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reamble

his document has been developed as a Clinical Expert
onsensus Document (CECD), by the American College of
ardiology Foundation (ACCF) and the American Heart
ssociation (AHA) in collaboration with the Society of Ath-

rosclerosis Imaging and Prevention (SAIP) and Society of
ardiovascular Computed Tomography (SCCT). It is in-

ended to provide a perspective on the current state of the
ole of coronary artery calcium (CAC) scoring by fast
omputed tomography in clinical practice. Clinical Expert
onsensus Documents are intended to inform practitioners,
ayers, and other interested parties of the opinion of the

CCF and AHA concerning evolving areas of clinical
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ractice and/or technologies that are widely available or new
o the practice community. Topics chosen for coverage by
xpert consensus documents are so designed because the
vidence base, the experience with technology, and/or the
linical practice are not considered sufficiently well devel-
ped to be evaluated by the formal American College of
ardiology/American Heart Association (ACC/AHA)
ractice Guidelines process. Often the topic is the subject of
onsiderable ongoing investigation. Thus, the reader should
iew the CECD as the best attempt of the ACC and AHA
o inform and guide clinical practice in areas where rigorous
vidence may not yet be available or the evidence to date is
ot widely accepted. When feasible, CECDs include indi-
ations or contraindications. Some topics covered by
ECDs will be addressed subsequently by the ACC/AHA
ractice Guidelines Committee.
The Task Force on Clinical Expert Consensus Documents
akes every effort to avoid any actual or potential conflicts of

nterest that might arise as a result of an outside relationship or
ersonal interest of a member of the writing panel. Specifically,
ll members of the writing panel are asked to provide disclosure
tatements of all such relationships that might be perceived as
eal or potential conflicts of interest to inform the writing
ffort. These statements are reviewed by the parent task force,
eported orally to all members of the writing panel at the first
eeting, and updated as changes occur. The relationships with

ndustry information for writing committee members and peer
eviewers are published in the appendices of the document.

Robert A. Harrington, MD, FACC
Chair, ACCF Task Force on Clinical Expert

Consensus Documents

ntroduction

he Writing Committee consisted of acknowledged experts in
he field of coronary artery disease. In addition to members of
CCF and AHA, the Writing Committee included represen-

atives from the SAIP and SCCT. Representation by an
utside organization does not necessarily imply endorsement.
he document was reviewed by four official representatives

rom the ACCF, and AHA; organizational review by the
AIP and SCCT, as well as 14 content reviewers. This
ocument was approved for publication by the governing
odies of ACCF and AHA in September 2006. In addition,
he governing boards of the SAIP and SCCT reviewed and
ormally endorsed this document. This document will be
onsidered current until the Task Force on CECDs revises or
ithdraws it from publication.

onsensus Statement Method

his statement builds on a previous ACC/AHA Expert
onsensus Document published in 2000 that focused on
lectron beam computed tomography (CT) for diagnosis o
content.onlinejacDownloaded from 
nd prognosis of coronary artery disease (1). In preparing
he present document, the Writing Committee began with
he previous report as a basis for its deliberations and
ubsequent literature review. In considering the current
tatus of research on CAC measurement and its role in
linical practice, the Expert Panel concluded that the
ajority of the research on CAC measurement in the past
years has focused on 2 areas of clinical interest: 1) Risk

ssessment in the asymptomatic patient, for the primary
urpose of modifying and potentially improving selection of
atients for risk reducing therapies, and 2) Use of CAC
easurement in symptomatic patients as a means of select-

ng patients who might require subsequent hospitalization
r additional diagnostic or invasive procedures. The Writing
ommittee also recognized that the AHA was in the
rocess of completing a scientific statement on assessment
f coronary artery disease by CT (2), and thus this Writing
ommittee’s attention was focused on evaluating clinical

spects of CAC measurement rather than on technical
ssues that are covered in the AHA statement (2). Also, the

riting Committee is aware that ACCF has recently
ublished appropriateness criteria using approaches that
iffer somewhat from those used in developing this Con-
ensus Document. Therefore, readers should be aware that
here may be slight differences in language used in this
ocument and the Appropriateness Criteria for Cardiac
omputed Tomography and Magnetic Resonance (3) doc-
ment.
At its first meeting, each member of this ACCF/AHA
riting Committee indicated any relationship with indus-

