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Abstract: Coronary artery disease (CAD) is the leading cause of death in the United States and the world. Identifying
new risk factors and improving the screening methods for CAD are continuously evolving processes. The coronary artery
calcification (CAC) score, as measured by computed tomographic coronary angiography (CTCA) is of intense interest to
clinicians and investigators because of its potential role for diagnosis, risk stratification, and prediction of future mortality
and morbidity. Recent studies demonstrate the substantial significance of CAC in CAD and its usefulness as a predictive
variable. CAC is a marker of atherosclerosis and gives an estimate of disease severity and extent. It has the potential to
provide an objective or quantitative measure of CAD. CTCA offers a noninvasive methodology for defining coronary
artery anatomy and providing further definition of CAD extent and severity. Understanding the significance, current role,
recent discoveries, and applications of CAC and CTCA is of paramount importance for improved diagnosis and profiling

of suspected ischemic heart disease.
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INTRODUCTION

Coronary artery calcification and CAC scores assessed
by computed tomography have been active areas of research
and investigation in recent years. Because many of the tests
for the assessment of CAD are subjective, the CAC score has
the advantage of giving an objective value or measurement
of CAD as detected by cardiac CT scanning. In this review
we address the background and clinical application of the
CAC score.

Atherosclerosis is the leading cause of death in the
developed world. Statistics have shown that about one-third
(80 million) of the population in the United States have
cardiovascular diseases [1]. Coronary atherosclerosis alone is
responsible for 1 million deaths annually in the United States
with an economic burden estimated to be $142.5 billion
annually [2]. CAC is a marker of atherosclerosis and the
extent of calcification is proportional to the extent and
severity of atherosclerosis [3]. It is also known that the most
common initial presentations of coronary artery disease are
myocardial infarction (MI) or cardiac death, and two-thirds
of out-of-hospital cardiac arrests occur in patients not known
to have cardiac disease [4, 5]. This suggests that current
screening methods, such as the Framingham risk score
(FRS), are not detecting a substantial portion of the
population who are at risk of ischemic heart events. It
appears that progress in the identification and treatment of
CAD risk factors in recent decades has resulted in a decline
in mortality in the United States [6]; however, there remains
a need to identify those people who are being missed with
the current risk screening methods.
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We believe that the current role of the CAC score in the
diagnosis of coronary heart disease is underestimated, and
this test can be applied more broadly. In an attempt to better
understand the role and significance of CAC score in
ischemic heart disease and atherosclerosis, we did a literature
review on this topic as well as its relationship to CTCA.

ATHEROSCLEROSIS AND CORONARY ARTERY
CALCIFICATION

Atherosclerosis is a disease of large and medium-sized
muscular arteries that is characterized by endothelial
dysfunction and the buildup of lipids, which lead to vascular
inflammation and calcification of the vascular wall. It is
important to keep in mind that calcified plaques represent
older lesions, and newer plaques are more likely to be lipid
rich and poor in calcium [2]. Nonetheless, CAC score has
been found to give a clinically useful estimate of the
atherosclerotic process and the risk of CAD or ischemic
heart events [7, 8] (Fig. 1).

CALCIFICATION SCORING AND LIPID CONTROL

The relation between CAC score progression and lipid
control has been studied extensively. The effect of statin
therapy on CAC score was controversial until large
prospective trials were conducted. Initial studies suggested
that CAC score could be lowered over time with aggressive
lipid-lowering therapy. However, this was not proved by the
large retrospective and prospective clinical trials that
followed [2]. Most recent trials have shown that statin
therapy does not result in regression of coronary calcification
even when an aggressive lipid-lowering effect is achieved.
Examples of such large prospective clinical trials are the St.
Francis Heart Study [9] and the study done by Raggi et al.,
[10], both of which showed that aggressive statin therapy
significantly reduced the lipid profiles of the patients
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Fig. (1). Coronary artery calcification: Computed tomographic
coronary angiography showing calcium deposit in the left anterior
descending artery (arrow).

enrolled; however, the patients demonstrated continuous
progression of coronary calcification despite the lipid-
lowering effect.

