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bstract

ackground: Whether the absence of coronary artery calcium, or conversely the presence of high volumes of coronary artery calcium, may
lter assessment of coronary heart disease risk based on traditional risk factors is uncertain. We sought to identify a potential threshold
f coronary artery calcium for clinical use and examine the predictive power of coronary artery calcium in individuals categorized using
onventional coronary heart disease risk assessment.
ethods: The study included 10,746 men and women (36.3%) with a mean age of 53.8 ± 9.9 years who were either physician- or self-

eferred for electron beam tomography scanning to a preventive medical clinic. Coronary heart disease risk factors were elicited by use of a
uestionnaire.
esults: During a mean follow-up of 3.5 years, 81 primary events (coronary heart disease death or nonfatal myocardial infarction) occurred.
mong individuals with a coronary artery calcium score of zero, the primary event rate was very low (0.4 events per 1000 person-years of
bservation). When participants were stratified by self-reported coronary heart disease risk factors (0–2, or 3–4), a coronary artery calcium
core ≥100 was associated with substantially increased risk of coronary heart disease events within each level of stratification. In a subgroup
f participants with available clinical data, similar results were found when participants were categorized by Framingham risk scores.

onclusions: Coronary artery calcium score can identify individuals at increased risk for coronary heart disease events who otherwise would
e considered low-risk based on clinical assessment. A coronary artery calcium score of zero is associated with very low risk for coronary
eart disease in the short to intermediate term (≈3.5 years) regardless of the number of risk factors present.

2006 Elsevier Ireland Ltd. All rights reserved.
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(
. Introduction
Electron beam tomography has the sensitivity to detect
nd quantify small amounts of coronary artery calcium
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CAC) and has been used with increasing frequency to
ssess the extent of coronary atherosclerosis [1,2]. A positive
ualitative and quantitative association between CAC and
linically manifest coronary heart disease (CHD) has been
emonstrated in numerous cross-sectional studies and a few

rospective studies [3–16]. However, a number of important
ssues in regard to the clinical utility of CAC measurement
emain unresolved. If CAC is a measure of atherosclerotic
urden, it remains to be determined if CAC scores will iden-

mailto:tchurch@cooperinst.org
dx.doi.org/10.1016/j.atherosclerosis.2006.02.005


T.S. Church et al. / Atherosclero

t
a
m
t
A
a
b

e
v
p
o
l
o
s
a
c

2

2

u
C
m
u
H

t
p
2
n
q
b
i
h
p
s
b
e
r
f
P
i
e
I
t

2

C
o
h
o
h
a
c
t
b

2

t
l
p
a
(
m

2

d
s
d
i
c
w

Fig. 1. Study flow chart.

ify high-risk individuals who would otherwise be considered
t low or moderate risk based on conventional risk assess-
ents. Whether a CAC score of zero can be used to iden-

ify individuals at very low CHD risk also remains unclear.
nother critical question to be answered is whether there is
threshold of CAC that can identify individuals who may

enefit from aggressive CHD risk-modifying therapies.
Using a large cohort of men and women who underwent

lectron beam tomography scanning as part of routine pre-
entive care, the purpose of this study was to evaluate the
redictive power of quantitative CAC for the development
f CHD events in patients without clinical CHD at base-
ine. Specifically, we (1) assessed the discriminatory power
f CAC using Receiver Operator Characteristic curve analy-
es to determine a potential threshold of CAC for clinical use,
nd (2) examined the predictive power of CAC in individuals
ategorized using conventional CHD risk-assessment.

