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The purpose of this study was to determine the prognostic accuracy of electron beam
computed tomographic (CT) scanning of the coronary arteries and the relationship of
coronary calcification to standard coronary disease risk factors and C-reactive protein (CRP)
in the prediction of atherosclerotic cardiovascular disease (ASCVD) events in apparently
healthy middle-age persons.

As a screening test for coronary artery disease (CAD), electron beam CT scanning remains
controversial.

In a prospective, population-based study, 4,903 asymptomatic persons age 50 to 70 years
underwent electron beam CT scanning of the coronary arteries.

At 4.3 years, follow-up was available in 4,613 participants (94%), and 119 had sustained at
least one ASCVD event. Subjects with ASCVD events had higher baseline coronary calcium
scores (median [interquartile range], Agatston method) than those without events: 384 (127,
800) versus 10 (0, 86) (p < 0.0001). For coronary calcium score threshold =100 versus <100,
relative risk (95% confidence interval) was 9.6 (6.7 to 13.9) for all ASCVD events, 11.1 (7.3
to 16.7) for all CAD events, and 9.2 (4.9 to 17.3) for non-fatal myocardial infarction and
death. The coronary calcium score predicted CAD events independently of standard risk
factors and CRP (p = 0.004), was superior to the Framingham risk index in the prediction
of events (area under the receiver-operating characteristic curve of 0.79 * 0.03 vs. 0.69 =
0.03, p = 0.0006), and enhanced stratification of those falling into the Framingham
categories of low, intermediate, and high risk (p < 0.0001).

The electron beam CT coronary calcium score predicts CAD events independent of standard
risk factors, more accurately than standard risk factors and CRP, and refines Framingham risk

stratification.
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Most coronary artery disease (CAD) events occur on a
substrate of moderate to severe atherosclerosis (1—4). This
fact, together with recognition of the limitations of conven-
tional risk fa ctor assessment and improvements in technol-

See page XXX

ogy, has generated increasing interest in noninvasive mea-
sures of atherosclerosis. These include carotid intima-media
thickness (5), ankle-brachial index (6), and fast computed
tomographic (CT) scanning of the coronary arteries.
Coronary calcification occurs in rough proportion to the
severity of underlying atherosclerosis (7,8) and can be
measured with a high degree of accuracy and reproducibility
with electron beam CT (9,10). However, the use of electron
beam CT scanning as a screening test for CAD has been
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and remains controversial (11,12). The strongest supporting
evidence has come from retrospective analyses of commer-
cial scanning databases (13-16), which are subject to referral
bias, and the only prospective study has yielded conflicting
results (17-19). Therefore, we sought to determine the
prognostic accuracy of electron beam CT scanning of the
coronary arteries and the relationship of coronary calcifica-
tion to standard CAD risk factors and C-reactive protein
(CRP) in the prediction of atherosclerotic cardiovascular
disease (ASCVD) events in apparently healthy adults.

METHODS

General study design has been described in detail elsewhere
(20) and is diagrammed in Figure 1.

The primary purpose of the St. Francis Heart Study was
to compare the prognostic accuracy of electron beam CT
scanning of the coronary arteries with that of standard and
putative CAD risk factors in a setting of primary preven-
tion. Accordingly, men and women age 50 to 70 years were
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Abbreviations and Acronyms
ASCVD = atherosclerotic cardiovascular disease
CAD = coronary artery disease
CI = confidence interval
CRP = C-reactive protein
CT = computed tomography/tomographic
HDL = high-density lipoprotein
LDL = low-density lipoprotein
MI = myocardial infarction
ROC = receiver-operating characteristic

considered eligible provided they had no history, symptoms
(Rose questionnaire [21]), or signs of ASCVD.

Other exclusion criteria included indications for risk
factor modification or conditions that might interfere with
the conduct or conclusions of a natural history study. The
former consisted of insulin-dependent diabetes, triglycerides
>500 mg/dl, and in men, low-density lipoprotein (LDL)
cholesterol >175 mg/dl (22). The upper limit for choles-
terol in women, total cholesterol >300 mg/dl, was chosen in

the absence of any proof (circa January 1996) of benefit of
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cholesterol-lowering therapy in a setting of primary preven-
tion in women and to conform to local practice patterns.

