
REVIEW

Coronary artery calcium (CAC) scanning and its use in 
cardiovascular disease (CVD) risk prediction and shared 

clinical decision making has evolved over the past three de-
cades since Agatston et al first described non–contrast-en-
hanced, electrocardiographically gated CT as an effective 
tool to quantify CAC in 1990 (1). Long-term population-
based observational studies such as the Multi-Ethnic Study 
of Atherosclerosis with 6814 asymptomatic men and 
women (2) and the Heinz Nixdorf RECALL Study with 
4200 study participants (3) have consistently produced 
convincing evidence of a strong association between CAC 
and cardiovascular outcomes in asymptomatic individuals. 
To build upon the paradigm shift caused by these cohort 
studies, the CAC Consortium sought to study key patient 
subgroups and further identify the role of CAC in predict-
ing cause-specific mortality. Lessons learned from the CAC 
Consortium will be the topic of this review.

In 2016, an observational cohort study, the CAC Con-
sortium, was assembled, involving 66 636 asymptomatic 
adult participants free of known CVD at baseline. Par-
ticipants were enrolled between 1991 and 2010 from four 
study sites in the United States, contributing CAC testing 
data after physician referral for clinical CVD risk strati-
fication. The primary objective of the CAC Consortium 
was to study the association between CAC and long-term 
cause-specific mortality, including coronary heart disease 
(CHD), CVD, and non-CVD mortality (cancer, pulmo-
nary disease, gastrointestinal disease, or other). The CAC 
Consortium remains the largest CAC cohort to date.

Since the introduction of the rationale and details on 
the study design (4), multiple studies published from the 
CAC Consortium have achieved key secondary objectives 

(Fig 1), which included examining the association between 
cause-specific mortality and CAC in understudied sub-
groups based on age, sex, ethnicity, and cardiovascular risk 
factors. Moreover, our secondary objectives encompassed 
studying the association between cause-specific mortality 
and CAC characteristics, including CAC volume, lesion 
size, density, and regional distribution.

Studies of the association between CAC and cause-
specific mortality in previously underrepresented sub-
groups based on age, ethnicity and sex (5–9), risk fac-
tor burden (10–12), and CAC burden and distribution 
(13–15) repeatedly showed a high predictive ability of 
CAC as a marker for subclinical atherosclerosis. Addi-
tionally, a key study identified a distinct subgroup of 
patients with a CAC greater than or equal to 1000 who 
are at high risk and could thus benefit from the most 
aggressive form of therapeutic intervention (14). On the 
other end of the spectrum, a study solidified the no-
tion that a CAC of 0 could be established as a reliable 
negative risk factor, implying stable low 12-year rates 
of CVD mortality (15). By comparing the CAC score 
with traditional risk factors (16) or other risk scores 
(17), CAC proved to be the strongest parameter in the 
prognostic value of risk models toward cause-specific 
mortality. In addition, the CAC Consortium proved 
innovative in providing insights into the use of CAC 
in the prediction of competing long-term risks of CVD 
versus cancer mortality (18). Last, using data from the 
CAC Consortium, the CAC Data and Reporting Sys-
tem (CAC-DRS) enhanced risk stratification for cause-
specific mortality by including the number of vessels 
with CAC (19).
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Coronary artery calcium (CAC) is a highly specific marker for coronary atherosclerosis. The CAC Consortium, a multicenter, retro-
spective, real-world cohort study, was established to investigate the association between CAC and long-term, cause-specific mortality. 
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clinical decision-guiding tool and push the limits of who might benefit from CAC in clinical practice. CAC has been shown to effec-
tively stratify cardiovascular risk across ethnicities irrespective of age, sex, and risk factor burden. In comparison to other widely used 
risk scores, CAC appears to be most consistent in its ability to add to cardiovascular disease (CVD) event prediction. Beyond risk strati-
fication, CAC has been shown to identify high-risk patient subgroups. While currently recommended only for patients at borderline or 
intermediate risk by the American College of Cardiology/American Heart Association (10-year atherosclerotic CVD event risk, 5% to 
, 20%), CAC scoring may also provide value in select young patients aged 30–49 years and in low-risk patients with a family history. 
While new studies emphasize that patients with a CAC greater than or equal to 1000 be considered a distinct patient group, a CAC of 
0 has additionally emerged to be a reliable negative risk factor, identifying patients at low risk of both CVD and non-CVD mortality.
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cohort has previously assessed. In these patients referred for 
CAC testing due to presence of risk factors, 13% of the 373 
participants of the CAC Consortium had a CAC greater than 
0. They also found CAC to be associated with traditional risk 
factor burden: CAC was prevalent in 9.7%, 14.9%, and 34.4% 
of participants with 1, 2, and 3 or more risk factors, respectively. 
CAC was strongly correlated with an early onset of risk factors 
and may be of important investigational value even in this very 
young patient group (6).