. Methods

.1. Study protocol

Between June 1995 and May 2000, study participants
nderwent electron beam tomography scanning at the Cooper

linic in Dallas, TX either as part of a periodic preventive
edical examination or by self-referral. Systematic follow-

p for events was funded by a research grant from the National
eart, Lung, and Blood Institute. As shown in Fig. 1, from
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he 16,097 individuals who had an electron beam tomogra-
hy scan and who were sent follow-up questionnaires in May
000, 19 died from CHD and 11,182 returned these question-
aires (∼70% response rate). Of the individuals who returned
uestionnaires, 450 were excluded due to a history of CHD at
aseline and 5 were excluded because of missing data, result-
ng in a final study cohort of 10,746 individuals. Age, sex,
eight, and weight were acquired at the baseline exam on all
articipants. Self-reported history of diabetes, hypertension,
moking, and hypercholesterolemia were ascertained from
aseline questionnaires. There were no meaningful differ-
nces between nonrespondents and the combined group of
espondents and decedents in age, gender distribution, risk
actor prevalence, or median CAC (0 versus 1, respectively).
articipants provided written informed consent to participate

n the clinical examination and follow-up and to use their
xamination data for research purposes. The Cooper Institute
nstitutional Review Board annually reviewed and approved
he study protocol.

.2. Electron beam tomography imaging

Using an electron beam tomographic scanner (Imatron
-150XP or an Imatron C-300), 3-mm thick slices were
btained with 2-mm table (3 × 2) increments during a breath-
olding protocol, and Agatston score was calculated as previ-
usly described [9]. Our methods for quantifying CAC score
ave previously been reported to both be highly reproducible
nd free of bias from scorers who may be unblinded to the
linical characteristics of the patients [9]. Of note because of
he prospective nature of the study, all scans were interpreted
linded to the clinical outcome.

.3. Clinical examination

A subset of patients (n = 3619) had the electron beam
omography scan as part of a comprehensive medical and
aboratory evaluation. For these individuals, measured blood
ressure, lipid profiles, and fasting glucose were avail-
ble, and in this subgroup, 10-year Framingham risk scores
FRS) were calculated [17]. The details of this preventative
edicine examination have been previously described [18].

.4. Endpoint ascertainment

The primary outcome was incident coronary events
efined as CHD death or nonfatal myocardial infarction. The
econdary outcome was combined incident events of CHD
eath, myocardial infarction, or a coronary revascularization,
ncluding coronary artery bypass grafting or a percutaneous
oronary intervention. CHD deaths (ICD codes 410.0–414.0)
ere identified using the National Death Index Plus service.

onfatal CHD events were ascertained from the mail survey.
n attempt to confirm each outcome through detailed medi-

al record review was made. However, Cooper Clinic patients
ome from all 50 states, and therefore due to expense and dis-
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Table 1
Mean values of clinical measures within self-reported categories of hypertension, hypercholesterolemia, and diabetes for 3619 participants with both self-reported
and clinic measures available

Self-report hypertension p

No (82.1%) Yes (17.9%)

Systolic blood pressure (mmHg) 120.4 (14.2) 136.3 (16.4) <0.0001
Diastolic blood pressure (mmHg) 80.6 (9.4) 88.7 (10.1) <0.0001

Self-report hypercholesterolemia p

No (69.4%) Yes (30.6%)

Total cholesterol (mg/dL) 196.6 (32.3) 221.3 (37.5) <0.0001
LDL cholesterol (mg/dL) 118.8 (29.9) 138.4 (33.7) <0.0001
HDL cholesterol (mg/dL) 54.8 (16.7) 51.4 (15.3) <0.0001
Triglycerides (mg/dL) 115.5 (74.5) 157.7 (100.0) <0.0001

Self-report diabetes p
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No (95.6%)

asting glucose (mg/dL) 98.6 (9.0)

ance, complete medical records were only available for 99
f the 268 nonfatal events (37%). Each record was reviewed
y at least two physicians experienced in event verification
ho were blinded to electron beam tomography results.