ry. Relevant conflicts of the Writing Committee and peer
eviewers are reported in Appendixes 1 and 2, respectively.
he next step in the development of this document was to
btain a complete literature review from the Griffith Re-
ource Library at the ACC concerning CAC measurement
y fast CT methods from 1998 through early 2005 (Na-
ional Library of Medicine’s Elhill System). Additional
elevant prior or subsequently published references have also
een identified by personal contacts of the Writing Com-
ittee members, and substantial efforts were made to

dentify all relevant manuscripts that were currently in press.
t the first meeting, members of the Writing Committee
ere given assignments to provide descriptions and analyses
f CAC measurement for identifying and modifying coro-
ary event risk in the asymptomatic patient, for modifying
he clinical care and outcomes of symptomatic patients
uspected of having coronary artery disease (CAD), and for
nderstanding the role of CAC measurement in selected
atient subgroups. Each individual contributor to these
arts of the document had his or her initial full written
resentation critiqued by all other members of this Writing
ommittee. Outside peer review was also undertaken before

he document was finalized.
Considerable discussion among the group focused on the

est and most proper way to assess clinical appropriateness

f tests such as CAC measurement since there have been no
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linical trials to evaluate the impact of CAC testing on
linical outcomes in either symptomatic or asymptomatic
atients. The Writing Committee agreed uniformly that the
deal assessment of cardiac tests would require clinical trials
hat utilize important patient outcomes such as improving
he quality or quantity of a patient’s life. However, recog-
izing that this standard is not available for CAC measure-
ent, the Committee considered other standards of evi-

ence in reaching a consensus opinion. A minority of the
riting Committee felt that CAC testing could not be

dvised for any clinical indication until clinical trials were
vailable to show benefit on actual patient outcomes. How-
ver, the majority of the Writing Committee felt that this
tandard of evidence is rarely applied in assessment of
ardiac testing appropriateness. Therefore, the majority
osition presented here reflects the concept that prognostic
esting such as CAC measurement can be considered
easonable where there is evidence that the test results can
ave a meaningful impact on medical decision-making.

ntroduction to CAC Measurement

oronary arterial calcification is part of the development of
therosclerosis, occurs almost exclusively in atherosclerotic
rteries, and is absent in the normal vessel wall (4–6).
oronary artery calcification occurs in small amounts in the

arly lesions of atherosclerosis that appear in the second and
hird decades of life, but it is found more frequently in
dvanced lesions and in older age. Although there is a
ositive correlation between the site and the amount of
oronary artery calcium and the percent of coronary luminal
arrowing at the same anatomic site, the relation is nonlin-
ar and has large confidence limits (7). The relation of
rterial calcification, like that of angiographic coronary
rtery stenosis, to the probability of plaque rupture is
nknown (8,9). There is no known relationship between
ulnerable plaque and coronary artery calcification (10).
lthough radiographically detected coronary artery calcium

an provide an estimate of total coronary plaque burden, due
o arterial remodeling, calcium does not concentrate exclu-
ively at sites with severe coronary artery stenoses (11).

Electron-beam computed tomography (EBCT) and
ulti-detector computed tomography (MDCT) are the

rimary fast CT methods for CAC measurement at this
ime. Both technologies employ thin slice CT imaging,
sing fast scan speeds to reduce motion artifact. Thirty to 40
djacent axial scans usually are obtained. A calcium scoring
ystem has been devised based on the X-ray attenuation
oefficient, or CT number measured in Hounsfield units,
nd the area of calcium deposits (12). A fast CT study for
oronary artery calcium measurement is completed within
0 to 15 min, requiring only a few seconds of scanning time.
Cardiac computed tomography has been used with in-

reasing frequency in the United States and other countries

uring the past 15 years, initially with the goal of identifying f

content.onlinejacDownloaded from 
atients at risk of having obstructive coronary artery disease
ased on the amount of coronary calcium present. However,
n the past 5 to 10 years, fast CT methods have been used
rimarily for 2 purposes: 1) to assist in coronary heart
isease (CHD) risk assessment in asymptomatic patients,
nd 2) to assess the likelihood of the presence of CHD in
atients who present with atypical symptoms which could
e consistent with myocardial ischemia.
Many technical aspects are relevant to the choice of

BCT versus MDCT, and these are beyond the scope of
his document. A related document, recently prepared by
he AHA, addresses these important technical issues (2). In
ontrast, this document focuses on clinical uses of fast CT
or CAC measurement and addresses the appropriateness of
AC measurement in defined clinical circumstances.

ole of Risk Assessment
n Cardiovascular Medicine

major focus of this Consensus Document is the role of
AC measurement in cardiovascular risk assessment. Thus,
brief overview of cardiovascular risk assessment is impor-

ant to provide a frame of reference for the material that
ollows.