Sex
Compared with men, women experience fewer CVD events 
(21). However, the fatality rate remains critical and makes 
CVD a major public health issue in women (22). Fundamen-
tal causal explanations about the pathophysiologic mechanisms 
and underlying causes remain unanswered (23). The most fre-
quent cause of coronary thrombosis is plaque rupture, and 
hence, pathobiologic sex differences have been hypothesized, 
such as a difference in size of coronary arteries between men 
and women (24,25).

In the CAC Consortium, across age groups, women had a 
lower CAC prevalence than men, and within CAC subgroups, 
women had fewer calcified lesions and a lower CAC volume. 
CVD mortality among women and men with a CAC of 0 was 
similar. Yet, a disproportionately higher CVD mortality (1.3-
fold higher) was observed in women compared with men when 
coronary calcium was present. CAC measures including number 
and size of CAC lesions improve prediction of CVD mortal-
ity. Comparing asymptomatic women and men from the CAC 
Consortium with greater than five CAC lesions, women with 
CAC lesions larger than 15 mm3 had a 2.2-fold higher CVD 
mortality than men. This is further aggravated when comparing 
the relative hazard for women (hazard ratio [HR], 35.10; 95% 
CI: 17.40, 70.79) and men (HR, 19.56; 95% CI: 13.13, 29.13) 
with more than 25 CAC lesions to women and men free of CAC 
lesions. This also adds credence to the hypothesis of pathobio-
logic sex differences insofar that multivessel CAC elevates CVD 
mortality risk more in women than in men. Importantly, CAC 
density was associated with CVD mortality in men but not in 
women (9). These findings emphasize the need to assess param-
eters such as calcium density and volume independently in their 
predictive ability of subclinical atherosclerosis, particularly with 
regards to sex. Raising awareness to more severe implications of 
a high CAC in women should see more emphasis in the future.

Ethnicity
CAC is a strong predictor of CHD beyond traditional risk fac-
tors irrespective of ethnic group (26). Evaluating CAC among 
ethnic subgroups is particularly relevant because traditional 
risk scores perform poorly in minorities, and CAC appears 
to emerge as the single most reliable parameter to estimate 
long-term CVD event rate across ethnicities. Despite being a 
standard for risk assessment in primary prevention, the Pooled 
Cohort Equation (PCE) frequently overestimates risk in so-
ciodemographic subgroups (27). Conversely, the risk tends to  
be underestimated in Hispanic individuals and overestimated 

Given the evidence, CAC can be considered a valuable clini-
cal measure of arterial aging and overall “biologic age” that can 
change clinical management. In this review, we report on the 
lessons learned from the largest retrospective clinical cohort 
of CAC scoring yet assembled, with direct relevance to prac-
ticing radiologists and cardiologists using cardiac CT for risk 
stratification.

Age
Data on CAC in young adults are generally limited. For in-
stance, Tota-Moharaj et al described the association between 
CAC and all-cause mortality at the extremes of age. With a 
study population of 8143 and a mean follow-up of 5.6 years 
6 2.6 (standard deviation), they found younger patients (, 
45 years) to have a twofold (if CAC 100–400) and 10-fold 
(if CAC . 400) increase in all-cause mortality rate compared 
with older patients ( 75 years) free of CAC (20).

