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Coronary artery calcium (CAC) is a frequent finding in smokers, and it is a marker of
accelerated atherosclerosis in this population.! Prior research has demonstrated a higher rate
of five to ten year estimated all-cause mortality in smokers with CAC as compared to
smokers without CAC.2-3 However, previous studies have produced limited insight
regarding the long-term efficacy of CAC for risk stratification in smokers. This study
therefore sought to examine the association between smoking, CAC, and all-cause mortality
over a 15-year period.

The study population was a cohort of 4,143 consecutive asymptomatic patients aged 55 and
older (mean 63.2+6.6 years, range 55-99) without known coronary artery disease (CAD)
who had been referred by their physician for CAC testing between 1991 and 2004. All study
participants completed a baseline questionnaire of demographic characteristics and baseline
cardiovascular risk factors. Cigarette smoking was considered present if a subject was an
active smoker at the time of CAC scanning. CAC measurement was performed by electron
beam computed tomography (EBCT) at three different centers in the United States using
standard methods as previously described.3 Each calcified lesion was scored using the
method developed by Agatston et al.# All individuals provided informed consent for a pre-
test interview, CAC testing, and follow-up. The study received approval from the
appropriate Human Investigations Committee and conforms to the 1975 Declaration of
Helsinki.

© 2014 Elsevier Ireland Ltd. All rights reserved.
Address for correspondence: James K. Min, MD, FACC, FSCCT, 413 East 69th Street, Suite 108, Dalio Institute of Cardiovascular
Imaging, Weill Cornell Medical College and the NewY ork-Presbyterian Hospital, New York, NY 10021, Phone: 646-962-6268,
jkm2001@med.cornell.edu.

These authors equally contributed to the paper
Relationships with industry. Dr. Min has served on the medical advisory boards of GE Healthcare, Arineta, Astra Zeneca, and
Bristol-Myers Squibb; Speakers’ Bureau of GE Healthcare; and received research support from GE Healthcare, Vital Images, and
Phillips Healthcare. Dr. Truong receives grant support from St. Jude Medical, American College of Radiology Imaging Network, and
Duke Clinical Research Institute.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Schulman-Marcus et al. Page 2

The primary endpoint was all-cause mortality. Individuals masked to baseline data
ascertained mortality status using the Social Security Death Index with 100% mortality
ascertainment among study participants.

For statistical analyses, the chi-square test was employed for comparison of categorical
variables. Between-group comparisons for continuous variables were computed using an
independent samples t-test or Mann-Whitney U test as appropriate. A Kaplan-Meier survival
curve with log-rank test compared survival rates for smokers versus nonsmokers, according
to the presence and severity of CAC. Cox proportional hazard regression reporting hazard
ratios (HR) with 95% confidence intervals (95% CI) were used to estimate all-cause
mortality adjusting for age, sex, diabetes, hypertension, dyslipidemia, and family history of
premature CAD. All Cox models were stratified according to smoking status as well as the
presence or absence (Model 1) or severity (Model 2) of CAC. As there was no significant
interaction effect between sex and CAC, analyses stratified by sex were not performed.
Assumption of proportional hazards was evaluated using Schoenfeld residuals. Statistical
analyses were performed using SAS version 9.3 software (SAS Institute Inc., Cary, NC). A
two-tailed p-value <0.05 was considered statistically significant.

The patients were followed on average for 14.5 years (interquartile range 13.5-15.3). At the
time of CAC assessment, 39% were self-reported active smokers. Of 553 deaths that
occurred, 270 (16.6%) and 283 (11.3%) were smokers and nonsmokers at the time of CAC
scan, respectively. Smokers were more prone to a family history of premature CAD (70.7%
vs 65.3%, p<0.001) and diabetes (10.4% vs 8.5%, p=0.04) as compared with nonsmokers
(Table 1). Smokers had higher median CAC scores (19 vs 3, interquartile range 0-195,
p<0.001) and increased CAC severity (p<0.001 for trend), while nonsmokers were more
likely to have a CAC of 0 than smokers (47.8 vs. 38.7%, p<0.001).

Irrespective of smoking status, higher CAC severity was associated with heightened
mortality risk over the course of this study (p<0.001 by log-rank) (Figure). In multivariable
Cox hazard regression models, smokers with a CAC of zero had a nearly two-fold (HR 1.73,
95% CI = 1.20-2.50, p=0.003) increased risk of mortality (Table 2, Model 1). In the
presence of any CAC, the adjusted risk of mortality was more than three-fold (HR 3.07,
95% CI = 2.32-4.07, p<0.001) higher in nonsmokers, while the adjusted risk of mortality
was almost five-fold (HR 4.67, 95% CI = 3.52-6.20, p<0.001) higher among smokers.
Similar findings were observed in patients without additional cardiac risk factors (e.g.
hypertension, diabetes, dyslipidemia, family history of premature CAD). In both smokers
and nonsmokers, the adjusted risk of death appeared to increase incrementally according to
the severity of CAC (Table 2, Model 2).

Overall, we found that across nearly 15 years of follow-up, the presence of CAC remained
strongly predictive of all-cause mortality in this cohort of older smokers, even in the absence
of other cardiac risk factors. Our findings are consistent with prior studies of shorter
duration demonstrating increased mortality in smokers with CAC.2:3 Furthermore, in
contrast to the general population for which the absence of CAC (CAC=0) is associated with
an excellent prognosis,® in our study smokers with a CAC=0 remained at an elevated risk of
death. As such, for smokers a CAC=0 should not be considered a “negative risk factor.”3
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Our study was limited by its observational design. Prior smoking history and smoking
intensity as measured by pack years were not obtained. Data were unavailable regarding
cause-specific mortality, cardiovascular events, post-test changes in risk factors,
downstream pharmacological therapy or smoking cessation. Future long-term prospective
cohort studies are needed to address these limitations. However, this is the largest cohort of
consecutive patients undergoing CAC screening for which outcome data are available.

Our findings are timely in that many smokers aged 55-80 are poised to undergo annual lung
cancer screening by low dose computed tomography (CT).8-8 There is a high correlation
between CAC discovered by CT and ECG-gated CAC screening protocols.® This study
proposes a potential benefit in highlighting the presence of any CAC detected by CT, rather
than considering it as an “incidental” finding. While further research regarding CAC in lung
cancer screening cohorts is clearly needed, our findings indicate that smokers with CAC
detected by CT are at elevated risk and warrant early and aggressive cardiac risk factor
reduction.
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Figure. Cumulative survival among non-smokers and smokers stratified by CAC score
Legend: CAC = coronary artery calcium
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Clinical Characteristics of Subjects

Table 1

Nonsmokers (N=2,515) | Smokers (N=1,628) | p-Value

Mean follow-up 146+1.0 144+11 <0.001
Death events (%) 283 (11.3) 270 (16.6) <0.001
Age (yrs) 63.4£6.9 62.8 6.2 0.07
Female n(%) 1,224 (48.7) 750 (46.1) 0.1
Hypertension n(%) 1,157 (46.0) 755 (46.4) 0.82
Diabetes n(%) 214 (8.5) 170 (10.4) 0.04
Dyslipidemia n(%) 1,599 (63.6) 1,044 (64.1) 0.72
Family History of CAD n(%) | 1,643 (65.3) 1,151 (70.7) <0.001
Median CAC score (IQR) 3 (0-85) 19 (0-195) <0.001

CAC = coronary artery calcium (in Agatston units)
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