Risk assessment is often regarded as a key first step in the
linical management of cardiovascular risk factors. Risk
ssessment algorithms, such as those from the Framingham
eart Study in the United States or from the Prospective
ardiovascular Münster (PROCAM) study in Germany, or

he European risk prediction system called SCORE (Sys-
emic Coronary Risk Evaluation), are among the most
ommon and widely available for estimating multi-factorial
bsolute risk in clinical practice (13). Each of these risk
ssessment algorithms, as most often used, projects 10-year,
bsolute risk, which can be considered short-term or
ntermediate-term (not lifetime) risk. These risk projections
re often regarded by policy makers and clinicians as useful
hen selecting the most appropriate candidates for drug

herapies intended to reduce risk. Cholesterol and blood
ressure guidelines in the United States and elsewhere have
ollowed the principle that the intensity of treatment should
e aligned with the severity of a patient’s risk (14,15). The
ationale behind this balance between treatment intensity
nd patient risk is that proportional risk reduction and
ost-effectiveness analyses indicate that there is greater
enefit of drug exposure when the patient’s risk is high. It
as been considered useful to divide patients into several
ategories depending on their 10-year risk estimates. Three
ommonly used categories are high risk, intermediate risk,
nd low risk. Beginning in 2004, the National Cholesterol
ducation Program (NCEP) further divided the

ntermediate-risk category into moderately high risk and
oderate risk (16). Table 1 shows the most recent NCEP

ategories of 10-year absolute risk used to stratify patients

or cholesterol-lowering therapy. This classification can be
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pplied to other CHD risk reduction therapies as well, such
s blood pressure lowering.

atching Intensity of
ntervention With Severity of Risk

s previously noted, a principle of cardiovascular disease
revention that is generally accepted is that intensity of
ntervention for an individual (or population) should be
djusted to the level of baseline risk (17). The goals of this
rinciple are to optimize efficacy, safety, and cost-
ffectiveness of the intervention. The concept is most often
pplied to higher-risk individuals who are potential candi-
ates for risk-reducing drugs; but it also is an important
onsideration for lower risk individuals either in clinical
ractice or for public health strategies. For higher risk
ndividuals, intensity of intervention is best adjusted to
bsolute short-term risk; for lower risk individuals, relative
isk remains an important consideration because a high
elative risk generally translates into a high absolute risk in
he long term. This latter concept is most relevant to
ounger men and middle-aged men and women, whereas in
lder men and women, the Framingham Risk Score gener-
lly applies.

urrent Approaches to Global Risk
ssessment and to Assessment of

ncremental Risk Using New Tests

n current clinical practice, in accordance with a number of
uidelines (14,15), it is common that the first step in clinical
isk assessment is to identify any high-risk conditions that
bviate the need for further risk assessment; these mainly
nclude established atherosclerotic cardiovascular disease
ASCVD) and diabetes (see Table 1, High risk). If none of
hese high-risk conditions is present, the second step is to
dentify the presence of major risk factors (also listed in
able 1). If 2 or more major risk factors are present, one

hould then estimate the 10-year likelihood for develop-
ent of major coronary events or total cardiovascular events.

n the United States, the most-commonly used and most
xtensively validated quantitative assessment is provided by
he multivariable scoring system of the Framingham Heart
tudy. The Framingham algorithm for “hard CHD” events

able 1. Absolute Risk Categories According to National Chole

0-Year Absolute Risk Category

High risk CHD*, CHD risk equivalents†

Moderately high risk 2� major risk factors‡ plus a

Moderate risk 2� major risk factors plus a 1

Lower risk 0 to 1 major risk factor (10-ye

CHD includes history of myocardial infarction, unstable angina, stable angina, coronary artery pro
isk equivalents include clinical manifestations of non-coronary forms of atherosclerotic disease
ttacks or stroke of carotid origin or greater than 50% obstruction of a carotid artery]), diabetes,
moking, hypertension (BP greater than or equal to 140/90 mm Hg or on antihypertensive me
rst-degree relative less than 55 years; CHD in female first-degree relative less than 65 years), a
eople with 0 to 1 risk factor have a 10-year risk less than 10%, and 10-year risk assessment in p
I, Merz CN, et al. Implications of recent clinical trials for the National Cholesterol Education Pr

