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3. Timeline: 
Data analysis will start upon manuscript approval.  We expect to submit 
preliminary results in abstract form to the American Heart Association Scientific 
Sessions 2010 (deadline June 2nd).  We would expect to have a final draft of the 
manuscript by the abstract presentation at the Scientific Sessions. 
 



4. Rationale:  
Individuals with chronic kidney disease (CKD) are at higher risk of coronary heart 
disease, heart failure, peripheral artery disease, or venous thromboembolism, 
independently of other risk factors.1-4  CKD might be also a risk factor of AF, a 
common cardiac arrhythmia associated with increased morbidity and mortality.5-7  
CKD leads to hypertension, left ventricular hypertrophy, inflammation, and 
increases the risk of heart failure and coronary artery disease.8  All these factors 
are potentially associated with a higher risk of AF.7  In addition, CKD can lead to 
alterations in the renin-angiotensin-aldosterone (RAA) system which, as recent 
evidence suggests, might increase atrial fibrosis and increase the risk of AF.9  
Finally, CKD causes sympathetic activation, a potential trigger of AF.10, 11 
 Existing evidence suggests that patients with end-stage renal disease in 
dialysis are more likely to develop AF.12  Similarly, cross-sectional studies have 
found a higher prevalence of AF in individuals with non-dialysis-dependent 
CKD.13, 14  Only two prospective studies have evaluated the association of kidney 
function with AF incidence in the general population, providing conflicting results. 
The first one, conducted in the context of the Niigata Preventive Medicine Study 
(Niiagata, Japan), found that lower estimated glomerular filtration rate (eGFR), 
using the MDRD study equation for Japanese population, was associated with an 
increased risk of AF (multivariable HR 1.4, 95% CI 1.1-1.7 comparing those with 
eGFR<60 mL/min per 1.73 m2 to those with eGFR≥60 mL/min per 1.73 m2).15  
More recently, an analysis of 2673 participants of the Framingham Offspring 
Study examined the association of urinary albumin-to-creatinine ratio (ACR) with 
AF incidence.  The multivariable HR (95% CI) of AF associated with a 1-standard 
deviation increase in log-transformed ACR was 1.1 (0.9-1.3).16  This study only 
included 166 AF events.  In summary, though previous evidence strongly 
supports a higher risk of AF among individuals with chronic kidney disease, this 
association has been seldom studied in prospective populations.  Moreover, 
previous studies have not explored whether this association is potentially 
different by race, gender or risk factor profile. 
 Therefore, we propose to examine the association of kidney function and 
kidney disease, evaluated with serum creatinine, cystatin C, and albumin-
creatinine ratio, with the incidence of AF in the ARIC study, independently of 
established cardiovascular risk factors.  We will also evaluate whether this 
association is mediated through an increased risk of heart disease. 
 
5. Main Hypothesis/Study Questions: 
We hypothesize that individuals with worse kidney function will have an 
increased risk of AF, independently of other cardiovascular risk factors, and that 
the association will be non-linear for estimated glomerular filtration rate (eGFR) 
and log-linear for urinary albumin-creatinine ratio.   
 
In addition, we hypothesize, that this association will be present in white and 
black individuals, and also in individuals without history of cardiovascular disease 
(CVD). 
 



 
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 
We will conduct a follow-up analysis of the ARIC cohort, using visit 4 as baseline. 
 
Inclusion/exclusion criteria 
Whites and African-Americans who attended visit 4, were free of prevalent AF 
(defined by ECG at visits 1-4 or AF hospitalization before visit 4), and have 
measurements of kidney function will be included.  Individuals with severely 
decreased kidney function (eGFR<15 ml/min/1.73 m2) will be excluded from the 
analysis. 
 
Variables of interest 
 
Renal function 
The main independent variable, kidney function, will be defined in three ways: 

-  eGFR based on recalibrated creatinine levels at visit 4.  eGFRcreat will be 
estimated using the CKD-EPI equation.17 

-  eGFRcys calculated using cystatin C and the CKD-EPI equation.18 
-  Albumin-creatinine ratio (ACR). 

