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Abstract

Objectives: Smoking as an epidemiological exposure can be quantified inmanyways including duration, intensity, pack-years, recency, and
age at initiation. However, it is not clear which of these are most important for cardiovascular disease (CVD) and how they should be modeled.

Study Design and Setting: Using the Multi-Ethnic Study of Atherosclerosis, Cox models for time to incident CVD adjusted for age,
sex, race/ethnicity, education category, and income category were compared which included various characterizations of smoking history.

Results: Duration, age at starting, time since quitting, and noncigarette forms of smoking were not independently associated with CVD,
whereas baseline current intensity was associated with CVD [e.g., hard CVD hazard ratio 1 pack/d of 1.85 95% confidence interval (1.33,
2.57)]. Former smokers, regardless of duration, intensity, or recency, were not at increased risk, suggesting that risk may risk may drop
precipitously from the time of quitting. For CVD events, representing smoking exposure as baseline smoking intensity produced better
model fit as measured by Akaike information criterion than models using smoking status or pack-years.

Conclusion: The association of smoking with incident CVD events was well captured by including a simple term for baseline smoking
intensity. � 2016 Elsevier Inc. All rights reserved.

Keywords: Smoking; Intensity; Cardiovascular disease; Multi-Ethnic Study of Atherosclerosis; Cohort; Pack-years

1. Introduction

In 2012, there were 17.5 million deaths from cardiovas-
cular disease (CVD), and tobacco use is a modifiable cause
of many of these deaths [1]. Smoking increases CVD risk,
consequently it is of interest to know which components of
smoking are most associated with CVD outcomes. Even if a
study is not investigating smoking as an exposure directly,
smoking is so strongly related to CVD that it is also
important to adjust for this exposure to control confound-
ing. However, there are many different ways to quantify
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What is new?

Key findings
� This paper demonstrates that smoking intensity is

the primary risk factor for associations between
cardiovascular disease (CVD) events and tobacco
cigarette use and provides the best fit for statistical
models.

� Duration of smoking was not associated with
increased risk among former smokers, who showed
a rapid (within a few years at most) return to base-
line CVD risk.

� Deep vein thrombosis and death follow different
patterns, and the association between smoking
and events for these outcomes remains elevated
much longer than for CVD events.

What this adds to what was known?
� Adjusting for smoking intensity is preferable to

adjusting for pack-years of smoking or smoking
status (never/former/current) in models with CVD
outcomes.

� Time since quitting and duration of smoking, to the
precision we could measure these parameters, were
not associated with increased risk of CVD for
former smokers.

What is the implication and what should change
now?
� The optimal adjustment for the association of

smoking in CVD studies, smoking intensity, should
be used instead of the more commonly used pack-
years.

� Smoking cessation programs aimed at CVD pre-
vention may be encouraged by a relatively quick
drop in this particular association.

smoking, including whether the person is currently
smoking, how long the person has smoked, what type of
tobacco product is used, how much the person smokes each
day, and the period of life during which the tobacco
exposure occurred. Consequently, how smoking should be
modeled is not clear. That is, which components of
smoking are associated with CVD outcomes, how these
components should be modeled to increase our understand-
ing of smoking-CVD relationships, and what may be the
best way to adjust for smoking as a potential confounder.

One of the most common ways to model smoking is by
dividing subjects into never, former, and current smoking
categories. Compared to never smokers, current smoking
was associated with increased CVD risk, whereas the

evidence was not as strong for past smoking [2e4].
However, one way that heterogeneity can enter into
smoking status categories is via smoking intensity,
specifically cigarettes/d. Previous studies suggest that there
is increased risk of coronary heart disease (CHD) death
with increased intensity [2,3,5,6]. Pope et al. studied the
functional form of how CVD death risk varies over a range
of intensities and concluded that a nonlinear model of
tobacco smoke intensity fits the data best [7].

Pack-years is a cumulative measurement of smoking and
is generally calculated by multiplying average packs
smoked per day by the duration of smoking, in years [8].
However, with no definitive evidence that duration, in
isolation, is significantly associated with CVD risk, the
question of the utility of using pack-years is a valid one,
especially because this is a common way of adjusting for
smoking in studies [8e11].

Forms of tobacco exposure other than active cigarette
smoking, including secondhand smoke exposure, cigar
use, and pipe use, were also associated with CVD
[12e15]. There was, however, conflicting evidence about
whether age at starting smoking affected heart disease
risk [2,6]. Higher time since quitting is a widely
acknowledged protective factor for CVD [16,17]. In addi-
tion, age, age at starting, duration, and time since quitting
are often additive combinations of the other variables and
so care must be taken not to adjust for all of these in the
same model [8].

In part due to the problem of collinear aspects of
smoking and to reduce the number of adjustment
covariates, single smoking indices have been proposed
[9,18,19]. Two indices were discussed in Leffondr�e et al.
[19]. which both incorporated nonlinear forms of time since
quitting, duration, and intensity, and two parameters that
can be based either on features of the data set in use or
on earlier scientific findings/hypotheses. In this paper, we
evaluate which of the above quantitative aspects of smoking
behavior are most associated with incident cardiovascular
events. Our aim is to inform the future modeling of
smoking behavior in the context of CVD research.

2. Methods

2.1. Study population

MESA is a cohort of 6,814 participants initially free of
clinical heart disease at baseline in 2000e2002 [20].
MESA participants were recruited at six sites across the
United States, had an age range of 45e84 years, and were
47% male [20]. The ethnic proportions were 38% Cauca-
sian, 12% Chinese-American, 28% African-American,
and 22% Hispanic. MESA collected questionnaire data on
smoking status, and participants were considered to be
smokers if they reported smoking at least 100 cigarettes
in their lifetimes and then further classified into current
or former smokers at baseline by whether they ‘‘smoked
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