BP � blood pressure; CHD � coronary heart disease; HDL � high-density lipoprotein.
ncluding myocardial infarction and cardiac death is avail- i
content.onlinejacDownloaded from 
ble through the National Cholesterol Education Program
ebsite (http://hin.nhlbi.nih.gov/atpiii/calculator.asp). Fra-
ingham scoring includes the following major risk factors:

ender, total cholesterol, high-density lipoprotein (HDL)
holesterol, systolic blood pressure (or on treatment for
ypertension), cigarette smoking, and age. PROCAM scor-

ng employs a somewhat different set of risk factors: gender,
ge, low-density lipoprotein (LDL) cholesterol, HDL cho-
esterol, triglycerides, systolic blood pressure, cigarette
moking, family history, and presence or absence of diabetes
http://www.chd-taskforce.com/). The European SCORE
lgorithm uses risk factors similar to the Framingham Score.

For each of these risk assessment tools, the most powerful
isk factors are age and gender. The other risk factors can be
xamined for their additive predictive power by determining
ncrements in the area under the curve of the receiver-
perating characteristic (ROC). The area under the ROC
urve is also known as the C-statistic. An ROC analysis
lots sensitivity (fraction of true positives) versus 1-
pecificity (fraction of false positives) of a risk factor for
redicting events. ROC curves are used to evaluate the
iscrimination of a prediction, and often, the predictive
ower of a set of risk factors. If a given set of risk factors
redicted the development of cardiovascular events per-
ectly, the curve would reach 100% in the upper left corner
100% sensitivity and 100% specificity), that is, all true
ositives and no false positives. The area under the curve
ould be 100% (C-statistic � 1.0). A random and useless
redictor would give a straight line at 45 degrees (C-statistic

0.5) since this would define a test where true positive rate
nd false positive rate are equal to one another at every
ossible cutoff value. In the evaluation of additional tests,
dded to the basic set of Framingham risk factors, the area
nder the curve would increase when the test provides
ncremental discrimination. The Framingham algorithm
pplied to the Framingham population generally gives a
-statistic of approximately 0.8, meaning that the proba-
ility is 80% that patients who experience CHD events will
ave a higher risk score than patients who did not experi-
nce an event. An important but unresolved issue is whether
iscovery and addition of new biochemical risk factors or

l Education Program Update, 2004

Definition of Category

ing 2� major risk factors‡ plus a 10-year risk for hard CHD greater than 20%§

ar risk for hard CHD 10% to 20%

r risk for hard CHD less than 10%

k for hard CHD usually less than 10%)§

s (angioplasty or by-pass surgery), or evidence of clinically significant myocardial ischemia. †CHD
eral arterial disease, abdominal aortic aneurysm, and carotid artery disease [transient ischemic

risk factors with 10-year risk for hard CHD less than 20%. ‡Major risk factors include cigarette
n), low HDL cholesterol (less than 40 mg/dL), family history of premature CHD (CHD in male
(men greater than or equal to 45 years; women greater than or equal to 55 years). §Almost all
ith 0 to 1 risk factor is thus not necessary. Modified with permission from Grundy SM, Cleeman

Adult Treatment Panel III guidelines. Circulation 2004;110:227–39 (16).
stero

includ

10-ye

0-yea

ar ris

cedure
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ill increase the C-statistic. In considering the role of CAC
easurement for risk assessment, a key issue is whether

iscriminative ability is improved, often as judged by an
ncrease in the C-statistic compared to that derived from
isk factors alone.

