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Introduction

Lung cancer screening has been shown in the National 
Lung Screening Trial (NLST) to result in a statistically 
significant decrease in lung cancer specific mortality (1). 
In addition to the lung cancer specific mortality reduction, 
there was a statistically significant 7% reduction in all-cause 
mortality. As the entirety cannot be explained simply by 
lung cancer mortality reduction, it is conceivable that the 
detection of abnormalities incidentally detected during a 
screening CT might be playing a role.

The effects of smoking extend beyond lung cancer, and 
smokers are also at risk for premature deaths due to chronic 
obstructive pulmonary disease (COPD), heart disease and 
stroke. For subjects in the lung cancer screening window, 
the relative risk of death due to ischemic heart disease is 
greater than 3 times that of a non-smoker (2). Moreover, 
smoking reduces the time to development of coronary 
artery calcium (up to 10 years earlier for current smokers) 

when compared with non-smokers (3). As the risk for 
cardiovascular deaths decreases in former smokers, there 
is the opportunity for two teachable moments. The first is 
the ability to teach screening subjects about the benefit of 
smoking cessation for cardiovascular risks, and the second 
is the ability to provide counselling for both current and 
former smokers on their current cardiovascular risks, 
which can lead to further lifestyle changes or improved 
pharmacological management.

Cardiac risk factors as defined by the Framingham Heart 
Study (FHS) include not only age and smoking, but also 
systolic blood pressure, total cholesterol, high density-
lipoprotein (HDL) and body mass index (BMI) (4). Without 
any other risk factors, smokers already fall into the low end 
of intermediate risk. While risk factor information could 
be obtained and counseling performed at a lung cancer 
screening visit, the screening CT provides equally if not 
more important prognostic information.

The ability to detect and quantify coronary artery 
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calcification on CT has been around since the early 
1990’s (5). The most widely used system is that developed 
by Agatston with coronary calcium defined as a lesion 
greater than 130 Hounsfield units with an area of at least 
1 mm2. The score is derived based on maximal density 
and is typically obtained by circling the suspect lesions 
and calculating the score via a computer algorithm. Risk 
can then be stratified by overall scores with a score of zero 
indicating absence of calcified plaque, 1–10 minimal plaque, 
11–100 mild plaque, 101–400 moderate plaque, and >400 
severe plaque (5). Although there is inherent inter-scan 
variability in scores, the numerical groupings hold up well 
and thus are more important than the exact ordinal score. 
Volume scores can also be obtained. Volume scores tend 
to be more reproducible and better suited for longitudinal 
follow up (6) but are seldom used, particularly since electron 
beam CT scanners have fallen out of favor.

Calcium in the coronary arteries therefore is an 
imaging biomarker for the presence of coronary artery 
atherosclerosis and can play a role in the primary prevention 
of coronary heart disease (CHD) (7). Although classically 
detected on cardiac gated CTs, calcium in the coronary 
arteries can be detected on non-gated studies without 
intravenous contrast and at low radiation doses. This 
makes screening CTs an excellent target for determining 
cardiac risks without additional radiation. In this review 
we will discuss the use of coronary artery calcium scoring 
for the detection of atherosclerotic disease and its potential 
application to lung cancer screening populations.

Significance of CT-detected coronary artery 
calcium

In nearly all prognostic trials, the presence of coronary 
artery calcium has proven to be a reliable biomarker for 
cardiovascular events and portends risk better than other 
clinical criteria. The Multi-ethnic Study of Atherosclerosis 
(MESA) study enrolled 6,814 individuals and followed 
them for over 3 years (8). In the overall population, the 
prevalence of a non-zero score was highest for white males 
(70.4%), while the corresponding rate for white females was 
44.7%. There was a statistically significant lower prevalence 
in African-American, Hispanic and Chinese individuals of 
both genders. Compared to a calcium score of zero, hazard 
ratios for major adverse cardiac events (MACE), including 
myocardial infarct and coronary related death was 3.89 for 
a score of 1–100, 7.08 for a score of 101–300, and 6.84 for 
a score of >300. The corresponding hazard ratios for any 

coronary events were 3.61, 7.78, and 9.67, respectively. 
Overall a doubling of calcium score was associated with a 
20% increase in risk. The presence of a zero calcium score 
is equally important as it confers a very low risk of coronary 
events (1.1–1.7%) over 10 years regardless of the presence 
of traditional risk factors (9).

