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3. Timeline: 
Data analysis – 3 months 
First draft of the manuscript – 3 months 
 
4. Rationale:  

Atrial fibrillation (AF) is one of the most frequently sustained cardiac arrhythmia seen in 
clinical practice, affecting an estimated 2.2 million Americans [1].  Individuals with AF 



have between two to seven times the risk of stroke compared with unaffected individuals; 
moreover, AF doubles the rate of cardiovascular disease mortality and all-cause mortality 
[2,3].  AF is more prevalent in whites than in African Americans [4, 5], although the 
reasons for this racial difference remain unknown.  

Aside from age, established risk factors for AF include heart failure and valvular heart 
disease, and some cardiovascular risk factors such as elevated blood pressure, obesity, 
thyroid dysfunction and smoking [3]. In addition to these risk factors, observational 
studies have also reported on the association between type-2 diabetes and AF but with 
equivocal results [3,6-9]. The discrepancies in study findings may be due in part to one or 
more of the following methodological limitations: smaller effect size and event rates thus 
limited power, exposure misclassification, under-ascertainment of AF, and competing 
risk of death.   

The ongoing uncertainty as to the relationship between diabetes and AF is one of the 
primary reasons underlying this current proposal. In addition, previous studies have 
largely been restricted to predominantly white populations and there are currently no data 
pertaining to the association in African-Americans. Moreover, few of the earlier studies 
were able to adjust for possible confounders such as body mass index and prior cardiac 
disease, which may have resulted in an overestimation in the magnitude of previously 
reported associations.  For example, unpublished data from a recently conducted meta-
analysis indicate that the summary estimate from those studies that were age- and sex-
adjusted only was substantially greater compared with the estimate from those studies 
that were able to adjust for a range of possible confounders: RR 1.70 (95% CI: 1.29 - 
2.22) versus RR 1.24 (95% CI: 1.06 - 1.44; p = 0.053), respectively (Huxley et al. 
submitted for review).  

Finally, few studies have been able to examine the relationships between other measures 
of glucose homeostasis, namely impaired fasting glucose and HbA1c, with incident AF in 
persons with and without diabetes.  In the one case-control study that has examined the 
association between HbA1c levels and AF, individuals with diabetes and HbA1c levels 
greater than 9% had double the risk of AF compared with those diabetics with HbA1c 
levels less than 7% [10]. If these findings can be replicated in a prospective analysis, then 
such information may contribute to the early detection of those individuals most at risk of 
AF. 

The ARIC study provides an excellent for a prospective study of the association between 
diabetes and incident AF in both whites and African-Americans with a specific focus on 
measures of glucose homeostasis including HbA1c, which previously has not been well 
documented. Further, information on a large number of socio-demographic, 
physiological, and biochemical risk factors will enable adjustment for known and 
unknown confounders allowing a more accurate estimate of the association to be 
determined.   
 
5. Main Hypothesis/Study Questions: 
 



i. To determine the risk of AF among individuals with type-2 diabetes compared 
with non-diabetic individuals.  
 

ii. To investigate the continuous associations between levels of fasting blood glucose 
(FBG) and HbA1c with incident AF in those individuals without a history of 
diagnosed diabetes. 

 
iii. To examine the relationship between fasting insulin level and incident AF in those 

without a history of diagnosed diabetes. 
 
iv. To determine whether there are significant differences by race and gender in the 

above associations 
 
We hypothesize that diabetes will be an independent risk factor for development of AF 
and that measures of glucose homeostasis (fasting glucose and HbA1c) will be 
independently associated with incident AF, even among persons without diabetes. 
 
 
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 assess the association between measures of glucose homeostasis and AF risk 
using a longitudinal data analysis approach. Visit 2 will be the baseline for these analyses 
as HbA1c was only measured at this visit. For the third objective, namely, the 
relationship between fasting insulin level and incident AF, visit 4 will be the baseline 
(insulin was not measured at previous study visits).  
 