Both eGFR and ACR will be categorized using clinical cutoff points (<60 
ml/min/1.73 m2, 60-90, and >90 for eGFR; normoalbuminaria: <30 mg/g, 
microalbuminuria: 30-300 mg/g, macroalbuminuria >300 mg/g for ACR) and will 
be also considered as continuous variables. 
 
Atrial fibrillation incidence 
AF in ARIC is ascertained from three different sources: (1) 12-lead ECGs done in 
study exams, (2) ICD-9 codes from hospitalization discharges (427.31, 427.32), 
and (3) death certificates including AF as any cause of death (427.3 or I48).19  
More than 90% of AF cases have been identified from hospital discharges.  For 
the present proposal, we will consider incident AF as any first occurrence of AF 
between visit 4 and December 31, 2007. 
 
Other variables 
For the analysis, we will include covariate information obtained in visit 4, 
including sociodemographic factors (age, gender, race, education, income), 
anthropometric measures (height, body mass index), cardiovascular risk factors 
(diabetes, systolic blood pressure, use of antihypertensive medication, smoking, 
alcohol intake, C-reactive protein [hsCRP]), and history of heart failure, coronary 
artery disease, or stroke.  Additionally, we will use incident CVD occurring during 
the follow-up in some analyses. 
 



Statistical analysis 
We will use Cox proportional hazards models to estimate the association of 
kidney function with the new-onset of AF.  Separate analyses will be run for each 
measure of kidney function.  We will use restricted cubic splines to explore the 
shape of the association between kidney function measures and risk of AF. In the 
survival analysis, we will categorize them based on the spline analysis and usual 
clinical categories. 
 
For each measure of kidney function, we will run a series of nested models: 

- Model 1: age, gender, race-adjusted 
- Model 2: Model 1 + adjustment for study site, education, income, and height 
- Model 3: Model 2 + diabetes, systolic blood pressure, use of 

antihypertensive meds (ACE inhibitors and ARBs, other antihypertensive 
medications), smoking, alcohol intake, body mass index, hsCRP 

- Model 4: Model 3 + history of heart failure, CAD, and stroke 
- Model 5: Model 4 + incidence of heart failure, CAD, and stroke as time-

dependent covariates 
We will study effect modification by age, gender, race, hypertension, and history 
of CVD.   
 
In sensitivity analysis, we will exclude AF cases identified in the first 2 years after 
exam 4 (to avoid reverse causation). 
 
Power calculations 
After applying exclusion criteria, 11,111 ARIC participants will be eligible.  Of 
these, 9.4% have eGFRcreat<60 ml/min/1.73 m2, 61.3% 60-90 ml/min/1.73 m2, 
and 29.3% >90 ml/min/1.73 m2.  Prevalence of microalbuminuria and 
macroalbuminuria are 6.3% and 1.6% respectively.  During an average 7.9 years 
of follow-up, we have identified 584 cases of AF among eligible participants 
(through 2005).  Assuming a two-tailed alpha error of 0.05, we will have 90% 
statistical power to detect a hazard ratio of 1.5 or larger comparing those with 
eGFR<60 vs. >90, and a hazard ratio of 1.3 or larger comparing eGFR 60-90 vs. 
>90.  Similarly, we expect to have 90% statistical power to detect a hazard ratio 
of 1.5 or larger comparing those with ACR>30 mg/g to those with ACR≤30 mg/g.  
Statistical power will be larger to detect linear trends. 
 
Strengths and limitations 
The main strengths of this study include: the assessment of kidney function using 
different measures, the large sample size, with an adequate number of AF cases, 
and the biracial composition of the sample.  Our proposal, however, has two 
important limitations. First, the ascertainment of AF is based mostly on hospital 
discharges.  Even though we have shown previously an adequate validity of 
hospital discharge codes for the ascertainment of AF,19 we will most likely miss 
cases of AF diagnosed and treated in outpatient settings.  Second, we will not 
have updated information on covariates and kidney function during the follow-up, 
which could lead to misclassification of the exposure.  
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