.5. Statistical analyses

Descriptive statistics were used to summarize baseline
haracteristics. Continuous variables were compared using
tudent’s t-test, and categorical variables were compared
sing chi-square or Fisher’s exact test where appropri-
te. Univariable and multivariable Cox proportional hazards
odels were used to assess the associations between coro-

ary events and the self-reported risk factors.
Receiver Operator Characteristic curves were con-

tructed to determine the discriminatory power of CAC
log [CAC + 1]) for predicting future CHD events (area under
he curve; c-index) and to identify potential prognostic CAC
ut-points [5]. Stratified analyses were performed using a
ut-point derived from the Receiver Operator Characteristic
nalyses within subgroups based on the presence of self-

eported CHD risk factors and according to the number of
onventional CHD risk factors present at baseline (0–2, or
–4). Further, for the subset of 3619 individuals in whom
linical data were available for the computation of 10-year

c
t
o
8

able 2
elf-reported risk factors and coronary artery calcium

elf-report risk factorsa n Mean CAC (S.D.) Adjusted mean

4264 138 (545) 165 (148–182)
2487 149 (470) 151 (129–172)
2387 192 (622) 185 (163–207)

–4 1608 323 (780)*** 258 (231–285)*

AC, coronary artery calcium.
a Risk factors are current smoking, hypercholesterolemia, diabetes, and/or hypert
b Adjusted for age and gender.

** p for trend <0.0001.
Yes (4.4%)

146.2 (49.8) <0.0001

ramingham risk estimates, participants were categorized
nto low (<10%) and moderate/high-risk (≥10%) groups, and
HD incidence rates were calculated for CAC levels of 0,
–99, and ≥100 across the Framingham risk categories.

. Results

.1. Demographic characteristics

The majority of participants were men (64%) and white
>97%), with a mean age of 53.8 ± 9.9 years. Prevalence
f current smoking was 9.1%, previous smoking 27.8%,
ypercholesterolemia 30.0%, diabetes 3.2%, and hyperten-
ion 17.9%.

The relationship between self-reported risk factor sta-
us and measured clinical values was examined in a subset
f 3619 participants for whom such data were available
Table 1). In each instance the measured risk factors were
ignificantly higher and met clinically relevant thresholds
mong individuals who reported having the related condition

ompared with those who reported not having the condi-
ion. Further, only 1.6% of individuals who report no history
f hypertension had a systolic blood pressure ≥160 mmHg,
% of individuals who reported not having a history of high

CACb (95% CI) Median CAC (95% CI) Prevalence of CAC > 0

0 (0–38) 41
0 (0–71) 50
1 (0-97) 51

** 26 (0–263) 66***

ension.
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Table 3
Descriptive characteristics by event status and univariable association between risk factors, coronary artery calcium, and cardiac events

Event free (n = 10.665) Nonfatal MI or CHD death (n = 81) Between group differences, p-value

Age (years) 53.8 (9.9) 61.0 (10.2) <0.001
Follow-up (years) 3.5 (1.4) 1.7 (1.3) <0.001
Mean calcium scorea 177 (588) 664 (835) <0.001
Median calcium score 0 (0–75) 244 (79–976) <0.001
Male gender (yes/no) (%) 63.5 76.5 0.01
Hypercholesterolemia (yes/no) (%) 29.9 34.6 0.36
Diabetes (yes/no) 3.1 17.2 <0.001
Hypertension (yes/no) (%) 17.8 30.9 <0.001

Smoking (%)
Never 62.2 49.4 0.04
Past 27.8 38.3
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p
(CAC > 0) at baseline, there were 74 CHD deaths or nonfa-
tal myocardial infarctions resulting in an event rate of 4.0
events per 1000 person-years. After adjusting for age and
gender, the relative risk (95% CI) of a primary CHD event

Fig. 2. Receiver Operator Characteristic curve for coronary artery calcium
score (log [CAC + 1]) and both the primary outcomes of nonfatal myocardial
infarction and coronary heart disease death (lower curve) and secondary
Current 9.0

I, myocardial infarction; CHD, coronary heart disease.
a For models log (coronary calcium +1) was used.

holesterol had LDL cholesterol ≥160 mg/dL, and none of
he individuals who reported not having diabetes had a fasting
lucose ≥126 mg/dL. The Cooper Clinic patient population
as been shown to have a sensitivity and specificity for self-
eported hypertension of 98% and 99%, respectively, and
here is no reason to believe that other CHD risk factors
ould not be reported with a similar level of precision in

his well-educated, affluent study population [19].

