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Prognostic Value of Cardiac
Risk Factors and Coronary
Artery Calcium Screening
for All-Cause Mortality’

PURPOSE: To develop risk-adjusted multivariable models that included risk
factors and coronary calcium scores determined with electron-beam computed
tomography (CT) in asymptomatic patients for the prediction of all-cause mor-
tality.

MATERIALS AND METHODS: We followed up a cohort of 10,377 asymptomatic
individuals undergoing cardiac risk factor evaluation and coronary calcium
screening with electron-beam CT. Multivariable Cox proportional hazards mod-
els were developed to predict all-cause mortality. Risk-adjusted models incor-
porated traditional risk factors for coronary disease and coronary calcium scores.

RESULTS: Cardiac risk factors such as family history of coronary disease (69%),
hypercholesterolemia (62%), hypertension (44%), smoking (40%), and diabetes
(9%) were prevalent. The frequency of coronary calcium scores was 57%, 20%,
14%, 6%, and 3% for scores of 10 or less, 11-100, 101-400, 401-1,000, and
greater than 1,000, respectively. During a mean follow-up of 5.0 years = 0.0086
(standard error of the mean), the death rate was 2.4%. In a risk-adjusted model
(model x? = 388.2, P < .001), coronary calcium was an independent predictor
of mortality (P < .001). Risk-adjusted relative risk values for coronary calcium
were 1.64, 1.74, 2.54, and 4.03 for scores of 11-100, 101-400, 401-1,000, and
greater than 1,000, respectively (P < .001 for all values), as compared with that
for a score of 10 or less. Five-year risk-adjusted survival was 99.0% for a calcium
score of 10 or less and 95.0% for a score of greater than 1,000 (P < .001). With
a receiver operating characteristic curve, the concordance index increased from
0.72 for cardiac risk factors alone to 0.78 (P < .001) when the calcium score was
added to a multivariable model for prediction of death.

CONCLUSION: This large observational data series shows that coronary calcium
provides independent incremental information in addition to traditional risk
factors in the prediction of all-cause mortality.

© RSNA, 2003

The prognostic significance of coronary calcification discovered in asymptomatic individ-
uals remains controversial (1). Though researchers in several publications demonstrate
that the presence of coronary calcification helps to identify patients at high risk of events,
they have been criticized for methodological weaknesses (2-10). The small size of the
cohorts studied, the presence of a selection bias, the report of mixed outcomes (ie,
revascularization, stroke, infarction, and death), and the use of nonstandard electron-
beam computed tomography (CT) imaging techniques have all been cited as possible
causes for the limited uniformity of the data published to date (1,7). The purpose of this
study was to develop risk-adjusted multivariable models that included risk factors and
coronary calcium scores determined with electron-beam CT to predict all-cause mortality
in asymptomatic patients.
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MATERIALS AND METHODS

Inclusion Criteria

We included a total of 10,377 asymp-
tomatic individuals who were referred by
their primary care physicians between
1996 and 2000 for coronary calcium
screening with electron-beam CT. Indi-
viduals were referred for screening on the
basis of the presence of established risk
factors and, as such, are not an un-
selected cohort representative of the gen-
eral population. All individuals were ini-
tially screened by their general internists
and were considered to be at above-aver-
age risk for coronary disease because of
the presence of cardiac risk factors, which
included advanced age; a history of high
blood pressure, hypercholesterolemia, di-
abetes mellitus, and current smoking;
and a family history of premature coro-
nary disease. Patients with a history of
coronary disease (ie, a history that in-
cluded admission to the hospital for
chest pain, acute coronary syndrome, or
myocardial infarction, as well as prior
coronary angiography and revasculariza-
tion) were excluded.

All screened individuals provided in-
formed consent to undergo electron-
beam CT screening, and our study re-
ceived Human Investigations Committee
approval. Furthermore, separate approval
from the Human Investigations Commit-
tee was obtained, along with informed
consent, for the patient interviews, col-
lection of data and follow-up, and cor-
roboration of the occurrence of death.

