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4. Rationale:  

Kidney dysfunction is a strong predictor of adverse health outcomes in a broad range of 

populations.
1-6

 Patients with heart failure are not exception, and numerous studies have 



reported that lower kidney function is associated with poor prognosis in patients with 

heart failure in both outpatient and inpatient settings.
7-21

 However, generalizability of 

those data to clinical practice in community is limited as many of these reports are from 

clinical trials with stringent inclusion criteria,
7-16

 and most of the others are data from a 

single hospital (usually large hospitals).
17-19

 Thus, the prevalence of kidney dysfunction 

or its prognostic utility from a community based sample of hospitalized heart failure is 

missing. Though a report from a large registry study in the US may reflect community 

setting,
20,21

 registry studies have some caveats related to their property for arbitrary data 

entry.
22

 Also, only a few of above studies have used a measure of kidney dysfunction as 

recommended in clinical guidelines, i.e., estimated glomerular filtration rate (eGFR).  

 

Therefore, the main objective of this study is to evaluate the prevalence of kidney 

dysfunction assessed by the latest eGFR equation using serum creatinine (CKD-EPI 

equation)
23,24

 and its prognostic impact among patients who were hospitalized for acute 

decompensated heart failure (ADHF) in community hospitals using the community 

surveillance data from the Atherosclerosis Risk in Communities (ARIC) Study with case 

adjudication by experts.
25

 This study will provide a unique opportunity to assess whether 

those estimates vary across subgroups according to age, sex, race, status of hypertension 

and diabetes, and HF type (reduced vs. preserved ejection fraction [EF]). Also, we will 

evaluate whether HF treatment differs by kidney dysfunction among patients with ADHF 

in community hospitals.  

 

5. Main Hypothesis/Study Questions: 

1.  What is the prevalence of kidney dysfunction in patients hospitalized with ADHF in 

community settings overall and in key subgroups according to age, sex, race, status of 

hypertension and diabetes, and HF type?   

2.  Among those with ADHF, is kidney dysfunction independently associated with in-

hospital, 28-day, and 1 year mortality overall and in key subgroups according to age, sex, 

race, status of hypertension and diabetes, and HF type?   

3.  Among those with ADHF, does HF treatment (diuretics, inotropes, renin angiotensin 

system inhibitors [RASI], etc.) during hospitalization and at discharge differ by kidney 

function overall and in key subgroups according to age, sex, race, status of hypertension 

and diabetes, and HF 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). 

We will use data abstracted from HF medical records from the ARIC Community 

Surveillance, and all definite or possible ADHF cases adjudicated from 2005 onward by 

the ARIC HF committee with linkage to the National Death Index (for case fatality) will 

be included in this analysis. All analyses will be weighted by sampling fractions specific 

to each of the ARIC communities, accounting for population size, sex, and race. 

Demographic and clinical variables of interest will include age, sex, race, history of heart 

failure (diagnosis, prior hospitalization, or treatment), heart failure type (i.e., reduced vs. 

preserved ejection fraction [EF]), length of hospital stay, in-hospital, 28-day and 1 year 



mortality, serum creatinine, blood urea nitrogen, serum sodium, height, body weight, 

hemoglobin, hematocrit, history of renal disease (dialysis), smoking, blood pressure, 

diabetes, chronic obstructive pulmonary disease (COPD), history of coronary disease, 

and health insurance status. 

   

As recommended in clinical guidelines, kidney function will be primarily evaluated by 

eGFR. The CKD-EPI equation incorporating age, sex, race, and serum creatinine will be 

used. eGFR will be treated as a continuous variable with splines as well as categories 

defined in clinical guidelines (<15, 15-29, 30-44, 45-59, 60-89, and ≥90 ml/min/1.73m
2
). 

eGFR <60 ml/min/1.73m
2
, CKD stage 3 to 5, will be considered as kidney dysfunction. 

Worst (highest) and last measurements of serum creatinine during hospitalization are 

available, and we will repeat our analysis for both measures. However, our primary 

analysis will use worst serum creatinine, since this reflects both baseline kidney function 

and its alteration during hospitalization and hence would carry more prognostic 

information than the other measure determined by timing (i.e., last measurement).
26-28

 

Given that blood urea nitrogen was a stronger predictor of poor prognosis than serum 

creatinine in some studies,
20,21

 we will also test blood urea nitrogen as well as serum 

creatinine as a measure of kidney function.     

 

Prevalence of CKD stage 3-5 will be estimated among ADHF cases, and prevalence odds 

ratios by age, sex, race, and HF type will be calculated.  The prevalence of kidney 

dysfunction will be assessed after stratifying by covariates of interest, and compared by 

χ
2
 test.  We will also assess the proportion of kidney dysfunction ameliorating during 

hospitalization (those with eGFR <60 ml/min/1.73m
2
with highest serum creatinine but 

≥60 with last serum creatinine) and explore clinical factors associated with the recovery 

of kidney function.  

 

Associations between kidney dysfunction among HF patients and mortality (in-hospital, 

28-day and 1 year) will be demonstrated in Kaplan-Meier survival curves and will be 

examined by Cox proportional hazards models as well as logistic regression, after 

controlling for potential confounders such as age, sex, race, diabetes, hypertension, 

smoking, COPD, serum sodium, history of coronary heart disease, and ejection fraction. 

We will assess whether prognostic information of kidney dysfunction differs by age, sex, 

race, status of hypertension and diabetes, and HF type by stratified analysis and models 

incorporating interaction terms between these factors and kidney function. 

 

Subsequently, we will evaluate whether the use of HF treatment during hospitalization 

and at discharge differs by kidney dysfunction. HF treatment of interest would include 

diuretics, inotropes, RASI, and beta blockers. Odds ratio for the use of these medications 

will be evaluated by kidney function after accounting for potential confounders. 
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