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Abstract

Abstract
Coronary artery calcium (CAC) scoring is an important prognostic tool for personalized 
cardiovascular preventive care and has recently been incorporated into American College of 
Cardiology/American Heart Association guidelines. CAC provides direct visualization and 
quantification of CAC burden for risk stratification and primary prevention of cardiovas-
cular events in an asymptomatic population. CAC scoring is recommended for individuals 
with intermediate 10-year atherosclerotic cardiovascular disease (ASCVD) risk and selective 
populations with borderline ASCVD risk. In this review, we outline the interpretation of CAC 
scores for predicting the risk of cardiovascular events, and we highlight the guidelines for 
starting statin and potentially starting aspirin therapy. A CAC score of 0 is the strongest 
negative predictive factor for cardiovascular disease (CVD), and a 0 score can successfully 
de-risk a patient. On the contrary, higher CAC scores correlate with worse cardiovascular 
prognostic outcomes. The CAC scan is a widely available and reproducible means for an early 
look at the atherosclerotic burden, and it can help strategize early interventions. The CAC 
interpretation and the decision to start treatment need to be personalized based on individ-
ual risk factors. We believe the emerging literature supports our contention that the CAC 
score can be used more broadly to improve the prophylaxis and treatment of a wider range 
of apparently healthy patients.
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History of the Coronary Artery 
Calcium Score

Development
The Agatston Calcium Score was developed 
in 1990 by Dr Arthur Agatston with most of 
the work leading to its development com-
pleted at Mount Sinai Medical Center (Miami 
Beach, FL) during the late 1980s.1 Agatston’s 
work was heavily influenced by the Framing-
ham Heart study, but he endeavored to also 
identify which patients would benefit most 
from statin-induced lipid reduction therapy. An 
electron-beam computed tomography (EBCT) 
scanner was used to provide direct visualiza-
tion of coronary artery atherosclerotic calcium 
plaques, quantify calcium, and estimate plaque, 

years before a patient would have an acute cor-
onary event. He used a single-slice mode (slice 
thickness of 3 mm) and a temporal resolution 
of 100 ms to provide the necessary temporal 
and spatial resolution to visualize coronary 
arteries and quantify calcium. Agatston first 
published his findings in 1990 in the Journal of 
the American College of Cardiology along with 
the Agatston (Coronary Artery Calcium) score, 
which is the calcified coronary plaque area mul-
tiplied by density factor.2

Early Use
Since 1990, the Agatston score has been in-
creasingly used by physicians to evaluate the 
atherosclerotic risk for patients. Agatston’s 
article was widely cited, and comprehensive re-
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search in the field followed to study the prog-
nostic value of coronary artery calcium (CAC) 
scoring, with several meta-analyses published 
in peer-reviewed journals.3-4, 5-7 Some of the 
first large cohort studies completed include the 
Multi-Ethnic Study of Atherosclerosis (MESA), 
the Dallas Heart Study, and the Heinz Nixdorf 
Recall study.8-10

Evolution
Since the introduction of the Agatston score, 
several other calcium scoring methods have 
been developed.11 In 1998, Callister et al was 
the first to use a calcium volume score, which 
added the volumes of all coronary calcification 
slices and was calculated by multiplying calci-
fication area by slice thickness.11 Calcium mass 
score measures true calcium mass in the ath-
erosclerotic lesions.12 A calcium density score, 
which can be calculated from the Agatston 
score and calcium volume score, has also been 
used.13 The MESA study revealed additional 
prognostic value of calcium density in patients 
who had similar calcium volume scores.14

Imaging Modalities to Assess 
Calcium Score

EBCT versus MDCT versus DSCT
With the recurrent evolution of CT technol-
ogy, multi-detector helical CT (MDCT) was 
introduced, largely replacing EBCT. MDCT has 
become the clinical standard over the last 10-15 
years due to lower costs and reduced space 
requirements. All the quantification methods of 
coronary calcium in EBCT have been reproduced 
in MDCT with comparable calcium scoring 
results, and MDCT has emerged as the most 
widely used imaging modality.15,16 Improvements 
have also been made in radiation technology, 
lowering the radiation dose exposure to a level 
of 1 mSv, which led to the development of du-
al-source CT (DSCT).13 Studies have shown that, 
compared to MDCT, DSCT is less susceptible 
to cardiac motion and reduces the differences 
between EBCT and MDCT results.17

Risks and Costs
MDCT has longer exposure times (83 to 210 
ms) compared with EBCT (50 to 100 ms), 
which leads to a higher effective radiation 
dose. Hence, MDCT exposes patients to high-
er radiation, 1.0-1.5 mSv in men and 1.1-1.9 mSv 
in women, as compared to EBCT which has a 
radiation dose of 0.7-1 mSv in men and 0.9-1.3 
mSv in women.18 Due to increased radiation 
exposure, models based on BEIR VII resulted 
in an estimated increase in cancer risk from 
MDCT (9/100 000 males, 28/100 000 females, 
for single screening, age 40).19 Additionally, 
increased availability of CAC screening could 
result in unnecessary testing and higher health-
care costs. However, MDCT is less expensive 
than EBCT, which could deliver healthcare to 
more patients.

Current Practices for CAC 
Scoring

Risk assessment
A CAC score helps quantify the atherosclerotic 
burden for a patient, which helps assess under-
lying coronary heart disease and predicts the 
risk for major cardiovascular outcomes. Primary 
prevention decisions, such as initiating statins 
or aspirin, can be based on a patient’s individ-
ual coronary calcium score.18,20 Previous studies 
have shown that patients with a CAC score 
greater than 100 may have the most benefit 
when started on aspirin and/or statins, irre-
spective of their cardiovascular risk profile.21-22 
A Walter Reed Army Medical Center 10-year 
follow-up study showed that we only need to 
statin-treat 12 patients with a CAC score great-
er than 100 to prevent 1 event.22

Equations and Diagnostic Accuracy
A summary of the equations to calculate vari-
ous calcium scores discussed above is provided 
in Table 1. An Agatston CAC score greater than 
0 has a high sensitivity (98%) and low speci-
ficity (40%) to predict stenosis greater than 
50%.23,24

Calcium score Equation
Agatston CAC score Calcification area x density factor
Calcium volume score Calcification area x slice thickness
Calcium density score Agatston CAC score / [calcium volume score x (1/slice thickness)]

Table 1. Basic Equations to Calculate Calcium Scores
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Score Interpretation and Predictive 
Value

In 2007, the American College of Cardiology 
Foundation/American Heart Association (ACC/
AHA) consensus guidelines combined the data 
from 27 622 asymptomatic patients and calcu-
lated the relative risk of major adverse cardio-
vascular events (MACE), which included all-
cause mortality, cardiac mortality, and nonfatal 
myocardial infarction.3  The results are summa-
rized in Table 2.

