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4. Rationale:

Cigarette smoking is an established risk factor for cardiovascular disease (CVD) (2, 12,
13). Unraveling the molecular basis of the smoking and CVD association, including
mechanisms of action of various constituents of tobacco smoke and the genetic basis of
smoking persistence, is the focus of current epidemiologic research (14). The precise


mailto:folso001@umn.edu

quantitative characterization of disease risk with total cigarette smoke exposure, smoking
intensity and duration can aid in understanding the biological basis of host reaction to the
many chemical constituents in tobacco smoke. Previous investigators have evaluated
CVD risk and individual smoking variables; however, there has been no comprehensive
quantitative analysis of the association of total pack-years, the impact of delivery rate on
the relative risk (RR) and the manner by which other risk factors modify the association.

Epidemiologic analyses typically compute the joint RRs for smoking intensity, as
measured by cigarettes per day (CPD), and duration relative to never-smokers, or
estimate RRs by CPD adjusted for smoking duration (or RRs by smoking duration
adjusted for CPD). Interpretation of such results however is problematic since RRs for
CPD at a fixed duration embed the effect of increasing pack-years. For example, at 30
years smoking, comparisons of RRs at 20 CPD and 30 CPD necessarily reflect different
total exposures, i.e., 30 and 45 pack-years, respectively. Thus, RRs by CPD and duration
cannot be interpreted as separate “independent” effects. In contrast, we propose to model
total exposure (pack-years) and exposure rate (CPD), which reformulates analysis in
terms of RR patterns with total exposure and modification of those patterns by delivery
rate, where delivery rate represents the relative consequences of higher exposure rates for
shorter durations compared with lower exposure rates for longer durations for a constant
pack-years. The assessment of delivery rate is of particular interest, as it describes
whether individuals with the same total exposure incur less, equal or more disease risk as
exposures are protracted (lower rates for longer durations). This framework has yielded
relatively simple characterizations of joint associations and has generated novel etiologic
insights for various cancer outcomes and environmental exposures (cigarette smoking,
alcohol consumption and inhaled arsenic containing dusts) (7-9).

In addition to smoking, studies link CVD risk with several factors, such as sex, race,
physical activity, body mass index (BMI), alcohol consumption, age and various co-
morbidities (total cholesterol, blood pressure [BP], type 2 diabetes, etc.) (12). A precise
quantitative model for smoking-related CVD risk enables a more specific examination of
effect modification, whereby factors may modify risk by influencing RR trends with
pack-years or effects of delivery rate or both.

Studies of exposure to second hand smoke (SHS) support a causal link with CVD;
however, substantial uncertainty remains regarding its magnitude of risk (10, 13).
Exposure to SHS may correspond roughly to an estimated exposure to 0.5 to 1 CPD
relative to active smoking, while risks are about 25%-30% above those never-exposed
which is larger than expected based on RRs among active smokers (13). This suggests a
non-linear relationship (6). Among ARIC participants, estimates of SHS exposure derive
from the question, “During the past year, about how many hours per week, on the
average, were you in close contact with people when they were smoking? For example, in
your home, in a car, at work or other close quarters?” Since SHS information reflects
current status only, we propose to examine whether current SHS exposure (ever/never
and hours/wk) modifies the quantitative smoking-related model for CVD risk in active
smokers.



With its large size and extended follow-up, the ARIC study represents an ideal
opportunity to study the quantitative association of smoking, the impact of delivery rate
and the role of effect modifiers on the smoking relationship. Results will aid the
interpretation of smoking-related molecular and genetic factors and the development of
improved risk prediction.