Data Collection

We (T.Q.C., P.R.) collected informa-
tion in regard to the presence of categoric
cardiac risk factors in every patient. Risk
factor data were derived through patient
interview, referring physician contact,
and existing medical record data. Sys-
temic arterial hypertension was defined
as a documented history of high blood
pressure or treatment with medication,
diet, and/or exercise. A history of current
smoking or cessation of smoking within
3 months before testing was defined as
positive smoking status. Hypercholester-
olemia was determined on the basis of
the answers to the following questions:
“Has your physician ever told you that
you need medications for high choles-
terol?” “Are you currently taking choles-
terol medications?” Answers to these
questions often identified patients who
were currently receiving cholesterol-low-
ering medications. Individuals were clas-
sified as having diabetes mellitus if they
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had received a previous diagnosis of dia-
betes mellitus that was determined with
blood glucose levels or if they had re-
ceived treatment with insulin or oral hy-
poglycemic agents.

Estimation of Framingham Risk

We calculated an expected 10-year risk
of cardiac death or nonfatal myocardial
infarction with range estimates pub-
lished within the National Cholesterol
Education Panel III risk calculator (11). A
global risk score was devised for each pa-
tient on the basis of sex, age, and a his-
tory of hyperlipidemia, hypertension,
and cigarette smoking. For each of the
traditional risk factors for cardiovascular
disease, individual points were summed
for age and sex subsets of this cohort.
Furthermore, the corresponding points
for hyperlipidemia were based on a range
of a total cholesterol level from 130 to
320 mg/dL (3.38-8.32 mmol/L) and on a
range of a high-density lipoprotein cho-
lesterol level from 25 to 55 mg/dL (0.65-
1.43 mmol/L). Treated hypertension adds
an average of 1%—2% risk for women and
men, though the range was as high as 5%.
Current history of cigarette smoking added
a range in risk estimates from 4% to 12%.
For the risk with diabetes mellitus, which is
consistent with the coronary heart disease
risk equivalent, a 20% risk of death or myo-
cardial infarction was calculated. We then
summed all point values for each of the
previously mentioned risk factors to obtain
a global risk score or the expected Framing-
ham risk of death or myocardial infarction
at 10 years. The median risk estimate was
15% (range, 1%—65%). Estimates were per-
formed by one of us (L.J.S.).

Electron-Beam CT

Each patient signed an informed con-
sent prior to undergoing screening. Elec-
tron-beam CT was performed with a
scanner (C-100 or C-150; Imatron, South
San Francisco, Calif), and images were
obtained with 100-msec scanning time.
The CT section thickness was 3 mm, and,
in total, 40 sections were obtained start-
ing at the level of the carina and proceed-
ing to the level of the diaphragm. CT was
electrocardiographically triggered at 60%-—
80% of the R-R interval. Coronary calcifi-
cation was defined as a plaque of at least 3
consecutive pixels (area, 1.03 mm?) with
attenuation of 130 HU or greater. Quanti-
tative calcium scores were calculated ac-
cording to the method described by Agat-
ston et al (12). One of two experienced
investigators (T.Q.C., P.R.) with 6 and 8

years of experience, respectively, reviewed
all electron-beam CT scans in random or-
der. Since calcium scoring was performed
only once in each patient, intra- and inter-
investigator score variability was not calcu-
lated.

Follow-up Procedures

Epidemiologic methods for follow-up
included ascertainment of events by in-
dividuals who were blinded to historical
and calcium score results (13-15). The
occurrence of all-cause death was verified
with the National Death Index (16). In-
dividuals who underwent cardiovascular
screening were followed up for a mean of
5 years *= 0.0086 (standard error of the
mean), with a range of 2-5 years, and we
were able to perform follow-up in 100%
of the patients.

Statistical Analysis

Statistical analysis was performed by two
experienced statistical analysts (L.J.S., E.S.)
who were blinded to patient identifiers.
Categoric variables were compared with
the x? statistic. Comparisons of categoric
variables with continuous measures were
calculated with analysis-of-variance tech-
niques. A general linear model was used
to compare continuous measures of cor-
onary calcium in subsets of the popula-
tion according to age and sex groupings.
A first-order test for interaction of coro-
nary calcium according to sex was per-
formed.

