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a b s t r a c t

Background: Coronary artery disease (CAD) diagnosis by coronary computed tomographic angiography
(CCTA) is useful for identification of symptomatic diabetic individuals at heightened risk for death.
Whether CCTA-detected CAD enables improved risk assessment of asymptomatic diabetic individuals
beyond clinical risk factors and coronary artery calcium scoring (CACS) remains unexplored.
Methods: From a prospective 12-center international registry of 27,125 individuals undergoing CCTA, we
identified 400 asymptomatic diabetic individuals without known CAD. Coronary stenosis by CCTA was
graded as 0%, 1e49%, 50e69%, and �70%. CAD was judged on a per-patient, per-vessel and per-segment
basis as maximal stenosis severity, number of vessels with �50% stenosis, and coronary segments
weighted for stenosis severity (segment stenosis score), respectively. We assessed major adverse car-
diovascular events (MACE) e inclusive of mortality, nonfatal myocardial infarction (MI), and late target
vessel revascularization �90 days (REV) e and evaluated the incremental utility of CCTA for risk pre-
diction, discrimination and reclassification.

* Corresponding author. Weill Cornell Medical College and the NewYork-Presbyterian Hospital, 520 E. 70th Street, Starr Pavilion 8A19, New York, NY 10021, USA.
Tel.: þ1 212 746 6098.

E-mail addresses: james.min@cshs.org, jkm2001@med.cornell.edu (J.K. Min).

Contents lists available at ScienceDirect

Atherosclerosis

journal homepage: www.elsevier .com/locate/atherosclerosis

0021-9150/$ e see front matter � 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.atherosclerosis.2013.09.025

Atherosclerosis 232 (2014) 298e304

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:james.min@cshs.org
mailto:jkm2001@med.cornell.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.atherosclerosis.2013.09.025&domain=pdf
www.sciencedirect.com/science/journal/00219150
http://www.elsevier.com/locate/atherosclerosis
http://dx.doi.org/10.1016/j.atherosclerosis.2013.09.025
http://dx.doi.org/10.1016/j.atherosclerosis.2013.09.025
http://dx.doi.org/10.1016/j.atherosclerosis.2013.09.025


Results: Mean age was 60.4 � 9.9 years; 65.0% were male. At a mean follow-up 2.4 � 1.1 years, 33 MACE
occurred (13 deaths, 8 MI, 12 REV) [8.25%; annualized rate 3.4%]. By univariate analysis, per-patient
maximal stenosis [hazards ratio (HR) 2.24 per stenosis grade, 95% confidence interval (CI) 1.61e3.10,
p < 0.001], increasing numbers of obstructive vessels (HR 2.30 per vessel, 95% CI 1.75e3.03, p < 0.001)
and segment stenosis score (HR 1.14 per segment, 95% CI 1.09e1.19, p < 0.001) were associated with
increased MACE. After adjustment for CAD risk factors and CACS, maximal stenosis (HR 1.80 per grade,
95% CI 1.18e2.75, p ¼ 0.006), number of obstructive vessels (HR 1.85 per vessel, 95% CI 1.29e2.65,
p < 0.001) and segment stenosis score (HR 1.11 per segment, 95% CI 1.05e1.18, p < 0.001) were associated
with increased risk of MACE. Beyond age, gender and CACS (C-index 0.64), CCTA improved discrimination
by maximal stenosis, number of obstructive vessels and segment stenosis score (C-index 0.77, 0.77 and
0.78, respectively). Similarly, CCTA findings improved risk reclassification by per-patient maximal ste-
nosis [integrated discrimination improvement (IDI) index 0.03, p ¼ 0.03] and number of obstructive
vessels (IDI index 0.06, p ¼ 0.002), and by trend for segment stenosis score (IDI 0.03, p ¼ 0.06).
Conclusion: For asymptomatic diabetic individuals, CCTA measures of CAD severity confer incremental
risk prediction, discrimination and reclassification on a per-patient, per-vessel and per-segment basis.