Equal ly  important  i s  the  corre la t ion between 
calcium score and FHS risk factors, where a calcium 
score ranging from 101–400 carries the same risk as an 
intermediate Framingham risk with an associated 10-year  
risk of coronary events ranging from 12.8–16.4% (7). 
Coronary calcium can also be used to reclassify coronary 
risks defined by FHS. Adding calcium score resulted 
in a reclassification of risk group in 26% of the MESA 
population (10). In the intermediate risk group, calcium 
scores reclassified 16% to a higher risk group and 39% 
to a lower risk group. As such, coronary calcium has 
the ability to better classify cardiac risk in a population 
of smokers. This reclassification ability is particularly 
valuable in patients with intermediate Framingham risk, in 
which management guidelines are less well-defined than 
cases of low or high risk. Caution should be made in the 
interpretation of a zero calcium score, as smokers with a 
zero score have similar all-cause mortality to non-smokers 
with mild to moderate atherosclerosis (11).

Methods of interpretation

Computer aided calculation of Agatston score is the most 
commonly used technique for calculation of the calcium 
score. Automated or semi-automated workflows identify 
and compile coronary artery calcium plaques >130 HU 
into a single numerical score (Figure 1). There is excellent 
inter- and intra-observer agreement in quantitative 
measures (12). Because this may need to be calculated 
at a separate workstation and not directly validated for 
non-gated studies, other systems have been developed to 
provide a qualitative measure of coronary artery calcium. 
One method is to use ordinal scores for each of the four 
major coronary arteries [left main, left anterior descending 
(LAD), circumflex (LCX), and right coronary artery (RCA)] 
assigning a score from 0–3 based on the severity of disease 
in each one resulting in an overall score between 0–12. A 
simpler method is to simply analyze the entire coronary 
artery system as a single unit resulting in an overall “gestalt” 
of disease severity summarized as absent, mild, moderate, 
or heavy (Figures 2-4). Comparative studies vary in terms of 
which scoring methods are used.
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Gated versus non-gated CT for detection of 
coronary artery calcium

As calcium scoring evolved as a gated technique, there have 
been questions as to whether a non-gated study is sufficient 
to assign risk. While gated CT has been the gold standard 
for coronary artery quantification, there is compelling 
evidence that this can be ascertained using non-gated 
studies of the chest as well. In a retrospective study of 410 
patients, the presence of coronary artery calcium was shown 

to be a strong independent predictor for myocardial infarct 
and all-cause mortality (13). In a nested case control study 
of over 4,500 individuals, 3 mm gated CT Agatston scores 
were compared with same day 6 mm non-gated Agatston 
scores. Not unexpectedly, scores were systematically lower 
on the thicker sections of the non-gated studies (due to 
volume averaging and hence underestimation). Despite 
this, there was a strong correlation with increasing calcium 
scores and mortality (14). The latter study suggests that if 
Agatston scores are to be used on non-gated studies with 
thicker collimation, new lower risk thresholds may need to 
be established. The variability is lower when similar slice 
thickness is utilized but still results in a mean variability 
of approximately 44% (15). Improvements can further be 
made by using high pitch techniques, resulting in less than 
2% variance in calcium score (16). A meta-analysis combing 
both lung cancer screening and routine studies from a 
variety of sources found that non-gated CT underestimated 
calcium score in 19% and overestimated calcium in 2.6% 
relative to a gated Agatston score of 400 (17).

In 222 individuals who underwent same day gated and 
non-gated CT of the chest, the use of Agatston score was 
compared to an ordinal scale. Ordinal scores of 1–3, 4–5, 
and ≥6 corresponded to average Agatston scores of 98.7, 
350.6 and 1,925 respectively (18). Similarly, Kirsch et al. 
found that an ordinal score of >2 correlated with a calcium 
score of >100 (AUC =0.976) and an ordinal score of >7 
reliably detected a calcium score of >400 (AUC =0.991) (19).  
In this manner, ordinal scores can be used to predict low, 
intermediate and high risk individuals. Ordinal scoring 

Figure 1 ECG-gated CT reveals calcium in the left anterior 
descending. Calculated Agatston score =113 conferring an 
intermediate cardiovascular risk.

Figure 3 Non-gated CT images from lung cancer screening 
exam with moderate calcium and calcification limited to short 
segment of LAD (arrow) and LCX (arrowhead). LAD, left anterior 
descending; LCX, left circumflex artery.

