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Abstract
Purpose of Review In this review, we sought to present a clinically relevant history of coronary artery calcium (CAC) scoring
from its initial introduction, to its more recent widespread adoption and guideline endorsement, to future directions of cutting-
edge CAC research.
Recent Findings Since prior exhaustive reviews on CAC scoring, the introduction of the Pooled Cohort Equations (PCEs) for the
assessment of atherosclerotic cardiovascular disease (ASCVD) risk has been formative in reframing how clinicians discuss risk
and preventionwith their patients. However, given weaknesses in the performance of the PCEs, additional riskmarkers have been
tested with none being equal to CAC scoring with its ability to reclassify risk. The use of CAC = 0 as a negative risk factor has
proven reliable in diverse populations and has led to increased adoption of CAC scoring by clinical practice guidelines. Newer
data explores how CAC scoring can be employed for the quantification of risk in different diseases including modeling the
competing risks of ASCVD vs. cancer, how CAC can reclassify risk even on non-ECG gated chest computed tomography, and
how the algorithm for scoring a CAC scan can be improved in the future.
Summary CAC scoring is a powerful adjunct to the PCEs in further characterizing risk, particularly in borderline to intermediate-
risk populations. Newer studies suggest that CAC scoring can be adapted to non-ECG gated chest CTs and that newer CAC
scores, which take into consideration the number of vessels, the diffusivity of disease, and important gender-specific interactions,
can improve on the traditional Agatston method. Future research will continue to explore these newer areas as well as provide
models for forecasting the lifetime risks of ASCVD vs. cancer based on age and sex-specific CAC scores.
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Introduction

Coronary artery calcium (CAC) is a marker of subclinical
coronary atherosclerosis [1] and “arterial” or “biologic”
age” [2, 3] (rather than chronologic age) that is strongly
associated with incident coronary heart disease (CHD) [4].
Within the past three decades, numerous studies have sup-
ported the utility of CAC testing as a risk-stratifying tool
for cardiovascular disease (CVD) and found it superior to
traditional and novel cardiovascular risk factors (Fig. 1). In
addition to the strong association with CHD and CVD [4,
5], CAC has subsequently been associated with all-cause
mortality [6–8], stroke [9], ischemic cardiomyopathy [10],
and non-cardiovascular diseases such as cancer and chron-
ic kidney disease [11].

In this review, we describe the history of CAC scoring,
current recommendations in clinical practice guidelines, and
future directions for CAC testing including methods to im-
prove CAC risk prediction, its use in the prediction of com-
peting risks such as CVD and cancer, and CAC quantification
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on non-gated chest CTs using the CAC Data and Reporting
System (CAC-DRS).

Coronary Artery Calcium Scoring: Past

Introduced in 1990, Agatston et al. described ultrafast com-
puted tomography (CT) as a method to detect and quantify
CAC in a sample of 584 subjects—81% of whomwere free of
clinically evident coronary artery disease (CAD) [12]. CAC
was measured using ECG-gated CT with a 100 ms scan time
at 3 mm slice thickness using the Imatron C-100 electron
beam scanner [12]. Completed scans were scored on the fol-
lowing algorithm (now, eponymously known as the Agatston
method)—first, the threshold for identifying a calcified lesion
was set at an area ≥ 1 mm2 with a density ≥ 130 Hounsfield
units (HU) (utilized to reduce false positives of single pixels
and calcium). Once identified, an Agatston score was calcu-
lated for each calcified lesion by multiplying its area in mm2 x
maximum density using a direct weighting factor (DWF)—
DWF = 1 for 130–199 HU, DWF = 2 for 200–299 HU,
DWF = 3 for 300–399 HU, and DWF = 4 for ≥400 HU [12].
A total CAC score was derived by adding each individual
lesion score through the cephalocaudal axis of the CT scan
confirmed by the reader to be within the coronary arteries [12]
giving values from 0 to infinity.

Of note, the Agatston scoremakes the assumption that higher
density plaques are representative of a higher burden of CAD.
Others methods of calcium quantification have been proposed

such as a the volume-based [13] andmass-based [14] scores, but
given the significant correlation [15] with the Agatston score,
and to be consistent with prior published studies, they have not
gained prominence in research or clinical practice.