The 2013 ACC/AHA guidelines classified CAC 
scoring as a class IIb recommendation for risk 
stratification of asymptomatic patients.25 There 
are 2 accepted methods for interpreting calci-
um scores: absolute values with fixed cut-offs 
or age-, gender-, and race-adjusted scores 
by calculating distribution percentiles using 
population databases. The MESA data and risk 
calculator is most commonly used as an adjunct 
to calcium scoring to improve 10-year coronary 
heart disease event prediction.26

According to McClelland et al, the MESA risk 
score was markedly enhanced with the addi-
tion of CAC scoring (Harrell’s C-statistic 0.80 
versus 0.75, P <.0001).26 External validation 
provided evidence of strong discrimination 
and calibration, with a C-statistic of 0.78 in 
the Heinz Nixdorf Recall study and 0.82 in the 
Dallas Heart Study.26 Additionally, analyses by 
Yeboah et al yielded similar results, where the 
addition of CAC scoring improved the predic-
tion of atherosclerotic cardiovascular disease 
(ASCVD) events with the Framingham Risk 
Score and Pooled Cohort Equation.27, 28 When 
compared to other biomarkers, such as bra-
chial flow-mediated dilation, ankle-brachial 
index, carotid intima-media thickness, and high 
sensitivity C-reactive protein, the addition of 
CAC scoring to the Framingham Risk Score had 

the highest net reclassification improvement 
(NRI, 0.66) versus the NRI for other biomarkers 
(0.024 - 0.10). As for the Pooled Cohort Equa-
tion, adding CAC to the prediction model for 
ASCVD events, including stroke, had a categor-
ical NRI of 0.12.

Age-Based Interpretation of CAC 
Score

Age-related adjustments are important in the 
interpretation of a CAC score. This assertion 
was clearly supported by Mortensen et al who 
found that the diagnostic value of a 0 CAC 
score improves with increasing patient age.29 
For example, patients less than 40 years of age 
with a 0 CAC score had a 32% lower likelihood 
of future obstructive coronary artery disease 
while patients greater than 70 years of age 
with a 0 CAC score had an 82% lower likeli-
hood.29

CAC Scoring for Asymptomatic 
Patients

Screening Decisions for 
Asymptomatic Patients

The 2019 ACC/AHA guidelines recommend-
ed the selective use of CAC scoring to guide 
management decisions for primary prevention 
of ASCVD in asymptomatic patients 40-75 
years of age.30 The first step is to evaluate 
ASCVD risk for asymptomatic patients using 
the Pooled Cohort Equation, which estimates 
10-year ASCVD risk. CAC scoring is a class IIa 
recommendation for select borderline-risk 
adults (5% to < 7.5% 10-year ASCVD risk) and 
intermediate-risk (≥ 7.5% to < 20% 10-year 
ASCVD risk) for guiding primary prevention 
management decisions, such as starting stain 
therapy if the risk decision is uncertain.30 CAC 
scoring may be indicated if a patient has an 
underlying co-morbidity. For example, studies 

Calcium score Interpretation/Prognosis
0 No calcium, low risk of future MACE
1-112 Average risk; RR 1.9% (95% CI 1.3-2.8%) of future MACE
100-400 Moderate risk; RR 4.3% (95% CI 3.1%-6.1%) of future MACE
400-999 High risk; RR 7.2% (95% CI 4.2%-9.9%) of future MACE
>1000 Very High risk; RR 10.8% (95% CI 4.2-27.7%) of future MACE
RR = relative risk; CI = confidence interval

Table 2. Calcium Score, Interpretation and Future Risk of Major Adverse Cardiac Events (MACE)3
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have shown the benefit of CAC screening for 
asymptomatic patients with type 1 and type 2 
diabetes.31,32

Multiple analyses from the MESA study and 
the CAC Consortium showed that CAC scoring 
offers better risk assessment and risk classifi-
cations for patients, especially when added to 
the standard risk factors, such as age, gender, 
hypertension, and diabetes. For example, the 
Nasir et al study of the MESA cohort showed 
that the 10-year number needed to treat (NNT-
10) to prevent an ASCVD event in patients 
recommended for statins was 64 for patients 
with a CAC score of 0 and 28 for patients with 
a CAC score greater than 100.33 For patients 
considered for statins, the NNT-10 was 223 
for patients with a CAC score of 0 and 46 for 
patients with a CAC score greater than 100. By 
comparison, in the absence of calcium scoring, 
the NNT-10 was 138 and 556 for those recom-
mended for statins and those considered for 
statins, respectively.33

Management for Asymptomatic Pa-
tients

The 2019 ACC/AHA guidelines outlined man-
agement decisions based on ASCVD risk and 
calcium score.30 In patients with borderline or 
intermediate ASCVD risk and a CAC score of 0, 
statin therapy can be withheld, and the patient 
can be reassessed in 5-10 years in the absence 
of other higher-risk conditions (family history 

of early coronary heart disease, type 2 diabetes, 
and smoking history).30 Under similar patient 
conditions, if the CAC score is between 1 and 
99, statin therapy is recommended for patients 
over age 55. Finally, for patients with a CAC 
score over 199 (75th percentile or higher), statin 
therapy is recommended.30 The guidelines for 
starting statin based on CAC scores for pa-
tients 40-75 years of age and LDL-C greater 
than or equal to 70 or less than 190 mg/dL are 
shown in Table 3.

The 2017 Society of Cardiovascular Computed 
Tomography expert consensus statement rec-
ommended CAC screening for asymptomatic 
patients who are 40-75 years of age with the 
10-year ASCVD risk between 5 and 20%.34 The 
Society of Cardiovascular Computed Tomog-
raphy  also recommended CAC screening for 
some patients with ASCVD risk of less than 5% 
(eg, those with a family history of premature 
coronary artery disease). Guidelines for start-
ing statin and aspirin according to this expert 
consensus based on CAC score are outlined in 
Table 4.

