposure: Socioeconomic status measured at visit 1: separately and as a composite score. 
Household income at visit 1 will be categorized into three levels (<$12,000, $12,000-$24,999, 
>$25,000). Educational attainment at visit 1 will be categorized into three levels (< high school, 
high school or equivalent, > high school). Area deprivation index (ADI) measured at visit 1 will 
be categorized into five equal quintiles. 
Outcome: Mortality and re-hospitalization with ADHF. 
Statistical analysis: Combination of cross-sectional (GDMT utilization) and prospective 
analysis (mortality and repeat hospitalization) 
• Descriptive statistic of key GDMT by SES status 
• Logistic regression to estimate the adjusted odds ratio of each GDMT and procedure by SES. 

We will also assess whether other clinical factors including eGFR <30 ml/min per 1.73m2, 
blood pressure <90 mmHg, heart rate < 60 bpm are associated with the use of guideline 
recommended therapy. 

• The regression models will be adjusted for demographics, lifestyle and clinical 
characteristics.  

• Cox proportional hazard analysis to assess the longitudinal association between each GDMT 
individually and in combination on the outcome mortality and re-hospitalization by SES 
status (individual components and composite score) 

• The regression models will be adjusted for demographics, lifestyle and clinical 
characteristics. We will test for interaction between SES, race and medication utilization 

• In sensitivity analysis, we will also estimate propensity score weights using logistic 
regression using with characteristics that are known to be related to the exposure of 



guideline-recommended therapy and the outcome. We will use propensity score for inverse 
probability weighting of our regression models.  

 
Limitations 
-Residual bias by indication associated with the exposure and outcome and not captured by 
measured predictors. 
-EF is not always available from current hospital echocardiograms and they may be variability in 
accurate assessment of EF from other imaging modalities 
-Lack of information on allergy, intolerance or contraindication to guideline-recommended 
medication 
-Residual confounding 
-Lack of information on adherence after hospitalization 
-Regional differences may not reflect racial differences (most African Americans came from the 
Jackson site) 
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