5. Main Hypothesis/Study Questions:

We propose to develop a quantitative RR model for CVD by total pack-years of cigarette
smoking while accounting for the delivery rate of smoking and to assess various risk
factors as effect modifiers. This proposal has three aims:

(i) to develop a statistical model that characterizes the quantitative relationship of the RR
of CVD in terms of pack-years of cigarette smoking and the influence of delivery
rate (the relative impact of simultaneously increasing CPD and decreasing duration
of smoking for total pack-years held constant);

(i) to evaluate potential effect modifiers of smoking-related RR patterns by various host
characteristics, including sex, race, education, income, sports index, BMI, alcohol
consumption, attained age, age at smoking initiation, years since smoking cessation
and measures of co-morbidity (total cholesterol, LDL-C, BP and BP medications,
type 2 diabetes, etc.); and

(iii) to evaluate the metrics of current SHS exposure as modifiers of smoking-related RR
patterns of CVD risk.

Results from the recent analysis of Huxley and colleagues support a role for CPD as a
modifier of the strength of the association between pack-years and CVD, and suggest that
the pack-years-related CVD risk depend on smoking intensity {Huxley, 2012 831 /id}.

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).

We will assess the association of smoking and smoking cessation with morbidity and
mortality from CVD using an approach appropriate to cohort data.

Primary exposure

Smoking information was measured during four study visits and at yearly intervals via a
telephone questionnaire. We will exploit these data by incorporating time-independent
(baseline) and time-dependent (longitudinal) information on smoking status, intensity,
duration and cessation.

Outcomes of interest
We will include incident cases and deaths through the end of 2011 from CVD identified
using ARIC adjudicated events for CHD, stroke (total, ischemic and hemorrhagic), heart



failure, total CVD, and CV mortality, and discharge codes from hospitalizations and
death certificates for other outcomes. Events will be ascertained by annual follow-up
interview and surveillance of hospital discharges in the ARIC study areas. Events
will be validated by abstraction of hospital discharge records and death certificates,
followed by classification according to ARIC study criteria including trained
physician reviewers. Out-of-hospital deaths will be ascertained through death
certificates and, when available, coroner or autopsy reports. CHD will be defined as
a validated or definite or probable hospitalized MI, a definite CHD death, an
unrecognized MI defined by electrocardiographic reading or coronary
revascularization. Stroke events will be defined as a validated definite or probable
hospitalized ischemic (or hemorrhagic) stroke confirmed by imaging.

Exclusions
Study participants will be excluded from the analysis if they fulfill at least one of the
following criteria:

e missing data on smoking status at any of the study visits for which they were able
to attend (unless status can be reasonably inferred from available information)

e prevalent cardiovascular disease, respiratory disease or cancer at study baseline

e ethnicity other than Black or White

Data structure

We assume a standard format for the data which is consonant with a prospective time-to-
event cohort study that includes both time-independent and, to the extent possible, time-
dependent variables, for use in a Cox proportional hazards regression model. We will use
age as the time variable, allowing for age at cohort entry to define start of follow-up.
However, the models described below are equally applicable for cohort data summarized
in a multi-dimensional contingency table of disease counts and person-years and
analyzed using Poisson regression, or for a sex and age-matched nested case-control
sample analyzed using conditional likelihood regression. Due to the large number of
disease events and the presence of multiple time-dependent covariates, we may ease the
computation burden by using either a Poisson regression or a nested case-control
approach. We will make a final decision during preliminary analyses of data.

Statistical analysis
Aim (i): We will model r(t, z, p, n), the rate of CVD at age t for vector of adjustment
covariates z, pack-years p and cigarettes per day n, as r(t, z, p, n) = ro(t) RR(z, p, n),
where ro(t) is the baseline hazard function,

RR(z, p, n) = exp(a z) RR(p, n) Q)

and o is a vector of parameters associated with the adjustment variables.