Electron beam CT scanning was performed at the time of
enrollment with an Imatron C-150 XP scanner (Imatron,
South San Francisco, California) with a reconstruction field
of view of 26 cm. Forty contiguous 3-mm slices were
scanned during a single breath hold, beginning at the carina.
Scan time was 100 ms/slice, synchronized to 80% of the RR
interval. At least two adjacent pixels with an attenuation
coefficient >130 Hounsfield units defined a calcified lesion,
and coronary calcium scores were calculated using the
method of Agatston et al. (23).

Subjects with coronary calcium scores above the 80th
percentile for age and gender, as defined by an internal
database comprising more than 5,000 asymptomatic per-
sons, were invited to participate in a double-blind,
placebo-controlled, randomized clinical trial of atorvasta-
tin and antioxidant vitamins (Figure 1). In order to avoid
the confounding effect of treatment, subjects assigned to
the active treatment arm of the randomized clinical trial
were excluded from this, the natural history component
of the St. Francis Heart Study. In addition, at the

300,000 recruitment letters/questionnaires sent to managed care and community organizations

20,000 questionnaires returned and reviewed for eligibility

5582 asymptomatic subjects appeared to meet study criteria and were invited for CT
screening
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Figure 1. Flow diagram of the St. Francis Heart Study. Follow-up was available at 4.3 years on 4,613 of the 4,903 (94%) and 1,293 of the 1,357 (95%)
eligible subjects in whom risk factors were measured. CRP = C-reactive protein; CT = computed tomographic; RCT = randomized clinical trial.
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insistence of the St. Francis Hospital Institutional Re-
view Board, which approved this study, all subjects with
calcium scores >80th percentile were given 81 mg of
aspirin daily. Thus, the control arm of the randomized
clinical trial represents the extension of the natural
history study into the realm of high calcium scores but
was perturbed by treatment with aspirin.

Whereas medical histories and the Rose questionnaire
were obtained on all subjects, physical examinations, elec-
trocardiograms, lipid levels, CRP, and other blood tests
were obtained only on randomized clinical trial participants
and, initially, one in five low-score subjects, later one in six
low-score subjects, selected at random. C-reactive protein
was measured by latex immunonephelometry on a BN
Prospec analyzer (Dade Behring, Newark, Delaware; Dade
Behring and Luhr [24]) using Dade Behring reagents by a
technician blinded to all other patient information. All
randomized clinical trial participants and the low-score
subjects in whom risk factors were measured also underwent
repeat electron beam CT scans at two and four years after
enrollment.

This study was approved by the St. Francis Hospital
Institutional Review Board. All participants gave informed
consent.

The primary hypothesis tested by the natural history
study was that the coronary calcium score would add
incremental prognostic value to standard CAD risk factors.
End points of interest, verified by an independent commit-
tee of current or former coronary care unit directors at
academic medical centers, blinded to the coronary calcium
score, included coronary death, nonfatal myocardial infarc-
tion (MI), surgical or percutaneous coronary revasculariza-
tion procedures, non-hemorrhagic stroke, and peripheral
vascular (i.e., arterial) surgery. In cases in which a study
participant experienced more than one end point, only the
first end point was counted.

Statistical analysis. Areas under receiver-operating char-
acteristic (ROC) curves and their standard errors were
calculated using the method of Hanley and McNeil (25).
The statistical significance of differences in areas under
ROC curves for the same patients, but for different tests
(i.e., calcium score versus standard risk factors), were also
calculated using the method of Hanley and McNeil (26),
which adjusts for the correlation of the two areas due to the
fact that the same patients are used for both ROC curves.
The distributions of coronary calcium scores were highly
skewed and were compared using Wilcoxon rank sum tests.
Correlations of calcium scores with continuous variables
were calculated using Spearman correlations. Associations
of risk factors and dichotomized calcium scores with events
were assessed in univariate analyses from the aforemen-
tioned descriptors of test performance as well as relative
risks. Relative risks were calculated as the proportion of
individuals experiencing an event in the exposed versus
unexposed groups. The significance of relative risks were
assessed by calculating their standard error using the first-
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order Taylor series approximation for the variance of the
log-relative risk and determining if they were different from
one. For assessing the significance of trends in proportions
of individuals experiencing events over a variable with three
ordinal categories, a Cochran-Mantel-Haenszel test for
linear trend of proportions was used. Multiple logistic
regression was used to determine if multiple risk factors
with and without calcium score predicted events while
simultaneously adjusting for all variables in the model
(27-29). The statistical significance of risk factors and the
calcium score was assessed by likelihood ratio tests, which
enabled determination of incremental improvement in pre-
diction of events after all other variables were considered.
Multiple ordinary least-squares regression on log (calcium
score +1) was used to assess the independent association of
multiple risk factors with the coronary calcium score.
Significant colinearity was ruled out by calculating variance
inflation factors for each independent variable. Multiple
logistic regression analyses were performed with and with-
out CRP levels >10 mg/1. Unless otherwise noted, results of
analyses including all CRP values are presented.

