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the Role of Computed tomography Screening 
for the Detection of Coronary Artery Disease 
Cardiovascular disease (CVD) is a prominent cause of morbidity, accounting 
for approximately 17.3 million deaths worldwide each year, which is antici-
pated to rise considerably by more than 23.6 million by the year 2030. Of 
these deaths, an estimated 7.4 million were a consequence of coronary 
artery disease (CAD) [1]. Further still, the economic burden attributable to 
CVD is considered to be tremendously high, and was responsible for a health-
related expenditure of nearly 320 billion USD in the United States alone dur-
ing 2011. Of concern is that this cost is forecasted to reach 918 billion USD 
by the year 2030 [2]. 

The current report provides an overview of the role of coronary artery cal-
cium (CAC) score determined by cardiac CT. We describe the method of CAC 
acquisition, as well as its role as a prominent predictor of adverse cardiac 
events, while also discussing the implications and future directions of CT for 
determining CAC in the clinical setting. 

Typically, two-thirds of patients who experi-
ence a nonfatal myocardial infarction or 
sudden cardiac death do not have a history 
of any prior symptoms or cardiovascular 

diagnosis, thereby emphasizing the urgent need for 
improved screening, risk prediction, and treatment 
strategies for occult CAD in asymptomatic individuals 
[3]. To date, there have been numerous risk prediction 
algorithms, along with serum biomarker and imaging 
tools, designed for the purpose of screening CAD in 

asymptomatic adults. Among them, coronary artery 
calcium (CAC) score determined by cardiac computed 
tomography (CT) is an accurate and reliable marker 
of coronary calcific atherosclerosis, and is commonly 
utilized to quantify atherosclerotic plaque burden in 
the coronary arteries [4]. Further still, CAC score has 
been well established as a specific imaging method 
for early detection of CAD, particularly in asymptom-
atic individuals in comparison with other risk factor-
based algorithms [5].

  

OVERVIEw Of CAC sCORE
Electron beam computed tomography (EBCT) was 

initially utilized for image acquisition of CAC in the 
area of atherosclerotic imaging; however, multi-detec-
tor computed tomography (MDCT) has become one 
of the most commonly used imaging modalities, along 
with the rapid technology advancements of cardiac 
CT. 

CAC is generally defined as a hyper-attenuated 
lesion above a threshold of 130 Hounsfield Units 
(HU) with an area ≥3 adjacent pixels on non-contrast 
enhanced cardiac CT [6]. The Agatston score is one 
of the most widely used metrics for CAC scoring. 
Although there are several cut-point values of CAC 
available, the following categories are most frequently 
used for the purpose of stratifying the risk of CAD: 
0 (very low), 1-100 (mild), 101-400 (moderate), >400 
(severe) [7]. 
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ROlE Of CAC sCORE IN CARdIOVAsCulAR RIsk 
Prior studies have documented some shortcomings 

when using traditional risk factors such as the Framing-
ham Risk Score (FRS) for classifying individuals, espe-
cially for those belonging to an intermediate risk group. 
Hence, this has led some researchers to consider more 
novel risk markers including CAC score, among others, 
for the purpose of CAD risk prediction. Further still, 
CAC score has been advocated as an independent and 
robust marker for the prediction of adverse CVD risk. In 
the Multi-Ethnic Study of Atherosclerosis (MESA) com-
prising 6,814 subjects, 1,330 individuals were classified 
as being at intermediate-risk, defined as having a FRS 
between 5% and 20% [8]. In that study, CAC score pro-
vided superior discrimination as well as risk reclassifica-
tion when compared with other risk markers. 

Likewise, in a study from the Rotterdam cohort that 
reported the predictive value of CAC score along with eleven 
other novel biomarkers and imaging methods [9], the results 
indicated that net reclassification index (NRI) of the CAC 
score was 19.3% while the NRI of other markers ranged from 
0.4% to 7.6%. Moreover, in that study, the C-statistic for the 
CAC score was 0.05, whereas C-statistics for other markers 
ranged from 0.00 to 0.02. Remarkably, most of the extant 
literature has proposed that CAC score reflects a robust tool 
for predicting CVD risk, and has been shown to provide 
incremental benefit over traditional risk tools. 

IMplICATIONs Of CAC sCORE
A zero CAC score is associated with a lower prevalence 

of adverse cardiac events and is considered protective 
of CAD. Several studies have reported the utility of the 
absence of CAC for the purpose of risk stratification in 
clinical practice. In a meta-analysis of CAC score compris-
ing a study sample of 71,595 patients, Sarwar et al.[10] 
assessed the diagnostic and prognostic performance of 
a zero CAC score. In that study, 146 of 25,903 patients 
without CAC (0.56%) had a cardiovascular event, as com-
pared with 1,749 of 42,283 patients (4.14%) with CAC. 
Given the pooled relative risk was 0.15 (95% confidence 
interval (CI): 0.11-0.21, P<0.001), the authors concluded 
that the absence of CAC indicates a very low risk of future 
cardiac events. Though it bears mention that in a separate 
study, the hazard ratio for all-cause mortality in the pres-
ence of minimal CAC (i.e., range from 1 to 10) was 1.99, 
compared with the absence of CAC after adjusting for 
conventional risk factors [11]. Despite this, a zero CAC 
score appears to maintain a very low risk in the prediction 
of CAD in asymptomatic adults. 