From the CAC Consortium, Miedema et al assessed all-cause 
and cause-specific mortality among 22 346 individuals aged 30–
49 years over a longer mean follow-up period of 12.7 years 6 4.0 
(5). As was shown previously, CAC increased with age, and thus, 
CAC was relatively low in this setting compared with higher age 
groups. 34.4% had a CAC greater than 0, while 7.2% of the 
participants even had a CAC greater than 100. However, CHD 
mortality was 10-fold higher among individuals with a CAC 
greater than 100 (0.69 per 1000 person-years; 95% CI: 0.41, 
1.16) compared with individuals with a CAC of 0 (0.07 per 
1000 person-years; 95% CI: 0.04, 0.12). These findings high-
light the emerging potential value of CAC in detecting patients 
at higher risk earlier in life than previously recognized.

Osei et al sought to push the lower age limit of CAC test-
ing further, assessing the role of CAC in very young adults aged 
younger than 30 years, a unique patient subgroup no other 

Abbreviations
ACC/AHA = American College of Cardiology/American Heart As-
sociation, ASCVD = atherosclerotic CVD, CAC = coronary artery 
calcium, CAC-DRS = CAC Data and Reporting System, CHD = 
coronary heart disease, CVD = cardiovascular disease, HR = hazard 
ratio, LM = left main, MESA = Multi-Ethnic Study of Atheroscle-
rosis, PCE = Pooled Cohort Equation, SCCT/STR = Society of 
Cardiovascular Computed Tomography/Society of Thoracic Radiol-
ogy, sHR = subdistribution HR

Summary
Coronary artery calcium is the single most reliable predictor for 
long-term, cause-specific mortality across patient subgroups based on 
age, ethnicity, sex, and risk factor burden, proving its crucial role in 
cardiovascular risk stratification once more.

Essentials
 n CAC is an effective tool for risk stratification in adults irrespective 

of age, ethnic background, or sex.
 n CAC of 0 is a strong negative risk factor and “de-risks” patients.
 n CAC greater than or equal to 1000 is a strong indicator of mark-

edly higher CVD risk.
 n CAC is the most reliable element in cardiovascular risk stratifica-

tion in terms of precision of predictive ability.
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Figure 1: Timeline of studies published in the framework of the CAC Consortium (in black) and future directions in the field of CAC scoring (in red). CAC = coronary 
artery calcium, CAC-DRS = Coronary Artery Calcium Data and Reporting System, CHD = coronary heart disease, CVD = cardiovascular disease, FH = family history, PCE 
= Pooled Cohort Equation.

all-cause mortality risk compared with White individuals. In 
contrast, Asian individuals had the lowest all-cause mortality 
rates across CAC categories (7). Previously, the Mediators of 
Atherosclerosis in South Asians Living in America study with 
893 study participants has pointed toward substantial differ-
ences in cardiovascular risk assessment among diverse pop-
ulations, including South Asian Americans (29). The 1621 
asymptomatic Asian Americans in the CAC Consortium 
were found to be a relatively low-risk group. Nevertheless, 
CAC strongly predicted cause-specific and all-cause mortal-
ity beyond traditional risk factors in this patient subgroup as 
reflected by a three times higher all-cause mortality in Asian 
individuals with a CAC greater than or equal to 400 com-
pared with Asian individuals free of CAC (HR, 3.3; 95% CI: 
1.3, 8.6) (8).

Baseline Hypertension
Shemesh et al demonstrated an association of CAC with long-
term mortality in patients with hypertension. Although with 
a smaller cohort (423 participants compared with 16 167 par-
ticipants of the CAC Consortium with baseline hypertension), 
they recommend the use of CAC scoring for risk assessment in 
patients with hypertension (30). Uddin et al sought to further 
assess the implication of CAC and distinguish risk by cause-
specific mortality using data from the CAC Consortium. Mor-
tality rates were observed to increase with rising CAC scores, 
both CHD mortality (CAC 100–399: HR, 1.88; 95% CI: 
1.04, 3.40; and for CAC  400: HR, 4.16; 95% CI: 2.34, 

in Asian individuals, revealing how ethnicity-based differences 
are inadequately captured by the PCE. Thus, recalibration of 
the PCE has been recommended for specific ethnicities (28).

