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4. Rationale:  

 

 It has often been commented that acute decompensated heart failure (ADHF) 

hospitalizations have become increasingly more complex. Beyond mere antidote, contemporary 

analyses from the Get With the Guidelines registry and the Clinical Practice Research Datalink 

report an increasing prevalence of both cardiovascular and non-cardiovascular comorbidities 

among patients hospitalized with heart failure1,2. However, across the 2005-2014 study interval, 

acute heart failure hospitalizations became increasingly predominated by heart failure with 

preserved ejection fraction (HFpEF)1,3. Compared to heart failure with reduced ejection fraction 

(HFrEF), HFpEF is more often burdened by excessive comorbidities4,5. Thus, it is unclear 

whether the temporal comorbidity trends reflect increasing medical complexity of patients 

hospitalized with acute HF, or an increasing predominance of HFpEF.  

 Changing patient demographics may also explain the increasing prevalence of comorbidities 

during this study period. Relative to HFrEF, HFpEF is more often associated with elderly, white, 

women. However, despite the increasing predominance of HFpEF reported by the GWTG from 

2005-2014, a decreasing proportion of patients hospitalized with acute HF were observed to be 

white (73% to 67%) or women (76% to 74%) across the study interval1. Comorbidity burden is 

likely to differ by race and sex among patients hospitalized with acute HF, and sex- and race-

specific trends in comorbidity burden may change over time as well. Importantly, many 

comorbid conditions may be modifiable, presenting actionable areas for intervention. 

 However, it is uncertain whether increasing comorbidities are unique to hospitalized 

patients with acute heart failure, possibly triggering the acute decompensation. Alternatively, an 

increasing temporal pattern of comorbidities may also be observed in patients with stable, 

chronic heart failure who are hospitalized for other causes.  

 We propose to examine temporal trends in patients hospitalized with ADHF using 

community surveillance data captured by the ARIC study from 2005-2014. We will examine 

comorbidity prevalence changes over time, and whether rates of change in comorbidity 

prevalence differ for ADHF vs. chronic stable HF. We will also examine differences in rates of 

change of temporal comorbidity prevalence among subgroups of patients with ADHF, comparing 

HFpEF to HFrEF, black patients to white patients, and men to women. Additionally, we will 

examine annual temporal trends in length of stay (LOS) for patients with ADHF, as a measure of 

patient acuity.  

 

5. Main Hypothesis/Study Questions: 

 

1. What are the 10-year temporal trends (2005-2014) in comorbidities among patients who are 

hospitalized with ADHF? 

 -Does the annual prevalence of comorbidities change over time or remain stable for patients        

hospitalized with ADHF?             

-Does the prevalence and rate of change in comorbidity prevalence differ for patients 

hospitalized with ADHF vs. chronic, stable HF? 

-Does the prevalence and rate of change in comorbidity prevalence differ for patients by 

heart failure type (HFpEF vs. HFrEF) for patients hospitalized with ADHF? 

-Does the prevalence and rate of change in comorbidity prevalence differ by race or sex for 

patients hospitalized with ADHF?  

 



2. What are the 10-year temporal trends (2005-2014) in average LOS among patients who are 

hospitalized with ADHF? 

 -Does the annual average LOS change over time? 

 -Does the annual average LOS differ for HFrEF vs. HFpEF? 

-Does the annual average LOS differ by race and sex? 

 

 

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 Population 

Patients hospitalized with heart failure, captured by the ARIC Heart Failure Community 

Surveillance (2005-2014). Our study population will include ADHF patients and a comparison 

group of hospitalized patients with chronic, stable HF. 

 

Statistical Analysis 

-All statistics will be weighted by the inverse of the sampling probability and will account for the 

stratified sampling design. Categorical variables will be compared using Rao-Scott χ2 tests and 

continuous variables will be compared by the difference in least square means from weighted 

linear regression. 

-Temporal trends in prevalence of comorbidities will be analyzed by logistic regression, by 

regressing year of admission as a continuous variable.  

-Differences in rate of change of comorbidity prevalence will be analyzed by logistic regression, 

testing the multiplicative interaction of the comparator variable (race, sex, HF type) with year of 

admission. 

 

Sensitivity Analyses 

-Dichotomized comorbidities may not adequately capture disease management or severity. 

Consequently, we will conduct several sensitivity analyses. These will include analyses of 

obesity (BMI >35 kg/m2), anemia (<10 g/dL), uncontrolled hypertension (SBP >140 mmHg) and 

stage 3a or higher CKD (eGFR <45 mL/min per 1.73 m2) 

-We will also examine temporal trends in hospitalization severity based on the GWTG-HF risk 

score. 

-Because there is no consensus on ejection fraction used to define HFpEF vs. HFrEF, we will use 

an EF of 50%, and conduct a sensitivity analysis using a cutpoint of 40%. 

 

Variables 

We will consider temporal trends in both cardiovascular and non-cardiovascular variables. These 

may include obesity, hypertension, diabetes, anemia (from hospital hemoglobin labs), glomerular 

filtration rate (from hospital creatinine labs), smoking, sleep apnea, COPD, depression, thyroid 

disease, atrial fibrillation/flutter, peripheral vascular disease, and coronary artery disease 

 

Limitations 

-Data will be limited by availability in the medical record and abstraction priority 



-Analyses of HFpEF and HFrEF will be limited by availability of in-hospital echocardiography 

results 

-Laboratory values may be influenced by hemodilution, particularly if measured at admission. 

For this reason, we will analyze the “last” laboratory value recorded in the abstractions. 

-Most HF hospitalizations captured by the ARIC community surveillance were female patients. 

Consequently, sex-stratified analyses may have limited statistical power. 

-We will not have information on medications / treatment for comorbid conditions (except for 

hypertension) because these were not collected by the ARIC surveillance. 

-Although relevant to this analysis, we will not have information on patient socioeconomic status 
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