.2. Self-reported risk factors and CAC

Mean CAC, age- and gender-adjusted mean CAC, and
edian CAC was higher in the groups with the highest num-

er of self-report risk factors present (Table 2). Similarly the
revalence of individuals with detectable CAC (CAC > 0) was
igher in the groups that reported the highest number of self-
eported risk factors (p < 0.001).

.3. Predictors of CHD events

During a mean follow-up period of 3.5 years (37,326
erson-years), 287 CHD events occurred (19 CHD deaths,
2 nonfatal myocardial infarctions, 106 percutaneous revas-
ularizations, and 100 coronary bypass grafts). Among the
9 nonfatal CHD events that underwent adjudication, 95%
94/99) were verified as reported. Of the misreported events,
were cardiac catheterizations without revascularization and
were peripheral revascularization procedures. Nineteen of

hese 99 events were nonfatal myocardial infarctions, all of
hich were confirmed as reported.
Individuals who had a primary CHD event were older,

ale, had a shorter total follow-up, and had a higher preva-
ence of diabetes, hypertension, hypercholesterolemia, and
ast/current smoking as compared to that in participants who
emained event free (Table 3). Univariable analyses showed

hat log CAC score (RR [95% CI]: 1.5 [1.4–1.7]), age (per
0 years) (2.0 [1.6–2.4]), male sex (2.0 [1.2–3.3]), diabetes
6.5 [3.6–11.5]), hypertension (2.0 [1.3–3.2]), and past smok-
ng (1.7 [1.1–2.7]) were each associated with increased risk

o
w
i
a
4

f primary events. In a multivariable model that included
ach of the exposures listed above, only log CAC score (1.5
1.3–1.7]) and diabetes (4.0 [2.2–7.1]) were significant pre-
ictors of primary CHD events. The use of secondary CHD
utcomes produced similar results.

.4. CAC of zero and risk of event

Of the 81 CHD deaths or nonfatal myocardial infarctions,
occurred in individuals (n = 5472) without detectable CAC

CAC = 0), resulting in event rate of 0.4 events per 1000
erson-years. In the 5274 individuals with detectable CAC
utcomes of primary plus revascularizations (upper curve). A perfect test
ould have an area under the curve (c-index) of Fig. 1. For clarity purposes,

ndividual data points are not presented and only the best-fit line with the
pproximate positions of coronary artery calcium scores of 0, 100, 200, and
00 are shown.
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as 0.13 (0.06–0.3) in individuals without detectable CAC at
aseline compared to individuals with CAC. Further adjust-
ent for the presence of self-reported risk factors had little

ffect (0.15 [0.07–0.34]) on the protective benefit of having
o detectable CAC.

.5. Discriminatory power of CAC for future CHD
vents

Based on receiver operator curve analysis, CAC score was
ound to have good discriminatory power for identifying indi-
iduals who developed a CHD event (Fig. 2). The c-index for
AC score for primary and secondary events was 0.80 and
.86, respectively. The points along the curve for CAC >0,
00, 200, and 400 are identified in the figure. A sharp decline
n the curve occurs at a CAC score of 100, suggesting that
his value may be a possible prognostic threshold.