Besides lifestyle modification and medical ther-
apy, management options for an asymptomatic 
patient found to have a high CAC score include 
a cardiac stress test, cardiac imaging, or coro-
nary angiography, which might not be warrant-
ed in an otherwise asymptomatic individual.35 
Wu et al studied the rates of cardiovascular 

Calcium score Decision on prescribing statins
0 Low risk, no need to start statins unless patient has diabetes, a 

family history of premature coronary heart disease, or is a current 
smoker

1-99 Favor starting statin especially if age greater than 55 years
> 100 (or 75th percentile) Reasonable to start statin therapy

Table 3. 2019 ACC/AHA Guidelines for Starting a Patient on Statins Based on CAC Score30

Table 4. 2017 Society of Cardiovascular Computed Tomography Expert Consensus on the Clinical 
Indications for CAC Score34

CAC score Risk Treatment recommendation
0 Very low risk Statin not recommended
1-99 Mild risk Moderate-intensity statin if < 75th percentile;

Moderate-to-high-intensity if > 75th percentile
100-299 Moderate risk Moderate to high-intensity statin + ASA 81 mg
> 300 Moderate-to severe risk High-intensity statin + ASA 81 mg
Abbreviation: ASA = acetylsalicylic acid
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testing in asymptomatic patients 1-year post-
CAC scoring.36 The testing rates were higher in 
patients with CAC scores greater than or equal 
to 100 (27%), with a rate of 10.3% for exercise 
stress testing, 8% for single-photon emission 
computed tomography myocardial perfusion 
imaging, 7% for stress echocardiography, and 
1% for coronary angiography.36 If a cardiac 
stress test is positive in an asymptomatic pa-
tient with a high CAC score, coronary angiogra-
phy might be recommended. However, careful 
consideration and a benefits-versus-risks 
approach should be taken due to the invasive 
nature of the procedure. Even if an obstructive 
lesion is found in an asymptomatic individual, 
it doesn’t identify sites of future myocardial 
infarction as it is mostly caused by rupture of 
unstable atherosclerotic plaques.35 Therefore, 
the benefit of functional testing and invasive 
angiography in an asymptomatic patient is 
questionable, and the prediction of prognostic 
outcomes is unclear.37

The Power of Zero and Time to 
Re-scan

Several randomized epidemiologic studies, 
clinical trials, and large registries, such as 
MESA, Dallas Heart Study, Heinz Nixdorf Re-
call, SCOT-HEART, PROMISE, CONFIRM, and 
SWEDHEART have demonstrated the prognos-
tic value of a 0 CAC score.38-40 Blaha et al con-
cluded that a CAC score of 0 was the strongest 
negative risk factor for cardiovascular disease 
(CVD).38 Pursani et al  showed that a CAC score 
of 0 was associated with low CVD risk (1.6%) 
in statin-eligible participants.39 Another study 
by Mortensen et al showed that a CAC score 
of 0 could potentially down-classify elderly 
statin-eligible patients to statin-ineligible pa-
tients.40 These findings revealed the potential 
utility of a 0 CAC score. The recommended 
time for rescreening for patients with a CAC 
score of 0 based on ASCVD risk is shown in 
Table 5.

The radiation risk associated with re-exposure 
to EBCT/MDCT scans should be considered 
and discussed with the patient. These re-
screening decisions should be individually tai-
lored based on patient risk factors for a major 
cardiovascular event.

Prognostic Outcomes of CAC 
Scoring in Asymptomatic Pa-
tients
There is extensive evidence regarding the 
prognostic value of CAC for predicting ASCVD 
and mortality among asymptomatic patients 
with borderline and intermediate risk. The 
most convincing data comes from the Budoff 
et al MESA study in which CAC scores were 
analyzed in asymptomatic males and females 
of different ethnicities.43 The authors reported 
that the risk-adjusted hazard ratio was 7.7 for 
a CAC score of 101-300 and the hazard ratio 
was 9.7 for a score greater than 300.43 Budoff 
et al also reclassified their patients because 
approximately 40% of patients with a CAC 
score of 400 were not receiving statins, even 
though statins were indicated in these patients 
based on their CAC score.43 The Heinz Nixdorf 
Recall study followed the patients for 5 years 
after their CAC screening. In this study, Erbel 
et al found that relative risk was significantly 
higher in patients with CAC scores greater 
than the 75th percentile, compared to patients 
with CAC scores less than or equal to the 25th 
percentile.44 Also, a higher event rate was noted 
in males (relative risk [RR] = 11) as compared to 
females (RR = 3) in the study.44

Another retrospective, multicenter study 
followed asymptomatic patients with a CAC 
score greater than or equal to 1000 and no 
known CVD for a period of 12 years to compare 
the prognostic outcomes of patients with low-
er CAC scores.45 These authors found patients 
with a CAC score  of greater than or equal to 

Table 5. Rescreening Intervals in Patients With 0 CAC Score41

CAC score and 10-year ASCVD risk Recommended rescreening interval
CAC = 0, < 5% ASCVD risk 5-7 years
CAC = 0, 5% - 20% ASCVD risk 3-5 years
CAC = 0, > 20% ASCVD risk 3 years
CAC = 0, Diabetic or age < 40 years 3 years42
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1000 had higher CVD and total mortality (Haz-
ard ratio [HR] = 5) when compared to patients 
with a CAC score of 0 and compared to pa-
tients with CAC score of 400-999 (HR = 1.7).45 
A low CAC score has also been associated with 
an improved prognosis of young asymptomat-
ic adults 33-45 years of age with low risk. The 
CARDIA (Coronary Artery Risk Development in 
Young Adults) study also found the CAC score 
to be a strong predictor of mortality.46

Benefits of Early Detection
A coronary calcium scan gives the clinician 
an early look at the patient’s atherosclerotic 
burden and helps implement early interven-
tions. Patients are more receptive to manage-
ment strategies following a scan, which can 
help promote patient compliance. Changes in 
lifestyle, including a healthy diet and regular 
exercise, have the potential to slow arteri-
al plaque progression and reduce the risk of 
future cardiovascular events can be recom-
mended. In addition, drugs including statin and 
aspirin can be started depending on a patient’s 
individual CAC score. A coronary calcium scan 
has also proven to be cost-effective, specifically 
in patients with a family history of premature 
coronary artery disease (FHCAD). Venkatara-
man et al studied data from the CAUGHT-CAD 
(Coronary Artery Calcium Score: Use to Guide 
Management of HerediTary Coronary Artery 
Disease) trial to examine the cost effectiveness 
of coronary calcium scanning in patients with a 
FHCAD for primary cardiovascular prevention.47 
These authors found a CAC-guided strategy of 
adding CAC scoring to ASCVD risk assessment 
for patients with FHCAD pooled cohort equa-
tions risk thresholds greater than 2% was more 
cost-effective than statin-treating all patients 
with pooled cohort equation risk thresholds 
greater than or equal to 7.5%.47