The primary end point for this analysis
was all-cause mortality. For the outcome
analysis, we used univariable and multi-
variable Cox proportional hazards mod-
els to estimate the time to all-cause death
(13,195). For the univariable Cox propor-
tional hazards regression models, we
evaluated the statistical significance of
cardiac risk factors and coronary calcium
scores in separate models. Univariable
models with a probability value of less
than .20 were considered for the multi-
variable models. A final multivariable
model was constructed that included
variables with a P value of less than .10.
Relative risk ratios and 95% CIs were cal-
culated for the univariable and multiva-
riable models. Stepwise Cox proportional
hazards models were used to identify the
strongest estimators of outcome by using
a forward likelihood ratio method.

A concordance index, event classifica-
tion ability, was determined for a model
containing cardiac risk factors and then
again with coronary calcium added to
the Cox proportional hazards regression

Prognostic Value of Coronary Calcium Screening - 827
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TABLE 1
Clinical and Electron-Beam CT
Characteristics of the Study
Population
Study Cohort
Characteristic (n=10,377)*
Age (!
30-39 7.9 (820)
40-49 30.0 (3,113)
50-59 35.3(3,663)
60-69 19.2(1,992)
70-79 6.9 (716)
80 or older 0.7 (73)
Sex
M 59.6 (6,186)
F 40.4 (4,191)
History of hyperlipidemia
No 38.5(3,995)
Yes 61.5(6,382)
History of hypertension
No 56.4 (5,853)
Yes 43.6 (4,524)
History of diabetes mellitus
No 91.3(9,474)
Yes 8.7 (903)
History of smoking
No 60.4 (6,268)
Yes 39.6 (4,109)
Family history of CAD#
No 31.2(3,238)
Yes 68.7 (7,139)
Calcium score$
=10 57.3 (5,946)
11-100 19.7 (2,044)
101-400 13.8(1,432)
401-1,000 6.0 (623)
>1,000 3.2(332)
* Data are percentages. Data in parentheses
are numbers of patients.
T Mean age was 53 = 0.102, and the range
was 30-85 years.
+ CAD = coronary artery disease.
8 Mean score was 133.1 = 3.62, and the
score range was 0-4,380.

analysis. A split-sample test and valida-
tion set were used to verify the multiva-
riable model results. Unadjusted and risk-
adjusted (ie, controlling for cardiac risk
factors) Cox proportional hazards sur-
vival curves were generated to compare
coronary calcium scores of 10 or less, 11—
100, 101-400, 401-1,000, and greater
than 1,000.

In a final analysis, we evaluated the use
of a predicted Framingham risk score in
relation to the coronary calcium score.
Initially, Cox proportional hazards mod-
els included the added value of coronary
calcium scores above and beyond the es-
timated Framingham risk score. A re-
ceiver operating characteristic (ROC)
curve (95% CI) was calculated and com-
pared the ability to classify events on the
basis of the Framingham risk score and a
combination of the Framingham risk

828 - Radiology - September 2003

TABLE 2
Coronary Calcium Scores according to Varying Age and Sex Subsets
Women Men

Age (n = 4,191) (n = 6,186)
Younger than 40 y (n = 820) 7+3.1 12+ 33
40-49y (n = 3,113) 16 = 3.1 56 = 4.2
50-59 y (n = 3,663) 51438 158 = 7.9
60-69 y (n = 1,992) 120 = 9.8 352 -18.8
70-79y (n = 716) 267 = 22.9 600 = 42.1
80 y or older (n = 73) 291 = 90.6 1,070 = 181.6

Note.—Values are the mean = standard error of the mean.

score and the coronary calcium score.
Additionally, the predicted 5-year mor-
tality from the multivariable model was
compared for low, intermediate, and
high Framingham risk groups according
to their coronary calcium score.

Continuous variables are presented as
the mean and standard error of mean.
The level of significance was chosen at a
P value of less than .05.

RESULTS

Clinical Characteristics

The mean age of the subjects in the
study cohort was 53 years = 0.102 (stan-
dard error of the mean), with a wide
range in age of participants (ie, 30-85
years; Table 1). Individuals 40-59 years
old were most frequently screened. Forty
percent of the patients were women. Car-
diac risk factors were prevalent. More
than half of the individuals had hyper-
cholesterolemia or had a family history
of coronary artery disease, and approxi-
mately 40% had hypertension. Approxi-
mately 40% of the screened individuals
were current smokers, and approximately
9% had diabetes mellitus. The mean
number of cardiac risk factors was 2.2 +
0.011, and 74.2% (7,700 of 10,377) of
individuals had two or more cardiac risk
factors.

