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ABSTRACT

OBJECTIVES This study sought to assess the effect of coronary artery calcium (CAC) on coronary heart disease

(CHD) risk prediction in a younger population.

BACKGROUND CAC measured by computed tomography improves CHD risk classification in older adults, but the

effectiveness of CAC in younger populations has not been fully assessed.

METHODS In the DHS (Dallas Heart Study), a multiethnic probability-based population sample, traditional

CHD risk factors and CAC were measured in participants without baseline cardiovascular disease or diabetes.

Incident CHD—defined as CHD death, myocardial infarction, or coronary revascularization—was assessed

over a median follow-up of 9.2 years. Predicted CHD risk was assessed with a Weibull model inclusive of

traditional risk factors before and after the addition of CAC as ln(CAC þ 1). Participants were divided into

3 10-year risk categories, <6%, 6% to <20%, and $20%, and the net reclassification improvement (NRI)

was calculated. We also performed a random-effects meta-analysis of NRI from previous studies inclusive

of older individuals.

RESULTS The analysis comprised 2,084 participants; mean age was 44.4 � 9.0 years. CAC was independently

associated with incident CHD (hazard ratio per SD: 1.90, 95% confidence interval [CI] 1.51 to 2.38; p < 0.001).

The addition of CAC to the traditional risk factor model resulted in significant improvement in the C-statistic

(delta ¼ 0.03; p ¼ 0.003). Among participants with CHD events, the addition of CAC resulted in net correct

upward reclassification of 21%, and among those without CHD, a net correct downward reclassification of 0.5%

(NRI: 0.216, p ¼ 0.012). Results remained significant when the outcome was restricted to CHD death and myocardial

infarction and when individuals with diabetes were included. The NRI observed in this study was similar to the

pooled estimate from previous studies (0.200, 95% CI: 0.140 to 0.258) and the addition of our study to the

meta-analysis did not result in significant heterogeneity (I2 ¼ 0%).

CONCLUSIONS CAC scoring also improves CHD risk classification in younger adults. (J Am Coll Cardiol Img

2015;8:1285–93) © 2015 by the American College of Cardiology Foundation.

From the *Department of Internal Medicine, University of Texas Southwestern Medical Center, Dallas, Texas; yDivision of

Cardiology, University of Texas Southwestern Medical Center, Dallas, Texas; and the zDepartment of Clinical Sciences,

University of Texas Southwestern Medical Center, Dallas, Texas. Research reported in this publication was supported by the

National Center for Advancing Translational Sciences of the National Institutes of Health under award Number UL1TR001105.

The content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.

Dr. Berry is a member of the Speakers Bureau for Merck & Co.; and has received consulting fees from Nihon Corporation.

Dr. Rohatgi has received grant support from Merck & Co.; and is a member of the Speakers Bureau for Astra Zeneca. Dr.

Kumbhani has received honoraria from the American College of Cardiology. Dr. de Lemos has received consulting fees from

Amgen and Abbott Diagnostics; and grant support from Abbott Diagnostics. All other authors have reported that they have no

relationships relevant to the contents of this paper to disclose.

Manuscript received April 6, 2015; revised manuscript received June 16, 2015, accepted June 24, 2015.

J A C C : C A R D I O V A S C U L A R I M A G I N G VO L . 8 , N O . 1 1 , 2 0 1 5

ª 2 0 1 5 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N DA T I O N I S S N 1 9 3 6 - 8 7 8 X / $ 3 6 . 0 0

P U B L I S H E D B Y E L S E V I E R I N C . h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j c m g . 2 0 1 5 . 0 6 . 0 1 5

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcmg.2015.06.015&domain=pdf
http://dx.doi.org/10.1016/j.jcmg.2015.06.015


C oronary artery calcium (CAC)
measured by computed tomography
has emerged as a powerful predictor

of coronary heart disease (CHD) (1). Com-
pared with most other novel risk markers,
CAC has a greater impact on clinical metrics
of discrimination (i.e., C-statistics) and risk
classification (i.e., net reclassification im-
provement [NRI]) (2,3). In the most recent
cardiovascular risk assessment guidelines,

CAC scanning received a Class IIb recommendation
(i.e., may be considered) for individuals ages 40
through 79 years in whom a risk-based treatment de-
cision is uncertain (4).