In a retrospective trial of 66 patients who were followed
over 14 months in the late 1990s by Callister ef al., [11], it
was shown that low-density lipoprotein (LDL) reduction to <
120 mg/dl achieved by statin therapy did lower the rate of
increase of the CAC score; i.e., statin therapy reduced the
progression of calcification. On the other hand, Wong et al.,
showed no role of LDL control in CAC score progression
after comparing two groups, one with adequate and the other
with inadequate control of LDL cholesterol, but they
observed less progression of CAC score with high levels of
high-density lipoprotein (HDL) (>1.5 mmol/L [60 mg/dl])
[12].

There is no doubt that aggressive lipid lowering with
statins reduces coronary event rates regardless of measurable
effect on plaque calcification. The plaque is composed of a
lipid core that is partially calcified. It is the lipid core that
gets affected with statin therapy and stabilized or reduced
rather than the whole plaque body, with the calcium
remaining embedded in the plaque. This might explain the
disconnection between lipid core regression, calcium
alterations, and clinical outcomes with aggressive statin
therapy as suggested by the above studies [2, 9, 10, 11].

CAC SCORE FOR RISK STRATIFICATION AND AS
A SCREENING TEST

Many screening methods have been proposed to stratify
the risk of cardiac events in asymptomatic patients and
accordingly to target therapies to those who would benefit
most from them, including aggressive lifestyle changes and
the use of antiplatelet therapy and/or cholesterol-lowering
agents. The FRS is among the most commonly and widely
used tools for risk assessment in clinical practice. The FRS
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classifies subjects into three groups in terms of 10-year risk
of future cardiovascular events: low-risk group (<10%),
intermediate-risk group (10%-20%), and high-risk group (>
20%). However, the FRS has its own limitations [13]. Since
most of the cardiovascular events occur in individuals at
intermediate risk [14], a more accurate assessment for the
risk of developing a major cardiovascular event is needed by
refining or adding more objective variables. Those in the
intermediate-risk group would benefit most from such
further risk stratification. CAC score is considered a
quantitative predictor of events in patients at intermediate
risk of coronary artery disease [15]. Also it was suggested
that the predictive value of CAC score for future heart events
is superior to the FRS when used in asymptomatic patients
[3]. CAC can be identified on plain radiographs,
fluoroscopy, and CT scans (Fig. 1), including electron beam
tomography or multidetector CT. CT scans can be used as a
noninvasive tool to quantify and determine the anatomic
distribution of CAC and provide a calcification score, which
is a precise number that provides information about cardiac
risk by assessment of the total atherosclerotic plaque burden
and the amount of plaque volume. Published studies
demonstrate a high sensitivity of CAC score for the presence
of CAD but a lower specificity for obstructive CAD [16-18].

In the Multi-Ethnic Study of Atherosclerosis (MESA)
trial, 6722 men and women between 45 and 84 years of age,
who had no clinical cardiovascular disease at entry, were
followed for a median of 3.8 years. It was shown that major
coronary events were clearly associated with CAC score and
no major differences among racial and ethnic groups in the
predictive value of calcification scores were detected [7]. In
the MESA trial, 90% of women were classified as low risk
by the FRS and had a CAC score prevalence of 32%. Over 4
years CAC score was associated with an adjusted threefold
higher risk for coronary heart disease (CHD) events. This
indicates that adding CAC score to the FRS would re-
classify some women to the high-risk group [7, 8].