The mean coronary calcium score for
the 10,377 asymptomatic individuals
who were referred for screening was
133 + 0.9 (score range, 0—4,380). Of the
10,377 individuals who underwent coro-
nary calcium screening, 57% had a score
of 10 or less. The prevalence of calcium
scores of 11-100, 101-400, 401-1,000,
and greater than 1,000 was 20%, 14%,
6%, and 3%, respectively. Table 2 pre-
sents the mean coronary calcium scores
for varying age and sex subsets. Coronary
calcium scores ranged, on average, from
12 to 1,070 for men younger than 40
years to 80 years or older (F = 162, P <
.001). For women, mean coronary cal-

cium scores ranged from 7 to 291 for
those younger than 40 years to 80 years
or older. As calcium scores varied within
age and sex subsets of this population, a
test for interaction was significant (F =
49, P < .001).

Estimation of All-Cause Mortality

Mortality was significantly elevated in
subjects older than 60 years compared
with that in younger individuals (P <
.001) and in subjects with established risk
factors for atherosclerosis compared with
that in those without risk factors. The P
values were all less than .001 for the fol-
lowing risk factors: history of hyperten-
sion, diabetes mellitus, history of smok-
ing, and a family history of premature
coronary artery disease (Table 3). In this
cohort of 10,377 asymptomatic individ-
uals, diabetic patients had a mortality
rate of 5.5% (P < .001 for comparison
with nondiabetic individuals). The mor-
tality rates for all patients were 1.0%,
2.6%, 3.8%, 6.3%, and 12.3% for calcium
scores of 10 or less, 11-100, 101-400,
401-1,000, and greater than 1,000, re-
spectively (P < .001).

Univariable Relative Risk Estimates
of Mortality

Relative risk ratios increased from 1.31
for subjects 50-59 years of age to 13.50
for those 80 years or older (P < .001)
(Table 4). Relative risk ratios were ap-
proximately twofold greater for hyper-
tensive subjects and current smokers. For
diabetic patients, the relative risk ratios
were increased 2.69-fold (95% CI: 1.96,
3.67; P < .001). For calcium scores of
11-100, the relative risk of mortality was
2.47-fold greater (95% CI: 1.71, 3.58)
than that for a score of 10 or less (P <
.001). When the comparator of a calcium
score of 10 or less was used, the relative
risk ratio for mortality was 3.55 times
greater (95% CI: 2.46, 5.13) for a score of
101-400, and it was 6.15 times greater