With the aim to assess cause-specific mortality among eth-
nic subgroups, Orimoloye et al sought to further understand the 
prognostic value of CAC based on data from the CAC Con-
sortium, including 977 Black, 1349 Hispanic, 1621 Asian, and 
38 277 White individuals (7). Within each ethnicity, a clear 
pattern of greater HRs with increasing CAC score could be de-
tected (Fig 2). White individuals with a CAC greater than or 
equal to 400 had a risk of CVD mortality four times higher than 
White individuals with a CAC of 0 (subdistribution hazard ratio 
[sHR], 4.2; 95% CI: 3.0, 6.0). Using White individuals with a 
CAC of 0 as the reference, Black individuals with a CAC greater 
than or equal to 400 (sHR, 17.2; 95% CI: 9.3, 31.8) and His-
panic individuals with a CAC greater than or equal to 400 (sHR, 
10.7; 95% CI: 5.7, 19.9) showed even higher sHR, a CAC of 
greater than or equal to 400 being a strong indicator of signifi-
cantly elevated risk (7). These findings show the difference in 
risk implications of CAC in minorities, raising awareness toward 
selective use of CAC to enhance CVD risk assessment.

Orimoloye et al also found a disproportionately higher 
incidence of CVD and all-cause mortality among Black indi-
viduals, closely followed by Hispanic individuals, across CAC 
categories including a CAC of 0, possibly indicating remain-
ing health care disparities. Even after multivariable adjust-
ment, accounting for study site, age, sex, and risk factors as-
sessed, Black and Hispanic individuals had greater CVD and 
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with a CAC of 0 (Fig 4). The authors further point toward the 
predictive ability of CAC in non-CVD outcomes, as reflected 
by an almost two times higher cancer mortality risk in smokers 
with a CAC greater than or equal to 400 compared with smokers 
free of CAC (sHR, 1.85; 95% CI: 1.07, 3.22). These findings 
highlight the heterogeneous risk in smokers and that the concept 
of a CAC of 0 as a negative risk factor should not be relied on in 
this patient group (12).

Traditional Risk Factors
Risk assessment algorithms, including the PCE, are still heav-
ily based on traditional CVD risk factors in estimating 10-year 
risk of CVD events. Despite the value and simple usage of age 
and traditional risk factors, mischaracterization and subse-
quent over- or underestimation of risk has been reported and 
identified as a possible opportunity for enhancement (27).

Interestingly, Grandhi et al found that across the spectrum of 
traditional CVD risk factors, CAC proved to be a more reliable 
predictor of long-term, all-cause mortality. Additionally, a CAC 
of 0 was found to be associated with a low CHD and CVD risk 
over a median follow-up of 12 years, irrespective of risk factor 
burden at baseline (Fig 5) (16).

Other Risk Scores
Currently, both the 2018 American College of Cardiology/
American Heart Association (ACC/AHA) Multisociety Guide-
line on the Management of Blood Cholesterol as well as the 
2019 ACC/AHA Guideline on the Primary Prevention of 
Cardiovascular Disease recommend consideration of CAC for 

7.39) and CVD mortality (CAC 100–399: HR, 1.93; 95% 
CI: 1.31, 2.83; and for CAC  400: HR, 3.51; 95% CI: 2.40, 
5.13). Mortality rate (per 1000 person-years) also increased 
with CAC score when stratified by atherosclerotic CVD (AS-
CVD) risk group (Fig 3). These findings highlight the value 
of CAC in risk stratification in a large, long-term follow-up 
cohort of patients with baseline hypertension (11).

Current Smokers
Atherosclerotic changes in the aorta and the coronary arter-
ies are greatest among heavy smokers and least in nonsmokers 
(31). McEvoy et al showed an association between smoking 
status, CAC, and all-cause mortality, adding to the present 
knowledge that smokers with CAC had an increased all-cause 
mortality compared with smokers without CAC (32).

Schulman-Marcus et al also described an association between 
smoking status, CAC, and all-cause mortality. Over a 15-year 
follow-up period, they established the potential benefit of iden-
tifying smokers with any CAC and in this way, allowing for 
aggressive risk factor reduction or initiation of other forms of 
preventive therapy (33).

