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4. Rationale: Arterial stiffening is a progressive arteriosclerotic process known to predict
cardiovascular events.[1-8] In the course of aging, arteries stiffen due to increases in collagen,
degeneration of elastin, and thickening of the arterial wall. Arterial stiffness is typically measured non-
invasively and reproducibly by pulse wave velocity (PWV), a measure that reflects structural and
functional vascular changes (increasing values of PWV indicate greater arterial stiffness). PWV is
calculated as the path length between arterial sites divided by the time delay between the foot of the



respective waveforms. Carotid-femoral PWV (cfPWV) is considered the gold standard measure of aortic
stiffness. Most prior studies have investigated aortic or cfPWYV, although the process of arterial
stiffening demonstrably differs by arterial territories due to variations in arterial composition and
functional properties by anatomical location.[9-14] The Colin VP-1000 Plus automated waveform
analyzer used by ARIC simultaneously captures segment-specific arterial stiffness that includes cfPWV,
peripheral measures such as femoral-ankle PWV (faPWV), and composite measures such as brachial-
ankle PWV (baPWV).

Cigarette smoking is among the most prominent preventable causes of cardiovascular disease [15-
20] and smoking cessation is demonstrably related to reduction in the risk of cardiovascular disease. [21-
24] Smoking has been shown to be associated with increased arterial stiffness in younger study
populations [25-29] and in men. [30, 31] In contrast, an analysis of the Multiethnic Study of
Atherosclerosis (MESA) cohort found that smoking was associated with greater carotid artery
distensibility in older adult smokers compared to older adult never smokers. [32] Although the
association between smoking and arterial stiffness is well established in younger populations, evidence
for a relationship between arterial stiffness and smoking and smoking cessation in older adults remains
limited. Smoking cessation is associated with metabolic changes that are putatively related to arterial
stiffness, such as systemic and vascular inflammation [18], endothelial function [33], and tissue uptake
of smoke particles. [34] No differences in artery wall thickness or stiffness were observed in middle
aged adults after two years of smoking cessation, [35] while other studies have shown improvements in
arterial stiffness with increased time since smoking cessation in a population of similar age composition.
[36, 37] Although restricted to a single measurement of pulse way velocity (in Visit 5), the
Atherosclerosis Risk in Communities (ARIC) study can address gaps in the existing literature, described
above, based on the extended length of follow up and information on smoking intensity, duration, and
cessation.

Our objective is to examine the effect of smoking status, intensity and duration, and time since
smoking cessation on arterial stiffness, measured by pulse wave velocity.

5. Main Hypothesis/Study Questions:

Study Questions:

1. Characterize the association of cigarette smoking status with segment-specific arterial stiffness
(pulse wave velocity) in adults age 66-90 years.

Hypothesis: Smokers will have a greater carotid-femoral PWV (cfPWYV), femoral-ankle PWV
(faPWV), and brachial-ankle PWV (baPWV) compared to former and never smokers.

2. Describe the association between smoking intensity and duration of exposure to smoking (pack-
years) and arterial stiffness in older adults.

Hypothesis: Greater smoking intensity and duration will be associated with greater carotid-
femoral PWV (cfPWV) , femoral-ankle PWV (faPWV), and brachial-ankle PWV (baPWV),
compared to former and never smokers.

3. Estimate the association between time since smoking cessation and arterial stiffness in older
adults with consideration of the intensity and duration of exposure to cigarette smoking prior to
cessation.

Hypothesis: Conditional on the intensity and duration of the exposure to smoking, time since
smoking cessation will be inversely associated with carotid-femoral PWV (cfPWV) , femoral-
ankle PWV (faPWV), and brachial-ankle PWV (baPWV).




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:
Men and women, aged 66-90 years who participated in ARIC visit 5.

Study design:
(a) Cross-sectional, and (b) retrospective cohort analysis

Exposure:
Smoking status, smoking intensity and duration (pack-years of smoking), and smoking cessation

Outcome:

PWYV was measured with the Colin VVP-1000 Plus system (Omron Co., Ltd., Komaki, Japan). The device
measures both carotid-femoral (cfPWV) , femoral-ankle PWV (faPWV), and brachial-ankle (baPWV)
pulse wave velocity. The distance from the location of the carotid artery recording site to the femoral
artery recording site is measured using a Rosscraft Anthropometric Segmometer (Surray, Canada). The
distance traveled in centimeters (cm) is calculated using the formula: distance traveled (cm) = carotid-
femoral distance (cm) — (suprasternal notch — carotid distance (cm)).

Covariates:

Age, gender, body mass index (BMI, kg/m?), heart rate (beats per minute), race/ethnicity, and blood
pressure measurements including hypertension (defined as systolic blood pressure >140 mmHg,
diastolic blood pressure > 90mmHg, or use of blood pressure lowering medications), systolic blood
pressure, and diastolic blood pressure.

*Visit 5 measurements will be used for time varying covariates, such as age, hypertension, BMI, heart
rate, and blood pressure.

Inclusion/Exclusion:

Exclusions:

- Participants with cfPWV, faPWV, or baPWYV values >3 standard deviations from the mean or missing
- Participants of race/ethnicity other than black or white, and black participants from Washington Co.,
MD or Minneapolis, MN

- Participants with a BMI >40 kg/m? or missing

- Participants with major arrhythmias (based on ECG data for MN code 8-1-3, 8-3-1 or 8-3-2)

Analyses:
We will describe the distribution of exposure, outcome, covariate, and pack-year variables overall

and by smoking status (Table 1), and describe these distributions in former smoker categories (Table 2).
Pack-years will be calculated as the product of the average number of cigarettes smoked per day and
years smoked at visit 5, divided by 20 (number of cigarettes in a pack). We will compare the distribution
of continuous variables in current, former, and never smokers, and former smoker categories using one-
way analysis of variance and categorical variables using Pearson chi-squared analysis (Table 1, 2).