Shaw et al



Radiology

(95% CI: 4.11, 9.21) and 12.29 times TABLE 3
0 . _
g.reater (95/0fcibf'?8(’)0})8'233 ior a cai Overall Rates of All-Cause Mortality according to Clinical and Electron-Beam CT
clum score o -5 and lor a cal- | characteristics of Study Population
cium score of greater than 1,000 (P <
.001), respectively. Study Population (n = 10,377)
. . . All-Cause Death No Death
Multivariable Mortality Model Characteristic (n = 249, 2.4%) (n = 10,128, 97.6%) P Value
In a multivariable model, diabetes mel- Age <.001
litus, hypertension, smoking, age, and 30-39 y (n = 820) 1.3(1) 98.7 (809)
coronary calcium were significant esti- ‘5‘8—‘5‘3)/ E” = ;;;z; ?;géig gz-; 8/23;3
. . -59y (n =3, . 33,
mators of time to demise from all causes, 60-69 y (n = 1,992) 41 (82) 95.9 (1.910)
with a P value less than .001 for all these 70-79 y (n = 716) 8.4 (60) 91.6 (656)
factors (Table 5). In our series, hyperlip- 80 y or older (n = 73) 14.5 (10) 85.5(63)
idemia was associated with a reduced risk Sex -5
of death (P < .001). Most of the patients M (”__ 6,186) 2.3 (144) 27.7 (6,042
. o ; F(n=4,191) 2.5(105) 97.5 (4,086)
with hyperlipidemia who were referred History of hypercholesterolemia .01
for electron-beam CT by their primary No (n = 3,995) 2.9 (115) 97.1 (3,880)
care physicians were already receiving a " Yes (nf:h 6,382) 2.1(133) 97.9 (6,249) 001
s ; ; . istory of hypertension <.
lipid l'c;)w(einnghdruga.or Fhelr fphyslllaans No (n = 5.853) 16 (93) 98.4 (5,760)
prescribed such medication after the r.e- Yes (n = 4,524) 3.4 (156) 96.6 (4,368)
sults of electron-beam CT became avail- History of diabetes mellitus <.001
able. As shown in large primary preven- No (n = 9,474) 2.1 (50) 97.9 (9,424)
tion trials, the event rate in individuals Yes (n = 903) 5.5(199) 94.5 (704)
ith either elevated or average choles- History of smoking =001
wi | crag ! No (n = 6,268) 1.6 (101) 98.4 (6,167)
terol levels who received lipid-lowering Yes (n = 4,109) 3.6 (148) 96.4 (3,961)
therapy was reduced by approximately Family history of CAD* <.001
30% compared with the event rate in un- No (n = 3,238) 3.0 (97) 97.0(3,141)
treated subjects (17,18) Yes (n = 7,139) 2.1 (151) 97.9 (6,988)
] ! ’ . . Calcium score <.001
In the stepwise Cox proportional haz- =10 (n = 5,946) 1.0 (62) 99.0 (5,884)
ards regression analysis, coronary cal- 11-100 (n = 2,044) 2.6 (53) 97.4 (1,991)
cium (entered at step 1, P < .001) and age 181—;‘0000(()”( = 1;‘235)) 22 8‘;3 gg-; 235347)8)
-1, n = . .
(entered at stgp 2, P < .001? were the 1,000 (n = 332) 123 (41) 87.7 (293)
strongest predictors of mortality.
Additionally, when compared with a Note.—Data are percentages. Data in parentheses are numbers of patients.
model that was based on risk factors CAD = coronary artery disease.
alone, the concordance index increased
from 0.72 for cardiac risk factors to 0.78
when calcium was added to the multiva-
riable model (P < .001). From this risk-
adjusted model, the relative risk of mor- TABLE 4
tality was 1.64, 1.74, 2.54, and 4.03 times Univariable Cox Proportional Hazards Model for Estimation of All-Cause
greater for calcium scores of 11-100, 101- | Mortality
400, 401-1,000, and greater than 1,000, Characteristic Relative Risk Ratio* x> Test P Value
respectively, compared with the relative A 7450 pve
: ; ge . <.
risk for a calcium score of 10 or less. Younger than 40 y (n = 820) o
. . . . 40-49y (n = 3,113) 0.53(0.26,1.11)
Split Sample: Test and Validation 50-59 y (n = 3,663) 1.31 (0.69, 2.49)
Sets 60-69y (n =1,992) 3.21 (1.71, 6.00)
. . 70-79y (n = 716) 6.79 (3.56, 12.92)
By wusing a split-sample approach, 80 y or older (n = 73) 13.50 (5.67, 31.45)
training and validation samples of the Female sex 1.08 (0.84, 1.39) 0.4 .5
predictive accuracy of coronary calcium :ypercholgsterolemia 217; E?Zg, gz;; 3;8 88?
P 2 ypertension . .68, 2. . <.
revealed similar results. The x* test result | 5oy oo 2.69 (1.96, 3.67) 41.0 <.001
for the training set was 18, and the x~ test Smoking 2.28 (1.77, 2.95) 43.0 <.001
for the validation set was 21 (Table 6). In Family history of CAD* 0.71 (0.55, 0.92) 7.0 .009
both samples, the relative risk of death Calc%"} SCOFES 046) . 242.0 <.001
: . . = n=235, ce
ad]u§ted1flor al.l }rllsl;factors 1ncrfeased pro 11-100 (n = 2,044) 247 (1.71, 3.58)
port'lona’ y with the extent of coronary 101-400 (n = 1,432) 3.55 (2.46, 5.13)
calcification. 401-1,000 (n = 623) 6.15(4.11,9.21)
>1,000 (n = 332) 12.29 (8.28, 18.23)
gna(.l]Uit(e:d and Risk-adjusted Note.—Study population is n = 10,377.
urvival Lurves * Numbers in parentheses are the 95% Cls.
. . . T Relative risk ratio comparator.
Unad]gsted survwgl accordl.ng t.o coro- * CAD = coronary artery disease.
nary calcium scores is shown in Figure 1.
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TABLE 5
Multivariable Cox Proportional Hazards Model
Model Relative Risk* X2 Test P Value
Risk factor evaluation
Age 1.06 (1.04, 1.08) 64 <.001
Female sex 1.20 (0.91, 1.58) 2 .19
History of diabetes mellitus 1.62 (1.18, 2.24) 9 <.001
Family history of coronary artery disease 0.84 (0.65, 1.10) 2 .20
History of hyperlipidemia 0.64 (0.49, 0.82) 12 <.001
History of hypertension 1.59 (1.22, 2.08) 12 <.001
History of smoking 2.18 (1.68, 2.84) 34 <.001
Coronary calcium score 37 <.001
11-100 1.64 (1.12, 2.41) 6 <.001
101-400 1.74 (1.16, 2.61) 7 <.001
401-1,000 2.54 (1.62, 3.99) 16 <.001
>1,000 4.03 (2.52, 6.40) 34 <.001
Note.—The model x? was 388.2 (P < .001).
* Numbers in parentheses are the 95% Cls.
TABLE 6
Risk-adjusted Cox Proportional Hazards Model in Training
and Validation Samples
Coronary Calcium X2 Relative 95% Cl for
Score Test P Value Risk Ratio Relative Risk
Training set 18 <.001 s
11-100 5 .028 1.85 1.07,3.20
101-400 9 .003 2.31 1.32, 4.05
401-1,000 14 <.001 3.24 1.74, 6.02
>1,000 13 <.001 3.75 1.85, 7.60
Validation set 21 <.001 R oo
0-10 1.00 ..
11-100 5 .025 2.45 1.12,5.36
101-400 8 .006 2.38 1.28, 4.42
401-1,000 12 .001 2.99 1.59, 5.65
>1,000 21 <.001 4.50 2.36, 8.60
Note.—With this model, age, sex, smoking status, family history of heart disease, history of
diabetes, hypercholesterolemia, and hypertension were controlled. For the validation sample, the
degrees of freedom for each multivariable model was 11.