Implications of CAC on cause-specific mortality among 
smokers have remained less clear, even from the vast evidence 
established thus far. Mirbolouk et al found that current smokers 
showed more than a twofold increase in CVD mortality even in 
the absence of CAC (sHR, 2.10; 95% CI: 1.17, 3.79) compared 
with nonsmokers with no CAC. This sHR is almost equivalent 
to the CVD mortality risk of nonsmokers with a CAC of 100–
399 (sHR, 2.13; 95% CI: 1.57, 2.90), relative to nonsmokers 

Figure 2: Race/ethnicity-specific Kaplan-Meier curves for cardiovascular disease mortality by CAC group. CAC = coronary artery calcium. 
(Reprinted, with permission, from reference 7.)
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MESA without CAC (C-statistic, 0.71; 0.70; 0.66; and 0.58, 
respectively). The PCE plus CAC showed the best discriminative 
ability for CVD outcome, compared with MESA with CAC, 
PCE alone, and MESA without CAC (0.67; 0.65; 0.63; and 
0.54, respectively). These findings clearly elucidate the value of 
adding CAC to the equation in consistently discriminating the 
true risk for patients at borderline or intermediate 10-year AS-
CVD risk (Fig 6).

In summary, Blaha et al support the use of the PCE for initial 
risk assessment as recommended by the 2019 ACC/AHA guide-
line on the primary prevention of CVD (35). Beyond that, they 
make a case for the usage of novel risk assessment tools com-
bining current risk predictors (as was performed here using the 
PCE) with CAC for the prediction of CVD events (17). This 
approach may prove beneficial in optimizing future risk assess-
ment in clinically referred patients, as CAC has shown to be the 
critical factor in risk-discriminative ability for both CHD and 
CVD outcome among currently available risk scores.

Competing Risks
In the United States, CVD and cancer remain the leading 
causes of death (36). By assessing competing long-term risks 
of CVD versus cancer mortality over a median follow-up of 
12.4 years, Whelton et al presented two key lessons based on 
the CAC Consortium: First, cancer was the leading cause of 
death when CAC was 0 and accounted for 50% of deaths in 
this group. Second, patients with CAC greater than or equal to 
300 had a risk of CVD mortality almost fourfold higher than 
patients with a CAC of 0 (sHR, 3.68; 95% CI: 2.90, 4.67) and 
a risk of cancer mortality 1.3-fold higher (sHR, 1.30; 95% CI: 
1.07, 1.58) (18).

The leading cause of death in patients with a CAC of 0 is 
cancer, irrespective of age or sex (37). CHD and CVD mortality 
were low in this patient group at 0.3 and 0.1 per 1000 person-
years for women and men, respectively. CVD overtook cancer as 
the leading cause of death at CAC greater than or equal to 400. 
Among this group with a CAC score greater than or equal to 
400, women showed higher rates of cancer and CVD compared 
with men. For women, a U-shaped relationship for CVD versus 
cancer mortality was seen, whereas this relationship was found 
to be exponential for men (Fig 7). These findings highly suggest 
a synergistic use of CAC for risk prediction and subsequent pre-
vention strategies of both CVD and cancer (38).

CAC of 0
In studies discussed so far, results have established how CAC 
is associated with higher risk of CHD, CVD, cancer, and all-
cause mortality. How then does interpretation of CAC play out 
on either extreme of the spectrum, in asymptomatic individu-
als with a baseline CAC of 0 as well as in those with a very high 
CAC score?

One of the key lessons from the CAC Consortium was the ap-
preciation for the prognostic value implied by a CAC of 0. These 
participants were identified as a population group with favorable 
all-cause prognosis and stable low 12-year rates of CVD mor-
tality (15). In contrast, even those individuals with a minimal 

further risk assessment among individuals at intermediate risk, 
after evaluation using the PCE. Borderline and intermediate 
risk are defined as 10-year ASCVD risk of 5% to less than 
7.5% and 7.5% to less than 20%, respectively (34,35). Treat-
ment recommendations are traditionally explicitly risk based. 
Accurate risk prediction plays a key role in primary preven-
tion and optimal therapy choice, particularly in individuals at 
borderline and intermediate risk who want to be involved to-
ward shared decision making. Blaha et al first assessed how key 
modern risk scores, the PCE alone, the Multi-Ethnic Study of 
Atherosclerosis (MESA) risk score with and without CAC, and 
a combination of PCE plus CAC, compare in their predictive 
ability toward fatal CHD and CVD events measured within 
the CAC Consortium (17).