Prognostic Outcomes of 
Coronary Plaque Calcification, 
Density, and Vulnerability
There are 2 primary types of coronary calcium, 
intimal calcification, which is associated with 
advancing age, smoking, hypertension, and 
hyperlipidemia, and medial calcification, which 
is due to kidney disease.48 A higher CAC score 
indicates a higher plaque burden, but it does 
not translate into higher plaque vulnerabili-

ty.48 High-risk plaque features include thin-cap 
fibroatheroma, necrotic-lipid core, positive 
remodeling, spotty calcification, low CT at-
tenuation, and napkin-ring sign, which makes 
the plaque unstable and increases the risk of 
rupture leading to acute coronary syndrome.49 
Patient outcomes are highly dependent on 
calcification patterns, calcified nodules asso-
ciated with thick-cap fibroatheroma, higher 
plaque volume, and lower MACE,50 while spotty 
calcification increases plaque vulnerability.51-53 
Factors associated with high plaque density are 
age, high-density lipoprotein-cholesterol, and 
statins, while high body mass index  and dia-
betes are typically associated with decreased 
plaque density.54-57 Higher plaque density is 
associated with greater plaque stability, which 
reduces future risk of MACE.55, 58-60 Studies have 
found CAC density to be inversely associated 
with MACE and CAC volume to be positive-
ly associated with MACE.61 Consequently, it 
has been proposed that calcium volume score 
adjusted for density score would be superior 
to the Agatston score or volume score alone 
for cardiovascular risk assessment. For ex-
ample, Bhatia et al conducted an analysis of 
MESA participants and found that higher CAC 
density leading to lower MACE depends on 
the CAC volume.54 These authors observed 
that their low-volume, high-density group 
had lower MACE risk than the low-volume, 
low-density group, but event rates for high-vol-
ume, low-density and high-volume, high-den-
sity groups were similar.54 In fact, Bhatia et al 
proposed a CAC volume cut-off point of less 
than or equal to 130 mm3.54 In other words, in 
patients with CAC volume of less than or equal 
to 130 mm3, CAC density was associated with 
MACE reduction, but an association between 
CAC density and MACE was not seen in pa-
tients with a CAC volume of greater than 130 
mm3. Currently, the Agatston CAC score is the 
standard CAC scoring method, but it has a 
potential for improvement by using the volume 
score with an adjustment for density for better 
cardiovascular risk assessment. However, a 
standardized method to integrate volume and 
density scores has not been established.

Coronary Calcium Scan in 
Specific Populations

Race and Gender
Researchers have analyzed and interpreted the 
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data from MESA and revealed differences in 
the CAC score across ethnic groups. Bild et al,  
for example, found that the relative risk of hav-
ing coronary calcification (Caucasian reference), 
after adjusting for a range of control variables, 
was 0.78 in African American patients, 0.85 
in Hispanic patients, and 0.92 in Chinese pa-
tients.62 McClelland et al concluded that men 
had higher CAC compared to women of the 
same age, and as expected, CAC score also 
increased with age.63 Researchers also found 
that CAC was highest in Caucasian and Hispan-
ic men and women as compared to the same 
gender counterparts of other ethnicities.63-65

Smokers
Smoking is a significant risk factor associated 
with poorer cardiovascular outcomes due to 
its deleterious effects on hypertension, ath-
erosclerosis, hyperlipidemia, and inflammation. 
Several researchers studied the utility of CAC 
scoring in smokers. Schulman-Marcus et al 
reported the prognostic outcomes in smokers 
with a 15-year follow-up and found higher me-
dian CAC scores in smokers versus non-smok-
ers (19 vs 3, P < .001).66 Non-smokers were also 
significantly more likely to have a CAC score of 
0 when compared to smokers (47.8% vs 38.7%, 
respectively, P < .001).66 For any CAC score, 
smokers had a higher adjusted hazard ratio or 
mortality risk (HR = 4.67, P <.001) compared to 
non-smokers (HR = 3.07, P <.001).66 McEvoy et 
al divided smokers and non-smokers into CAC 
score categories and found higher mortality 
hazard ratios for smokers.67 Specifically, these 
authors reported hazard ratios (non-smoking 
reference) of 3.8 for a CAC score of 1-100; 3.5 
for a CAC score of 101-400; and 2.7 for CAC 
scores greater than 400.67 Simply put, smoking 
was associated with higher mortality for any 
given CAC score.67 Shaw et al found that smok-
ers had a CAC score that was 72 points higher 
on average, compared to non-smokers.68 These 
authors also stratified smokers by age and 
revealed that smokers less than 50 years of age 
with a high-risk CAC score were 4 to 9 times 
more likely to die compared to non-smokers. 
In addition, a CAC score greater than 400 
decreased the life expectancy by 4.8 years in 
smokers less than 50 years old.68 These studies 
illustrate the prognostic value of CAC scoring 
in the smoking patient population and its utility 
in risk stratification.

Summary and Conclusion
CAC scoring was first introduced in 1990 to 
visualize coronary calcium plaque and esti-
mate atherosclerotic burden, and it is strongly 
associated with coronary heart disease/MACE 
events. EBCT was initially introduced for CAC 
measurement, but with recent technological 
advancement, MDCT and DSCT are widely 
used due to lower costs. In the ensuing de-
cades, CAC scoring has evolved from a basic 
screening modality to a national guideline-rec-
ommended approach to guide management 
decisions. Preventive strategies, such as statin 
and aspirin, can be initiated in adults aged 40-
75 years at intermediate 10-year ASCVD risk (≥ 
7.5% to < 20%) and in selective borderline risk 
(5% to < 7.5%) individuals, such as those with 
a family history of premature coronary artery 
disease. The addition of CAC scores to other 
risk stratification scores, such as the Framing-
ham Risk Score and the Pooled Cohort Equa-
tion, has the potential to refine risk predic-
tions of ASCVD events. CAC provides an early 
opportunity to define cardiovascular risk and 
implement early management strategies, such 
as lifestyle changes and statins/aspirin, both of 
which can slow plaque progression and reduce 
the incidence of poor outcomes. Additionally, 
CAC scoring can promote patient compliance. 
When physicians encounter an asymptomat-
ic individual with a positive CAC score, they 
should emphasize to the patient that athero-
sclerosis is reversible with proper risk factor 
management, such as exercise, healthy diet, or 
anti-hyperlipidemic and anti-platelet therapies. 
Functional cardiac testing, cardiac imaging, 
and invasive coronary angiography are justified 
for an asymptomatic individual with a positive 
CAC score after a comprehensive risk versus 
benefit consideration as they will otherwise not 
be indicated in these individuals.

