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3. Timeline: 
 



Data to be used in this proposal are already available. Analyses and manuscript 
preparation will be performed over the next 6 months. 
 
4. Rationale:  
 
Heart failure (HF) has a prevalence of almost 5 million among the U.S. population and a 
yearly incidence rate of more than 500,000. Data from the Framingham Study suggests 
that the lifetime risk of heart failure is 1 out of 5 for both genders 1. The prevalence, 
incidence, and number of deaths with HF as the underlying cause of death in the United 
States are increasing 2. 
 Albuminuria has consistently been reported to be associated with cardiovascular 
outcomes in both diabetic and non-diabetic individuals 3-5. Albuminuria is defined as the 
excretion of albumin in the urine, and in its excessive state can be sub-classified as 
microalbuminuria (albumin excretion 30-299 mg/24h), and macroalbuminuria (albumin 
excretion ≥300 mg/24h) 6. A urinary albumin-to-creatinine ratio (ACR) can be calculated 
from an untimed urine sample, such as a spot collection, which closely approximates the 
albumin excretion in a 24-hour urine sample 7. Microalbuminuria is one of the earliest 
signs of chronic kidney disease (CKD). From a large population-based survey (National 
Health and Nutrition Examination Survey, NHANES III), it has been estimated that the 
prevalence of microalbuminuria in the general U.S. population lies between 8 and 11%, 
and affects about 29% of the diabetic and 16% of the hypertensive subpopulation 8, 9.  
 Regarding the specific association between albuminuria and heart failure, the Heart 
Outcomes Prevention Evaluation (HOPE) Study found a 3.5-fold higher risk of incident 
HF hospitalizations in diabetics within the highest quartile of ACR compared to diabetics 
within the lowest quartile of the ACR, and similar numbers for non-diabetic individuals 4. 
  The underlying mechanism of the association between albuminuria and HF needs 
further investigation. Albuminuria is associated with several cardiovascular risk factors 
that are known to cause or be associated with CHD, the most common cause of HF in the 
U.S. These factors include hypertension, hyperglycemia, smoking, infection, and renal 
dysfunction. Moreover, albuminuria might reflect a state of vascular and specifically 
endothelial dysfunction 10. In addition, there is evidence that neurohumoral mechanisms 
contribute to the development of HF in individuals with albuminuria as a marker of 
kidney dysfunction 11. It is still unclear whether direct toxic effects of albumin in the 
kidney contribute to this mechanism by leading to kidney damage, thereby inducing 
hormonal changes (e.g., of the rennin-angiotensin-aldosterone system) that might exert 
systemic effects. 
 The ARIC Study as a large community based study provides an excellent 
opportunity to investigate a possible relationship between levels of albuminuria and heart 
failure in a middle-aged, biracial population.  
 
5. Main Hypothesis/Study Questions: 
 
1. Higher levels of albuminuria (either micro- and macroalbuminuria or ACR ≥ 30 mg/g) 
will predict a higher incidence of heart failure hospitalizations and deaths over the course 
of follow-up. 
 



2. The relationship above will be independent of other risk factors for heart failure 
including demographics, existing (baseline) or incident coronary heart disease, and 
coronary heart disease risk factors. 
 
3. The relationship of albuminuria and incident HF will be present across categories of 
estimated glomerular filtrarion rate (eGFR), another marker of kidney function. We 
hypothesize that albuminuria will predict increased risk for incident HF even in 
individuals with normal levels of kidney function based on eGFR, although the 
relationship of albuminuria and incident HF will be graded across the categories of eGFR 
with the strongest association observed in the lowest category of eGFR. 
 
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). 
 
All analyses will be conducted locally by Anna Kottgen. 
Main Exposure:  
 Albuminuria as measured by the urinary albumin-to-creatinine ratio (ACR). 
Urinary albumin, urinary creatinine and serum creatinine were measured in all ARIC 
participants at Visit 4 (n = 11,477) at the University of Minnesota (laboratory M. Steffes). 
Serum creatinine was measured using a modified kinetic Jaffe method. 
Main outcome:  
 The main outcome will be the first HF hospitalization or HF as the underlying 
cause of death after study visit 4 (baseline of this analysis since this is the time the 
exposure variable was collected). HF cases are assessed from hospitalization records 
(hospital discharge diagnoses from cohort eligibility forms) and death certificates (ICD-9 
code 428, ICD-10 code I50). Since visit 4 there have been 410 cases of incident HF 
hospitalizations or deaths. 
Exclusions: 
 Participants with missing values for urinary albumin or creatinine will be 
excluded from analyses. In addition, individuals missing race, age, gender, or serum 
creatinine at visit 4 will be excluded from analyses, as it would not be possible to 
estimate the glomerular filtration rate (GFR), another important marker of kidney 
function.  
 Furthermore, individuals with evidence of prevalent HF at visit 4 as defined by 
the Gothenburg criteria, stage 3, or the self-reported current intake of HF medication will 
be excluded from analyses 12. As full information regarding the individual criteria that are 
summed to obtain the Gothenburg score are only available for visit 1, individuals with 
prevalent HF at visit 1 as defined by the Gothenburg criteria, stage 3, will be excluded 
from analyses even if they do not meet the Gothenburg criteria at visit 4. In addition, 
those with an incident HF hospitalization before visit 4 will also be excluded. We will 
strive to keep the exclusion criteria due to prevalent HF consistent with those in the 
manuscript proposals 1118, 1125, and 1164. 
Covariates:  