� 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The prevalence of diabetes mellitus is rapidly increasing
worldwide, with a projected prevalence of more than 350 million
individuals by 2030 [1]. While diabetics have been traditionally
considered a coronary heart disease (CHD) equivalent [2], studies
using coronary artery calcium scoring (CACS) have observed a high
percentage of diabetic individuals to possess no coronary calcium, a
finding associated with low future cardiovascular risk. These
studies of CACS have also shown that this test augments prediction
of CHD risk in asymptomatic diabetic individuals beyond consid-
eration non-diabetes CHD risk factors. As an example, a high pro-
portion of diabetics have a CAC score of 0, which is associated with
an excellent prognosis. In contrast, for every increasing non-zero
category of CACS, the risk is higher for a diabetic than a non-
diabetic patient. Thus, current professional societal guidelines
endorse the use of diagnostic testing for selected asymptomatic
individuals by means of stress testing [3,4] or coronary artery cal-
cium scoring (CACS) [5].

Coronary computed tomographic angiography (CCTA) is a non-
invasive test that demonstrates high diagnostic performance for
the detection and exclusion of any atherosclerosis as well as
anatomically obstructive CAD [6e9]. In the general population of
asymptomatic patients undergoing CCTA scanning, CCTA findings
have not shown more effective risk stratification than CACS.
However, whether CCTA represents a more effective method for
risk assessment than CACS in selected higher risk asymptomatic
patients e such as those with diabetes e is unknown.

From a consecutive cohort of individuals within a large pro-
spective international multicenter observational cohort study, we
evaluated whether CAD identified by CCTAwould offer incremental
risk assessment over CHD risk factors and CACS for asymptomatic
diabetic individuals.

2. Methods

The CONFIRM (COronary CT Angiography EvaluatioN For Clinical
Outcomes: An InteRnational Multicenter) registry is an open-label,
international, multicenter observational dynamic registry designed
to evaluate associations between patient characteristics, CCTA find-
ings, and incident adverse clinical events. A total of 27,125 patients
who underwent CCTA at 12 centers in 6 countries (United States,
Canada, Germany, Switzerland, Italy, and South Korea)were enrolled
into the registry between February2003 andDecember2009.Details
of the registry and data collection have been previously been pub-
lished [10]. For the present study, sites with data on all-cause mor-
tality, non-fatal myocardial infarction, and late target vessel

revascularization (REV) were included, resulting in a total of 17,218
patients. From this cohort, we identified 400 patients with an
established diagnosis of diabetes; whowere asymptomatic; and had
no history of obstructive CAD, coronary revascularization, or
myocardial infarction. All patients had a CACSperformed as a routine
part of the CCTA examination. Diabetes was defined by established
guidelines [11] and included a knownhistoryof diabetes or theuseof
diabetic medications. All sites had approval of their respective
institutional review boards, and were compliant with the Health
Insurance Portability and Accountability Act where applicable.

2.1. Data acquisition and image analysis

All CCTA performance, data acquisition, image post-processing,
and interpretation in the study cohort were consistent with site-
specific policies and Society of Cardiovascular Computed Tomog-
raphy guidelines [12]. All CCTA studies were performed using a
scanner with at least 64 detector rows, and interpreted using a 16-
segment coronary vascular model.

In each coronary artery, coronary atherosclerosis was defined as
any tissue structures �1 mm2 in size within or adjacent to the
coronary artery lumen that could be discriminated from sur-
rounding pericardial tissue, epicardial fat, or the vessel lumen itself.
The luminal stenosis of coronary atherosclerotic lesions was
determined by visual estimation in accordance with guidelines
[12]. Maximal stenosis severity was categorized into a 4-point scale,
defined as no CAD (no plaque), mild CAD (maximal stenosis 1e
49%), moderate CAD (maximal stenosis 50e69%), and severe CAD
(�70% stenosis). CAD was also assessed by the number of major
epicardial vessels with obstructive (�50% stenosis) CAD, with
obstructive left main artery disease considered 3-vessel CAD; and
the segment stenosis score, whichmeasures the extent and severity
of plaque by assigning each of 16 segments a score of 0e3 for absent
to severe stenosis up to a maximum score of 48 [13].

2.2. Patient follow-up

Patient outcomes were determined at each institution using a
dedicated physician and/or research nurse by direct interview,
telephone contact, and/or review of medical records using a stan-
dardized questionnaire, as we have previously described [10]. In the
United States, all-cause mortality was additionally assessed by
query of the Social Security Death Index.

2.3. Statistical analysis

Our primary endpoint was major adverse cardiovascular events
(MACE), as defined by a composite of all-cause mortality, non-fatal
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