A CAC score of 0 is a promising marker of low 
cardiac event rates, has high negative predic-
tive value, and can be used to avoid starting 
preventive therapies. Higher CAC scores and 
CAC progression are directly proportional to 
higher coronary heart disease/CVD hazard ra-
tios and all-cause mortality. It is recommended 
to consider statin for a CAC score of 1-99 and 
to start statin for a score greater than or equal 
to 100. Careful interpretation of the CAC score 
is essential as its diagnostic accuracy depends 
on patient characteristics, such as age. Primary 
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risk prevention and the decision to start statin 
should be personalized based on several risk 
factors and co-morbidities, such as smoking, 
hypertension, diabetes mellitus, and obesi-
ty, which independently increase the risk of a 
future MACE event. It is recommended to add 
CAC to cancer screening imaging modalities, 
such as NCCT for lung cancer and mammog-
raphy for breast cancer screening. Higher CAC 
density leads to lower MACE based on CAC 
volume, hence the Agatston CAC score use of 
plaque density as a multiplier is sub-optimal. 
This highlights the importance of integrat-
ing CAC volume and density scores into CAC 
scoring and perhaps the development of a new 
CAC scoring system.

Future Directions
CAC scoring has revolutionized preventive 
cardiovascular medicine and has the potential 
to be incorporated in everyday clinician-pa-
tient discussions and prevention strategies. 
Further studies are needed to elucidate the 
role of CAC scoring in risk reduction therapies 
in specific populations, such as diabetics. It is 
also anticipated that other calcium scores, such 
as the calcium density score, can be obtained 
simultaneously with the CAC score and will be 
integrated into clinical practice as a new pre-
dictive marker of atherosclerosis. However, it 
remains contentious whether high- or low-den-
sity calcium plaques correlate to worse CVD 
outcomes. Recent studies have shown that 
higher CAC density may in fact be protective 
as dense calcium deposition without a large 
lipid core might stabilize the plaque.69 Future 
studies are essential to better understand this 
phenomenon and its clinical relevance, opening 
the possibility that a new methodology could 
be established for optimal cardiovascular risk 
assessment by integrating CAC volume score 
adjusted for CAC density.

Another promising area for future research is 
to determine the risk of a future CVD event 
based on the location of coronary plaque. It will 
be revealing to explore whether plaques in left 
main coronary arteries and proximal coronary 
arteries impart greater risk as proximal plaques 
have been shown to be more susceptible to 
rupture and cause occlusion.70,71 Studies focus-
ing on the shape and distribution of calcified 
plaque will also help understand the relative 
risks of coronary events. A synthesis of avail-

able evidence suggests that CAC will remain 
an essential tool for personalized cardiovas-
cular care as more data become available. The 
use of CAC scoring in daily clinical practice has 
evolved substantially since its introduction in 
1990 and will likely be integrated even more 
into daily clinical practice, leading to improve-
ments in the delivery of patient care.

Conflicts of Interest
Dr Alexander discloses speaking honoraria from 
Janssen Pharmaceuticals.

Drs Flynn, Hussain, and Mahmood declare no 
conflicts of interest.

Drs Mahmood and Alexander are employees 
of Corpus Christi Medical Center, a hospital 
affiliated with the journal’s publisher.

Dr Flynn is an employee of HCA Healthcare 
Graduate Medical Education, an organization 
affiliated with the journal's publisher.

This research was supported (in whole or in 
part) by HCA Healthcare and/or an 
HCA Healthcare-affiliated entity. The views 
expressed in this publication represent those of 
the author(s) and do not necessarily represent 
the official views of HCA Healthcare or any of 
its affiliated entities.

Author Affiliations
1.	 The Brooklyn Hospital Center, Brooklyn, NY
2.	 Corpus Christi Medical Center, Corpus 

Christi, TX
3.	 HCA Healthcare Graduate Medical 

Education, Brentwood, TN

References
1.	 Schmermund A. The Agatston calcium score: a 

milestone in the history of cardiac CT. J Car-
diovasc Comput Tomogr. 2014;8(6):414-417. 
doi:10.1016/j.jcct.2014.09.008

2.	 Agatston AS, Janowitz WR, Hildner FJ, Zusmer 
NR, Viamonte M Jr, Detrano R. Quantification of 
coronary artery calcium using ultrafast comput-
ed tomography. J Am Coll Cardiol. 1990;15(4):827-
832. doi:10.1016/0735-1097(90)90282-t

3.	 Greenland P, Bonow RO, Brundage BH, et al. 
ACCF/AHA 2007 clinical expert consensus 
document on coronary artery calcium scoring by 
computed tomography in global cardiovascular 
risk assessment and in evaluation of patients 
with chest pain: a report of the American Col-



Hussain et al. (2023) 4:5. https://doi.org/10.36518/2689-0216.1565

349

lege of Cardiology foundation clinical expert 
consensus task force (ACCF/AHA writing com-
mittee to update the 2000 expert consensus 
document on electron beam computed tomog-
raphy) developed in collaboration with the So-
ciety of Atherosclerosis Imaging and Prevention 
and the Society of Cardiovascular Computed 
Tomography. J Am Coll Cardiol. 2007;49(3):378-
402. doi:10.1016/j.jacc.2006.10.001

4.	 Perrone-Filardi P, Achenbach S, Möhlenkamp S, 
et al. Cardiac computed tomography and myo-
cardial perfusion scintigraphy for risk stratifica-
tion in asymptomatic individuals without known 
cardiovascular disease: a position statement 
of the Working Group on Nuclear Cardiology 
and Cardiac CT of the European Society of 
Cardiology. Eur Heart J. 2011;32(16):1986-1993b. 
doi:10.1093/eurheartj/ehq235

5.	 Pletcher MJ, Tice JA, Pignone M, Browner 
WS. Using the coronary artery calcium score 
to predict coronary heart disease events: a 
systematic review and meta-analysis. Arch 
Intern Med. 2004;164(12):1285-1292. doi:10.1001/
archinte.164.12.1285

6.	 Mamudu HM, Paul TK, Veeranki SP, Budoff M. 
The effects of coronary artery calcium screening 
on behavioral modification, risk perception, and 
medication adherence among asymptomatic 
adults: a systematic review. Atherosclerosis. 
2014;236(2):338-350. doi:10.1016/j.atherosclero-
sis.2014.07.022

7.	 Kavousi M, Desai CS, Ayers C, et al. Prevalence 
and prognostic implications of coronary artery 
calcification in low-risk women: a meta-analy-
sis. JAMA. 2016;316(20):2126-2134. doi:10.1001/
jama.2016.17020

8.	 Bild DE, Bluemke DA, Burke GL, et al. Multi-eth-
nic study of atherosclerosis: objectives and 
design. Am J Epidemiol. 2002;156(9):871-881. 
doi:10.1093/aje/kwf113

9.	 Victor RG, Haley RW, Willett DL, et al. The 
Dallas Heart Study: a population-based proba-
bility sample for the multidisciplinary study of 
ethnic differences in cardiovascular health. Am 
J Cardiol. 2004;93(12):1473-1480. doi:10.1016/j.
amjcard.2004.02.058