Moreover, the CAC score may help identify patients 
for whom risk is sufficiently low that pharmacological 
therapies could possibly be avoided in clinical practice, 
given the broad scope of patients currently eligible for 
preventive therapies. In MESA, the investigators examined 
the implications of the absence of CAC in reclassifying 
patients from a risk assessment in which statins are rec-
ommended to one in which they are not. 50% of the MESA 
participants were eligible for statins, of whom 44% had 
CAC=0 with an event rate of 4.2 per 1000 person years, 
far below the risk level assessed by the Pooled Cohort 
Equations [12]. Additionally, the investigators examined 
whether CAC score could be employed to define a target 
population for the purpose of treatment using a polypill 
[13]. Those with a zero CAC score had a very low event 
rate with a high projected number needed to treat (NNT). 
To this end, the latter finding might facilitate a more 
appropriate selective prescription of the polypill among 
more at-risk patients where pharmacological treatment is 
deemed essential. Likewise, Miedema et al. [14] evaluated 
the feasibility of CAC score for guiding aspirin use for 
the primary prevention of CAD in MESA. Although in 
the absence of CAC patients were projected to experience 
harm when using aspirin, those with a CAC score ≥100 
had positive risk/benefit estimations from aspirin therapy. 
Employing a zero CAC score may therefore prove useful 
for guiding clinical decision making towards preventing 
future CVD events, while further reducing costs related 
to treatment strategies.

Though current guidelines support the predictive util-
ity of CAC scoring in asymptomatic individuals [15], some 
observers have disputed its role as a potential gatekeeper 
in symptomatic populations. To date, several studies have 
provided some insight into the incremental diagnostic and 
prognostic value of CAC score in symptomatic patients 
[16]. Despite this, additional studies are warranted to 
determine the importance of a zero CAC score as a possi-
ble gatekeeper in symptomatic patients, especially among 
low- and intermediate-risk groups presenting with chest 
pain.  

CT sCREENING fOR sIMulTANEOus dETECTION Of 
CAd ANd luNG CANCER

Patients undergoing thoracic non-gated CT for screen-
ing of lung cancer frequently present with plaques in the 
coronary arteries. Hence, the combined detection of lung 
cancer and CAD has recently been advocated in clinical 
practice [17]. Particularly, the utilization of one-time CT 
scans for identifying both CAC and lung cancer could per-
haps demonstrate multiple benefits including mitigated 
radiation exposure and a lower overall cost in healthcare 
expenditure. Yet, still there exist some practical drawbacks 
in image acquisition and radiation dose between CAC and 
thoracic CT scans. Indeed, the former method exploits 
an ECG-gated CT technique with a mean radiation dose 

“... the utilization of one-time CT scans for 
identifying both CAC and lung cancer could 

perhaps demonstrate multiple benefits...”
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ranging from 1.0 to 2.9 mSv to alleviate motion artifact 
[18], whereas the latter approach is routinely performed 
without ECG gating with a radiation dose of between 0.8 
and 0.9 mSv [19]. In light of this, additional studies are 
clearly needed for the purpose of exploring the viability 
of a one-time CT scan for screening both morbidities in a 
concurrent fashion.

 
lIMITATIONs Of CAC sCORE

Foremost, the CAC score is generally limited when 
identifying non-calcified plaque in obstructive CAD. 
Although the quantification of CAC strongly forecasts 
future cardiovascular events, it is unlikely that it reflects 
all adverse cardiovascular events. In addition, radiation 
exposure should be administered in terms of safety when 
performing CAC screening by CT. The typical effective 
radiation dose dispensed for CAC scanning is most often 
low, with an effective radiation dose of 1 mSv in EBCT and 
3 mSv in MDCT [20], reflecting an equivalent dosage of 
mammograms. Despite this, continuous efforts should be 
made to reduce the amount of radiation dosages needed 
for performing CAC scanning by CT, without jeopardiz-
ing the evaluation of CAC score in the coronary arteries.

CONClusION
The CAC score derived from CT screening is well 

recognized as a robust predictor of CAD, and has proven 
incremental value over and above traditional risk fac-
tors for the estimation of CAD risk. In asymptomatic 
adults, the absence of CAC should perhaps be considered 
a ‘protective surrogate’ of CAD, which may serve as a use-
ful adjunct for guiding preventative treatment decision-
making in the clinic. In symptomatic individuals, CAC 
score may act as a ‘gate keeper’, especially among low- and 
intermediate-risk groups presenting with chest pain. Fore-
most, studies have underlined the value of CAC score for 
reclassification of patients who will most likely benefit 
from additional medical treatment. A major avenue of 
interest that should be pursued in CT research is to estab-
lish whether simultaneous screening for CAC and lung 
cancer substantially lessens the cost as well as radiation 
dose required. 

Moving forward, the future of CAC screening for 
prediction of CAD appears promising. Nevertheless, 
undoubtedly, future studies will be essential for identify-
ing the cost-effectiveness and capability of CAC screening 
for advocating appropriate treatment strategies towards 
improving health in patients with suspected CAD. 
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“... The CAC score derived from CT screening is 
well recognized as a robust predictor of CAD, ...”