Figure 2 Non-gated CT images from lung cancer screening exam 
with mild calcium and singular linear calcification in the LAD 
(arrow). LAD, left anterior descending.
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has also been shown to have excellent correlation with 
Agatston scores in subjects with acquired immunodeficiency 
syndrome (AIDS) (20). While the data supporting the use 
of non-gated calcium scores in routine practice remains 
somewhat controversial, there is an abundance of data in 
lung cancer screening populations.

Coronary calcium in lung cancer screening trials

Asia

There have been four publications related to coronary 
artery calcification and lung cancer screening in institutions 
from Asia. Notably, none of these publications evaluate 
the correlation of coronary calcium with cardiovascular 
morbidity and mortality. The prevalence and distribution 
of coronary calcium have been described in Japan (21). In 
a cohort of 1,834 lung cancer screening studies, a non-zero 
calcium score was detected in 26.9% of all subjects. Similar 
to other populations, calcium was more prevalent in males 
(29.8%) compared with females (17.1%).

In China, one study enrolled 401 subjects who 
underwent both lung cancer screening and gated CT for 
Agatston score (22). Coronary calcium was detected on the 
gated CT in 146 (39.6%) with a false negative rate of 1.9% 
for detecting calcium on the screening CT in subjects with 
a calcium score ≥10. A scoring system using a 4-point scale 
(absent, mild, moderate, severe) had a high concordance 
with Agatston score risk categories (k=0.813). A similar 
study performed in Korea investigated 117 subjects with a 
positive calcium score who underwent lung screening (23).  

In this study, visual scores also had a high degree of 
association, with 71.6% of visual scores falling into the same 
risk category and 98.9% varying by no more than one risk 
category.

A study including 128 Korean subjects compared 
screening CT reconstructed at 1, 2.5 and 5 mm thickness 
and calcium thresholds of 90 and 130 HU to standard 
Agatston scores derived from gated CT (24). Sensitivity for 
detection of any calcium was best with 1 mm slice thickness 
and a calcium threshold of 130 HU as well as 2.5 mm slice 
thickness with a calcium threshold of 90 HU. With regards 
to accuracy, scans with 2.5 mm slice thickness and calcium 
threshold of 130 HU provided the best correlation with the 
reference standard (r=0.89).

Europe

There have been numerous publications related to coronary 
artery calcification and lung cancer screening in institutions 
from Europe. A 60 subject feasibility study showed that 
while overall calcium scores were higher for gated CT, 
the correlation of the values from screening CT was high  
(r=0.98) (25). The reclassification rate was 38%, typically 
to a lower risk group on the screening CT. Notably, the 
radiation dose for the screening CT was approximately 25% 
lower than gated CT. Visual analysis has been shown to 
correlate with Agatston scores in European populations (26).

There have been several studies from the Dutch-Belgium 
Randomized Lung Cancer Screening Trial (NELSON) 
assessing the prognostic value of non-gated calcium score 

Figure 4 Non-gated CT images from lung cancer screening exam with heavy calcium and extensive calcifications throughout LAD (arrows), 
RCA (arrowhead) and LCX. LAD, left anterior descending; RCA, right coronary artery; LCX, left circumflex artery.



365Translational Lung Cancer Research, Vol 7, No 3 June 2018

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(3):361-367tlcr.amegroups.com

for mortality and cardiovascular events. The largest patient 
group involved 3,111 males who underwent 2.9 years of 
follow-up with a total of 186 cardiovascular events (27). 
The investigators chose to use a modified Agatston score 
and strata with scores of 1–10, 10–100, 100–400, and >400 
with adjusted hazard ratios (HRs) of 3.39, 6.52, 6.58, and 
12.58. Adding calcium volume and number of calcifications 
improved classification of risk, but not nearly as strongly as 
Agatston score. In a related study spirometric parameters 
were also associated with cardiovascular events but did not 
contain independent prognostic information (28).