.6. CAC across categories of CHD risk factors

Individuals were grouped according to the presence or
bsence of a history of diabetes, hypertension, hypercholes-
erolemia, and current smoking. Additional grouping was
one based on the total number of prevalent risk factors. With
he referent group being individuals not reporting the specific

isk factor of interest and having a CAC <100, the age- and
ender-adjusted risk of having a primary CHD event was
igher when the risk factor was present regardless of CAC
100 or CAC ≥100 (Tables 4 and 5). However, among indi-

t
C
r
t

able 4
isk of nonfatal MI or CHD death by coronary artery calcium categories and self-r

CAC < 100

N (events) Ratea RRadj (95% C

o HTN 6967 (14) 0.6 1.0 (ref)
o DM 8032 (18) 0.6 1.0 (ref)
o Chol 5906 (11) 0.5 1.0 (ref)
o smoke 7518 (18) 0.7 1.0 (ref)
TN reported 1267 (9) 2.0 3.1 (1.3–7.1)
M reported 202 (5) 6.9 10.2 (3.8–27.6
hol reported 2328 (12) 1.4 2.6 (1.1–5.9)
moker 716 (5) 2.0 3.1 (1.2–8.5)

TN, hypertension. DM, diabetes, Chol, hypercholesterolemia.
a Per 1000 person-years. RRadj = relative risk of event adjusted for age, sex, and s

able 5
isk of nonfatal MI or CHD death by coronary artery calcium category and numbe

isk factorsa Nonfatal MI or CHD death

CAC < 100

n (events) Rat

3498 (5) 0.4
2419 (7) 1.0
1797 (2) 0.3

–4 1000 (9) 2.4

I, myocardial infarction; CHD, coronary heart disease; CAC, coronary artery calc
a Risk factors are self-reported history of current smoking, hypercholesterolemia
b Per 1000 person-years.
sis 190 (2007) 224–231

iduals who reported having the risk factor, having a CAC
100 was associated with more than twice the risk compared

o that in those who had a CAC <100. Further, within each
isk factor category, those individuals that did not report hav-
ng the risk factor but had a CAC ≥100 were at substantially
reater age- and gender-adjusted risk (RR range 6.8–10.0) of
aving a primary CHD event compared to those individuals
ot reporting the risk factor and having a CAC <100. The
esults were similar when examining the age- and gender-
djusted relative risks of primary events across number of
isk factors present (Fig. 3). Within each level of risk factor
tratification, a CAC ≥100 was associated with much greater
isk of having a primary CHD event. The findings were sim-
lar when secondary outcomes were examined.

Rates of CHD according to levels of CAC and FRS
ere computed for the subgroup of 3619 individuals with
easured clinical phenotypes (Fig. 4). A total of 14 pri-
ary events and 72 secondary events occurred in these

tudy participants. In both the low-risk group (FRS < 10%)
nd moderate–high-risk group (FRS ≥ 10%), seven primary
vents occurred, and the incidence of both primary and sec-
ndary events was higher in individuals with CAC ≥100.
mong the 1021 individuals with a Framingham risk score
10%, 248 had a CAC score of 0 (24%) among whom there
ere no CHD events. Based on Receiver Operator Charac-
eristics analysis for the FRS alone and for the FRS plus
AC, the c-index for primary CHD events was 0.60 and 0.87,

espectively, and for secondary events 0.78 and 0.90, respec-
ively.

eport risk factors

CAC ≥ 100

I) N (events) Ratea RRadj (95% CI)

1852 (42) 6.7 8.3 (4.3, 16.4)
2369 (49) 6.1 6.8 (3.7, 12.5)
1620 (42) 7.7 10.0 (4.8, 20.8)
2253 (53) 6.9 7.3 (4.0, 13.4)

660 (16) 7.1 8.4 (3.8, 18.3)
) 143 (9) 20.1 21.3 (9.0, 50.3)

892 (16) 5.2 7.1 (3.2, 15.9)
259 (5) 5.6 6.5 (2.3, 17.9)

elf-reported history of smoking (except in the smoking subgroup analysis).

r of conventional risk factors reported

CAC ≥ 100

eb n (events) Rateb

766 (16) 6.4
548 (9) 4.8
590 (5) 7.4
608 (18) 8.4

ium.
, diabetes, and/or hypertension.



