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4. Rationale:  
 



Smoking is a major risk factor for atherosclerosis [1], but its contribution may vary across 
different vascular beds. For example, several studies including ours have demonstrated that 
smoking is a stronger risk factor for peripheral artery disease (PAD) than coronary heart disease 
or stroke [2, 3]. A recent Mendelian randomization study has confirmed stronger causality of 
smoking for PAD than other atherosclerotic diseases [4].  
 
However, whether the association of cigarette smoking with vascular calcification is consistent 
across different vascular beds is uncertain. Many studies have shown a consistent dose-response 
association between smoking and coronary artery calcium (CAC) [5-10], but inconsistent results 
were found for thoracic aortic calcification [5, 11-14] and aortic valve calcification [5, 15-18]. 
Also, most studies used a simple categorization of smoking status (current, former, or never), and 
it is inconclusive whether and how long the impact of smoking on vascular calcification lasts 
across different vascular beds after its cessation [14].  
 
To comprehensively quantify the association of cigarette smoking and smoking cessation with 
calcification of different vascular beds in older adults, we will study data in the Atherosclerosis 
Risk in Communities (ARIC) Study.  
 
5. Main Hypothesis/Study Questions: 
Aim: to quantify the association of cigarette smoking with calcification of different vascular beds 
(coronary arteries, thoracic aorta, and cardiac valves) independent of traditional cardiovascular 
risk factors.  
 
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 quantify the association of cigarette smoking with calcification of different vascular 
beds using data from visit 7.  

Inclusions: 
- All black and white ARIC participants with data on smoking, calcification scores of vascular 
beds, and other variables of interest. 
 
Exclusions: 
- Race other than black or white 
- Prevalent atherosclerotic cardiovascular disease (coronary heart disease and stroke)  
- Missing relevant data on smoking and covariates 
- Missing data on calcification scores of vascular beds 
 
Exposures (independent variables):  
 
- Current vs. former vs. never smokers at visit 7 
- Cumulative pack-years of cigarette smoking at visit 7: the average number of cigarettes per day 
times the years of smoking, divided by 20. Pack-years of smoking will be modeled categorically 
(<20, 20-<40, ≥40 pack-years).  



- Years since quitting in former smokers at visit 7: age at visit 1 minus the recalled age of 
quitting smoking (for former smokers at visit 1) plus years not smoking during visit 1 to visit 7. 
Years since quitting will be modeled categorically (current smoker or quit<5, 5-<25, ≥25 years). 
 
Outcomes (dependent variables):  
Calcification of vascular beds: coronary artery, aortic valve, aortic valve ring, mitral valve, 
ascending thoracic aorta, and descending thoracic aorta. 
  - Measured by non-contrast CTs and scored using the Agatston method. 
  - Calcification score at each vascular bed will be modeled as a binary outcome (e.g., >0 vs 0; 
>100 vs. ≤100; >400 vs. ≤400) and continuously (ln[score+1] to account for its non-normal 
distribution). 
  - Number of calcified vascular beds: We will create a score from 0-6 reflecting the number of 
vascular beds with calcification.  
 
Covariates: 
- Sociodemographics: age, race, sex, education level 
- Physical information: body mass index, systolic blood pressure, total cholesterol, HDL 
cholesterol, C-reactive protein  
- Lifestyle: alcohol habit  
- Comorbidities: diabetes, antihypertensive medication use, cholesterol-lowering medication use, 
kidney function 
- Family history of coronary artery disease 
 
Statistical Analysis:  
- The prevalence of calcification of each vascular bed across categories of pack-years will be 
compared. 
- We will quantify the association of cigarette smoking (smoking status, pack-years of smoking, 
and years since cessation) and calcification score of each vascular bed.  
- Linear regression models: the calcification score (ln[score+1]) of each vascular bed as 
continuous outcome. 
- Logistic regression models: the calcification score of each vascular bed as binary outcome. 
- Ordinal regression models: the number of calcified vascular beds as ordinal outcome.  
- We will construct 2 models. Model 1 will adjust for age, race, and sex. Model 2 will further 
adjust for education level, body mass index, systolic blood pressure, total cholesterol, HDL 
cholesterol, C-reactive protein, alcohol status, diabetes, antihypertensive medication use, 
cholesterol-lowering medication use, kidney function, and family history of coronary artery 
disease.  
- We will use likelihood ratio test to test for interaction by key demographic and clinical factors 
(e.g., age, sex, race, alcohol use, hypertension, anti-cholesterol medication, and diabetes).  
- We will also characterize traditional risk factor profile in heavy smokers (≥20 pack-years) with 
low vs. high calcification scores. 
- We will use seemingly unrelated regression to compare the strength of associations with 
different vascular beds. 
- The data will be analyzed in Stata 14. 
 
Limitations:  



- There is potential survival bias because some of the sickest smokers might have already 
developed atherosclerotic cardiovascular disease before visit 7. 
- There may be potential measurement errors in self-reported smoking status.  
- The intensity of smoking data was only available at visit 1-4. There may be misclassification 
when we use smoking intensity data at visit 4 to calculate cumulative pack-years if participants 
remained to be current smokers at visit 5 and 6. 
- We will not be able to eliminate the possibility of residual confounding as is the case in any 
observation study.  
- ARIC predominantly included whites and blacks, so the results may not be generalizable to 
races other than whites and blacks. 
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