In addition to creating a novel method to quantify CAC, the
paper by Agatston et al. provided a number of important in-
sights: [1] CAC is highly sensitive for detecting clinically
significant CAD, identified as history of myocardial infarction
or angiographic stenosis (though not related to percent steno-
sis) (Sensitivity = 96%), [3] CAC burden is significantly
higher in patients with clinically evident CAD compared to
asymptomatic individuals, and [2] there is significant inter-
observer agreement with 70 of 88 scans having identical
scores with the mean error of all scans being 2.5% (standard
deviation 5%) [12]. Many have since confirmed the ease and
reproducibility of CAC scoring [16, 17].

Although the Agatston method can detect clinically signif-
icant CAD in symptomatic patients [18], it has the greatest
utility for the detection of subclinical CAD in asymptomatic
patients at risk for cardiovascular disease. In 2004, Greenland
et al. reported the findings of 1,461 asymptomatic individuals
followed for a median of 7 years and demonstrated compared
to absence of CAC, CAC > 300 significantly improved the
risk stratification for myocardial infarction and coronary heart
disease (CHD) death in all categories of Framingham Risk
Score, with particular benefit in intermediate-risk groups
[19]. Subsequently, Detrano et al. showed the superiority of
CAC to traditional risk factors for prognosticating myocardial

Fig. 1 AVisual Depiction of Coronary Artery Calcium (CAC) Scoring with Landmark Evidence and Endorsements
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infarction and CHD-death across all race/ethnic groups in the
Multi-Ethnic Study of Atherosclerosis (MESA) [4].

Many have also looked at the added utility of CAC in
addition to traditional risk factors. Formative work by
Polonsky et al. suggested CAC scoring can be additive to
traditional risk stratification methods finding improvements
in area under the ROC curves with the addition of CAC scor-
ing (AUC from 0.76 to 0.81) [20]. Yeboah et al. demonstrated
that CAC is superior to traditional and nontraditional risk fac-
tors (e.g. hsCRP, CIMT, etc.…) for risk discrimination and
classification using net reclassification index (NRI) (NRI =
65.9%) [21]. Nasir et al. also showed that asymptomatic indi-
viduals with CAC ≥ 400 but an absence of traditional risk
factors have a markedly higher risk for all-cause mortality
than those with multiple risk factors but CAC = 0. [22] This
superior prognostic ability of CAC compared to traditional
risk factors signaled a paradigm shift in risk assessment—
rather than focusing on surrogate clinical risk factors for ath-
erosclerotic disease, one could now focus on the subclinical
detection of disease itself.

These findings were reflected in the 2013 American
College of Cardiology (ACC)/American Heart Association
(AHA) guidelines on the treatment of cholesterol, which was
most notable for implementing pooled-cohort equations
(PCE) to quantify initial atherosclerotic cardiovascular disease
(ASCVD) risk [23]. Shared decision making was introduced
to help guide conversations regarding statin initiation for in-
dividuals aged 40–75 without diabetes and having a low-
density lipoprotein cholesterol (LDL-C) of 70–189 mg/dL
with 10-year ASCVD risk of 5–7.5% [23]. A CAC score ≥
300 or ≥ 75% for age, sex, and ethnicity (in addition to other
higher risk phenotypes, such as hs-CRP ≥ 2 or family history
of premature ASCVD) was considered useful in the determi-
nation for pharmacologic therapy (Class IIb recommendation,
Level of evidence C) [23].

Since the widespread adoption of PCE for the assessment
of ASCVD,many studies have foundmoderate discrimination
and either underestimation or overestimation of events com-
pared to observed events in the modern era [24–27].

Several studies evaluated the utility of CAC for risk strat-
ification of CHD and CVD in light of these recommendations.
Yeboah et al. showed the superiority of CAC in identifying
individuals with an elevated CVD risk among the group clas-
sified as “low-risk” based on their 10-year ASCVD risk
<7.5%—CAC upward-reclassified risk better than other novel
risk factors such as hsCRP and ankle-brachial index [28]. Our
research group recently demonstrated that CAC score can re-
liably risk stratify other low-risk individuals—those with
ASCVD <5% and a family history of CHD—with a number
needed to screen of 9 to detect CAC > 100 in this population
[29]. Conversely, Nasir et al. demonstrated the power CAC =
0 for downward-reclassification of ASCVD risk among indi-
viduals considered eligible for statin therapy by the 2013

ACC/AHA guidelines [30]. Blaha et al. provided further evi-
dence that CAC = 0 provides the largest downward reclassifi-
cation of negative risk markers finding a 2% incidence of
CHD events over 10 years of follow up [31].