isk Assessment for Coronary Heart
isease in Asymptomatic Populations

rognosis by Coronary
rtery Calcium Measurements

n the prior ACC/AHA expert consensus document pub-
ished in 2000, only 3 reports on the prognostic capability of
AC scoring were available to develop risk assessment

ndications in asymptomatic individuals (1). At the time,
he ACC/AHA document concluded that the body of
vidence using CAC measurement to predict CHD events
as insufficient. A critical component to that recommenda-

ion was that the independent prognostic value of CAC had
ot been established. In a separate but similar evaluation
sing data published through 2002, the U.S. Preventive
ervices Task Force (USPSTF) concluded that limited
linical outcomes data were available and recommended
gainst routine screening for the detection of silent but
evere CAD or for the prediction of CHD events in low
isk, asymptomatic adults (see http://www.ahrq.gov/
ownloads/pub/prevent/pdfser/chdser.pdf).
In the past several years, however, a number of publica-

ions have reported on the incremental prognostic value of
AC in large series of patients including asymptomatic

elf-referred and population cohorts (18–22). A major
ationale for the current document is the need for an update
ncluding recent publications regarding CAC as it relates to
he estimation of CHD death or nonfatal myocardial
nfarction (MI). Although earlier evidence included the use
f “soft” endpoints including coronary revascularization as a
rimary outcome, more recent data are available on the
stimation of CHD death or MI (18–22). Models predict-
ng “hard” cardiac events (i.e., CHD death or MI) are less
ubjective and less likely to overestimate the predictive
ccuracy of CAC scoring (23).

heoretical Relationship Between
oronary Calcification and CHD Events

therosclerotic plaque proceeds through progressive stages
here instability and rupture can be followed by calcifica-

ion, perhaps to provide stability to an unstable lesion (8).
s the occurrence of calcification reflects an advanced stage
f plaque development, some researchers have proposed that
he correlation between coronary calcification and acute
oronary events may be suboptimal based largely on angio-
raphic series (11). In order to understand this apparent
onflict between the stability of a calcified lesion and CHD
vent rates, one must recognize the association between

therosclerotic plaque extent and more frequent calcified e

content.onlinejacDownloaded from 
nd non-calcified plaque (24). That is, patients who have
alcified plaque are also more likely to have non-calcified or
soft” plaque that is prone to rupture and acute coronary
hrombosis (24). It is the co-occurrence of calcified and
on-calcified plaque that provides the means for estimating
cute coronary events. Furthermore, although CAC detec-
ion cannot localize a stenotic lesion or one that is prone to
upture, CAC scoring may be able to globally define a
atient’s CHD event risk by virtue of its strong association
ith total coronary atherosclerotic disease burden, as shown
y correlation with pathologic specimens (1,24).

pproaches to Technology
ssessment in CHD Screening

major criterion utilized in many technology assessments
as been that a screening test must have a high level of
vidence on the effect of screening on actual health out-
omes, such as fewer events, extended life, or better quality
f life. This type of analysis requires research detailing an
mprovement in either quantity or quality-of-life years as a
esult of the screening procedure. An example of a high level
f such evidence was recently published on screening for
bdominal aortic aneurysm (AAA) (25). Using this exam-
le, a meta-analysis reported reduced mortality in random-

zed trials of AAA screening. These results allowed for favor-
ble support of AAA screening by the USPSTF resulting in a
lass B recommendation (i.e., evidence includes consistent
esults from well-designed, well-conducted studies in rep-
esentative populations that directly assess effects on health
utcomes) (26). Lack of similar controlled clinical trial
vidence played a central role in the conclusion by the
SPSTF not to support CHD screening using CAC
easurement (see http://www.ahrq.gov/downloads/pub/

revent/pdfser/chdser.pdf).
Although no studies have shown a net effect on health

utcomes of CAC scoring (27), at least one randomized
rial is nearing completion (Early Identification of Subclin-
cal Atherosclerosis using NoninvasivE Imaging Research
EISNER]). However, the concept of matching treatment
ntensity to the degree of cardiovascular risk suggests that
fforts to identify the most accurate approach to risk
tratification is an initial and critical step that should aid in
he best selection of treatment options for patients at risk for
ardiovascular disease.

