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4. Rationale:

Smoking is a major risk factor for cardiovascular disease (CVD) [1]. Several noxious
components of cigarette smoke damage arteries by promoting endothelial dysfunction and by
altering lipoprotein metabolism, coagulation, and platelet function [2, 3]. Smoking is also



associated with early biomarkers of CVD, such as markers of inflammation and thrombosis [4].
Although the prevalence of cigarette smoking declined in the past decade, 40 million US adults
(16.8%) were still smoking in 2014 [5].

Smoking is considered as a particularly strong risk factor for peripheral artery disease
(PAD) [6]. Indeed, numerous epidemiological studies have reported a positive association
between smoking and PAD [7-21]. However, most of them are cross-sectional [7-16] and thus
susceptible to bias by smoking cessation due to PAD or missing severe PAD cases. Although
there have been a few prospective studies evaluating the association of smoking with incident
PAD, they have some caveats such as an inclusion of only women [17] or men [18], a simple
categorization of smoking status (current, former, or never) [19], short follow-up time of <5
years [20], or limited information about duration of smoking cessation [21].

Therefore, to comprehensively quantify the association of smoking and its cessation with
incident PAD, we will study longitudinal data in the Atherosclerosis Risk in Communities
(ARIC) Study. To determine whether the risk related to smoking is uniquely strong for PAD, we
will also investigate coronary heart disease (CHD) and stroke.

5. Main Hypothesis/Study Questions:

Hypothesis 1: Smoking is strongly associated with an increased risk of incident PAD, and we
will observe a dose-response relationship with pack-years and intensity (pack/day) [22] as an
exposure.

Hypothesis 2: Duration of smoking cessation is inversely associated with incident PAD in a
graded manner.

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).

Inclusions:

- All black and white ARIC participants who provided data on smoking status at visit 1, did not
have a history of PAD, and had outcome information during follow-up.

Exclusions:

- Ethnicity other than black or white

- Missing data on smoking status, intensity (pack/day), or recalled age of quitting at visit 1

- Preexisting PAD at baseline (defined as a history of leg revascularization, ankle-brachial index
<0.9, or intermittent claudication)

- Missing data on PAD and relevant baseline covariates

Exposures (independent variables):
- Time-fixed exposures:
e Current vs. former vs. never smokers at visit 1
e Pack-years of smoking at visit 1 as the average number of cigarettes per day times the
years of smoking, divided by 20.
e Intensity (cigarettes/day) amongst current smokers
e Years since quitting in former smokers at visit 1 based on baseline age minus the recalled
age of quitting smoking



- Time-varying exposures: By incorporating information at other visits and annual follow-up data,
we will be able to assess current, years since quitting, and never smoking as a time-varying
exposure over ~25 years.

Outcomes (dependent variables):
- PAD and critical limb ischemia (CLI): PAD-related hospitalizations will be identified
according to the following ICD codes based on previous literature [23,24]: atherosclerosis of
native arteries of the extremities, unspecified (440.20); atherosclerosis of native arteries of the
extremities with intermittent claudication (440.21); atherosclerosis of native arteries of the
extremities with rest pain (440.22); atherosclerosis of native arteries of the extremities with
ulceration (440.23); atherosclerosis of native arteries of the extremities with gangrene (440.24);
other atherosclerosis of native arteries of the extremities (440.29); atherosclerosis of bypass graft
of the extremities (440.3); atherosclerosis of other specified arteries (440.8); peripheral vascular
disease, unspecified (443.9); leg artery revascularization (38.18, 39.25, 39.29, 39.50). Of these,
440.22, 440.23, and 440.24 will be considered CLI. Also, we will consider any cases with the
above code as CLI when the following codes coexist: leg amputation (84.1x), lower extremity
ulcer (707.1x), and gangrene (785.4).
- CHD:

-Adjudicated events: definite and probable myocardial infarction, fatal coronary heart
disease

- Coronary revascularization
- Stroke: Adjudicated events of definite and probable stroke

Covariates:

- Sociodemographics: age, race, gender, education level

- Physical information: body mass index, systolic blood pressure, diastolic blood pressure

- Lifestyle: alcohol habit

- Comorbidities: obesity, dyslipidemia, diabetes, hypertension, antihypertensive medication use,
cholesterol-lowering medication use, kidney function, and history of coronary heart disease or
stroke

Statistical Analysis:

- The data will be analyzed in Stata 14.

- We will use Cox proportional hazards regression models to quantify the association between
smoking status (e.g., current vs. former vs. never) or parameters (pack-years of smoking or years
since quitting) and incident PAD and CLI.

- Pack-years of smoking among ever smokers will be categorized into quartiles as well as groups
used in previous studies.

- Years since quitting will be categorized by every 3 to 6 years given triennial follow-up visits up
in the first nine years of the ARIC Study.

- We will adjust for the covariates listed above.

- When current, years since quitting, and never smoking are modeled as time-varying variables,
we will also treat covariates as time-varying variables whenever possible. In the case of missing
data in either of visit or annual follow-up, we will carry forward relevant data from a prior visit
or annual phone interview until available subsequently.



- We will use likelihood ratio test to test for interaction by key demographic and clinical factors
(e.g., age, sex, race, alcohol use and diabetes).

- We will use seemingly unrelated regression to compare strength of association for PAD, CLI,
coronary heart disease, and stroke.

- Given the potential impact of the competing risk of death for estimating PAD and CLI risk, we
will run Fine and Gray’s proportional subhazards models.

Limitations:

- Potential measurement errors in assessment of smoking status because the information is self-
reported.

- There may be misclassification when we carry forward prior data in the case of missing
updated information when performing time-varying analysis.

- 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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important role in the current proposal as well and thus will be responsible for any coordination.
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