With these strong associations noted, McClelland et al. cre-
ated the MESA CHD Risk Score (externally validated in two
contemporary cohorts), which incorporated CAC score and
family history of heart disease to estimate 10-year CHD risk
[32]. This helped facilitate the risk discussion between clini-
cians and patients when CAC score is known.

In 2016, the European Society of Cardiology (ESC) inte-
grated these findings citing that elevated CAC scores may
indicate excess risk than the Systematic COronary Risk
Evaluation (SCORE) Charts and were the first to recognize
CAC as the best risk reclassification tool [33]. Similarly, the
ESC suggests this testing should be considered in those with
SCORE risks between 5 and 10% and may be helpful in cul-
tivating behavior change as knowledge of one’s score may
lead to improved adherence [34].

Coronary Artery Calcium Scoring: Present

Building on the prior ACC/AHA and ESC guidelines, the
Society of Computed Cardiac Tomography (SCCT) instituted
guidance on how to integrate CAC scoring into clinical
decision-making to initiate preventive pharmacotherapies for
primary prevention of ASCVD [35]. This guideline established
a more definitive role for the utilization of CAC testing as a
decision aid for patient-centered management providing rec-
ommendations on appropriate use, result interpretation, and
repeat scanning:

1) CAC testing is appropriate as part of the shared-decision
making conversation in “asymptomatic individuals with-
out clinical ASCVD who are 40-75 years of age in the 5-
20% 10-year ASCVD risk group and selectively in the
<5% ASCVD group, such as those with a family history
of premature [CAD]” [35].

2) Based on the results, those with CAC = 0 are considered
very low risk and not recommended for statin therapy
[35]; those with CAC= 1–99 are at mildly increased risk
and would benefit from a moderate-intensity statin if
<75th percentile or high-intensity statin if >75th percen-
tile for age (percentiles generated from MESA cohort
[36]); those with CAC ≥ 100–299 are at moderately in-
creased risk and would benefit from a moderate to high-
intensity statin and low dose aspirin therapy [35]; those
with CAC ≥ 300 are at moderate to high risk and should
be treated with a high-intensity statin and low dose aspirin
[35].

3) Follow-up testing can be considered at an interval of 5 years
if baseline CAC= 0 or 3–5 years if baseline CAC> 0 if the
repeat test result would augment management [35].
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In 2018, the AHA/ACCMulti-society cholesterol guide-
line [37] incorporated and strengthened many initial recom-
mendations of the SCCT. Others have noted how the 2013
ACC/AHA and 2018 AHA/ACC guidelines differ [38, 39];
for the purpose of this review, only the role of CAC scoring
in the 2018 ACC/AHA guideline will be discussed. This
Multi-society guideline focused on clinician-patient discus-
sions and formalized CAC scoring as the most powerful
adjunct to PCE-derived 10-year ASCVD risk that can help
to reclassify individuals and influence the decision to with-
hold, postpone, initiate, or strengthen statin treatment [37].
In those whom this decision is uncertain, certain clinical
conditions or pertinent patient history, called “risk en-
hancers”, can guide therapy when ASCVD risk is “border-
line” (5–7.5%) (Class IIb recommendation) [37]. For both
“borderline” and “intermediate” risk patients (ASCVD risk
between 7.5–20%), CAC scoring is the most helpful tool to
guide the clinician-patient risk discussion if after shared
decision making the decision to initiate statin therapy is still
uncertain. [37].

Similar to the SCCT guidance, the 2018 guideline provides
interpretation of CAC scores for guiding statin therapy.
Acknowledging the power of a CAC = 0 among patients in
whom intensive statin therapy is of limited value and may be
avoided [6, 31, 40], these patientsmay withhold or delay statin
therapy with re-evaluation in 5–10 years (with the exception
of cigarette smokers, patients with diabetes mellitus, or those
with a family history of premature CHD) [37]. For those with
CAC = 1–99, statin therapy is recommended in those 55 years
and older [37]. Lastly, those with CAC ≥ 100 or ≥ 75th per-
centile, statin therapy is indicated. [37].

In light of the robust evidence for CAC down-grading risk,
the 2018 guideline introduces patient populations that may
benefit from knowing their CAC = 0:

1) Those uninterested in initiating statins and needing more
information for risk discussion.

2) Those wanting to discontinue statins due to side effects,
but need more information regarding individual risk.