T.S. Church et al. / Atherosclero

Fig. 3. Age- and gender-adjusted relative risk of nonfatal myocardial infarc-
tion and coronary heart disease death in those with coronary artery calcium
≥100 compared with those with coronary artery calcium <100 with strat-
ification by number of the self-reported risk factors of current smoking,
hypercholesterolemia, diabetes, and/or hypertension. The relative risks (95%
CI) are provided on each bar.

Fig. 4. Rate of coronary heart disease events across levels of coronary artery
calcium with stratification by 10-year Framingham risk score for 3619 men
and women with clinical examination data available. Top panel presents rates
of the primary outcomes of nonfatal myocardial infarction and coronary heart
disease death, and bottom panel presents the secondary outcomes of primary
plus revascularizations. Height of bars and numbers on top depict events per
1000 person-years.
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. Discussion

The primary findings from this study of 10,746 men and
omen free of known CHD at baseline are that (1) CAC

core can reasonably discriminate between individuals likely
o have future coronary heart disease events and those who
ill not have an event, (2) a CAC score ≥100 is associated
ith substantially higher CHD risk even in patients other-
ise considered low-risk based on the traditional CHD risk

ssessment, and (3) in our population, individuals with no
etectable CAC (CAC = 0) have a relatively low short-term
isk of having a CHD event.

Although a history of hypertension, diabetes, and cur-
ent smoking were associated with the presence of CAC and
ith future coronary events, CAC scores remained signif-

cantly associated with the incidence of CHD events even
fter adjusting for the presence of CHD risk factors. Further-
ore, a CAC score ≥100 identified increased CHD risk in

ndividuals grouped according to the presence or absence and
umber of CHD risk factors at baseline. A CAC score ≥100
lso appeared to add prognostic value beyond the FRS in a
ubgroup of study participants for whom measured clinical
ata were available. The number of participants and number
f events for this subgroup analysis were relatively small, and
hese observations should be interpreted cautiously.

It has been suggested that use of electron beam tomogra-
hy results to guide therapeutic intervention should be con-
ned to individuals with moderate CHD risk based on con-
entional risk factor assessment, because high-risk patients
lready require aggressive cardiovascular risk modification
nd low-risk individuals are perceived to not need further
valuation [15]. The present study provides evidence to the
ontrary. Our study population included many individuals
ho reported no history of diabetes, current smoking, hyper-

ension, or cholesterol abnormalities and yet had a CHD
vent. Approximately 52% of primary CHD events occurred
n individuals who reported having 0 or 1 risk factor (other
han age and gender) at baseline. Even among these individ-
als who would generally be considered at low risk for CHD
vents, a CAC score of ≥100 was a strong predictor of the
evelopment of clinically manifest CHD.

The rate of primary CHD events in individuals with a CAC
core of zero was lower in the current study compared to a
ecent report by Greenland et al. (0.1% versus 4.0% for hard
vents, respectively) [15]. There are a number of potential
easons for the differences in event rates between these two
tudies. Compared with the study reported herein, the popu-
ation under study by Greenland et al. was older (65.7 years
ersus 53.8 years), had higher baseline CHD risk factor pro-
les (93% had a FRS ≥ 10%), and was followed for a longer
eriod (6.3 years versus 3.5 years). While a longer follow-up
eriod may seem to be a strength in this study, it may also

esult in misleading results regarding the association between
AC and incident CHD events. CAC increases exponentially
ith age, and a longer follow-up period increases the likeli-
ood for large changes in CAC to occur. This could result in
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substantial misclassification on exposure and bias the esti-
ate of association away from the null. In contrast, the shorter

ollow-up period in the present study may have resulted in
ess significant progression of CAC, which may allow for
more stable estimate of CHD risk from a single baseline
easure of CAC. Nonetheless, the low risk for CHD events

n individuals with no detectable CAC in the present study
hould only be assumed for a limited period of time (<3.5
ears).