ystematic Reviews and Meta-Analyses

n the sections that follow, we review recent evidence on the
rognostic value of CAC and include data from one recent
ystematic review. A comprehensive data synthesis on this
ubject was published by Pletcher et al. (23) evaluating the
rognostic value of CAC from 4 studies published through
002 meeting quality-based inclusion criteria. Articles were
onsidered for that meta-analysis if they evaluated the
rognostic value of CAC in asymptomatic individuals and
lso presented data on CHD events. Based on a random-

ffects model, the summary relative risk ratios were 2.1 (for
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AC score of 1 to 100) and as high as 10 (for CAC greater
han 400) as compared to patients with a score of 0 (p less
han 0.0001). This meta-analysis (23) offers support for the
oncept that there is a linear relationship between CAC and
HD events, but the analysis did not address whether CAC
easurement is incremental to Framingham Risk Score

FRS) for CHD risk prediction.

ata Quality Issues

lack of rigor in study methodology was a focus of the 2000
CC document (1). A detailed review of the quality of the
ublished data on the prognostic value of CAC was also
ublished by Pletcher et al. (23) noting significant hetero-
eneity in study quality with often a lack of blinded outcome
djudication, greater use of categorical or historical risk
actors, and variable tomographic slice thickness (3 vs. 6
m) contributing to an overestimation of the relative risk of

vents by CAC measurements. For example, the relative
isk ratio was significantly higher for CAC of 101 to 400
p � 0.01) and greater than 400 (p � 0.004) when
elf-reported or historical risk factors were employed in a
redictive model as compared with measured risk factor
ata. The clinical implication of this distinction is that
hysicians interpreting these results may overvalue CAC
cores as substantially more predictive than traditional risk
actors.

Evaluation of more recent publications indicates that
ome of the important methodological limitations of earlier
eports have been addressed. Notably, more recent publica-

able 2. Quality Assessment Criteria for Evaluation of Reports

Criteria Points Assigned by Definition

. Retrospective vs. prospective
study

1 � Retrospective
2 � Prospective

. Potential for referral bias 0 � Clinically referred patients
1 � Unselected cohort
2 � Population sample

. Reporting CAC by CHD death
or MI

1 � No
2 � Yes

. Reporting of results by gender
or ethnicity

0 � No
1 � Gender only
2 � Ethnicity only
3 � Both

. Sample size greater than 1000 0 � No
1 � Yes

. Potential for limited challenge 1 � No reporting of CAC outcomes
in low- to high-risk global risk
scores

2 � Reporting of CAC outcomes in
low- to high-risk global risk
scores

. Risk factor reporting 1 � Historical only
2 � Measured in subset
3 � Measured in all subjects

. Covariate or risk-adjusted
outcomes

Risk Factors

otal score (total possible � 16)

AC � coronary artery calcification; CHD � coronary heart disease; MI � myocardial infarction.
ions report the independent prognostic value of CAC in s
content.onlinejacDownloaded from 
ultivariable models including measured risk factor data
18,19,22). Larger sample sizes have also resulted in im-
roved precision in risk prediction models. However, issues
f selection or referral bias when using patient cohorts
emain pertinent and are likely to have resulted in an
verestimation of risk when based on clinical cohorts as
ompared with population samples (20,22). It is important
o recognize that relative risk ratios from patient cohorts
ave generally been higher than from studies conducted in
opulation samples even when the overall direction of the
rognostic findings has been concordant.

nclusion Criteria and Endpoint
efinitions for the Present Analysis

he current document focuses on the ability of CAC
coring to estimate CHD death or MI. This approach
llows for a comparison of the expected annual event rates
ased on the FRS. The FRS estimates that annual rates of
HD death or MI are less than 1.0% for low risk, 1.0% to
.0% for intermediate risk (Table 1), and greater than 2.0%
or high risk. When multiple publications have been re-
orted from the same cohort study (1,4,5,33–36), we
mploy here only the most recent report in the current
nalysis (19,20).

The inclusion criteria for this analysis are: 1) data not
reviously reported in the 2000 document (1); 2) published
eries on the prognostic value of CAC in asymptomatic
ohorts reported since 2002; 3) endpoint data must be
eported on the outcome of CHD death or MI over a

e Prognostic Value of CAC

dos Greenland Arad Taylor Vliegenthart LaMonte

2 2 2 2 1

1 1 1 2 0

2 1 2 2 2

0 0 1 0 1

1 1 1 1 1

2 1 2 2 1

3 2 3 3 1

2 1 2 2 1

13 8 14 14 8
on th
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pecified follow-up time period (usually within 3 to 5 years);
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nd 4) data extraction must allow for the calculation of
nivariable relative risk ratios and must also include risk-
djustment for traditional cardiac risk factors (e.g., age,
ender, cholesterol, hypertension, etc.) or the FRS.