Exclusions 
The following individuals will be excluded from all analyses: 
 

- Those with missing or unreadable ECGs at visit 1 or 2 
- Those with prevalent AF at visit 2 (defined as AF by ECG in visit 1 or 2, or AF 

hospitalization between visits 1 and 2) 
- Those with missing variables for any of the covariates 
- Those with non-fasting blood samples 

 
 
Sensitivity analyses 
 

1. The first sensitivity analysis is in regards to objective 1. The main analysis 
between type-2 diabetes and incident AF will include all individuals with type-2 
diabetes (both diagnosed and undiagnosed) and a secondary analysis will consider 
individuals with undiagnosed diabetes as a separate category.  
 



2. The second sensitivity analysis concerns objectives two and three; the main 
analysis will exclude those with a previous diagnosis of type-2 diabetes and a 
secondary analysis will also exclude those with undiagnosed diabetes 

 
 

Exposure 
Study participants with a FBG <100 mg/dL, a HbA1c < 5.7%, no use of antidiabetic 
medication, and no history of physician-diagnosed diabetes will be considered to have an 
optimal level of blood glucose and will be considered to be non-diabetics. Individuals 
with a FBG 100-125 mg/dL or HbA1c 5.7-6.4%, no use of antidiabetic medication, and 
no history of physician-diagnosed diabetes will be considered to have sub-optimal 
glucose profile. Those with FBG ≥126 mg/dL or HbA1c > 6.5% or use of antidiabetic 
medication or history of physician-diagnosed diabetes will be categorized as diabetic. In 
addition to examining the risk of AF by diabetes status, associations between markers of 
glucose homeostasis (i.e., FBG, HbA1c and fasting insulin) with incident AF will also be 
examined.    
 
Outcome 
Incident cases of AF identified in the follow-up through the end of 2007 from three 
sources: ECGs done at study visits, presence of AF ICD9 (427.31 or 427.32) code in a 
hospital discharge, or AF listed as any cause of death. Hospitalizations with AF 
associated with cardiac surgery will not be considered events. Date of AF incidence will 
be the earliest of any AF diagnosis.  
 
Statistical analysis 
Means and standard deviations (SD) for the continuous variables and percentages for the 
categorical variables will be obtained separately for men and women and for white and 
African-American participants. We will determine the age- and gender-standardized 
prevalence of diabetes pre-diabetes and the age- and gender-standardized incidence of AF 
for both diabetes and pre-diabetes, separately in Whites and African-Americans.  
Associations between diabetes, pre-diabetes, FBG, HbA1c and fasting insulin with the 
incidence of AF will be estimated using time-dependent Cox proportional hazards 
models. Separate analyses will be conducted in men and women and in Whites and 
African-Americans, and models will adjust for age, study site, education, income, prior 
history of cardiovascular disease, body mass index (BMI), systolic blood pressure, total 
cholesterol, HDL-cholesterol, smoking, physical activity, and alcohol consumption.  We 
will explore the assumption of proportional hazards adding to the model an interaction 
term between follow-up time and exposure of interest, computing Schoenfeld residuals, 
and by inspection of the log(-log[survival function]) curves. 
 
We will also examine the continuous association between HbA1c levels with incident AF 
using Cox models with adjustment for the same covariates as before. Spline regression 
analysis will be used to model dose-response relationships between FBG, fasting insulin 
and HbA1c with incident AF.  
 



The above analyses will be repeated in a sensitivity analysis after excluding those 
individuals with a prior history of cardiovascular disease.  
 
 
Limitations 
In our primary analysis, the main concern is that misclassification may exist in outcome 
ascertainment although preliminary analyses suggest a positive predictive value of ~90% 
for AF diagnosis done through hospital discharge codes, implying a limited amount of 
misclassification [4].  Additional limitations include residual confounding and 
misclassification of the exposure at baseline and due to their time-varying nature.  
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