
ARIC Manuscript Proposal # 1460 
 
 

PC Reviewed:  12/9/08   Status: A   Priority: 2 
SC Reviewed: _________   Status: _____   Priority: ____ 
 
 
1.a. Full Title:   Smoking and Risk of Incident Atrial Fibrillation in the Atherosclerosis 
Risk in Communities (ARIC) Study 
 
   b. Abbreviated Title (Length 26 characters):  Smoking and AF 
 
2. Writing Group: 
 Writing group members: Alanna Chamberlain, MPH 
     Sunil K. Agarwal, MD, MPH 
     Marietta Ambrose, MD     
     Aaron Folsom, MD 
     Elsayed Z. Soliman, MD, MSc, MS 
     Alvaro Alonso, MD, PhD 
 
      
I, the first author, confirm that all the coauthors have given their approval for this 
manuscript proposal. __AMC___ [please confirm with your initials electronically or in 
writing] 
 
 
 First author:   Alanna Chamberlain 
 Address:  1300 S. 2nd Street, Suite 300 

 Minneapolis, MN 55454 
 
Phone:  612-625-5352   Fax:  612-624-0315 
E-mail:  gram0119@umn.edu  

 
ARIC author to be contacted if there are questions about the manuscript and the first author   
does not respond or cannot be located (this must be an ARIC investigator). 
        Name:   Alvaro Alonso 
 Address:  1300 S. 2nd Street, Suite 300 

 Minneapolis, MN 55454  
 

Phone:  612-626-8597   Fax:  612-624-0315 
E-mail:  alonso@umn.edu 

 
 
3. Timeline:  Statistical Analysis:  February 2009 – May 2009 
    Manuscript Preparation: June 2009 
    Manuscript Revision:  July 2009 
    Manuscript Submission: August 2009  



 
 
4. Rationale:  
  
 Atrial fibrillation (AF) is the most common cardiac arrhythmia in clinical practice, 
and is associated with increased stroke and cardiovascular morbidity and mortality1.  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 42.  
 It is well known that cigarette smoking increases the risk of cardiovascular disease.  
Potential mechanisms by which cigarette smoke contributes to acute vascular events, 
such as myocardial infarction, include induction of a hypercoagulable state, increased 
myocardial work, carbon monoxide-mediated reduced oxygen-carrying capacity of the 
blood, coronary vasoconstriction, and catecholamine release3.  Furthermore, cigarette 
smoking likely promotes atherosclerosis through adverse effects on lipids, endothelial 
damage or dysfunction, hemodynamic stress, oxidant injury, neutrophil activation, 
enhanced thrombosis, and increased fibrinogen and blood viscosity3.  However, 
knowledge on the mechanism and association between smoking and AF is limited.  
Smoking, through the effects of nicotine, has been reported to contribute to the 
development of atrial fibrosis, which in turn may predispose to developing AF4.   
 Only a few studies have reported on the association between smoking and AF.  In a 
study on rats given nicotine at concentrations found in the blood of human smokers, 
nicotine was associated with increased atrial vulnerability to inducible AF in young rats, 
but not old rats5.  In the Framingham Heart Study, cigarette smoking was associated with 
a 40% increased odds of developing AF among women, but no association between 
smoking and AF was found in men6.  A study including hospitalizations for AF among 
men in Sweden reported no association between smoking and AF, even among men who 
smoked more than 15 cigarettes a day7.  The limited and inconsistent data on the 
association between smoking and AF warrants further investigation.  Therefore, we 
propose to determine the risk of incident AF in relation to smoking status and amount 
using the ARIC study.  We will additionally conduct a systematic review of the literature 
and a meta-analysis on the association between smoking and AF.  

  
 
5. Main Hypothesis/Study Questions: 
 
 We hypothesize that the incidence of AF will be higher among those who were 
current smokers at baseline compared to those who never smoked, and we also expect a 
dose-response relationship where incidence of AF increases with increasing pack-years of 
smoking.  These associations will be independent of other known and measured risk 
factors for AF. 
 
 
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.  Independent variables in our analysis include smoking status 
and pack-years of smoking. The dependent variable is incident AF.  Incident cases of 
atrial fibrillation will be identified through hospital discharge codes (ICD-9 code 427.31), 
death certificates (underlying cause of death ICD-9 code I48 or 427.3), 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 atrial flutter only 
will not be considered as having an event, and will be censored at the date of diagnosed 
atrial flutter.   
 First, we will assess pooled, as well as race- and/or sex-specific rates of AF 
incidence by smoking status at baseline using Poisson regression.  Then, Cox 
proportional hazards regression will be used to determine the hazard ratios of AF by 
smoking status at baseline (current, former, or never smoker).  The associations will be 
adjusted for age, sex, race, field center, education, drinking status and amount of alcohol 
consumed, body mass index, hypertension, diabetes, height, ECG-defined left ventricular 
hypertrophy, and presence of CHD and heart failure at baseline.  We will repeat the 
Poisson and Cox regression analyses using pack-years of smoking after creating a 
categorical variable for pack-years using tertiles or quartiles.  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 categorize 
individuals according to change in smoking status from visit 1 to visit 2 and run Cox 
regression analyses (with follow-up starting at visit 2) comparing individuals who were 
smokers at both visits 1 and 2, those who smoked at visit 1 but quit by visit 2, those who 
did not smoke at visit 1 but had taken up smoking by visit 2, and those who were 
nonsmokers at both visits.  Additionally, time-dependent Cox regression analyses will be 
run using smoking status as the time-dependent variable.  We may also use inverse 
probability weighting to adjust for censoring in our data.   
 A systematic literature review on smoking and AF will also be conducted, and a 
meta-analysis using all publications on smoking and AF will be run.  For the systematic 
literature review, we will search the Medline, CINAHL, and ISI Web of Science 
databases for the following terms: atrial fibrillation, atrial arrhythmia, arrhythmia, 
tachyarrhythmia, smoking, smoke, tobacco, and cigarette.  A secondary search for 
additional articles will be done by reviewing the reference lists of papers identified 
through our database search.  For non-English papers and abstracts where a full 
manuscript was not published, we will contact the authors in an attempt to gather all 
relevant information so that these studies may also be included in the meta-analysis.  
After all possible studies are identified and reviewed, those not related to smoking and 
AF, and those with an outcome other than AF will be excluded.  We will report 
individual study results, results stratified by study design (cohort, cross-sectional, case-
control), results stratified by exposure representation (smoking status, pack-years of 
smoking), and an overall pooled association between smoking at atrial fibrillation.  If we 
do not find evidence of heterogeneity among studies, we will use fixed-effects models.  
However, if evidence of heterogeneity exists, we may use random-effects models and 
further explore possible sources for the heterogeneity.  We additionally may run a meta-



regression analysis in order to estimate dose-response relationships between pack-years 
of smoking and incidence of atrial fibrillation.  Finally, a funnel plot will be plotted to 
identify possible publication bias, which is identified by asymmetry in the funnel plot.  
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