We will first compute RRs for the cross-classification of pack-years and CPD categories
relative to never-smokers, and plot RRs by pack-years categories within each of J CPD



categories. We will examine linearity of the (continuous) pack-years association using
the model:

RR(p, M) =1+37p )

where v;j is the ERR/pack-year, which represents the strength of the association, and p; =
p for CPD within the j" category and zero otherwise. We will replace p; with p; x exp(;
p;) to test the null hypothesis of no departures from linearity (i.e., 8;=0). Previous
analyses suggest that linearity within CPD categories represents a useful first-order
approximation to RR patterns. If so, we will fit a model of the form:

RR(p,n)=1+Bpg(n) (3)

where g(.) is a function that describes the modification of the strength of association (j3)
with continuous CPD, i.e., the delivery rate effect. Previous analyses have used g(n) =
exp{o1 In(n) + @, In(n)?}; however, we will evaluate alternatives, including restricted
cubic splines (3, 5). We will verify the approach by comparing a plot of the estimates
Y1,-..,Ys, by category-specific mean CPDs with the fitted B g(n). Decisions will be aided
by the Akaike Information Criterion (AIC) (1).

Since CVD risk is reduced with smoking cessation, we will fit the models to all data and
to the subset of never, current and recent (<2 years) former smokers.

Aim (ii): We will consider effect modification by a categorical factor (f) with S levels
using

RR(p,n,f) =1+ 3 s Bs Ps gs(Ns) 4)

where distinct Bs parameters and gs (.) functions replace B and g(.), and where ps equals p
and ns equaled n within level s and zero otherwise. We will use deviances to compare
model fit and evaluate whether effect modification derives from pack-years (different
B’s), delivery rate (different g(.) functions) or both. Starting with model (4), we will
constrain the B's and/or g(.) functions to be equivalent across f and examine degradation
in model fit. This approach, in contrast to starting with model (3) and enlarging the
model, allows the evaluation of the interaction of f and one factor (e.g., pack-years) while
minimizing influence of the interaction of f and its closely related correlate (e.g., CPD).

We will examine various potential effect modifiers of the smoking relationship, including
attained age, sex, race, education, income, alcohol intake, sport activity, BMI, systolic
BP, antihypertensive medications, type 2 diabetes, total cholesterol, use of filter/non-filter
cigarettes, age at smoking initiation and years since cessation of smoking.

Aim (iii): We will evaluate SHS as a modifier of the smoking-related CVD risk using
model (4) as described in (ii). Since never-smokers may have current SHS exposure, we
will include the SHS metric as a risk/adjustment factor in the z vector to obtain an
estimate of the main effects of SHS in never-smokers.



We will fit all models, conduct likelihood ratio tests and compute 95% confidence
intervals (Cl1) (Wald-based for estimates of ¢ and y and likelihood-based for estimates of
B) using the Epicure suite of programs (11).

Adjustment variables

Where possible, we will adjust all analyses for age, sex, race, study site, education,
income, usual alcohol intake, use of other tobacco products (pipes, cigars, snuff and
chewing tobacco), sports activity, BMI, systolic BP, antihypertensive medication, type 2
diabetes and total cholesterol.

Limitations

Our analyses rely on self-reported smoking habits. While smoking status is generally
reliably reported, there is potential misclassification in smoking amount and duration,
although misclassification cannot be differential. The main concern is that
misclassification may incorrectly classify some individuals as never-smokers or former-
smokers and thus dilute the magnitude of the observed associations.

While patterns and effect modifications of the ERR/pack-year may reflect biologic
phenomena, observed patterns may also reflect influences of nicotine satiation,
whereby the disease-related yield per cigarette decreases with increasing intensity
as smokers seek only to maintain addiction-sufficient nicotine levels, such that the
number of cigarettes/day increasingly overestimates the true internal exposure
rate. However, an analysis in a large lung cancer study found no evidence of a
relationship between frequency or depth of inhalation and intensity, after
controlling for total pack-years. Further, a sensitivity analysis, which estimated the
degree of overestimation of internal exposure rate by CPD using cotinine as a
marker of internal exposure rate, found that conclusions regarding delivery rate
effects were largely unchanged, although power to evaluate the effects declined.
Depending on results for CVD, we will conduct a sensitivity analysis to evaluate
potential overestimation of internal exposure.
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