Among individuals with borderline or intermediate 10-year 
ASCVD risk, two findings were notable: (a) The MESA risk 
score with CAC had a significantly higher predictive ability than 
the MESA without CAC, and (b) the PCE could be improved 
in its predictive ability by adding CAC. MESA with CAC in 
this patient subgroup showed the best discriminative ability for 
CHD outcome, compared with PCE plus CAC, PCE alone, and 

Figure 3: Mortality rates (per 1000 person-years) for CHD and CVD among 
patients with hypertension by CAC group. ASCVD = atherosclerotic cardiovascular 
disease, CAC = coronary artery calcium, CHD = coronary heart disease, CVD = 
cardiovascular disease. (Reprinted, with permission, from reference 11.)
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CAC of 1–10 had a 1.4-fold increased risk of death from any 
cause as compared with a CAC of 0 (15), particularly in younger 
patients. Subsequently, identifying truly low-risk patients has 
strengthened the concept of “negative risk factors,” implying a 
diagnostic result that substantially downgrades risk (39). This 
finding has been acknowledged by the most recent 2019 ACC/
AHA Guideline on the Primary Prevention of Cardiovascular 
Disease, stating that the value of statin therapy in this specific 
patient population may indeed be limited (35). On the basis of 
the mounting evidence favoring CAC as a risk stratification tool, 
and particularly a CAC of 0 as a negative risk factor, Greenland 
et al have distilled the current knowledge into an approach for 

selective use of CAC scoring to guide shared decision making in 
the primary prevention of CVD (Fig 8) (40).

CAC Greater than or Equal to 1000
Having established a CAC of 0 as a highly specific negative risk 
predictor, Peng et al hypothesized a CAC score at the other 
end of the spectrum to be associated with very high rates of 
CHD, CVD, and all-cause mortality. In the CAC Consortium, 
52.4% of those with a CAC score greater than or equal to 1000 
(2869 of 66 636 = 4.3% of CAC Consortium) had four-vessel 
CAC and 43.9% had three-vessel CAC. Mean estimated to-
tal area was 6.91 cm2 6 3.65 and thus substantially greater 

Figure 4: Cause-specific mortality rates (per 1000 person-years) within CAC groups and by smoking status. CAC = coronary artery calcium, CHD = coronary heart 
disease, CVD = cardiovascular disease. (Adapted, with permission, from reference 12.)

Figure 5: All-cause and cause-specific mortality rate (per 1000 person-years) by baseline CAC and risk factor burden. CAC = coronary artery 
calcium, CHD = coronary heart disease, CVD = cardiovascular disease, RF = risk factor. (Reprinted, with permission, from reference 16.)
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than those with lower CAC scores (CAC 400–999, 2.54 cm2 
6 0.7; and for CAC 1–399, 0.37 cm2 6 0.41). Patients with 
an extreme CAC score (CAC  1000) tended to have more 
dispersed calcifications than those with lower CAC scores, with 
four of five (79.3%) patients revealing concomitant thoracic 
artery calcium and almost half (45.7%) of the patient group 
showing aortic valve calcium (14).

Patients with a CAC greater than or equal to 1000 addition-
ally showed increased hazard ratios for all causes of mortality: 
fivefold (95% CI: 3.92, 6.48), 6.8-fold (95% CI: 4.74, 9.73), 
1.6-fold (95% CI: 1.23, 1.95), and 2.9-fold (95% CI: 2.53, 
3.31) risk of CHD, CVD, cancer, and all-cause mortality, re-
spectively, compared with patients free of CAC. A CAC greater 
than or equal to 1000 was also indicative of an increased risk of 
CVD mortality (HR, 1.71; 95% CI: 1.41, 2.08) and all-cause 
mortality (HR, 1.51; 95% CI: 1.33, 1.70) compared with those 
with CAC scores 400–999. Patients with a CAC greater than or 
equal to 1000 could be identified as a high-risk, highly clinically 
relevant subgroup for which the most aggressive treatment op-
tions should be considered (Fig 9) (14).