Taylor et al., reported similar findings in the analysis of
the Prospective Army Coronary Calcium (PACC) project
[19], a prospective study developed to evaluate the predictive
value of CAC score in healthy, unselected, low-risk men.
The investigators attempted to define the population who
would benefit most from CAC score as a screening tool.
Analysis of the PACC project further supported the role and
independent predictive value of CAC score as a screening
method in lower-risk 40- to 50-year-old men. However, they
concluded that CAC score adds predictive power mostly to
the people with an FRS >5%. In this group a significant
relation between CAC score and CHD was found and they
concluded that CAC score was independently predictive of
CHD risk in men < 50 years of age with an FRS exceeding
5% [19].

With increasing CAC score, the prevalence of significant
CAD increases steeply, as shown by other studies [20-22].

The diagnostic value of CAC score for detecting CAD
has been studied extensively and also has been compared to
other modalities, including exercise electrocardiography,
perfusion imaging studies, stress echocardiography, and
cardiac magnetic resonance imaging (MRI). Sarwar et al.,
conducted a meta-analysis to assess the relation between
CAC score and adverse cardiovascular outcomes. Eighteen
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studies showed a pooled sensitivity of 98% for CAC score to
detect significant CAD (>50% stenosis) with a negative
predictive value of 93% when results were compared to
coronary angiography findings [23].

These outcomes compare well to the diagnostic utility of
single-photon emission computed tomography with a
sensitivity of 86% for detecting CAD (>50% stenosis) and a
specificity of 46% to 56% [24]. Crouse et al., evaluated the
diagnostic accuracy of exercise echocardiography as a
screening test for CAD (> 50% stenosis) and found a
sensitivity of 97% and specificity of 64% with a positive
predictive value of 90% and negative predictive value of
87% [25]. Gianrossi ef al., conducted a meta-analysis to
evaluate the diagnostic accuracy of exercise-induced ST
depression. The study included a total of 24,074 patients
who underwent both exercise ECG and coronary
angiography. 66% out of this group had an obstructive CAD
(> 50% stenosis). The results showed a mean sensitivity of
68% and specificity of 77% for exercise ECG to detect
obstructive CAD [26]. Stress MRI was found to have a
sensitivity of 89% to 93% and a specificity of 58% to 80%
for cardiac MRI to detect significant CAD (>50% stenosis)
[27, 28]. From comparison of these studies, CAC score has
the highest accuracy among the noninvasive modalities in
diagnosing obstructive CAD (Table 1).

Table 1.  Sensitivities and Specificities of Different Screening
Modalities to Detect Significant Coronary Artery
Disease (> 50% Stenosis)
Modality Sensitivity Specificity
Coronary artery calcium score 98% 93%
SPECT 86% 46-56%
Exercise echocardiography 97% 64%
Stress MRI 89%-93% 58%-80%
Exercise-induced ST depression 68% 77%

MRI: Magnetic resonance imaging; SPECT: Single-photon emission computed
tomography.

It has been suggested that a CAC score of >400 is an
indication for further diagnostic evaluation (e.g., exercise
testing or myocardial perfusion imaging) for CAD [1]. In
this population more aggressive risk factor modification
could be implemented.

CAC SCORE IN SYMPTOMATIC PATIENTS

The evidence for the incremental value of CAC score in
predicting future cardiac events and its role in diagnosing
CAD has not only been observed in asymptomatic
individuals but also in symptomatic patients. In a study of
254 patients who presented with new-onset stable typical or
atypical angina, CAC score was found to be a significant
predictor of CAD independent of other variables. All
patients underwent CTCA and calculation of coronary
calcification scores within a week before angiography and 48
% were found to have obstructive CAD (>50% stenosis) on
angiography. The median CAC score was 337 for patients
with obstructive CAD. Interestingly, 33.6% of patients
without obstructive CAD had no coronary calcification,
whereas only 2.4% with obstructive CAD had no CAC [22].
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The diagnosis of chest pain in women remains a clinical
challenge. In a cohort of 883 symptomatic women who
presented with chest pain and underwent clinically indicated
coronary angiography, 62% had a normal angiogram [29].
These findings further support the need for alternative
screening methods for ischemic heart disease, especially in
women. The CAC score has the potential of becoming a
useful tool in this setting. In a cohort of 208 patients (73%
women) who presented with chest pain and already known to
have zero CAC score from previous evaluation, underwent
conventional coronary angiography. In this group, 80.8%
had either no disease or no significant stenosis (50% or
more) on coronary angiography. Sensitivity, specificity,
negative predictive value (NPV), and positive predictive
value (PPV) were 100, 92.3, 100, and 75.5, respectively [30].