10.	 Erbel R, Eisele L, Moebus S, et al. Die Heinz 
Nixdorf recall studie. Bundesgesundheitsblatt 
Gesundheitsforschung Gesundheitsschutz. 
2012;55(6-7):809-815. doi:10.1007/s00103-012-
1490-7

11.	 Callister TQ, Raggi P, Cooil B, Lippolis NJ, Russo 
DJ. Effect of HMG-CoA reductase inhibi-
tors on coronary artery disease as assessed 
by electron-beam computed tomography. N 
Engl J Med. 1998;339(27):1972-1978. doi:10.1056/
NEJM199812313392703

12.	 Rumberger JA, Kaufman L. A rosetta stone for 
coronary calcium risk stratification: Agatston, 
volume, and mass scores in 11,490 individu-

als. AJR Am J Roentgenol. 2003;181(3):743-748. 
doi:10.2214/ajr.181.3.1810743

13.	 Sandfort V, Bluemke DA. CT calcium scoring. 
History, current status and outlook. Diagn 
Interv Imaging. 2017;98(1):3-10. doi:10.1016/j.
diii.2016.06.007

14.	 Blaha MJ, Yeboah J, Al Rifai M, Liu K, Kro-
nmal R, Greenland P. Providing evidence 
for subclinical CVD in risk assessment. 
Glob Heart. 2016;11(3):275-285. doi:10.1016/j.
gheart.2016.08.003

15.	 Mao SS, Pal RS, McKay CR, et al. Comparison of 
coronary artery calcium scores between elec-
tron beam computed tomography and 64-mul-
tidetector computed tomographic scanner. 
J Comput Assist Tomogr. 2009;33(2):175-178. 
doi:10.1097/RCT.0b013e31817579ee

16.	 Reinsch N, Mahabadi AA, Lehmann N, et al. 
Comparison of dual-source and electron-beam 
CT for the assessment of coronary artery calci-
um scoring. Br J Radiol. 2012;85(1015):e300-e306. 
doi:10.1259/bjr/91904659

17.	 Groen JM, Greuter MJ, Vliegenthart R, et al. Cal-
cium scoring using 64-slice MDCT, dual source 
CT and EBT: a comparative phantom study. 
Int J Cardiovasc Imaging. 2008;24(5):547-556. 
doi:10.1007/s10554-007-9282-0

18.	 Budoff MJ, Achenbach S, Blumenthal RS, et 
al. Assessment of coronary artery disease by 
cardiac computed tomography: a scientific 
statement from the American Heart Associ-
ation Committee on Cardiovascular Imaging 
and Intervention, Council on Cardiovascular 
Radiology and Intervention, and Committee 
on Cardiac Imaging, Council on Clinical Car-
diology. Circulation. 2006;114(16):1761-1791. 
doi:10.1161/CIRCULATIONAHA.106.178458

19.	 Kim KP, Einstein AJ, Berrington de González 
A. Coronary artery calcification screening: 
estimated radiation dose and cancer risk. Arch 
Intern Med. 2009;169(13):1188-1194. doi:10.1001/
archinternmed.2009.162

20.	 Ajufo E, Ayers CR, Vigen R, et al. Value of 
coronary artery calcium scanning in associa-
tion with the net benefit of aspirin in primary 
prevention of atherosclerotic cardiovascu-
lar disease. JAMA Cardiol. 2021;6(2):179-187. 
doi:10.1001/jamacardio.2020.4939

21.	 Cainzos-Achirica M, Miedema MD, McEvoy JW, 
et al. Coronary artery calcium for personal-
ized allocation of aspirin in primary prevention 
of cardiovascular disease in 2019: the MESA 
study (Multi-Ethnic Study of Atherosclerosis). 
Circulation. 2020;141(19):1541-1553. doi:10.1161/
CIRCULATIONAHA.119.045010

22.	 Mitchell JD, Fergestrom N, Gage BF, et al. 
Impact of statins on cardiovascular outcomes 
following coronary artery calcium scoring. 
J Am Coll Cardiol. 2018;72(25):3233-3242. 
doi:10.1016/j.jacc.2018.09.051



HCA Healthcare Journal of Medicine

350

23.	 Neves PO, Andrade J, Monção H. Coronary 
artery calcium score: current status. Radiol 
Bras. 2017;50(3):182-189. doi:10.1590/0100-
3984.2015.0235

24.	 Sarwar A, Shaw LJ, Shapiro MD, et al. Di-
agnostic and prognostic value of absence of 
coronary artery calcification. JACC Cardio-
vasc Imaging. 2009;2(6):675-688. doi:10.1016/j.
jcmg.2008.12.031

25.	 Goff DC Jr, Lloyd-Jones DM, Bennett G, et al. 
2013 ACC/AHA guideline on the assessment 
of cardiovascular risk: a report of the Amer-
ican College of Cardiology/American Heart 
Association Task Force on Practice Guidelines. 
Circulation. 2014;129(25 Suppl 2):S49-S73. 
doi:10.1161/01.cir.0000437741.48606.98

26.	 McClelland RL, Jorgensen NW, Budoff M, et 
al. 10-year coronary heart disease risk predic-
tion using coronary artery calcium and tra-
ditional risk factors: derivation in the MESA 
(multi-ethnic study of atherosclerosis) with 
validation in the HNR (Heinz Nixdorf Recall) 
study and the DHS (Dallas Heart Study). J Am 
Coll Cardiol. 2015;66(15):1643-1653. doi:10.1016/j.
jacc.2015.08.035

27.	 Yeboah J, McClelland RL, Polonsky TS, et 
al. Comparison of novel risk markers for 
improvement in cardiovascular risk assess-
ment in intermediate-risk individuals. JAMA. 
2012;308(8):788-795. doi:10.1001/jama.2012.9624

28.	 Yeboah J, Young R, McClelland RL, et al. Utility 
of nontraditional risk markers in atherosclerot-
ic cardiovascular disease risk assessment. J Am 
Coll Cardiol. 2016;67(2):139-147. doi:10.1016/j.
jacc.2015.10.058

29.	 Mortensen MB, Gaur S, Frimmer A, et al. 
Association of age with the diagnostic value 
of coronary artery calcium score for ruling out 
coronary stenosis in symptomatic patients. 
JAMA Cardiol. 2022;7(1):36-44. doi:10.1001/ja-
macardio.2021.4406

30.	 Arnett DK, Blumenthal RS, Albert MA, et 
al. 2019 ACC/AHA guideline on the prima-
ry prevention of cardiovascular disease: 
a report of the American College of Car-
diology/American Heart Association Task 
Force on Clinical Practice Guidelines. Cir-
culation. 2019;140(11):e596-e646. doi:10.1161/
CIR.0000000000000678

31.	 Budoff M, Backlund JC, Bluemke DA, et al. The 
association of coronary artery calcification 
with subsequent incidence of cardiovascular 
disease in type 1 diabetes: the DCCT/EDIC 
trials. JACC Cardiovasc Imaging. 2019;12(7 Pt 
2):1341-1349. doi:10.1016/j.jcmg.2019.01.014

32.	 Malik S, Zhao Y, Budoff M, et al. Coronary 
artery calcium score for long-term risk clas-
sification in individuals with type 2 diabetes 
and metabolic syndrome from the multi-eth-
nic study of atherosclerosis. JAMA Cardiol. 