Distribution of CAC
CAC distribution within the coronary tree was found to be of 
incremental value by the third-generation Framingham Offspring 
Study (41) and has raised awareness toward CAC distribution–de-
pendent outcome. As early as 1989, involvement of the left main 
(LM) coronary artery had been linked to a poor prognosis (42).

Lahti et al found that participants of the CAC Consortium 
with LM CAC had a significantly higher mean CAC score com-
pared with patients without LM CAC (647 vs 205, respectively). 
This was also reflected in the greater proportions of very high 
CAC in patients with LM involvement; 43% of the LM CAC 
patient group compared with only 13% of patients without LM 
CAC had CAC greater than or equal to 400. Patients with LM 
CAC were also much more likely to present with a higher num-
ber of vessels with CAC. More than half of patients with LM 
CAC showed four-vessel CAC whereas none in the group with-
out LM CAC presented with this pathobiologic feature.

Age-, sex-, and risk factor–adjusted HR showed a 1.3-fold 
increase in CVD mortality in patients with LM CAC (HR, 1.30; 
95% CI: 1.10, 1.50) compared with those without LM CAC, 
even after adjusting for total CAC. Overall, a graded increase by 
CAC group and presence of LM CAC in CHD, CVD, and all-
cause mortality could be detected, suggesting that the presence 
of LM CAC may prove useful as a marker for advanced coronary 
artery disease and subsequent aggressive preventive therapy be-
yond the traditional overall Agatston CAC score (Fig 10) (13).

CAC Data and Reporting System
In the context of the CAC Consortium and in light of increas-
ing evidence of implications of CAC distribution, Dzaye et al 
have suggested a novel dual-reporting system be adopted based 
on CAC score and CAC distribution (19). This scoring sys-
tem goes beyond relying solely on the Agatston score and takes 

Figure 6: Discriminative ability for the prediction of CVD events by 5% ASCVD risk strata groups. ASCVD = atherosclerotic CVD, CAC = coronary artery calcium, CHD 
= coronary heart disease, CVD = cardiovascular disease, MESA = Multi-Ethnic Study of Atherosclerosis, PCE = Pooled Cohort Equation. (Reprinted, with permission, from 
reference 17.)
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into account the number of vessels with calcified plaques. In 
2017, the Society of Cardiovascular Computed Tomography 
(SCCT) and the Society of Thoracic Radiology (STR) pro-
posed the CAC-DRS as a way to standardize communication 
regarding CAC findings on non–contrast-enhanced CT scans 
(43). Dzaye et al have evaluated CAC-DRS for the first time 
for its validity in prognostic significance by assessing the as-
sociation between CAC-DRS groups and CHD, CVD, and 
all-cause mortality (19).

CAC-DRS categories are defined as Ax/Ny, where A repre-
sents the Agatston score group (where A0, A1, A2, and A3 rep-
resent CAC of 0, CAC of 1–99, CAC of 100–299, and CAC 
 300, respectively), and N represents the number of vessels 
affected by CAC, ranging from 0 to 4 for the major epicardial 
coronary arteries. By nature, certain categories proved to be 
more common than others; rare phenotypes included A3/N1 
and A1/N4, both of which made up less than 0.5% of the pa-
tient subcohort. Patients in the highest risk category (ie, A3/N4) 
had a significantly higher mortality rate than A0 patients (15.4 
vs 1.2 deaths per 1000 person-years). Overall, CAC-DRS cate-
gories proportionately increased with CHD, CVD, and all-cause 
mortality (Fig 11) and thus strongly support the recommenda-
tions by the 2016 guidelines for CAC scoring of non–contrast-
enhanced chest CT scans jointly produced by the SCCT/STR. 
They propose evaluation and reporting of CAC “on all noncon-
trast chest CT examinations” as a Class I recommendation, and 
that CAC at least “be estimated as none, mild, moderate or se-
vere”; it may also be reasonable to perform more detailed CAC 
scoring on all non–contrast-enhanced chest CT examinations, 
evaluated as a Class IIb recommendation (19,43).