Published studies demonstrate that the presence of CAC
score is highly sensitive (95-97%) for the presence of CAD;
however, it has a limited specificity (66-75%) [14, 17].
Therefore, CAC score is a good test in effectively “ruling
out” angiographically significant CAD in symptomatic
patients and can be used as a filter prior to angiography, with
those subjects with negative studies (zero scores) not
continuing to invasive angiography.

CAC SCORE AS A PROGNOSTIC TOOL

The association of CAC score has been studied not only
with CAD and coronary heart events, but also with mortality
rates. In the above-mentioned studies, especially the MESA
trial and the PACC project, the presence of CAC was also
found to be related to mortality rates as well as cardiac
events. In a cohort of asymptomatic women, CAC score was
associated with a higher risk of death. Over a period of 5
years, 80% of women with CAC scores of > 1000 were alive
compared to 98.4% of women with no evidence of CAC [8].
Similar results also reported in other studies [15, 31-33].

A recent statement from the AHA [34, 35] suggested that
all patients with CAC score>100 should be considered for
statin and aspirin therapy, and possible treatment with
angiotensin-converting enzyme inhibitors.

The prognosis of coronary artery disease is closely
related to the atherosclerotic plaque burden, and the total
number of calcified lesions is strongly associated with
mortality [33]. Williams ef al., reported that high CAC score
in the left main and left anterior descending arteries, but not
in the circumflex and right coronary arteries, is associated
with an increased risk of mortality [36].

CTCA AND CAC SCORE

The utilization of CTCA in diagnosing obstructive CAD
is a logical progression from employment of the CAC score
alone, and accordingly we thought it worth commenting on
its current role in patients presenting with chest pain.

Many studies have reported on the sensitivity and
specificity of CTCA in detecting obstructive CAD. Most
showed that the specificity decreases significantly with
increased calcification. In one series, the specificity dropped
to 20% when the CAC score was more than 400 [6]. Heavy
calcifications may result in blooming artifacts and obscure
the view for the reader, resulting in overestimation of lesion
severity and false positive results [37]. However, in patients
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with a CAC score <10, CTCA provides excellent diagnostic
performance with a very high specificity. The sensitivity is
usually in the high 90s and approaches 99%. In one study,
360 patients between the ages of 50 and 70 years (the
majority with obstructive CAD) who presented with stable
angina, unstable angina, or non-ST-elevation MI were
referred for coronary angiography and all underwent CTCA
in addition to standard angiography. For all patients
combined, the sensitivity of CTCA to detect significant CAD
(>50%) was 99%, specificity was 64%, PPV was 86%, and
NPV was 97%. It was concluded based on the results of this
study that in symptomatic angina patients, a negative CTCA
reliably excludes significant CAD [20].

The accuracy of CTCA in the diagnosis of CAD is of
paramount importance because the results obtained will further
affect the decision of whether more diagnostic tests (such as
stress perfusion imaging or angiography) should be undertaken.
A recent meta-analysis that compared CTCA with coronary
angiography findings for a total of 2045 patients in 23 single-
center studies showed that CTCA had sensitivities of 90% or
greater and specificities of 88% or greater, PPV ranged from
69% to 93% and NPV from 96% to 100% [38].

CTCA can be employed as a screening tool for selected
populations in the identification of patients at higher risk for
ischemic events. Those people would benefit from further
testing and more aggressive risk factor modification [1].