 Additional variables required for analyses include demographic factors (age, race, 
sex, education, study center), comorbid conditions (blood pressure, diabetes status, 
prevalent coronary heart disease (CHD) at visit 4 as well as incident CHD over the course 
of follow-up), anthropometric data (waist circumference, waist-to-hip ratio, BMI), 
smoking status, alcohol intake, medication use (antihypertensives, lipid-lowering 
medications), and laboratory measurements (serum creatinine, LDL and HDL cholesterol, 
hemoglobin, serum albumin, CRP). All covariates with the exception of the incident 
CHD variable and CRP will be taken from study visit 4. The estimated glomerular 
filtration rate (eGFR) will be calculated from age, sex, gender, and serum creatinine, 
using the re-expressed abbreviated MDRD Study equation 13 and will be incorporated as 
a covariate. Finally, variables providing information to calculate the Gothenburg score 
(cardiac and pulmonary characteristics, EKG, medication) will be taken from visit 4 if 
available and otherwise from visit 1. 
Data analysis:  
 Individuals will be followed from baseline (visit 4) until the earliest of the 
following dates: date of the first HF hospitalization, HF death, loss to follow-up, or 
December 31st, 2002 (end of follow-up). Crude and age-adjusted HF incidence rates will 
be calculated using person-time methods. 
 Albuminuria will be analyzed categorically using clinical cutoffs 
(normoalbuminuria <30 mg/g, microalbuminuria 30-300 mg/g, macroalbuminuria 300+ 
mg/g) 6and as a continuous variable (ACR), including levels below the cutoff for 
microalbuminuria. For sensitivity analyses, sex-specific cutoffs for micro- and 
macroalbuminuria will also be used.  
 Using Cox proportional hazards models, the relative hazard of incident HF will be 
modeled as a function of albuminuria at visit 4 (both categorically and continuously) as 
well as covariates. Models will be built subsequently incorporating these pre-specified 
covariates, and nested models will be tested for significance using likelihood ratio testing. 
The appropriateness of the proportional hazards assumption will be assessed visually by 
inspecting the complementary log(-log[survival function]) curves. An important 
component of the analyses will be an attempt to define the risk of HF across the entire 
range of the ACR. This analysis will incorporate the use of spline models to explore 
deviations from linearity. The relationship of albuminuria and HF will also be explored at 
different levels of eGFR (normal: eGFR ≥ 90 ml/min/1.73m2, mildly reduced: eGFR 60-
89 ml/min/1.73m2, and moderately and severely reduced: eGFR < 60 ml/min/1.73m2, in 
accordance with National guidelines 14. 
 Since albuminuria has also been shown to be a risk factor for incident CHD and 
CHD is the main cause of HF in the United States 15, analyses will be conducted stratified 
by the presence of prevalent CHD at visit 4. In addition, analyses for those without 
prevalent CHD at visit 4 will be conducted accounting for incident CHD over the course 
of follow-up by censoring individuals at the time of an incident CHD event (MI, fatal 
CHD, silent MI, or revascularization procedure). 
Limitations:  
 The main limitation of this study is the use of a single urine sample to determine 
the level of the main exposure, albuminuria. Clinical recommendations define the 
presence of albuminuria above clinical cutoffs as the presence of these levels in at least 
two of three consecutive urine samples 16. Since the level of albuminuria is subject to 



high physiologic variation, the potential for misclassification of our main exposure exists. 
In order to address this issue, analyses will be repeated excluding participants that were 
pregnant, reported strenuous exercise (vigorous sports or exercise within the last 12 
hours) for those who have this information available. Additionally, information about the 
persistence of microalbuminuria from another study (NHANES) with repeat 
measurements can help in modeling biologic and measurement variability to assess the 
effect on the association.   
 Another limitation pertains to misclassification of the outcome. Incident HF was 
not adjudicated by an adjudication committee. Moreover, information is only available 
for HF hospitalizations and deaths, and echocardiographic data are missing. The 
Gothenburg criteria used to exclude prevalent HF cases are reported to have high 
specificity but only moderate sensitivity 17, therefore, our exclusion of prevalent HF cases 
might have missed a few individuals.  
 Finally, our main exposure as well as many covariates might have changed over the 
course of follow-up. 
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