3) Older patients with a low burden of traditional ASCVD
risk factors who need more information about the true

benefit of statin therapy (e.g. men of 55–80 years old;
women of 60–80 years old).

4) “Borderline risk” middle-aged patients (40–55 years old)
with factors that increase their ASCVD risk, for whom
decision to treat or not treat remains uncertain.

It is important to note that despite the integration of CAC
scoring in the most recent Multi-society Cholesterol guide-
lines, it is not recommended as a general screening tool across
the population. The current landscape demonstrates agree-
ment that CAC testing is an important adjunct to be employed
after cohort-based risk estimators in the context of shared-
decision making in primary prevention with particular focus
on patients at intermediate risk, among whom the decision to
treat, withhold, or postpone treatment may remain uncertain.

Coronary Artery Calcium Scoring: Future

The future of CAC scoring will see progress on at least three
major fronts—1) Exploring ways to improve risk prediction
with a new CAC scoring methodology, 2) Improving CAC
interpretation to provide more individualized information,
and 3) Using CAC scoring in additional populations likely
to derive benefit, including those undergoing non-gated chest
CT for other indications.

A New CAC Score

In a comprehensive review of new CAC scores, Blaha et al.
described characteristics that should be incorporated to im-
prove upon the Agatston method—namely, a new score must
be highly predictive of ASCVD and CHD, be highly correlat-
ed with total plaque and high-risk plaque, and be highly re-
producible (both in acquisition and interpretation) [41]. In the
time since Agatston first conceived of the CAC score, it has
become apparent that plaque characteristics such as density,
volume, and distribution significantly modify the risk for car-
diac events [42, 43], and that significant differences exist be-
tween men and women [44, 45]. For example, in contrast to
Agatston’s original density assumption, Criqui et al. demon-
strated that CAC density is inversely proportional to CVD and

Table 1 Absolute Event Rates
per patient-years by CAC score
group*

CAC Score Groups

CAC Scores 1–99 CAC Scores 100–399

LM CAC No LM CAC LM CAC No LM CAC

All-cause Mortality 4.5/1000 3.2/1000 8.4/1000 5.9/1000

CVD* Mortality 1.2/1000 0.8/1000 3/1000 2/1000

CHD Mortality 0.4/1000 0.4/1000 1.5/1000 1.1/1000

* CVD mortality includes the following: other circulatory disorder, CHD, stroke, and congestive heart failure.

(Adapted from Lahti et al. [48] with permission from Elsevier)

37 Page 4 of 9 Curr Cardiovasc Imaging Rep (2019) 12: 37



CHD risk and this method of inverse density weighting im-
proves CVD risk reduction [46].

Moreover, the risk of events predicted by the Agatston
score appears to be modified in complex ways based on dis-
tribution within the coronary tree. Blaha et al. demonstrated
that within CAC groupings (1–100, 101–300, 300+), both the
number of vessels and diffuseness of lesions incrementally
increase the risk of CVD and CHD predicted by the
Agatston score [47]. On the other hand, Lahti et al. recently
demonstrated that a high concentration of left main CAC in-
volvement was independently predictive of both all-cause and
CVD-specific mortality, and that there was a stronger dose-
response relationship between left main CAC and all-cause
and CVD-specific mortality than for other coronary arteries
[48] (Table 1).

Shaw et al. explored how various factors that can be ob-
tained via CT, in addition to the total CAC burden, creates
significant heterogeneity in CVD risk [49]. In a sample of over
63,000 asymptomatic patients who were clinician-referred for
CAC scoring, they described how sex modifies the relation-
ship between CAC and CVD mortality and demonstrated that
a there was a significantly higher CVD mortality in women
with either 2 or more vessels involved or CAC volume more
than 61.5mm3 compared to men [49] (Fig. 2).

Given these findings, a newer CAC score might include
lesion-specific and sex-specific characteristics, in addition to
those previously described by Blaha et al., to provide a more
precise assessment of prognosis (Table 2).

Non-Atherosclerotic Outcomes

CAC scoring has the ability to integrate exposure to many
CVD risk factors, many of which are causal for other disease
pathways. Conversely, CAC is also a surrogate for unhealthy
arterial aging, providing insight into non-CVD diseases.
Accordingly, CAC testing can provide important prognostic
information regarding a number of non-CVD of diseases. For
instance, Handy Marshall et al. demonstrated that CAC is
associated with many non-cardiovascular diseases such as
chronic kidney disease, chronic obstructive pulmonary dis-
ease, and cancer [11].