Risk-adjusted survival estimates for coro-
nary calcium scores generated from the
multivariable model are plotted in Figure
2. Risk-adjusted survival was 98.8%,
98.1%, 98.0%, 96.8%, and 95.0% for cal-
cium scores of 10 or less, 11-100, 101-
400, 401-1,000, and greater than 1,000,
respectively (P < .001).

Estimated Framingham Risk of
10-year Cardiac Death or
Myocardial Infarction

By using an average expected risk of
death or myocardial infarction at 10
years, the combined estimated Framing-
ham risk score yielded a highly signifi-
cant prediction of death (model x? =
111, P < .001). In a model that included
both the estimated Framingham risk and
coronary calcification, the calcium score
was highly predictive of time to all-cause
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mortality (model x? = 238, P < .001;
coronary calcium score x> = 69, P <
.001). An ROC curve analysis revealed
that both the estimated Framingham risk
(area under the ROC curve [4,] = 0.67;
95% CI: 0.63, 0.71; P < .001) and coro-
nary calcium scores (A, = 0.73; 95% CI:
0.70, 0.76; P < .001) were significantly
predictive of death. In this analysis, cor-
onary calcium showed superior outcome
classification ability when compared with
the estimated Framingham risk (Fig 3;
A, =0.73vs 0.67, P < .001).

A multivariable model was used to de-
rive the predicted 5-year mortality rates
according to calcium scores in various
Framingham risk subsets (Fig 4, P <
.001). For low-risk patients, 5-year mor-
tality rates ranged from 0.9% to 3.9% for
coronary calcium scores of less than 10 to
greater than 1,000 (P < .001). Similarly,

S-year mortality rates ranged from 1.1%
to 9.0% for intermediate-risk (P < .001)
and from 2.0% to 12.2% for high-risk
(P < .001) Framingham risk subsets.