In a case cohort design, 958 asymptomatic individuals 
from the NELSON Trial were evaluated including 150 
cases where either a cardiovascular event or death occurred 
and 808 control subjects (29). Agatston scores were acquired 
from the non-gated CT and assigned to traditional risk 
groups. Mortality was related to increasing calcium scores 
and ranged from 0.08% for no calcium to 1.1% for subjects 
with a calcium score >1,000. Compared to calcium scores 
of zero, HR for mortality for scores of 1–100; 101–1,000 
and >1,000 were 2.82, 5.96 and 10.24. Corresponding HR 
for cardiovascular events were 1.38, 3.04 and 7.77 when 
adjusting for other cardiac risk factors such as hypertension. 
In the intermediate and high risk groups, 48–64% of 
subjects were not treated with statin based therapy, 
demonstrating a role for improved primary prevention of 
cardiovascular events in a lung cancer screening population.

Finally, two separate screening centers (derivation and 
validation cohorts) have been used to create a prediction 
model for cardiovascular events in males (30). Similar to the 
case-cohort study, HR increased for cardiovascular events 
with increasing calcium score. In addition, they showed that 
a model that included age, cardiovascular history, smoking 
status, cigarette pack years, coronary calcium volume and 
aortic calcium volume could subdivide individuals into non- 
high and high risk groups (less than/greater than 6% event 
rate at 3 years).

Agatston scores were measured in 1945 participants in 
the Danish Lung Cancer Screening trial (DLCST) (31). 
Survival rates were 98%, 96% and 92% for calcium scores 
of 0, 1–400, and >400 respectively. In addition, the HR 
for cardiovascular deaths was 3.8 for calcium scores >400. 
A calcium score of >400 was independently associated 
with both all-cause mortality [odds ratio (OR) =3.73] and 
cardiovascular events (OR =2.87) in the Multicentric Italian 
Lung Detection (MILD) trial (32). In addition, calcium 
score was found to be a better predictor of cardiovascular 
events and all-cause mortality in this screening population 

than either emphysema or forced expiratory volume in 1 
second (FEV1).

North America

The associations of coronary artery calcium and outcomes 
have been studied both in the non- randomized Early 
Lung Cancer Action Project (ELCAP) and NLST. In the 
ELCAP, the ordinal scoring was used in 8,782 smokers 
age 40–85 with an increasing risk of cardiovascular death 
occurring with an increasing ordinal score: 1.2% with a 
score of zero, 1.8% with a score of 1–3, 5.0% for a score 4–6, 
and 5.3% for a score ≥7 (33). They noted that coronary 
calcium remained the most important factor after adjusting 
for age, gender and smoking pack years.

Similar information has been derived from the NLST. 
In the Lung Screening Study arm 1,000 participants who 
died were matched 1:1 by age, smoking pack years and 
CT scanner type (34). This study used both the ordinal 
scoring system and a visual score based on linear extent and 
thickness of calcification. The presence of any calcium was 
associated with a 3-fold increase in cardiovascular deaths 
and increasing risk associated with increasing score. While 
there was better inter-observer agreement for the visual 
score, the ordinal score showed a slightly better fit in risk 
prediction.

In the American College of Radiology Imaging Network 
(ACRIN) arm of the NLST, a random sample of 1,575 
cases included 210 cardiovascular deaths, 315 deaths from 
other causes and 1,050 that were alive at the end of the 
trial (35). For this study, three scoring systems were used: 
the Agatston score, the vessel based scoring system and an 
overall “gestalt” as to whether overall calcium was absent, 
mild, moderate, or heavy. Compared to a calcium score 
of zero, all scoring methods showed an increasing risk of 
cardiovascular death with increasing score. For Agatston 
scores of 1–100, 101–1,000, and >1,000 the HR was 1.27, 
3.57 and 6.63, respectively, while using a simple overall 
gestalt resulted in a HR of 2.09 for mild, 3.86 for moderate, 
and 6.95 for severe. The implication of this is that more 
time-consuming scoring systems do not necessarily result in 
better risk prediction and that this may simplify reporting 
of the severity of coronary artery atherosclerosis in clinical 
practice.

Conclusions and recommendations

Coronary calcium is a valuable imaging biomarker for 
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the presence of atherosclerotic disease and the prediction 
of cardiovascular events. Ample research has shown 
that, similar to gated CT scans, non-gated CT can play 
a comparable role in diagnosis and risk prediction. This 
has been further carried over to the lung cancer screening 
population where increasing qualitative and quantitative 
scores are associated with greater cardiac events and cardiac 
related deaths. Therefore, lung cancer screening provides 
a teachable moment for both lung and cardiovascular 
health and should be considered an important part of the 
discussion of CT findings with patients.
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