With the exception of non-parametric analyses, and
unless otherwise specified, observations in all analyses were
weighted by the inverse probability of an individual being
included in the sample. Thus, for example, in the calculation
of baseline characteristics, subjects with scores above the
80th percentile for age and gender assigned to the control
arm of the randomized clinical trial were counted twice
relative to subjects with scores at or below the 80th
percentile, since high-score subjects assigned to the active
treatment arm were excluded from further analysis. All
weights were then normalized so that the sum of the
weights for the entire sample was equal to the original
sample size. The descriptive statistics, measures of test
performance, and p values presented should, therefore, be
representative of an unweighted sample from a similar
population.

RESULTS

Between July 1996 and March 1999, 5,582 apparently
healthy men and women age 50 to 70 years underwent
electron beam CT scanning of the coronary arteries. Of
these, 28 subjects refused to stop taking cholesterol-
lowering medicines or antioxidant vitamins and 161 were
found to be ineligible (elevated cholesterol, ischemic
changes on electrocardiogram, and so on). Of the remaining
5,393 subjects, 1,005 were invited to participate in the
randomized clinical trial on the basis of a coronary calcium
score above the 80th percentile for age and gender. Subjects
assigned to active treatment (n = 490) were excluded,
leaving 4,903 in the natural history component of the study.
Follow-up was available at a mean of 4.3 years on 4,613 of
the original 4,903 study participants (94%).

Baseline characteristics of the study population are listed
in Table 1. Eighty-eight percent of study participants
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Table 1. Baseline Characteristics of Study Population

Age (yrs)* 596
Women (%)* 35
Total cholestrol (mg/dl) 224 + 33
LDL cholestrol (mg/dl) 143 + 33
HDL cholestrol (mg/dl) 52 +15
Triglycerides (mg/dl) 141 = 104
Hypertension (%) 34
Diabetes (%) 6
Current smokers (%) 10
Family history (%) 21
Body mass index 285

C-reactive protein (mg/1) 1.84 (0.89, 3.96)

Calcium score*

All 10 (0, 105)
Men 30 (1, 174)
Women 0.5 (0, 20)

*n = 4,613. For all other variables, n = 1,293. Age, lipids, body mass index, and
coronary calcium score are presented as mean * SD. Because the distributions of
C-reactive protein and calcium scores were skewed upward, results are presented as
the median value (interquartile range). Approximately seven percent of C-reactive
protein values exceeded 10 mg/1. To convert cholesterol levels from mg/dl to mmol/l,
divide by 38.7. To convert triglycerides from mg/dl to mmol/l, divide by 88.6. Body
mass index equals weight (kg) divided by height (m?).

HDL = high-density lipoprotein; LDL = low-density lipoprotein.
described themselves as Caucasian. Subjects lost to
follow-up were younger (57 = 7 years vs. 59 & 6 years, p =
0.048) and had lower LDL cholesterol (129 * 34 mg/dl vs.
144 * 33 mg/dl, p = 0.03), but were otherwise similar to
those for whom follow-up was available. After adjustment
for standard risk factors, calcium scores were similar among
those with and without follow-up.

Atherosclerotic cardiovascular disease events occurred in
119 subjects (2.6%): nonfatal MI or coronary death in 40,
coronary revascularization (bypass surgery or percutaneous
angioplasty) in 59, non-hemorrhagic stroke in 7, and
peripheral vascular surgery in 13. Of the 59 coronary
revascularization procedures, 42% were performed in sub-
jects hospitalized for unstable angina and 56% were per-
formed after outpatient evaluation of recent onset chest
pain. Time from baseline scan to coronary revascularization
was >100 days in all of these cases, with a mean (£ SD) of
2.1 = 1.3 years. In just one case was a revascularization
procedure performed on an asymptomatic subject.

Subjects with ASCVD events had higher baseline coro-
nary calcium scores (median [interquartile range]) than
those without events: 384 (127, 800) versus 10 (0, 86) (p <
0.0001).

