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4. Rationale:  
  
 Atrial fibrillation (AF) is the most common cardiac arrhythmia in clinical practice, 
and is associated with increased stroke and cardiovascular morbidity and mortality.1  AF 
currently affects more than 2.2 million Americans, and the lifetime risk for development 
of AF in men and women over 40 years of age is 1 in 4.2  
 The metabolic syndrome is clinically defined as a clustering of three or more of the 
following five atherosclerotic risk factors: abdominal obesity, elevated triglycerides, low 
HDL-c, elevated blood pressure, and impaired glucose tolerance.3  Some of the metabolic 
syndrome risk factors, such as obesity and type II diabetes, have been implicated in the 
development of AF.  For example, a meta-analysis pooling data from 123,249 
participants in 16 cohort studies reported a 49% increased risk of developing AF among 
obese individuals (BMI>30) compared to nonobese individuals (BMI<30).4  Further, 
patients with new-onset diabetes had a 1.49-fold increased risk of incident AF compared 
to those without diabetes in a prospective study of 15,245 participants.5  Additionally, 
recent studies have suggested that the metabolic syndrome is associated with paroxysmal 
AF.6, 7  Finally, the metabolic syndrome, as well as the individual components of obesity, 
elevated blood pressure, low HDL-c, and impaired insulin tolerance showed an increase 
risk of AF in a Japanese prospective cohort study.8 
 Knowledge on the association between the metabolic syndrome and AF among 
African-Americans is limited.  A couple studies have suggested that atrial fibrillation is 
less common in blacks than whites.9, 10  However, it is well known that blacks have 
higher prevalence of metabolic syndrome and most of its components than whites.11  
Therefore, we propose to determine the risk of incident AF due to the metabolic 
syndrome and individual components of the metabolic syndrome among blacks and 
whites in ARIC.     
  
References: 

1. Benjamin EJ, Wolf PA, D'Agostino RB, Silbershatz H, Kannel WB, Levy D. Impact of atrial fibrillation 
on the risk of death: The framingham heart study. Circulation. 1998;98:946-952. 

2. Rosamond W, Flegal K, Furie K, et al. Heart disease and stroke statistics--2008 update: A report from 
the american heart association statistics committee and stroke statistics subcommittee. Circulation. 
2008;117:e25-146. 

3. Expert Panel on Detection, Evaluation,and Treatment of High Blood Cholesterol in Adults. Executive 
summary of the third report of the national cholesterol education program (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in adults (adult treatment panel III). JAMA. 
2001;285:2486-2497. 

4. Wanahita N, Messerli FH, Bangalore S, Gami AS, Somers VK, Steinberg JS. Atrial fibrillation and 
obesity--results of a meta-analysis. Am Heart J. 2008;155:310-315. 

5. Aksnes TA, Schmieder RE, Kjeldsen SE, Ghani S, Hua TA, Julius S. Impact of new-onset diabetes 
mellitus on development of atrial fibrillation and heart failure in high-risk hypertension (from the VALUE 
trial). The American Journal of Cardiology,. 2008;101:634-638. 



6. Nicolaou VN, Papadakis JE, Karatzis EN, Dermitzaki SI, Tsakiris AK, Skoufas PD. Impact of the 
metabolic syndrome on atrial size in patients with new-onset atrial fibrillation. Angiology. 2007;58:21-25. 

7. Umetani K, Kodama Y, Nakamura T, et al. High prevalence of paroxysmal atrial fibrillation and/or atrial 
flutter in metabolic syndrome. Circulation Journal. 2007;71:252-255. 

8. Watanabe H, Tanabe N, Watanabe T, et al. Metabolic syndrome and risk of development of atrial 
fibrillation: The niigata preventive medicine study. Circulation. 2008;117:1255-1260. 

9. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults: National 
implications for rhythm management and stroke prevention: The AnTicoagulation and risk factors in atrial 
fibrillation (ATRIA) study. JAMA. 2001;285:2370-2375. 

10. Psaty BM, Manolio TAMHS, Kuller LHDH, et al. Incidence of and risk factors for atrial fibrillation in 
older adults. Circulation. 1997;96:2455-2461. 

