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4. Rationale:  

Peripheral artery disease (PAD) is a common, atherosclerotic disease affecting over 200 million 

people worldwide.1 PAD is associated with high rates of mortality and comorbid cardiovascular 

disease (CVD).2,3 Adverse limb events, including amputation and leg revascularization, are also 

common.2,3 People with symptomatic PAD are limited in their exercise capacity and experience a 



reduced quality of life compared to those without the disease.4,5 Many observational studies have 

demonstrated the association between smoking and PAD. A 2014 meta-analysis of 68 studies 

reported a hazard ratio of 2.7 (95% CI 2.28-3.21) for incident PAD for current smokers 

compared to nonsmokers.6 This positions smoking as the strongest modifiable risk factor for 

developing PAD,7,8 and makes it more impactful in the development of PAD than other 

cardiovascular diseases.9 Currently, ARIC data are being used to better understand the risk of 

incident PAD due to smoking.  

 

Data on the association of smoking and PAD is largely limited to cigarette use which has 

declined among adults in the United States over the past 50 years.10 However, in the last decade, 

the sales of other forms of tobacco, including cigars, loose tobacco for pipes or roll your own 

cigarettes, and smokeless tobacco, have increased and self-reported use has remained unchanged 

or increased.11 This trend is particularly worrisome due to a higher percentage of use in the 

young adult population. The National Survey on Drug Use and Health evaluates tobacco use in 

the 30 days prior to the survey. In 2016, of young adults ages 18-25 years, 8.8% reported current 

cigar use, 1.7% were pipe smokers and 5.2% used smokeless tobacco.12 There are limited data 

evaluating the association of cigars, pipes and smokeless tobacco (CPS) with CVD.13–19 Much of 

the current understanding of this relationship comes from 2 prospective cohort studies, the 

Cancer Protection Study I and II which were conducted by the American Cancer Society. These 

studies enrolled 1.2 million men and women and among other questions, surveyed tobacco use 

among male participants. Mortality and cause of death due to different exposures were evaluated. 

Current pipe smokers experienced elevated risk of coronary heart disease (CHD) mortality and 

stroke mortality, HR 1.30 (95% CI 1.18-1.43) and HR 1.27 (95% CI 1.09-1.48), respectively 

compared to no tobacco use.14 Similarly, the exclusive use of smokeless tobacco, most 

specifically chewing tobacco and/or snuff was associated with increased risk for CVD death. 

Multivariable adjusted hazard ratios for CHD mortality and stroke mortality were significantly 

elevated, HR 1.12 (95% CI 1.03-1.21) and HR 1.46 (95% CI 1.31-1.64) respectively when 

compared to those with no tobacco use history.13 Cigar smoking was associated with increased 

CHD mortality but only in those 30-74 years old, HR 1.3 (95% CI 1.05-1.62) compared to never 

smokers.15 All referenced analyses of the Cancer Protection Studies excluded current and former 

cigarette users. Smokeless tobacco use and CVD incidence (defined as CHD or stroke) was 

analyzed using ARIC data and was shown to have a positive association independent of cigarette 

use, HR 1.27 (95% CI 1.06-1.52).17 To our knowledge the association of cigars, pipes and 

smokeless tobacco with PAD has not been described. Thus, this study seeks to evaluate to the 

association of cigar, pipe smoking and smokeless tobacco use with incident PAD in participants 

with and without a history of cigarette smoking. 

 

5. Main Hypothesis/Study Questions: 

The use of cigars, pipes or smokeless tobacco will be associated with greater risk of incident 

PAD than non-use. The association will be more pronounced among never and former cigarette 

smokers than among current cigarette smokers. 

 

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: prospective cohort study from baseline survey to most recent follow up 

 

Inclusion/Exclusion: 

We will exclude participants with prevalent PAD and intermittent claudication, as well as those 

whose race was other than black or white. Participants will be excluded if they have missing data 

for tobacco use or ankle brachial index at baseline. 

 

Variables 

 Exposures:  

1) Current vs former or never users of cigars or pipes.* 

2) Current vs former or never users of smokeless tobacco.*  

 

*Use of cigars, pipes and smokeless tobacco was also queried at visits 1, 2, 3 and 4. We 

will update exposure status through visit 4, by modeling exposures as time-dependent 

variables.  

 

 Primary outcome: Incident PAD: Specifically, PAD-related hospitalizations will be 

identified via ICD codes, according to the definition currently being used in ARIC.  

 

 Possible effect modifiers or mediators: Sex, race, diabetes, hypertension, systolic blood 

pressure, antihypertensive medication use. 

 

 Other confounders/covariates: Age, race, sex, ARIC field center, CVD history, diabetes, 

LDL cholesterol, statin use, kidney function, BMI, alcohol intake, leisure activity level, income, 

education, cigarette smoking status.  

 

Statistical analysis 

-  Baseline characteristics of participants will be described using means and proportions 

stratified by exposure to cigars, pipe smoking or smokeless tobacco 

-  PAD incidence will be calculated, stratified by cigarette smoking 

- Cox proportional hazards regression will be used to evaluate the relationship between the 

use of cigars, pipes and smokeless tobacco and incident PAD. The primary exposures 

will be modeled as time-dependent variables, updating exposure status from visit 1 

through visit 4. For the primary analyses we will adjusting for cigarette smoking status 

(as has been done previously in ARIC when evaluating smokeless tobacco use17).  

o Model 1 will adjust for age, sex, race and ARIC site (5-level race-site variable), 

cigarette smoking status (current, former, never). 

o Model 2 will adjust for model 1 plus BMI, alcohol intake, leisure activity level, 

income and education.  

o Model 3 will further adjust for CVD history, SPB, antihypertensive use, diabetes, 

LDL cholesterol, cholesterol lowering medication use, kidney function. 

- Interactions by race, sex, hypertension status, and diabetes status will evaluated, using 

cross-product terms. Additionally, given inherent interest, stratified results will be 

presented.  

- Sensitivity analyses will be conducted stratifying by baseline cigarette use (current, former, 

never). If precision is poor, the former and never groups may be combined.  
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