Descriptors of test performance. For each of the three
composite end points of interest (all ASCVD events, all
CAD events, and the sum of nonfatal MI and coronary
death), event rates increased as a function of the baseline
calcium score (p < 0.0001). Relative risks were similar for
different end points. For example, for the 15% of study
participants with calcium scores of 100 to 399 compared
with the 33% of subjects with scores of 0, relative risk (95%
confidence interval [CI]) ranged only from 10.2 for all
ASCVD events (95% CI 5.1 to 20.1) and all coronary events
(95% CI 4.8 to 21.7) to 10.4 (95% CI 3.4 to 32.3) for death

and nonfatal MI. Relative risks were also similar for
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weighted and unweighted analyses (Table 2). The sum of
sensitivity and specificity reached a maximum of 1.51 to
1.55 at a calcium score threshold =100 (25% of the study
population) for each of the three composite end points
(Fig. 2).

Test performance was similar in the 1,357 subjects in

whom risk factors were measured. For example, for subjects
with calcium scores =100 versus subjects with calcium
scores <100, relative risk was 13.0 (95% CI 5.7 to 29.6) for
all ASCVD events, 14.5 (95% CI 5.8 to 36.0) for all CAD
events, and 11.2 (95% CI 3.0 to 42.3) for nonfatal MI and
coronary death, compared with relative risks of 9.6 (95% CI
6.7 t0 13.9), 11.0 (95% CI 7.3 to 16.7), and 9.2 (95% CI 4.9
to 17.3), respectively, for all 4,613 participants.
Coronary calcium, coronary disease risk factors, and
coronary disease events. In univariate correlation, most
standard and conditional risk factors were associated with
CRP and the coronary calcium score (Table 3). Exceptions
were age and family history of premature coronary disease
for CRP and LDL cholesterol for the calcium score.
C-reactive protein and the coronary calcium score were
weakly correlated (r = 0.06, p = 0.01).

In multivariate regression, the coronary calcium score was
strongly predicted (p < 0.0001) by age, male gender, and
family history of premature coronary disease. Associations
with LDL cholesterol, current smoking, and hypertension
became or remained significant (0.01 > p > 0.001),
whereas associations with high-density lipoprotein (HDL)
cholesterol (p = 0.04) and diabetes mellitus (p = 0.06) fell
to borderline levels. After adjustment for standard risk
factors, CRP levels no longer predicted the coronary cal-
cium score (p = 0.22).

The calcium score predicted CAD events independently
of standard risk factors (chi-square = 6.6, p = 0.01) and the
combination of standard risk factors and CRP (chi-square
= 6.6, p = 0.01) (Table 4). In contrast, after adjustment for
standard risk factors alone or together with baseline calcium
score, CRP did not predict CAD events (p = 0.48).

The calcium score predicted CAD events more accurately
than the Framingham risk index (26); the area under the
ROC curve was 0.79 = 0.03 for the calcium score versus
0.68 * 0.03 for the Framingham index (p = 0.0006).
Consistent with this difference, the calcium score also

Table 2. Coronary Calcium Score and All Coronary
Disease Events*

Relative Risk

Score n (Weighted) Event Rate (%) (95% CI1)
0 1,504 0.54 1.0
1-99 1,973 1.00 1.9 (0.8-4.2)
100-399 686 5.5 10.2 (4.8-21.6)
=400 450 14.0 26.2 (12.6-53.7)

*Includes coronary death, nonfatal myocardial infarction, coronary bypass surgery, and
percutaneous coronary angioplasty (n = 4,613). Relative risk is based on comparison
to subjects with calcium scores of zero. Analysis of unweighted sample yielded similar
results, with relative risks of 1.0, 1.9, 10.3, and 26.9, respectively, for the different
strata of calcium scores.

CI = confidence interval.
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Figure 2. Sensitivity (circles) and specificity (squares) for the prediction of all coronary disease events as a function of the square root of the coronary

calcium score (n = 4,613).

enhanced risk stratification based on the Framingham index
(p < 0.0001 for trend; Fig. 3).
Change in calcium score and subsequent coronary dis-
ease events. Median (interquartile range) increased by 4 (0,
38) U from baseline to the year two scan in subjects who did
not sustain a coronary event at any time during the study. In
contrast, median (interquartile range) increased by 247 (40,
471) U between the baseline and two-year examinations in
49 subjects who first experienced a CAD event after the year
two scan (p < 0.0001). (Subjects who experienced a CAD
event in the first two years of the study were excluded from
this analysis because most received one or more metallic
stents, which cannot reliably be distinguished from coronary
calcification.)