Two committee members (AJT, LJS) evaluated the
uality of each included report with the results of this
nalysis being included in Table 2. The quality assessment
riteria included: 1) documentation of prospective data
ollection; 2) inclusion of self-referred patient series or from

population sample; 3) reporting of CHD events; 4)
eporting of outcome data by gender and ethnicity; 5)
ample size greater than 1000 individuals; 6) avoiding
otential for limited challenge (i.e., an inclusion of very low
o very high-risk patients resulting in a wide spread in the
utcome results) by not reporting data within strata of
linical risk; 7) reporting measured versus historical or
elf-reported risk factor data; and 8) reporting univariable
nd multivariable prognostic models (i.e., ascertaining the
ncremental value of CAC scores). A review of the high-
ighted reports reveals that all studies identified for inclusion
ere of at least moderate-high quality.

rognostic Value of CAC Scores From
ublished Reports From 2003–2005

everal recent cohorts have been published including pro-
pective observational registries in predominantly male,
ounger and middle-aged (18), unselected (19) and older-
ged, higher risk (20) asymptomatic cohorts. A self-referred

igure 1. Meta-Analysis on the Prognostic Value of CACS

elative risk (RR) ratios (95% confidence intervals [CI]) in six published reports (18–
atient series of 8855 asymptomatic adults was also included u
content.onlinejacDownloaded from 
n this analysis (21). A recent population sample was also
ublished and included 1795 subjects greater than or equal
o 55 years of age who were prospectively enrolled in the
otterdam coronary calcium study (22). Finally, the prog-
ostic value of CAC scores was recently reported from a

arge series of 10 746 men and women aged 22 to 96 years
ho underwent a preventive health examination at the
ooper Clinic in Dallas, Texas (28).
Using a random-effects model, an analytical approach

requently applied to observational data such as that re-
orted in the CAC series, Figure 1 reports on the univari-
ble and summary (weighted average) relative risk ratios
rom 6 recently published reports in 27 622 patients (n �
95 CHD death or MI). This figure reports the summary
elative risk ratio of 4.3 (95% confidence interval [CI] � 3.5
o 5.2) for any measurable calcium as compared with a
ow-risk CAC (generally using a score of 0) (p less than
.0001). These data imply that the 3 to 5 year risk of any
etectable calcium elevates a patient’s CHD risk of events
y nearly 4-fold (p less than 0.0001). Importantly, patients
ithout detectable calcium (or a CAC score � 0) have a
ery low rate of CHD death or MI (0.4%) over 3 to 5 years
f observation (n � 49 events/11 815 individuals).
As can be further seen in Figure 1, considerable variability

xisted in the relative risk ratios across the 6 reports which
an, in part, be attributed to variability in the grouping of
AC scores and in the representation of younger individ-

). CACS � coronary artery calcification score.
als and women within each of the risk subsets. In the most
 by on February 9, 2012 c.org
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ecent report from the Cooper Clinic, different CAC ranges
n risk groupings were applied for women and men (28).

oreover, both the Walter Reed and Cooper Clinic series
valuated younger asymptomatic cohorts while the Rotter-
am study limited enrollment to individuals greater than or
qual to 55 years of age (18,22).

The summary relative risk ratios in Figure 2 reveal an
ncremental relationship where higher CAC scores are
ssociated with higher event rates and higher relative risk
atios. In this figure, a mild risk CAC score (with scores
anging from 1 to 112) was associated with an elevation in
HD death or MI risk with a summary relative risk ratio of
.9 (95% CI � 1.3 to 2.8, p � 0.001). This mild risk
rouping was more often reported in younger populations
ndergoing preventive health screenings (18,28).
With even higher CAC scores, the 3 to 5 year event rates

ncreased substantially. For scores ranging from 100 to 400,
he summary relative risk ratio was 4.3 (95% CI � 3.1 to
.1) when compared to patients with no detectable coronary
alcium (p less than 0.0001). For the high (CAC scores of
00 to 1000) and very high (greater than 1000) risk CAC
cores, pooled CHD death or MI rates were 4.6% and 7.1%
t 3 to 5 years after CAC testing, resulting in relative risk
atios of 7.2 (95% CI � 5.2 to 9.9, p less than 0.0001) and