2017;2(12):1332-1340. doi:10.1001/jamacar-
dio.2017.4191

33.	 Nasir K, Bittencourt MS, Blaha MJ, et al. Im-
plications of coronary artery calcium testing 
among statin candidates according to American 
College of Cardiology/American Heart Associa-
tion cholesterol management guidelines: MESA 
(Multi-Ethnic Study of Atherosclerosis). J Am 
Coll Cardiol. 2015;66(15):1657-1668. doi:10.1016/j.
jacc.2015.07.066

34.	 Hecht H, Blaha MJ, Berman DS, et al. Clinical 
indications for coronary artery calcium scoring 
in asymptomatic patients: expert consensus 
statement from the Society of Cardiovascular 
Computed Tomography. J Cardiovasc Com-
put Tomogr. 2017;11(2):157-168. doi:10.1016/j.
jcct.2017.02.010

35.	 Burge MR, Eaton RP, Comerci G, Cavanaugh B, 
Ramo B, Schade DS. Management of asymp-
tomatic patients with positive coronary artery 
calcium scans. J Endocr Soc. 2017;1(6):588-599. 
doi:10.1210/js.2016-1080

36.	 Wu WY, Biery DW, Berman AN, et al. Impact 
of coronary artery calcium testing on patient 
management. J Cardiovasc Comput Tomogr. 
2022;16(4):303-308. doi:10.1016/j.jcct.2021.12.006

37.	 Fowler-Brown A, Pignone M, Pletcher M, et 
al. Exercise tolerance testing to screen for 
coronary heart disease: a systematic review 
for the technical support for the U.S. Pre-
ventive Services Task Force. Ann Intern Med. 
2004;140(7):W9-W24. doi:10.7326/0003-4819-
140-7-200404060-w1

38.	 Blaha MJ, Cainzos-Achirica M, Greenland P, et 
al. Role of coronary artery calcium score of zero 
and other negative risk markers for cardiovas-
cular disease: the Multi-Ethnic Study of Athero-
sclerosis (MESA). Circulation. 2016;133(9):849-
858. doi:10.1161/CIRCULATIONAHA.115.018524

39.	 Pursnani A, Massaro JM, D'Agostino RB Sr, 
O'Donnell CJ, Hoffmann U. Guideline-based 
statin eligibility, coronary artery calcification, 
and cardiovascular events. JAMA. 2015;314(2):134-
141. doi:10.1001/jama.2015.7515

40.	 Mortensen MB, Fuster V, Muntendam P, et al. 
A simple disease-guided approach to personal-
ize ACC/AHA-recommended statin allocation 
in elderly people: the BioImage Study. J Am 
Coll Cardiol. 2016;68(9):881-891. doi:10.1016/j.
jacc.2016.05.084

41.	 Obisesan OH, Osei AD, Uddin SMI, Dzaye O, 
Blaha MJ. An update on coronary artery cal-
cium interpretation at chest and cardiac CT. 
Radiol Cardiothorac Imaging. 2021;3(1):e200484. 
doi:10.1148/ryct.2021200484

42.	 Dzaye O, Dardari ZA, Cainzos-Achirica M, et al. 
Warranty period of a calcium score of zero: com-
prehensive analysis from MESA. JACC Cardio-
vasc Imaging. 2021;14(5):990-1002. doi:10.1016/j.
jcmg.2020.06.048



Hussain et al. (2023) 4:5. https://doi.org/10.36518/2689-0216.1565

351

43.	 Budoff MJ, Young R, Burke G, et al. Ten-year 
association of coronary artery calcium with 
atherosclerotic cardiovascular disease (ASCVD) 
events: the multi-ethnic study of atherosclero-
sis (MESA). Eur Heart J. 2018;39(25):2401-2408. 
doi:10.1093/eurheartj/ehy217

44.	 Erbel R, Möhlenkamp S, Moebus S, et al. Cor-
onary risk stratification, discrimination, and 
reclassification improvement based on quan-
tification of subclinical coronary atherosclero-
sis: the Heinz Nixdorf Recall study. J Am Coll 
Cardiol. 2010;56(17):1397-1406. doi:10.1016/j.
jacc.2010.06.030

45.	 Peng AW, Mirbolouk M, Orimoloye OA, et al. 
Long-term all-cause and cause-specific mortal-
ity in asymptomatic patients with CAC ≥1,000: 
results from the CAC consortium. JACC Cardio-
vasc Imaging. 2020;13(1 Pt 1):83-93. doi:10.1016/j.
jcmg.2019.02.005

46.	 Okwuosa TM, Greenland P, Ning H, Liu K, Lloyd-
Jones DM. Yield of screening for coronary artery 
calcium in early middle-age adults based on the 
10-year Framingham Risk Score: the CARDIA 
study. JACC Cardiovasc Imaging. 2012;5(9):923-
930. doi:10.1016/j.jcmg.2012.01.022

47.	 Venkataraman P, Kawakami H, Huynh Q, et al. 
Cost-effectiveness of coronary artery calci-
um scoring in people with a family history of 
coronary disease. JACC Cardiovasc Imaging. 
2021;14(6):1206-1217. doi:10.1016/j.jcmg.2020.11.008

48.	 Mohan J, Bhatti K, Tawney A, Zeltser R. Coro-
nary artery calcification. In: StatPearls. Treasure 
Island (FL): StatPearls Publishing; January 27, 
2023.

49.	 Ferencik M, Mayrhofer T, Bittner DO, et al. Use 
of high-risk coronary atherosclerotic plaque 
detection for risk stratification of patients 
with stable chest pain: a secondary analysis of 
the PROMISE randomized clinical trial. JAMA 
Cardiol. 2018;3(2):144-152. doi:10.1001/jamacar-
dio.2017.4973

50.	 Xu Y, Mintz GS, Tam A, et al. Prevalence, distri-
bution, predictors, and outcomes of patients 
with calcified nodules in native coronary arter-
ies: a 3-vessel intravascular ultrasound analy-
sis from Providing Regional Observations to 
Study Predictors of Events in the Coronary Tree 
(PROSPECT). Circulation. 2012;126(5):537-545. 
doi:10.1161/CIRCULATIONAHA.111.055004

51.	 Ehara S, Kobayashi Y, Yoshiyama M, et al. 
Spotty calcification typifies the culprit plaque 
in patients with acute myocardial infarction: 
an intravascular ultrasound study. Circula-
tion. 2004;110(22):3424-3429. doi:10.1161/01.
CIR.0000148131.41425.E9.