Outlook
Thus far, the CAC Consortium has provided valuable insights 
into subgroups on the basis of age, ethnicity, sex, CAC and 
risk factor burden, and others. CAC is able to not only predict 
risk similarly to contemporary risk scores, but also markedly 
enhance them when adding to the traditional algorithms. In 
fact, combining risk scores with CAC data has proven to give 
unprecedented access to a more precise layer of modern clinical 
decision making. With this in mind, what are the next steps in 
CAC research and, in particular, the CAC Consortium?

To further assess the predictive ability of CAC in an even 
broader population, we intend to evaluate the implications of 
CAC scoring over an even longer follow-up of a mean of 20 
years and more. Beyond treatment recommendations for statins, 
we plan to validate the use of CAC scoring for treatment goals 
regarding nonstatin LDL–lowering, as well as blood pressure 
therapy. Building on what has been established by Shaw et al (9), 
we intend to further analyze parameters including CAC density, 
volume, and area and what role they play in predicting all-cause 
and cause-specific mortality. Evidence has emerged that CAC 
density is inversely associated with CHD and CVD risk (44).

As the predictive ability of CAC was assessed in subgroups 
including smokers and patients with hypertension, the role of 
CAC in other populations considered at elevated risk remains 
less clear. Chronic conditions such as diabetes and dyslipidemia, 

as well as combination of CVD risk factors, have not yet been 
assessed. It is important to assess long-term, cause-specific mor-
tality in these subgroups, to determine what implications CAC, 
particularly a CAC of 0 and very high CAC scores, have in these 
subpopulations.

Conclusions
The CAC Consortium strengthens the argument for a more ex-
tensive use of CAC in clinical practice. Based on the largest CAC 
scoring cohort yet assembled, CAC has shown to be a consistent 
and reliable predictor of all-cause, CHD, CVD, and even non-
CVD mortality across subgroups based on sex or race and pa-
tient groups at all traditional cardiovascular risk levels (Fig 12).

CAC offers more than advice on treatment recommenda-
tions: As a negative risk factor, a CAC of 0 de-risks patients and 
gives certainty regarding a favorable all-cause prognosis. This 
concept of “the power of zero” has been referred to repeatedly 
over the past years, implying the tremendous benefit gained 
from such score assuring both doctor and patient that no benefit 

Figure 7: CAC score at which the rate of CVD and cancer mortality are equal 
for A, women and, B, men. Note U-shaped versus exponential relationship for CVD 
versus cancer mortality in women and men, respectively. CAC = coronary artery 
calcium, CVD = cardiovascular disease. (Reprinted, with permission, from reference 
38.)
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from statins would be derived (45,46). On the other hand, pa-
tients with a very high CAC of greater than or equal to 1000 
should be considered a distinct patient subgroup that benefits 
from early and aggressive pharmacotherapy and possibly other 
therapeutic interventions.

In patients with low risk and a family history of CHD, CAC 
is a reliable predictor of all-cause and cause-specific mortality. 

CAC should thus be considered more broadly than in the past. 
The 2016 SCCT/STR guidelines recommend documentation of 
CAC on all non–contrast-enhanced chest examinations, which 
is highly relevant to practicing radiologists (43). The CAC-DRS 
has shown to offer a standardized approach in quantifying CAC 
and may thus prove helpful implementing these recommen-
dations (19). Overall, CAC is the most reliable tool to stratify 

Figure 8: Guideline-based decision-making approach in primary prevention of CVD. Note CAC of 0 can reclassify risk 
in patients at borderline or intermediate CVD risk. (Reprinted, with permission, from reference 40.)

Figure 9: Cause-specific mortality rate (per 1000 person-years) by CAC group. CAC = coronary artery calcium, CHD = coronary heart disease, 
CVD = cardiovascular disease. (Adapted, with permission, from reference 14.)
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cardiovascular risk across patient subgroups. If enabled on a 
more widespread basis, CAC can contribute its share to the kind 
of precision medicine that we intend to deliver to our patients of 
today and tomorrow.
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