One major limitation of CTCA in the diagnosis of CAD
is that most CTCA studies have used a visual estimate of
>50% diameter stenosis on invasive, selective coronary
angiography as the definition of a "significant" stenosis.
However, stenoses of < 70% are typically not flow-limiting,
are rarely the cause of ischemia or angina, and usually do not
require revascularization. Thus, the sensitivities reported in
the literature may not reflect the ability of CTCA to identify
those patients with chest pain who will need catheter-based
or surgical revascularization.

COMPARISONS OF CTCA WITH OTHER NON-
INVASIVE MODALITIES

CTCA is not specific, but is highly sensitive for the
presence of significant CAD. Many studies have compared
different noninvasive CAD diagnostic tests, including
exercise electrocardiography, stress echocardiography, stress
perfusion imaging, stress positron-emission tomography
(PET), and stress MRI with CTCA [39- 42]. In those studies
each modality finding was compared to angiography finding
and the results summarized in Tables 2 and 3.

Table2. Positive and Negative Predictive Values of Different
Noninvasive Modalities in Detection of Obstructive
(50% Stenosis) Coronary Artery Disease
. Positive Negative
Modality Predictive Value Predictive Value
CTCA 94% 100%
Treadmill test 100% 67%
Stress echocardiography 60% 54%
Myocardial perfusion exam 59% 55%

CTCA: Computed tomographic coronary angiography.
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Table 3. Sensitivities and Specificities of Different Noninva-
sive Modalities in Detection of Obstructive (>50%
Stenosis) Coronary Artery Disease
Modality Sensitivity Specificity
CTCA 90% 88-90%
MRI 84% 85%
Stress MRI 90% 77%
SPECT 91% 69%

CTCA: Computed tomographic coronary angiography; MRI: Magnetic resonance
imaging; SPECT: Single photon emission computed tomography.

As discussed in the section on CAC score, the prediction
of future cardiac events is a major concern for clinicians;
here we have compared the prognostic characteristics of the
various screening techniques (Fig. 2). As seen from these
data, CTCA compares very favorably with other
methodologies used for prognostic screening [43-46].

PROPER UTILIZATION OF CAC SCORE AND CTCA

The proper utilization of CAC score and CTCA can help
guide the clinician in regard to effective diagnosis and risk
assessment of potential CAD. As noted earlier, the
intermediate-risk group in the FRS is the group that would
benefit most from adding a CAC score to their data. Since
acute coronary syndrome (ACS) occurs mainly in this group,
with a large proportion being missed with the traditional
screening methods, CAC score would reclassify some of the
intermediate-risk group into high risk, as was observed in the
studies mentioned earlier. Despite the fact that doing a
CTCA or CAC score is relatively quick and safe, there is the
potential risk for radiation-induced cancer. Kim ef al.,
estimated the risk of radiation-induced cancer presuming
CAC screening every 5 years from the age of 45 to 75 for
men and 55 to 75 for women. They found a mean excess
lifetime cancer risk of 42 cases per 100,000 men and 62
cases per 100,000 women [47]. There is a wide variation in
the effective radiation dose for CAC score and CTCA, which
has been estimated in several studies with a mean of 1 to 6.2
mSv for CAC score and 4 to 21.4 mSv for CTCA [48].