igure 2. RR Ratios According to Level of Risk for CACS, From Av

verage risk includes Arad et al. (19), Greenland et al. (20), LaMonte et al. (28), an
nte et al. (28), Taylor et al. (18), and Vliegenthart et al. (22). High risk includes Ara
art et al. (22). Very high risk includes Vliegenthart et al. (22). *Low-risk N often inc
4 would use the same referent low-risk group comparison). CACS � coronary artery

able 3. Recent Published Observational Cohort Studies Evalua
rognostic Value of Coronary Calcium Measurements in Publish

Risk
Subset Year N

Historical or
Measured Risk

Factor Data Univ

ondos 2003 8855 Historical 5.8, p � 0

reenland 2004 1461 Measured 3.9, p � 0

rad 2005 1293 Measured 26.2, p �

aylor 2005 1639 Measured NR, p � 0

liegenthart 2005 1795 Measured 8.2, p � 0

aMonte 2005 10 746 Historical 1.6 (men)
p � 0.0

For RR, a linear trend is presented if not indicated otherwise. Kondos: for any detectable CAC
ontinuous measure in the multivariable model; Arad: univariable RR is for score greater than or
nly and for any CAC score versus CAC � 0; Vliegenthart: multivariable is across a range of CAC
nivariable reported separately for men (1.6) and women (1.3), multivariable RR were NR but s
djustment was not specified but noted as significant.

BMI � body mass index; CAC � coronary artery calcification; CHD � coronary heart disease; FRS � F

R � not reported; RR � relative risk.

content.onlinejacDownloaded from 
0.8 (95% CI � 4.2 to 27.7, p less than 0.0001) when
ompared to the low-risk group (CAC score � 0) as
eference.

ndependent Prognostic Value of
AC Scores Over Cardiac Risk Factors

necessary criterion for establishing a high degree of
redictive accuracy for CAC measurements is the establish-
ent of the independent contribution of CAC above and

eyond risk factor data alone (29). Recent reports have
ncluded univariable and multivariable models that have
valuated the independent contribution of CAC in models
valuating risk factors or the FRS (Table 3). From the St.
rancis Heart Study, measured risk factor data were avail-
ble in 1293 of the total enrolled cohort of 4903 asymp-
omatic individuals. In univariable (p less than 0.0001) and
ultivariable (p � 0.01) models estimating CHD events at

.3 years of follow-up, CAC scores were independently
redictive of CHD outcome above and beyond both histor-
cal and measured risk factors (19). The CAC scores were
lso predictive of outcome in a multivariable model contain-
ng high-sensitivity C-reactive protein (18), similar to a
revious report by Park et al. (30). Several reports have also
valuated the independent prognostic contribution of CAC

Risk to Very High Risk

r et al. (18). Moderate risk includes Arad et al. (19), Greenland et al. (20), LaM-
l. (19), Greenland et al. (20), Kondos et al. (21), LaMonte et al. (28), and Vliegent-
multiple comparisons from a single series (e.g., Taylor CACS of 1 to 9 and 10 to
cation score; CI � confidence interval; RR � relative risk.

the Independent
eports From 2003 to 2005

le RR* Multivariable RR*

Model Controlling for
Additional Variables Besides
That Contained in the FRS:

3.9, p � 0.01

1.3, p � 0.001‡

1 NR, p � 0.01 HsCRP

11.8, p � 0.002 Family history of CHD

3.2–10.3, p � 0.03 Family history of MI and BMI

.3 (women), NR§

only; Greenland: for CAC greater than 300 versus CAC � 0 for univariable RR, evaluated as a
400, multivariable RR was NR; Taylor: univariable RR was NR, multivariable risk ratio is in men

01 to greater than 1000; LaMonte: risk factors measured in a clinical subset of 3619 subjects;
be similar to age-adjusted models. †For men only. ‡For intermediate to high FRS. §p for risk
erage

d Taylo
d et a
ting
ed R

ariab

.001†

.001

0.000

.0001

.01

and 1
001

in men
equal to
from 1
tated to
ramingham Risk Score; HsCRP � high-sensitivity C-reactive protein; MI � myocardial infarction;
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