In univariate analysis, baseline age, male gender, current
smoking, hypertension, diabetes, family history of prema-

Table 3. Univariate Correlations: Standard Risk Factors,
C-Reactive Protein, and Coronary Calcium Score (n = 1,293)

C-Reactive
Protein Calcium Score
r p Value r p Value
Age 0.03 0.19 0.25  <0.0001
Gender (male) 0.07 0.003 0.33 <0.0001
LDL cholesterol 0.08 0.0006 0.03 0.15
HDL cholestrol -0.21  <0.0001 -0.16  <0.0001
Hypertension 0.14 <0.0001 0.18 <0.0001
Diabetes mellitus 0.09 0.0003 0.10 <0.0001
Current smoking 0.08 0.001 0.05 0.03
Family history 0.01 0.67 0.09 <0.0001
Triglycerides 0.22  <0.0001 0.14  <0.001
Body mass index 0.44  <0.0001 0.16  <0.0001
Systolic blood pressure 0.18 <0.0001 0.21 <0.0001
Diastolic blood pressure 0.15 <0.0001 0.15 <0.0001
C-reactive protein — — 0.06 0.01
Calcium score 0.06 0.01 — —

Abbreviations as in Table 1.

ture coronary disease, HDL cholesterol, body mass index,
and triglycerides, but not LDL cholesterol (p = 0.08) or
current smoking (p = 0.30), were all correlated (p < 0.01)
with change in calcium score. In multiple logistic regression,
only age (p = 0.03), male gender (p = 0.04), LDL
cholesterol (p = 0.01), HDL cholesterol (p = 0.04), and
two-year change in calcium score (p = 0.0001) were
significantly associated with subsequent CAD events. Two-
year change in coronary calcium score was also highly
correlated with baseline calcium score (r = 0.92).

DISCUSSION

With nearly 20,000 person-years of observation, this study
demonstrates that the electron beam CT scan-derived
coronary calcium score predicts ASCVD events, CAD
events, and the composite of coronary death and nonfatal
MI independently of and more accurately than standard
coronary risk factors. Although not sufficiently powerful to
negate the prognostic value of standard risk factors, the
calcium score enhanced risk stratification based on the
Framingham index (30), identifying intermediate-risk sub-
jects among those seemingly at low risk, low- and high-risk
subjects among those apparently at intermediate risk, and
intermediate-risk subjects among those classified as high
risk. In contrast, after adjustment for standard risk factors
and the baseline calcium score, CRP did not predict events.

For the entire study population, relative risk ranged from
9.2 to 11.1 for the composite end points of interest in
subjects with calcium scores =100 (25% of the study
population) compared to subjects with calcium scores <100
(the remaining 75% of the cohort). These relative risks are
approximately five times higher than values typically re-
ported for standard (5,31) and newer (32) coronary risk
factors.
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Table 4. Association of Standard Risk Factors, C-Reactive Protein, Calcium Score, and All Coronary Disease Events (n = 1,293)

Without CRP

Without Calcium Score With CRP and Calcium Score

Chi-Square p Value Chi-Square p Value Chi-Square p Value

Age 4.1 0.04 5.4 0.02 4.1 0.04
Gender (male) 5.0 0.01 6.9 0.01 4.9 0.03
LDL cholesterol 5.6 0.02 6.5 0.01 6.4 0.01
HDL cholesterol 5.8 0.02 6.3 0.01 5.1 0.02
Hypertension 3.0 0.08 2.2 0.14 3.3 0.07
Diabetes mellitus 1.4 0.24 2.4 0.12 3.7 0.05
Current smoking 1.3 0.25 0.9 0.34 1.1 0.30
Family history 1.0 0.33 2.5 0.11 1.4 0.24
C-reactive protein — = 0.5 0.48 0.4 0.51
Calcium score 6.6 0.01 — — 6.6 0.01
c-statistic 0.83 0.80 0.85

Analyses including CRP are based on all values measured. Exclusion of subjects with CRP >10 mg/! reduced chi-square values to < 0.42. The c-statistic is analogous to the
area under the receiver-operating characteristic curve (SAS PROC LOGISTIC [SAS v8.2: Association of predicted probabilities and observed responses]).

CRP = C-reactive protein; other abbreviations as in Table 1.