DISCUSSION

Background Information

Atherosclerosis, the leading cause of
morbidity and mortality in Western
countries, is a disease that infiltrates the
arterial wall long before it causes obstruc-
tion of blood flow and symptoms (19,20).
Recently, the screening of asymptomatic
individuals to detect latent disease has
become a topic of intense discussion. The
rationale for investigating the presence
of preclinical coronary atherosclerosis re-
sides in the fact that more than half of all
first coronary heart disease events are
sudden cardiac deaths or acute myocar-
dial infarctions in previously asymptom-
atic individuals (1). Thus, in prevention,
the emphasis has recently been focused
on the identification of high-risk indi-
viduals with the potential inclusion of
screening for coronary calcification
(1,21-24). Two critical questions that re-
main to be answered are to what degree
coronary calcium screening can predict
events in an asymptomatic population
and whether coronary calcification adds
to our ability to assess risk (1). To attempt
to answer these questions, we evaluated a
large population sample of asymptom-
atic subjects with risk factors for athero-
sclerosis who were referred by primary
care physicians for electron-beam CT
screening: The results show that coro-
nary calcification adds prognostic infor-
mation above and beyond knowledge of
traditional risk factors. In fact, the ability
to classify and predict an event improved
(ie, the concordance index increased)
once calcium scores were added to risk
factors.

Calcification of the arterial wall is as-
sociated with the majority of atheroscle-
rotic lesions, though only those in the
more advanced stage of development
may be visible at electron-beam CT
screening (25). Electron-beam CT is
widely used as a noninvasive tool to as-
sess the presence and extent of coronary
calcification, and more than 10 years of
published evidence is available about its
diagnostic and prognostic accuracy. In a
recent expert consensus document pre-
pared by the American College of Cardi-
ology and the American Heart Associa-
tion, key limitations to the existing body
of evidence were discussed (1). Consis-
tent with findings in prior publications
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about other noninvasive tests for coro-
nary artery disease, early evidence was
based on small highly selected patient
samples and, for purposes of prognosis,
revascularization often was used as an
end point. In this era of evidence-based
medicine, ever-increasing rigor is being
applied to the evaluation of new technol-
ogies, and current standards require the
use of risk-adjusted analysis for the esti-
mation of clinical outcomes. The present
analysis provides supportive evidence
that there is a linear relationship between
the extent of coronary artery calcification
and all-cause mortality. All-cause mortal-
ity is an appropriate end point to follow,
since in the United States, when one ac-
counts for both cardiac and systemic
forms of the disease, nearly three-fourths
of all deaths are related to atherosclerosis
(26,27). Furthermore, this end point is
not affected by the reporting and mis-
classification bias potentially introduced
by a physician’s filing of a death report
(28). Finally, as noted according to Bayes-
ian theory, the a priori limitation for low-
risk populations imposed by the use of
infrequent cardiac-specific end points
may be overcome with the use of all-
cause mortality as the primary outcome
(7). Thus, our analysis that was con-
ducted by using established epidemio-
logic methods in a sufficiently large pop-
ulation showed that the extent of
coronary calcium is highly correlated
with mortality risk.

Disruption of atherosclerotic plaques is
the most frequent cause of acute thrombo-
embolic events, and these events include
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sudden death, acute coronary syndromes,
and stroke (19). Further, calcification of the
arterial wall often is found in ruptured
plaques, as well as in plaques that show
superficial erosion (29-31). It is not clear
whether coronary calcium renders the in-
dividual plaque unstable, but as a marker
and a measure of the atherosclerotic bur-
den, it indicates an individual’s predisposi-
tion to develop thromboembolic and isch-
emic events (32). Our prognostic models
that were used to estimate all-cause mor-
tality revealed that age and coronary cal-
cium were the strongest risk markers in this
10,377-subject registry.

Risk Estimation

An evolution in thought has increas-
ingly linked the intensity of therapeutic
intervention to the estimation of risk
(23,33). It is now recommended that a
compilation of risk that is based on estab-
lished cardiac risk factors be used to de-
termine various outcome strata. This rec-
ommendation recently was implemented
in the development of the National Cho-
lesterol Education Program III guidelines
in which the approach offered by the
Framingham risk score to formulate a 10-
year risk of cardiac death or myocardial
infarction was embraced (34). In our ar-
ticle, many of the established risk factors
were predictive of mortality, but when
the coronary calcium score was added to
the model, it was a highly significant pre-
dictor of outcome and added indepen-
dently to the risk prediction (P < .001 for
concordance index increase).

is proportionally worse as the baseline calcium score increases.