With both cancer and CVD serving as the two leading
causes of death, the ability of CAC scoring to discriminate
between those at high and low risk for CVD related death

Table 2 Features of an Ideal CAC Score

Features of an Ideal CAC Score

Correlated with total atherosclerotic plaque and high-risk plaque

Incorporates sex-specific risk

Incorporates distribution and diffusivity of CAC

Quick, low radiation, and easily interpretable scan

Easily understandable score

Highly reproducible scores using different CT scanners and
different scorers

Ability to be automated

Ability to be estimated from non-gated scans

(Adapted from Blaha et al. [41] with permission from Elsevier)

Fig. 2 Sex-specific Differences in Mortality based on CAC Distribution and Size. (Reprinted from Shaw et al. [49] with permission from Oxford
Academic)
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remains important. Understanding the CAC score at which an
individual is more likely to experience mortality from CVD
versus cancer may have implications for initiation of CVD
prevention strategies and encouraging patients to receive age
appropriate cancer screening.

Whelton et al. found that in the absence of CAC, cancer was
the number one cause of death and CVD did not overtake cancer
as the leading cause of death until a CAC score of approximately
300 (Fig. 3) [50]. Considering the interaction of CAC and age, as
well as the interaction of cancer and age, an important question
for clinicians to answer is at what age-CAC combination does the
risk of cancer exceed the risk of CVD. Future studies investigat-
ing this interplay will prove valuable in individualizing risk.

CAC on Non-Gated Chest CTs

Lastly, an additional area of consideration relates to additional
populations that might derive benefit from CAC testing such as
patient undergoing routine non-ECG-gated chest CT scans.
Based on the United States Preventive Services Task force, ap-
proximately 7 million adults, aged 55–80 years old, should un-
dergo low-dose CT scanning if they have a 30 pack-year history
who are either currently smoking or have recently quit [51]. In

addition, many patients undergo CT scanning as part of either
inpatient or outpatient medical evaluations.

Others have demonstrated excellent correlation between gated
and non-gated CTscans [52–54] and that non-gated CAC scores
can similarly provide prognostic information [53, 55]. As such,
the SCCT and the Society of Thoracic Radiology recommend
reporting CAC on all non-gated CT scans given the substantial
prognostic implications of CAC [56]. The SCCT proposes that a
standardized reporting system—the CAC-Data and Reporting
System (CAC-DRS)—similar to the BI-RADS system (devel-
oped for breast cancer), be used [57]. This system provides a
visual assessment of the burden and number of vessels involved
[57] and has since been shown to provide improved discrimina-
tion compared to ordinal groupings of the Agatston method,
alone [58] (Table 3).

This available, but often unreported data [59, 60], would pro-
vide clinicians with powerful information to guide and individu-
alize risk assessments. We expect a greater push from the SCCT
to educate providers about this simple scoring system. Electronic
medical records, including imaging databases, would allow for
reinterpretation of existing gated and non-gated images with rap-
id assessment of their predictive value. In the future, CAC-DRS
scoring may likely be automated leading to increased adoption.

Conclusion

Since its initial discovery and standardized scoring with the
Agatston method, CAC has proven a valuable and reliable meth-
od to stratify risk across a wide variety of populations. CAC
scoring is particularly useful to reclassify risk in intermediate-
risk individuals based on traditional ASCVD risk factors and
can be used as an adjunct to PCEs to help guide the decision to
initiate pharmacotherapy. A new CAC score will likely be

Fig. 3 Coronary Artery Calcium
as a Predictor of Cause-Specific
Mortality. (Reprinted from
Whelton et al. [50] with
permission from Oxford
Academic)

Table 3 Improvement in Discrimination of CAC-DRS compared to
CAC Score Groups

Area Under the Curve Discrimination

CAC-DRS CAC Score Groups

All-cause Mortality 0.70 0.7

CVD-specific Mortality 0.76 0.75

CHD-specific Mortality 0.80 0.79

(Adapted from Dzaye et al. [58] with permission from Elsevier)
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introduced in the near future, incorporating new characteristics
beyond the Agatston Score. Additionally, CAC scoring may be
implemented to individualize competing risk of cardiac and non-
cardiac diseases, as well as reported in all patients undergoing
chest CT. As the adoption of this technology grows, further focus
on its continued performance, its ability to customize individual
risk, and how it can best be employed remains important.
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