Three population-based studies have assessed the
effects of CAC on CHD risk classification, with each
study showing significant improvement in C-statistics
and NRI when CAC was added to a traditional CHD
risk factor model (5–7). Because the mean age in those
cohorts ranged from 59 to 70 years, the effect of CAC
on risk reclassification at the lower end of the age
group targeted in recent guidelines has not been fully
assessed.

We sought to determine the effects of CAC on CHD
risk prediction in a young, multiethnic, probability-
based population cohort and to compare our find-
ings with data from older cohorts.

METHODS

STUDY SAMPLE. The DHS (Dallas Heart Study) is a
multiethnic, probability-based population cohort of
Dallas County adults, with deliberate oversampling of
African Americans. Detailed methods of DHS have
been described previously (8). All participants pro-
vided written informed consent, and the study
protocol was approved by the Institutional Review
Board of the University of Texas Southwestern Medi-
cal Center. Briefly, between 2000 and 2002, 2,969
participants, ages 30 to 65 years, completed a detailed
in-home survey, laboratory testing, and multiple im-
aging studies. Of these 2,969 individuals, 226 did not
have an interpretable CAC scan; 74 reported previous
cardiovascular disease defined as myocardial infarc-
tion (MI), stroke, or coronary revascularization; 6 had
end-stage renal disease; 88 had missing data on
traditional risk factor(s); and 191 had incomplete
follow-up for nonfatal events (Online Figure 1).
Because participants with diabetes (n ¼ 300) are
thought to have high cardiovascular risk, they were
not included in the primary analysis (9,10). The final
study population comprised 2,084 subjects free of

diabetes and cardiovascular disease who were fol-
lowed for fatal and nonfatal CHD events.

DEFINITIONS AND MEASUREMENTS. Race/ethnicity,
history of cardiovascular diseases, individual medi-
cation usage, and smoking status were self-reported.
Blood pressure, plasma glucose, and lipids were
measured using standard methods (8). Diabetes was
defined as fasting glucose $126 mg/dl, or nonfasting
glucose $200 mg/dl, or reported diagnosis of diabetes
coupled with the use of glucose-lowering medication.
The study definitions of hypertension, metabolic
syndrome, and family history of premature CHD used
in the DHS have been previously published (11).

Electron-beam computed tomography measure-
ments of CAC were performed in duplicate 1 to 2 min
apart on an Imatron 150 XP scanner (Imatron Inc., San
Bruno, California). Sufficient 3-mm slices were acquired
(n ¼ w40) to span the heart during a single inspiratory
breath-hold (12). The 2 CAC scores were determined us-
ing the Agatston method and then averaged.

CLINICAL OUTCOMES. DHS participants were pro-
spectively followed for fatal and nonfatal cardiovas-
cular outcomes, and events were ascertained through
December 31, 2010 (13). Fatal events were tracked using
the National Death Index (14). Participants were con-
tacted annually and assessed for interval nonfatal
cardiovascular events. In addition, participants were
tracked for hospital admissions using the Dallas Fort
Worth Hospital Council Data Initiative database
(DFWHC ERF Information Quality Services Center Re-
gional Data [2000 to 2011]; Dallas-Fort Worth Hospital
Council Education and Research Foundation, Infor-
mation and Quality Services Center, Irving, Texas).
This includes hospital admission data for 70 of 72
hospitals in the Dallas Fort Worth metroplex. Using
these data sources,>90%of participantswere followed
for nonfatal events. Primary recordswere requested for
all suspected cardiovascular events, and these events
were separately adjudicated by 2 cardiologists blinded
to CAC assessment and all study variables (13).

The outcome for the primary analysis was defined
as the time–to–first event of the composite of CHD-
related death, nonfatal MI, or percutaneous or surgi-
cal coronary revascularization. All revascularization
events (coronary artery bypass graft surgery and
percutaneous revascularization) occurring within the
first 3 months following CAC scanning were excluded
from the analyses to minimize the possibility that the
CAC test result influenced the revascularization event.
Secondary analyses were performed for the composite
outcome of hard CHD (CHD-related death and MI).

STATISTICAL ANALYSIS. Baseline demographic and
clinical variables were compared between individuals
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AND ACRONYMS

CAC = coronary artery calcium

CHD = coronary heart disease

CI = confidence interval

HR = hazard ratio

MI = myocardial infarction

NRI = net reclassification

improvement
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