Although many noninvasive markers
have been evaluated for inclusion in the
array of cardiac risk estimators, to date,
the evidence for their utility has not been
overwhelming. For any new marker or
test to be judged as a valuable additional
tool for the prediction of events, it
should increase the precision of outcome
estimation beyond information derived
from integrated risk scores, such as the
Framingham risk model (22). Nonethe-
less, current evidence also shows that es-
tablished cardiac risk factors possess a
limited ability in the estimation of risk.
On average, only 50%-60% of the vari-
ability in outcome is explained by risk
factors (22,33-35). Hence, there is a need
to improve risk prediction. Markers of
vascular wall abnormalities have been
used in large epidemiologic studies, such
as the Atherosclerotic Risk Factors in the
Community study, to assess the future
risk of major adverse cardiac events (36).
In the Atherosclerotic Risk Factors in the
Community study, the hazard ratio for
events with an intima-media thickness of
the carotid artery of 1 mm or thicker was
increased 5.1-fold in women and 1.9-fold
in men (36). It appears that coronary cal-
cium may be an additional marker that
provides unique information for risk as-
sessment. A frequent criticism of the
available literature about electron-beam
CT is that findings therein have not
firmly established that coronary calcifica-
tion adds incremental value in addition
to established cardiac risk factors (7). In
an older population with high pre-test
probability of disease, Detrano et al (37)
reported that the concordance index,
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which reflects a measure of event classi-
fication, did not change when the cal-
cium score was added to a model con-
taining the Framingham risk index.
Conversely, in an extended follow-up of
their prior series, Arad et al (10) recently
reported that moderate calcium scores
(ie, =160) were associated with a relative
risk of cardiac death or myocardial infarc-
tion that was 10-fold higher than that
which was estimated with the Framing-
ham risk index alone. Furthermore, Raggi
et al (5) showed that coronary artery cal-
cium provided incremental prognostic
information to predict hard cardiac
events in a cohort of 676 individuals who
were followed up for approximately 3
years. Finally, in the current study, 21.5%
of mortality information—or incremen-
tal value—was attributable to coronary
calcium, and this finding indicates that
calcification of the coronary arteries may
provide additional documentation of risk
independent of the presence of conven-
tional cardiac risk factors.

Study Limitations

Although the current article includes a
rigorous analysis of the prognostic value
of coronary calcium, the majority of pa-
tients referred for electron-beam CT
screening had cardiac risk factors and, as
such, may not be representative of the
general population. Furthermore, it is ex-
pected that the inclusion of measured
risk factors, such as systolic blood pres-
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sure, blood glucose level, and cholesterol
values would provide a better estimation
of risk than historical data alone. How-
ever, in many imaging laboratories, pa-
tients are referred on the basis of a brief
history and measured values often are
unavailable. Thus, we believe that our
analysis is probably a close representa-
tion of the reality of daily laboratory
practices. Furthermore, the use of cate-
goric risk factors instead of continuous
variables has been shown to constitute a
valid approach to risk assessment (38).
Hence, we believe that a risk assessment
approach that is based on historical risk
factors rather than on continuous vari-
ables does not significantly weaken the
assumptions made in this study. Addi-
tionally, the National Death Index data
do not include the cause of death and, as
such, our models include mortality pos-
sibly unrelated to atherosclerotic disease.
Furthermore, we do not have data on
cardiac-specific procedures.

In conclusion, we collected mortality
data in regard to 10,377 asymptomatic
individuals with cardiac risk factors who
were referred by their primary care phy-
sicians for coronary calcium screening
with electron-beam CT. This large obser-
vational data series strongly indicates
that coronary artery calcium is an inde-
pendent estimator of all-cause mortality.
Our results show that survival at 5 years
worsens substantially as the screening
calcium scores increase from levels of 10
or less to those of greater than 1,000.

Therefore, it appears justified to use cor-
onary calcium screening to identify inter-
mediate-risk patients with traditional risk
factors for whom aggressive risk-reducing
strategies for the treatment of atheroscle-
rotic disease should be indicated.
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