52.	 Thomas IC, Forbang NI, Criqui MH. The evolving 
view of coronary artery calcium and cardiovas-
cular disease risk. Clin Cardiol. 2018;41(1):144-150. 
doi:10.1002/clc.22842

53.	 Mizukoshi M, Kubo T, Takarada S, et al. Coronary 
superficial and spotty calcium deposits in culprit 
coronary lesions of acute coronary syndrome as 
determined by optical coherence tomography. 
Am J Cardiol. 2013;112(1):34-40. doi:10.1016/j.amj-
card.2013.02.048

54.	 Bhatia HS, McClelland RL, Denenberg J, Budoff 
MJ, Allison MA, Criqui MH. Coronary artery 
calcium density and cardiovascular events by 
volume level: the MESA. Circ Cardiovasc Imag-
ing. 2023;16(2):e014788. doi:10.1161/CIRCIMAG-
ING.122.014788

55.	 Razavi AC, Agatston AS, Shaw LJ, et al. 
Evolving role of calcium density in coronary 
artery calcium scoring and atherosclerotic 
cardiovascular disease risk. JACC Cardiovasc 
Imaging. 2022;15(9):1648-1662. doi:10.1016/j.
jcmg.2022.02.026

56.	 van Rosendael AR, van den Hoogen IJ, Gianni 
U, et al. Association of statin treatment with 
progression of coronary atherosclerotic plaque 
composition. JAMA Cardiol. 2021;6(11):1257-1266. 
doi:10.1001/jamacardio.2021.3055

57.	 Sung KC, Hong YS, Lee JY, et al. Physical activity 
and the progression of coronary artery calcifi-
cation. Heart. 2021;107(21):1710-1716. doi:10.1136/
heartjnl-2021-319346

58.	 Dzaye O, Razavi AC, Dardari ZA, et al. Mean 
versus peak coronary calcium density on 
non-contrast CT: calcium scoring and ASC-
VD risk prediction. JACC Cardiovasc Imaging. 
2022;15(3):489-500. doi:10.1016/j.jcmg.2021.09.018

59.	 Criqui MH, Knox JB, Denenberg JO, et al. Coro-
nary artery calcium volume and density: poten-
tial interactions and overall predictive value: the 
multi-ethnic study of atherosclerosis. JACC Car-
diovasc Imaging. 2017;10(8):845-854. doi:10.1016/j.
jcmg.2017.04.018

60.	 van Rosendael AR, Narula J, Lin FY, et al. As-
sociation of high-density calcified 1K plaque 
with risk of acute coronary syndrome. JAMA 
Cardiol. 2020;5(3):282-290. doi:10.1001/jamacar-
dio.2019.5315

61.	 Criqui MH, Denenberg JO, Ix JH, et al. Cal-
cium density of coronary artery plaque and 
risk of incident cardiovascular events. JAMA. 
2014;311(3):271-278. doi:10.1001/jama.2013.282535

62.	 Bild DE, Detrano R, Peterson D, et al. Eth-
nic differences in coronary calcification: the 
Multi-Ethnic Study of Atherosclerosis (MESA). 
Circulation. 2005;111(10):1313-1320. doi:10.1161/01.
CIR.0000157730.94423.4B

63.	 McClelland RL, Chung H, Detrano R, Post W, 
Kronmal RA. Distribution of coronary artery cal-
cium by race, gender, and age: results from the 
Multi-Ethnic Study of Atherosclerosis (MESA). 
Circulation. 2006;113(1):30-37. doi:10.1161/CIRCU-
LATIONAHA.105.580696



HCA Healthcare Journal of Medicine

352

64.	 Pandey AK, Blaha MJ, Sharma K, et al. Fam-
ily history of coronary heart disease and the 
incidence and progression of coronary artery cal-
cification: Multi-Ethnic Study of Atherosclerosis 
(MESA). Atherosclerosis. 2014;232(2):369-376. 
doi:10.1016/j.atherosclerosis.2013.11.042

65.	 McEvoy JW, Nasir K, DeFilippis AP, et al. Rela-
tionship of cigarette smoking with inflammation 
and subclinical vascular disease: the Multi-Ethnic 
Study of Atherosclerosis. Arterioscler Thromb 
Vasc Biol. 2015;35(4):1002-1010. doi:10.1161/ATV-
BAHA.114.304960

66.	 Schulman-Marcus J, Valenti V, Hartaigh BÓ, et 
al. Prognostic utility of coronary artery cal-
cium scoring in active smokers: a 15-year fol-
low-up study. Int J Cardiol. 2014;177(2):581-583. 
doi:10.1016/j.ijcard.2014.08.153

67.	 McEvoy JW, Blaha MJ, Rivera JJ, et al. Mortality 
rates in smokers and nonsmokers in the pres-
ence or absence of coronary artery calcification. 
JACC Cardiovasc Imaging. 2012;5(10):1037-1045. 
doi:10.1016/j.jcmg.2012.02.017

68.	 Shaw LJ, Raggi P, Callister TQ, Berman DS. 
Prognostic value of coronary artery calci-
um screening in asymptomatic smokers and 
non-smokers. Eur Heart J. 2006;27(8):968-975. 
doi:10.1093/eurheartj/ehi750

69.	 Alluri K, Joshi PH, Henry TS, Blumenthal RS, 
Nasir K, Blaha MJ. Scoring of coronary artery 
calcium scans: history, assumptions, current 
limitations, and future directions. Atherosclero-
sis. 2015;239(1):109-117. doi:10.1016/j.atherosclero-
sis.2014.12.040

70.	 Wang JC, Normand SL, Mauri L, Kuntz 
RE. Coronary artery spatial distribution of 
acute myocardial infarction occlusions. Cir-
culation. 2004;110(3):278-284. doi:10.1161/01.
CIR.0000135468.67850.F4

71.	 Cheruvu PK, Finn AV, Gardner C, et al. Fre-
quency and distribution of thin-cap fibro-
atheroma and ruptured plaques in human 
coronary arteries: a pathologic study. J Am 
Coll Cardiol. 2007;50(10):940-949. doi:10.1016/j.
jacc.2007.04.086