11. Smith SC Jr. Clark LT. Cooper RS. Daniels SR. Kumanyika SK. Ofili E. Quinones MA. Sanchez EJ. 
Saunders E. Tiukinhoy SD. American Heart Association Obesity, Metabolic Syndrome,and Hypertension 
Writing Group. Discovering the full spectrum of cardiovascular disease: Minority health summit 2003: 
Report of the obesity, metabolic syndrome, and hypertension writing group. Circulation. 2005;111:e134-9. 
 
5. Main Hypothesis/Study Questions: 
 
 We hypothesize that, in both whites and blacks, the incidence of AF will be higher 
among those with the metabolic syndrome at baseline compared to those without the 
metabolic syndrome, and that the risk of AF will increase with increasing number of 
metabolic syndrome components.  
 
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). 
 
 Individuals without ECG or who had diagnosed AF or atrial flutter at baseline will 
be excluded from analyses.  We will conduct a sensitivity analysis excluding non-fasters.  
If the associations are different in fasters and non-fasters, those who did not fast at least 8 
hours before blood draw will be excluded from analyses.  Independent variables in our 
analysis include waist circumference, triglycerides, HDL, blood pressure, and fasting 
blood glucose.  The metabolic syndrome will be defined as having 3 or more of the 
following conditions: 1) a waist circumference of >88 cm in women or >102 cm in men, 
2) triglycerides >150 mg/dL (or on lipid medication), 3) HDL <50 mg/dL in women or < 
40 mg/dL in men (or on lipid medication), 4) blood pressure >130/>85 mmHg and/or a 
history of treated hypertension, and 5) impaired glucose tolerance, which is defined as 
>110 mg/dL according to the NCEP-ATP III and >100 or a history of diabetes according 
to the AHA/NHLBI (or on diabetes medication).  We will define the metabolic syndrome 
according to both NCEP-ATP III and AHA/NHLBI and conduct analyses for both 
definitions.  The dependent variable is incident AF.  Incident cases of atrial fibrillation 
will be identified through hospital discharge codes (ICD-9 code 427.31) and ECG’s 
performed during follow-up visits.  Individuals who develop both atrial flutter and AF 
during follow-up will be considered as having an event, and follow-up will be censored at 



the first occurrence of either AF or atrial flutter.  Those that develop lone atrial flutter 
will not be considered as having an event, and will be censored at the date of diagnosed 
atrial flutter.  However, we may conduct a sensitivity analysis including those with lone 
atrial flutter as events to determine if the results differ compared to when these 
individuals are excluded. 
 First, we will assess pooled and race-specific rates of AF incidence by presence or 
absence of metabolic syndrome at baseline using Poisson regression.  Then, Cox 
proportional hazards regression will be used to determine the hazard ratios of AF by 
prevalence of metabolic syndrome at baseline.  The associations will be adjusted for age, 
sex, race, field center, education, smoking status and amount, drinking status and amount 
of alcohol consumed, ECG-defined left ventricular hypertrophy, and presence of CHD 
and heart failure at baseline.  We will conduct analyses pooling all AF cases, but will 
additionally run separate analyses for ECG-based and hospital-based AF to determine 
potential differences in the associations, although power may be limited in these 
subgroup analyses.  Interaction tests by race and sex will be conducted, and analyses will 
be reported separately by race and/or sex if evidence of heterogeneity by these variables 
is present.  We will also report the association of AF with the individual components of 
the metabolic syndrome, adjusting for the above-mentioned confounders, as well as the 
additional components of the metabolic syndrome.  We will additionally test whether the 
risk of AF increases monotonically with greater number of metabolic syndrome 
components.  Also, we will create an indicator for metabolic syndrome (yes, no) and 
adjust for individual components to determine whether there is an association with AF 
beyond the components that the metabolic syndrome contributes.  Additionally, time-
dependent Cox regression analyses will be run using the metabolic syndrome, as well as 
individual metabolic syndrome components, as the time-dependent variables.  We will 
also use inverse probability weighting to adjust for censoring in our data.  Finally, we 
will use Cox regression to depict race-specific cumulative incidence of AF by presence of 
metabolic syndrome at baseline, after controlling for confounding variables.    
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