More likely than not, this study underestimated the true
risk associated with a high coronary calcium score. Subjects
with high calcium scores were treated with aspirin, and only
about 18% of subjects with low scores underwent physical
examination, electrocardiography, or laboratory testing.
Thus, the risk of ASCVD events was reduced by aspirin in
subjects with high calcium scores (33,34), whereas the low
score group undoubtedly contained subjects who should
have been excluded from a study of primary prevention
because of abnormalities on physical examination or elec-
trocardiogram. A slightly higher relative risk in the sub-
group in which risk factors were measured and a complete
baseline examination was performed suggests that this was
so. For budgetary and logistical reasons, these examinations
were not performed on the majority of low-score subjects.
This feature of study design also favored the null hypothesis.

Given the number, size, and methodologic integrity of
the studies that have established CRP as a risk factor for
coronary disease (32), the failure of CRP to predict events
independently of standard risk factors in the present study is
most likely the result of sample size. Although the present
findings do not invalidate CRP as a risk factor, they indicate
that CRP, like standard risk factors, is not as powerful a
predictor of events as the calcium score. The relative risk of

CRP, highest tertile versus lowest tertile, is <2 (32),
whereas the relative risk of a CAD event for the calcium
score, highest tertile versus lowest tertile, in the present
study was 13.9 (95% CI 7.1 to 27.3). Moreover, after
adjustment for the calcium score, CRP failed to predict
events (p = 0.47). In the only other published direct
comparison of CRP and calcium score, after adjustment of
each variable for the other, the association between the
calcium score and events remained robust (p = 0.004),
whereas the association between CRP and events fell to
borderline levels (0.02 = p < 0.09; Park et al. [17]).

Less than 2% of age-eligible persons notified of this study
eventually enrolled. This low level of participation raises
questions about the generalizability of the study results.
However, with the exception a low prevalence of current
smoking and a high prevalence of family history of prema-
ture CAD disease, neither of which had independent
prognostic significance, the prevalence of standard CAD
risk factors is similar to that reported in recent, large,
population-based studies (35-37). Although the area under
the ROC curve for the Framingham risk index is at the low
end of values reported from recent, large, population-based
studies, the c-statistics reported in Table 4 are well within
the range of previously reported values (38,39). Thus, it
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Figure 3. Coronary event rates as a function of calcium score within the Framingham risk groups (low: <10% per 10 years; intermediate: 10% to 20% per
10 years; and high: >20% per year). There were no coronary events in the first and second tertile of calcium scores in the Framingham low-risk group (n
= 1,293).



JACC Vol. 46, No. 1, 2005
July 5, 2005:xxx

seems unlikely that the study results are inapplicable to
asymptomatic, middle-age Caucasians. On the other hand,
the number of ASCVD events in non-white study partici-
pants is not yet sufficient to support conclusions. This point
is important because African Americans appear to have less
coronary calcium than whites (40,41), and data in Native
Americans, whether English or Spanish speaking, or per-
sons of East Asian ancestry, are scant.

All five previous longitudinal studies of electron beam CT
scanning have established that the coronary calcium score
predicts ASCVD events (13-18). However, due to meth-
odologic limitations, these same studies have failed to end
the debate over the incremental value of the coronary
calcium score relative to standard risk factors (11,12).
Specifically, because of concern about referral bias and/or
inaccuracies in self-reported risk factors, the evidence pre-
sented in four positive, retrospective analyses of commercial
databases has not been considered powerful enough to
override the initially negative results from a prospective
study of a highly selected population, even though the
homogeneity of that population favored the null hypothesis
(19).

The St. Francis Heart Study is unique in that it was both
prospective and population based. To date, it is also the
largest study of electron beam CT scanning for the early
detection of CAD. In middle-aged Caucasians, the results
of the St. Francis Heart Study speak for themselves: the
electron beam CT-derived coronary calcium score predicted
ASCVD events, including nonfatal MI and coronary death,
independently of and more accurately than standard coro-
nary risk factors. We eagerly await the results of the
National Institutes of Health-sponsored Multiethnic Study
of Atherosclerosis (MESA), which is sufficiently powered to

address these issues in minorities.

Acknowledgments

We thank the following persons for their contributions to
this study: Russell P. Tracy, PhD, University of Vermont,
for validation of CRP measurements; Katherine McGrath,
RN, and Joan Scordo, RN, for their invaluable contribu-
tions to patient recruitment and retention; and Jane M.
Murphy for her able and patient preparation of this manu-
script. The authors also thank the following persons for
their contributions to this study: Endpoints Adjudication
Committee: David H. Miller, MD, Weill Medical College
of Cornell University (Chair); Richard I. Levin, MD, New
York University; and David A. Vorchheimer, MD, Mt.
Sinai School of Medicine, New York, NY.