Although the findings of this study indicate that CAC scan-
ing may be a valuable noninvasive method for identifying
ubclinical CHD among asymptomatic adults, there are many
mportant issues regarding the clinical applications of CAC
cores in the context of primary CHD prevention that have
et to be resolved. For example, at what age should the first
AC scan be obtained and how often should the scan be

epeated based on the initial CAC score, age, gender, risk
actor profiles, and lifestyle habits? A better understanding
s needed on the issues related to the costs and benefits of
outine CAC scanning in the general population. The rapid
ommercialization of CAC scanning prior to the accrual of
dequate scientific support justifiably caused concern over
he widespread use of EBT technology in clinical settings.
owever, the findings reported here and elsewhere provide

ompelling evidence that CAC scanning has the potential
o be a valuable clinical tool and justifies further research
o refine the use of CAC scores as an adjuvant to existing

ethods of individual risk assessment for primary CHD pre-
ention.

One of the strengths of this study is the use of “hard”
HD events (CHD death or myocardial infarction) as the
rimary outcome. Although the assessment of revasculariza-
ion, alone or combined with hard CHD events, substantially
ncreases the number of events available for analysis, it also
as the potential to bias estimates of association between
aseline CAC and future CHD events. For example, an ele-
ated CAC score may prompt additional diagnostic tests that
ay lead to revascularization, thus biasing the data toward
stronger prediction of revascularization events associated
ith CAC. Conversely, knowledge of electron beam tomog-

aphy results could have influenced physicians to institute
ore aggressive risk-modifying therapies among participants
ith detectable CAC. This would likely bias the predictive
ower of CAC toward rather than away from the null. Other
trengths of this study include the large sample size with high
nternal validity, the high proportion of participants available
or follow-up, and accuracy of event reporting demonstrated
y the results of the adjudication process.

There also are limitations in this study. Due to the
idespread geographic distribution of patients evaluated at

he Cooper Clinic and the inability to collect all clinical
ource documentation, we were unable to verify all reported

HD events. However, of the 99 CHD events adjudicated,
5% were confirmed as reported. Thus, it is unlikely that
djudication of the remaining events would have materially
hanged our results. The study population is primarily Cau-
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asian and middle-to-upper-socioeconomic status. Although
hese characteristics strengthen the internal validity of our
ample, similar to that in other well known highly selected
emographic groups such as Harvard college alumni or U.S.
urses, they also weaken the external validity of our sample
equiring that the observations reported here be confirmed in
ore diverse populations.
It has been suggested that 3 × 2 scanning overestimates

oronary calcium by up to 16%, thus, although our CAC
ategories may not be directly comparable to those in other
lectron beam tomography studies, the validity of our results
hould not be affected. However, the use of a 3 × 2 scanning
rotocol is less likely to miss small calcium deposits and
hus the opportunity to misclassify individuals as CAC-free is
ower. Although we relied on self-reported diagnosis for dia-
etes, hypercholesterolemia, and hypertension, the accuracy
f self-reported diagnoses in this cohort has been previously
eported [19]. Further, in a subset of participants, the mea-
ured risk factors were significantly higher and met clinically
elevant thresholds among individuals who reported having
he related condition compared to that in those who reported
ot having the condition. The finding that self-reported dia-
etes, hypertension, and smoking were all predictors of CHD
vents in univariable analysis provides additional evidence
hat the self-report measures in this population are of reason-
ble accuracy.

. Conclusions

CAC is a strong predictor of incident CHD events and can
easonably discriminate between individuals who are likely to
ave a future CHD event and those who are not. A CAC score
an identify individuals at increased risk for CHD events
mong those who otherwise would be considered to have a
ow risk of developing clinically manifest CHD on the basis
f conventional clinical risk assessment. The present data
uggest that in the short to intermediate term (≈3.5 years), a
AC score of zero is associated with very low risk of hav-

ng a CHD event. Additional prospective studies on diverse
opulations of women and men are needed to expand on the
bservations reported in this study.
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