Multivariable linear regression will be used to estimate the association between smoking intensity
and duration with PWV overall and stratified by current and former smokers (Table 3, 4) and between
years since smoking cessation and PWV among former smokers (Table 4, 5). For regression



analyses, categorization and transformation of the outcome and covariates will be explored and potential
confounding of covariates will be assessed. We will test interactions of exposure variables with
covariates; if the interactions are significant, then stratified estimates of association will be presented.
*Tables are included at the end of the manuscript proposal.
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Table 1. Descriptive characteristics ® overall and stratified by smoking status at visit 5, ARIC
Study, 2011-2013

. Overall Never Former Current p-
Characteristics ~ _ _ _
(n=) (n=) (n=) (n=) value

Age (years)

Female (vs. male)

Black (vs. white)

BMI "

Hypertension © (vs. none)

Cigarettes per day ¢

Pack-years of smoking °

Years since smoking

cessation

cfPWV

baPWV

faPWV
Abbreviations: Atherosclerosis Risk in Communities Study (ARIC), standard deviation (SD), carotid
femoral pulse wave velocity (cfPWV), brachial ankle pulse wave velocity (baPWV), femoral ankle pulse
wave velocity (faPWV)
% Descriptive characteristics are presented as either the mean (mean(SD)) or prevalence (N(%))
® Body mass index: weight(kg)/height(m?)
¢ Hypertension defined as systolic blood pressure >90, or diastolic blood pressure >140, or taking
medication for high blood pressure
9 Cigarettes per day in current and former smokers only
® Pack-years calculated as the product of the average number of cigarettes smoked per day and years
smoked, divided by 20
"Years since smoking cessation in former smokers only

Table 2. Descriptive characteristics # in former smokers at visit 5, ARIC Study, 2011-2013

All Former Former Former
Characteristics Former Smokers Smokers Smokers p-value
Smokers Group 1* Group 2* Group 3*
(n=) (n=) (n=) (n=)

Age (years)

Female (vs. male)

Black (vs. white)

BMI °

Hypertension © (vs. none)
Cigarettes per day
Pack-years of smoking
Years since smoking
cessation



All Former Former Former

Characteristics Former Smokers Smokers Smokers p-value
Smokers Group 1* Group 2* Group 3*
(n=) (n=) (n=) (n=)
cfPWV
baPWV
faPWV

*Distributions of pack-years will be evaluated in former smokers to determine categories
Abbreviations: Atherosclerosis Risk in Communities Study (ARIC), standard deviation (SD), carotid
femoral pulse wave velocity (cfPWV), brachial ankle pulse wave velocity (baPWV), femoral ankle
pulse wave velocity (cfPWV)

% Descriptive characteristics are presented as either the mean (mean(SD)) or prevalence (N(%))
®Body mass index: weight(kg)/height(m?)

¢ Hypertension defined as systolic blood pressure >90, or diastolic blood pressure >140, or taking
medication for high blood pressure

9 pack-years calculated as the product of the average number of cigarettes smoked per day and years
smoked, divided by 20

Table 3. Adjusted linear regression coefficients and 95% confidence intervals (ClI) for the
association between pack-years and carotid-femoral pulse wave velocity in current and former
smokers

Group
Parameter Overall Current Former
B 95%CI B 95%CI B 95%CI

Pack-years
Age (years)
Gender
Race
BMI @

Hypertension °
Abbreviations: 95% confidence interval (95% CI)
2 Body mass index: weight(kg)/height(m?)
® Hypertension defined as systolic blood pressure >90, or diastolic blood pressure >140, or taking
medication for high blood pressure




Table 4. Adjusted linear regression coefficients and 95% confidence intervals (ClI) for the
association between pack-years and brachial-ankle pulse wave velocity in current and former
smokers

Group
Parameter Overall Current Former
B 95%CI B 95%CI B 95%CI

Pack-years
Age (years)
Gender
Race
Body mass index
(kg/m?)

Hypertension ®
Abbreviations: 95% confidence interval (95% CI)
# Hypertension defined as systolic blood pressure >90, or diastolic blood pressure >140, or taking
medication for high blood pressure




Table 5. Adjusted linear regression coefficients and 95% confidence intervals (ClI) for the
association between time since smoking cessation and carotid-femoral pulse wave velocity in
former smokers

Parameter

B 95%CI

Time since smoking

cessation

Pack-years

Age (years)

Gender

Race

Body mass index (kg/m?)

Hypertension °
Abbreviations: 95% confidence interval (95% CI)
# Hypertension defined as systolic blood pressure >90, or diastolic blood pressure >140, or taking
medication for high blood pressure

Table 6. Adjusted linear regression coefficients and 95% confidence intervals (Cl) for the

association between time since smoking cessation and brachial-ankle pulse wave velocity in former
smokers

Parameter

B 95%ClI

Time since smoking

cessation

Pack-years

Age (years)

Gender

Race

Body mass index (kg/m?)

Hypertension °
Abbreviations: 95% confidence interval (95% CI)
# Hypertension defined as systolic blood pressure >90, or diastolic blood pressure >140, or taking
medication for high blood pressure

Table 7. Adjusted linear regression coefficients and 95% confidence intervals (ClI) for the

association between time since smoking cessation and femoral-ankle pulse wave velocity in former
smokers

Parameter

B 95%CI

Time since smoking
cessation
Pack-years

Age (years)



Gender

Race

Body mass index (kg/m?)

Hypertension ®
Abbreviations: 95% confidence interval (95% CI)
? Hypertension defined as systolic blood pressure >90, or diastolic blood pressure >140, or taking
medication for high blood pressure




