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4. Rationale:  

Epidemiology of Smoking. To reduce the impact of tobacco use on health, tobacco users 
have been urged to quit for decades. These efforts have been at least partially successful: 
smoking rates have declined dramatically in the US in the past 40 years, but have recently 
stalled among adults and adolescents (1). The majority of smokers are aware of 
deleterious health effects of smoking and ~70% of smokers want to quit (2). However, 
while over 46% make an active attempt to quit each year, only 2.3% achieve sustained 
abstinence (3). The astonishing addictive capacity of nicotine, manifest in the behavioral 
and cognitive constellation of signs and symptoms termed nicotine dependence (ND) (4), 
is a prime factor in thwarting attempts at cessation (5).  

ND is considered a psychoactive substance use disorder by the American Psychiatric 
Association and is regarded as a multidimensional construct (4, 6). The most commonly 
used measure to assess ND is the Fagerström Test for Nicotine Dependence (FTND) 
which consists of six questions that capture physiologic dependence on nicotine (range 0-
10) (7, 8). Smokers with higher FTND scores are considered more nicotine dependent (7) 
and less likely to quit smoking. Results from large, population surveys estimate the 
prevalence of ND among smokers is ~50% (9-11).  

 

The Genetic Basis of Smoking. There is strong and consistent evidence from twin, 
family and adoption studies that genetic factors account for a sizeable portion of 
individual differences in smoking. Fisher was the first to report that concordance for 
smoking was higher among MZ than DZ twins (12, 13). These findings have been 
confirmed by numerous investigations in different populations (14-26). The heritability 
estimates for smoking initiation, FTND score, and smoking cessation average range from 
0.50-0.80 (27, 28). Of the variables that comprise the FTND score, number of cigarettes 
smoked per day, and time to first cigarette upon waking exhibit the highest heritability 
estimates. Although genome-wide linkage studies (29-32) have identified some genomic 
regions that predispose or protect against ND, the data are not consistent. Similarly, 
candidate gene association studies of smoking have not been successful in identifying 
replicable associations (33-35) and are dependent upon our limited knowledge of 
addiction biology. To identify unsuspected genetic variants of relevance to ND, an 
agnostic genomic search is essential. The first published GWAS of ND (36) 
unfortunately used DNA pooling, however the most recent GWAS for ND (37)and two 
others for lung cancer (38, 39) identified the same region on chromosome 15 which 
contains several nicotinic acetylcholine receptor genes.  

Era of GWAS. Recent technological advances and recognition that we need to engage in 
“aggressive data sharing”(40) provide an unprecedented opportunity to assess how 
genetics contribute to smoking. Tens of billions of genotypes are being generated from 
GWAS for many different diseases and smoking-related measures are routinely collected. 
This presents an incredible opportunity to analyze very large GWAS for smoking 
behavior. Large collaborative consortia are powerful and efficient ways to address 



important research questions (41)and have already produced robust and replicated genetic 
associations for diabetes(42), and several cancers (43, 44). Furthermore, secondary 
analysis of GWAS for additional heritable complex traits is a sound and successful 
approach, as evidenced by recent findings for height and body mass index (BMI). Two 
primary T2DM studies meta-analyzed GWAS data (4,921 subjects) for height (45)found 
that a common variant in HMGA2 was associated with childhood and adult height and 
was confirmed in replication samples. Similarly, Frayling et al. found an association 
between SNPs in FTO and BMI which replicated in >38,000 individuals from 13 samples 
(46).  
 
We propose to analyze the ARIC smoking GWAS data independently and then 
incorporate the ARIC findings in a meta-analysis with ~20 other studies within the 
Tobacco & Genetics (TAG) Consortium (Ancillary ARIC Study approval # 2008.04; PIs 
N Franceschini & H Furberg).  

5. Main Hypothesis/Study Questions:  

1. We will examine whether there are genetic variants associated with three aspects of 
smoking behavior (smoking initiation, smoking intensity, and smoking cessation), among 
ARIC participants of Northern European ancestry and African ancestry.  

2. We will examine whether there are genetic variants associated with smoking behavior 
across multiple ancestry samples in the context of a GWAS meta-analysis that includes 
ARIC and ~20 other studies within the TAG Consortium. 

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 Population:  4,266 African American and 11,478 Caucasian ARIC participants 
with available smoking phenotype data and genomewide marker data who consented to 
future DNA use. The smoking phenotype variables were derived from participant 
responses during visits 1-4.  
For the TAG Consortium meta-analyses, ARIC data will be integrated with data from 
~20 other GWAS studies, for a total approaching n=100,000 participants (see details in 
the Ancillary Study – Franceschini & Furberg PIs). 
Study design: Cross-sectional analysis stratified by ancestry. Traditional ancestry-
stratified meta-analyses for the TAG Consortium. 
Exposure: Whole genome genotyping and imputation for the ARIC study has been 
performed by the ARIC Central Laboratory using Taqman® genotyping assays under 
direction of Dr Eric Boerwinkle. Imputation will result in 2.55 million SNPs for each 
ARIC participant, which produces a common set of genetic markers for all participants. 
For the TAG Consortium, imputed genotypes from each study enable us to analyze all 
studies together regardless of genotyping platform used in the initial study. 



Outcome: In ancestry-stratified analyses, we will investigate three aspects of smoking 
behaviors as six separate dependent variables:  

1. Smoking Initiation (Ever/Never Smoker & Age at onset of Smoking) 
2. Heaviness of Smoking (Average number of Cigarettes Smoked/Day, Total 

number of Years Smoked) 
3. Smoking Cessation (Former/Current Smoker & Age quit Smoking) 

Statistical analyses: We will fit logistic regression models in ancestry-stratified samples 
using PLINK. The Cochran-Armitage trend test will produce genetic relative risks (GRR) 
describing the association between each genotype and the three aspects of smoking 
behavior separately under a log-additive model. A conservative Bonferroni correction(47) 
will account for multiple testing.  All analyses will be adjusted for the effects of age, sex, 
and study center, within each ancestry-stratified population sample. We will also consider 
the effects of variables which affect the likelihood of smoking, depending on the 
prevalence of these factors in these data. 
The TAG meta-analysis will be performed on the Genetic Computing Cluster at vrije 
University in Amsterdam (www.geneticcomputingcluser.org) using standard meta-
analysis methods (48, 49). The I2 statistic will be used to estimate between study 
heterogeneity. The Cochran-Armitage trend test will produce GRR describing the 
association between each genotype and the three aspects of smoking behavior under a 
log-additive model. A conservative Bonferroni correction (47) will account for multiple 
testing. As the smoking phenotypes were collected in studies of other traits, we will 
account for potential confounding introduced if a SNP is associated with smoking and the 
primary phenotype. 
Limitations: Smoking phenotype information was collected as a covariate in the ARIC 
study and does not include direct assessment of nicotine dependence by the FTND scale. 
However, the variable ‘average number of cigarettes smoked per day’ is available, highly 
heritable and regarded as a reasonable approximation of ND. Although the sample size of 
ARIC is very large, it may not be large enough to detect the modest effect sizes expected 
in a genome-wide study of smoking behavior. Therefore, we intend to replicate findings 
from the initial ARIC analyses into the TAG Consortium meta-analysis (n=100,000) 
where we will have outstanding statistical power: for minor allele frequencies of 0.1, 0.2, 
0.3, 0.4, and 0.5, there will be 80% power to detect genetic relative risks of 1.14, 1.105, 
1.09, 1.085, and 1.082.  
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