A reasonable question is when to obtain just a CAC score
versus a full CTCA. Since the full CTCA is more expensive
and involves more radiation exposure (4 times that of a CAC
score alone) it should be avoided if the CAC score alone can
suffice. In regard to risk stratification, prognosis, and further
diagnostic workup of CAD, obtaining a CAC score alone can
be adequate in many instances. However, when evaluating
ACS, obtaining a CAC score alone is not sufficient since
ACS often occurs in newer, less calcified lesions. In other
words, if someone presents with chest pain, CTCA can rule
out ACS reliably if it was negative for obstructive disease
(<50% stenosis). However, a positive CTCA (> 50%
stenosis) does not necessarily rule in ACS since symptoms
usually occur only if the stenosis is flow limiting (70% or
greater). We believe that the proper utilization of CAC score
and CTCA can result in fewer unnecessary angiographies.
For example, patients presenting with chest pain but with
zero CAC scores and negative CTCA findings can be safely
managed without the need for invasive coronary
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Fig. (2). Annual events rate after negative results with different noninvasive modalities with a follow up duration between 9.2 and 36
months. CTCA: CT coronary angiography; MPI: myocardial perfusion imaging; PET: positron emission tomography.

angiography. The CAC score and CTCA can be used as an
effective filter before proceeding to coronary angiography.
The high percentage of normal angiographies noted in the
studies referenced earlier could possibly be reduced if these
patients underwent CAC score and/or CTCA evaluation
prior to proceeding toward more invasive diagnostic testing.

A limitation of CTCA is that the diagnostic quality of the
images can be reduced by a number of factors, including
severe coronary calcification, body habitus, tachycardia, or
the presence of coronary artery stents. Specificity is reduced
in the presence of coronary artery calcifications (e.g., 86%
versus 53% for detection of >50% stenosis with CAC scores
<400 versus >400 Agatston units) [49]. Other patient-related
factors that can interfere with the diagnostic quality of
CTCA are irregular heart rhythm (atrial fibrillation or
frequent extra systoles) and inability to sustain a breath hold
for at least 15 to 20 seconds.

Although CTCA is more expensive than CAC scores, it
is still less expensive than other noninvasive modalities.
Budoff et al., compared the direct cost of multidetector CT
scan to myocardial perfusion imaging in asymptomatic
firefighters with positive treadmill. 26.9% (131) of 495
firefighters had CAC score > 10 and underwent CTCA. 8%
of 131 of firefighters with CAC score> 10 had CAD (>50%
stenosis) and underwent coronary angiography. The
myocardial perfusion imaging results were estimated from
prior years’ experience. The results showed an average cost
of $503 per person for the CAC score/CTCA pathway and
$1376 per person for the myocardial perfusion imaging
pathway [50].

FUTURE ROLES OF CAC SCORES AND CTCA

In summary, using a CAC score measurement may be
recommended in the intermediate-risk FRS group, as these
subjects may benefit from another objective variable that
further stratifies the risk of future events. The CAC score
might lead to reclassification of those patients to higher risk

status and subsequently to more aggressive risk factor
modification (i.e., LDL goal <70 instead of 100, better
control of blood pressure, more aggressive dietary and
exercise intervention) as recommended by scientific
statements from the AHA and SHAPE [40, 41].
Furthermore, evaluation for obstructive CAD could be
considered in patients with a high CAC score (specifically >
400). Compared to CAC score measurement, using CTCA
is probably appropriate to assess obstructive CAD in
symptomatic patients, however it is not recommended in
asymptomatic patients. Due to strong evidence of their
utility in clinical medicine, it is highly probable that both
the CAC score and CTCA will be increasingly utilized in
the future and hopefully, additional studies will be conducted
to define the appropriate roles for CAC score and CTCA.
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ABBREVIATIONS

ACS = Acute coronary syndrome

AHA = American heart association

CAC = Coronary artery calcium

CAD = Coronary artery disease

CTCA = Computed tomographic coronary angiography
FRS = Framingham risk score

HDL = High-density lipoprotein

LDL = Low-density lipoprotein

MESA = Multi-Ethnic Study of Atherosclerosis
Ml = Mpyocardial infarction
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MPI = Mpyocardial perfusion imaging

MRI = Magnetic resonance imaging

NPV = Negative predictive value

PACC = Prospective Army Coronary Calcium

PET = Stress positron-emission tomography

PPV = Positive predictive value

SHAPE = Society for Heart Attack Prevention and
Eradication
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