Reprint requests and correspondence: Dr. Alan D. Guerdi, St.
Francis Hospital, 100 Port Washington Boulevard, Roslyn, New
York 11576. E-mail: alan.guerci@chsli.org.

Arad et al. 7
Coronary Calcium and ASCVD Events

REFERENCES

1. Gofman JW. The quantitative nature of the relationship of coronary
artery atherosclerosis and coronary heart disease risk. Cardiol Digest
1969;4:28-38.

2. Deupree RH, Fields RI, McMahan CA, Strong JP. Atherosclerotic
lesions and coronary heart disease. Key relations in necropsied cases.
Lab Invest 1973;28:252-60.

3. Rissanen V. Coronary atherosclerosis in cases of coronary death as
compared with that occurring in the population. A study of a
medico-legal series of coronary deaths and violent deaths. Ann Clin
Res 1975;7:412-15.

4. Baroldi G, Falzi G, Mariani F. Sudden coronary death. A postmortem
study in 208 selected cases compared to 97 “control” subjects. Am
Heart ] 1979;98:20-31.

5. O’Leary DH, Polak JF, Kronmal RA, et al. Carotid artery and media
thickness as a risk factor for myocardial infarction and stroke in older
adults. N Engl ] Med 1999;340:14-22.

6. Criqui MH, Langer RD, Fronek A, et al. Mortality over a period of
10 years in patients with peripheral arterial disease. N Engl ] Med
1992;326:381-6.

7. Rumberger JA, Simons DB, Fitzpatrick LA, et al. Coronary artery
calcium area by electron beam computed tomography and coronary
atherosclerotic plaque area: a histopathologic correlative study. Circu-
lation 1995;92:2157-62.

8. Guerci, AD, Spadaro LA, Popma JJ, et al. Relation of coronary
calcium score by electron beam computed tomography to arterio-
graphic findings in asymptomatic and symptomatic adults. Am J
Cardiol 1997;79:128-33.

9. Detrano R, Tang W, Kang X, et al. Accurate coronary calcium
phosphate mass measurements from electron beam computed tomo-
grams. Am ] Card Imaging 1995;9:167-73.

10. Bielak LF, Kaufman RB, Moll PP, et al. Small lesions in the heart
identified by electron beam CT: calcification or noise? Radiology
1994;192:631-6.

11. O’Rourke RA, Brundage BH, Froelicher VF, et al. American College
of Cardiology/American Heart Association expert consensus docu-
ment on electron beam computed tomography for the diagnosis and
prognosis of coronary artery disease. Circulation 2000;102:126—40.

12. U.S. Preventive Services Task Force. Screening for coronary heart
disease: recommendation statement. Ann Intern Med 2004;140:569—
72.

13. Raggi P, Callister TQ, Cooil B, et al. Identification of patients at
increased risk of first unheralded acute myocardial infarction by
electron beam computed tomography. Circulation 2000;101:850-5.

14. Arad Y, Spadaro L, Goodman K, et al. Prediction of coronary events
with electron beam computed tomography. J] Am Coll Cardiol
2000;36:1253-60.

15. Wong ND, Hsu JC, Detrano RC, Diamond G, Eisenberg H, Gardin
JM. Coronary artery calcium evaluation by electron beam computed
tomography and its relation to new cardiovascular events. Am J
Cardiol 2000;86:495-8.

16. Kondos GT, Hoff JA, Sevrukov A, et al. Electron beam tomography
coronary artery calcium and cardiac events. A 37-month follow-up of
5635 initially asymptomatic low-to intermediate-risk adults. Circula-
tion 2003;107:2571-6.

17. Park R, Detrano R, Xiang M, et al. Combined use of computed
tomography coronary calcium scores and C-reactive protein levels in
predicting cardiovascular events in non-diabetic individuals. Circula-
tion 2002;106:2073-7.

18. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC.
Coronary artery calcium score combined with Framingham score for
risk prediction in asymptomatic individuals. JAMA 2004;291:210-15.

19. Detrano RC, Wong ND, Doherty TM, et al. Coronary calcium does
not accurately predict near term coronary events in high-risk adults.
Circulation 1999;99:2633-8.

20. Arad Y, Newstein D, Roth M, Guerci AD. Rationale and design of
the St. Francis Heart Study: a randomized clinical trial of atorvastatin
plus antioxidants in asymptomatic persons with elevated coronary
calcification. Control Clin Trials 2001;22:553-72.

21. Rose GA. The diagnosis of ischemic heart pain and intermittent
claudication in field surveys. Bull World Health Organ 1962;27:
654-38.



8

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Arad et al.
Coronary Calcium and ASCVD Events

Shepherd ], Cobbe SM, Ford I, et al. Prevention of coronary heart disease
with pravastatin in men with hypercholesterolemia. West of Scotland
Coronary Prevention Study Group. N Engl ] Med 1995;333:1301-7.
Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M,
Detrano R. Quantification of coronary artery calcium using ultrafast
computed tomography. ] Am Coll Cardiol 1990;15:827-32.

Luhr, TA. Use of a high sensitivity C-reactive protein assay in
evaluating cardiovascular risk. Am Clin Laboratory2000;19:20-1.
Hanley JA, McNeil B]. The meaning and use of the area under a
receiver operating characteristic (ROC) curve. Radiology 1982;143:
29-36.

Hanley JA, McNeil B]. A method of comparing the areas under
receiver operating characteristic curves derived from the same cases.
Radiology 1983;148:839—-43.

Cox DR, Oakes D. Analysis of Survival Data. London, UK: Chapman
and Hall, 1990.

Fleiss JC. The Design and Analysis of Clinical Experiments. New
York, NY: John Wiley and Sons, 1986.

SAS/STAT Users Guide. Release 6.03. Cary, NC: SAS Institute,
1988.

Grundy SM, Becker D, Clark LT, et al. Detection, evaluation, and
treatment of high blood cholesterol in adults (Adult Treatment Panel
I1I). Circulation 2002;106:3230—40.

Bostom AG, Cupples LA, Jenner JL, et al. Elevated plasma lipopro-
tein (a) and coronary heart disease in men aged 55 years and younger.
JAMA 1996;276:544-8.

Danesh J, Wheeler JG, Hirshfield GM, et al. C-reactive protein and
other circulating markers of inflammation in the prediction of coronary
heart disease. N Engl ] Med 2004;350:1387-97.

Antiplatelet Trialists Collaboration. Collaborative overview of ran-
domized trials of antiplatelet therapy I: prevention of death, myocar-

34.

35.

36.

37.

38.

39.

40.

41.

JACC Vol. 46, No. 1, 2005
July 5, 2005:xxx

dial infarction, and stroke by prolonged antiplatelet therapy in various
categories of patients. Br Med ] 1994;308:81-106.

Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH.
Inflammation, aspirin, and the risk of cardiovascular disease in appar-
ently healthy men. N Engl ] Med 1997;336:973-9.

Burt VL, Whelton P, Roccella EJ, et al. Prevalence of hypertension in
the U.S. adult population. Results from the Third National Health and
Nutrition Examination Survey, 1988-1991. Hypertension 1995;25:
305-13.

Howard G, Manolio TA, Burke GL, Wolfson SK, O’Leary DH, the
Atherosclerosis Risk In Communities (ARIC) and Cardiovascular
Health Study (CHS) Investigators. Does the association of risk factors
and atherosclerosis change with age? An analysis of the combined
ARIC and CHS cohorts. Stroke 1997;28:1693-701.

Mokdad AH, Ford ES, Bowman BA, et al. Prevalence of obesity,
diabetes, and obesity related health risk factors, 2001. JAMA 2003;
286:76-9.

Grover SA, Coupal L, Hu XP. Identifying adults at increased risk of
coronary disease. How well do the current cholesterol guidelines work?
JAMA 1995;274:801-6.

Liao Y, McGee DL, Cooper RS, Sutkowski MB. How generalizable
are coronary risk prediction models? Comparison of Framingham and
two national cohorts. Am Heart J 1999;137:837-45.

Budoff MJ, Yang TP, Shavelle RP, Lamont DH, Brundage BH.
Ethnic differences in coronary atherosclerosis. ] Am Coll Cardiol
2002;39:408-12.

Lee TC, O’'Malley PG, Feuerstein I, Taylor AJ. The prevalence and
severity of coronary artery calcification on coronary artery computed
tomography in black and white subjects. ] Am Coll Cardiol 2003;41:
39-44.



	Coronary Calcification, Coronary Disease Risk Factors, C-Reactive Protein, and Atherosclerotic Cardiovascular Disease Events
	METHODS
	Statistical analysis

	RESULTS
	Descriptors of test performance
	Coronary calcium, coronary disease risk factors, and coronary disease events
	Change in calcium score and subsequent coronary dis-ease events

	DISCUSSION
	Acknowledgments

	REFERENCES


