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ABSTRACT OF THE THESIS 
 

Coronary Calcium Density and Incident Coronary Heart Disease among Those with Diabetes or 
the Metabolic Syndrome: The Multiethnic Study of Atherosclerosis (MESA) 

 
By 

 
Yanglu Zhao 

 
Master of Science in Biomedical and Translational Sciences 

 
 University of California, Irvine, 2014 

 
Professor Shaista Malik, Chair 

 
 
 

Background: Coronary calcium density was recently found to be inversely associated with 

incident coronary heart disease (CHD) and cardiovascular disease (CVD) events. Not known is 

whether this relationship may differ in those with diabetes (DM) or the metabolic syndrome 

(MetS).   

Methods: We included 3,826 participants aged 45-84 years from The Multiethnic Study of 

Atherosclerosis (MESA) with a non-zero Agatston score and classified them as DM (18%), MetS 

without DM (29%) or neither condition (53%). The relation of density scores and volume scores 

with incident CHD and CVD events were examined stratified by statin use. 

Results: During a 9.7-year mean follow-up, 67 (10%), 79 (7%), 102 (5%) CHD events happened 

among those with DM, MetS, or neither condition. The inverse relation between density score 

and CHD incidence appeared stronger in non-statin users among those with DM (hazard ratio: 

0.52, 95% CI: 0.24-1.11) and those with MetS (HR: 0.51, 95% CI: 0.34-0.78).  The 4th quartile 

of density score in those with MetS had a 73% lower CHD risk (p<0.01) than those in the 1st 

quartile compared to 36% (p=0.37) and 24% (p=0.56) for those with DM or neither disease.  
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Conclusion:  Density score is inversely related to CHD in MetS population and those with 

neither DM nor MetS. In MetS or DM population this inverse relationship appears strongest in 

those not on statins, suggesting statin use may attenuate the association between plaque density 

and incident CHD events. 
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INTRODUCTION 

 

Cardiovascular disease (CVD) is the leading cause of death throughout the world. [1] 

Although multiple measures should be taken to reduce the CVD burden, CVD prevention may be 

the most effective to stop early CVD development. Accurate risk prediction for CVD, as well as 

coronary heart disease (CHD) ---- the major disease in CVD is the central task in CVD 

prevention strategies. In addition to the traditional risk factors like hypertension, hyperglycemia, 

hyperlipidemia and smoking, novel risk factors and evaluation of subclinical atherosclerosis are 

also under investigation. Among them is the coronary artery calcium (CAC). CAC comprises the 

calcium deposits in the coronary artery wall, a component of atherosclerosis and coronary artery 

disease (CAD). [2-6] During the past decades, numerous cross-sectional studies, cohort studies 

and randomized-control trials have demonstrated that CAC is significantly and independently 

associated with CVD events. [7-10] Although there have been several methods to quantify CAC, 

the most commonly used measure of CAC is the Agatston score, which is the product of calcium 

density category and calcium area, summed for all cardiac CT slices. [11-14] An up-weighted 

Agatston score by calcium density implies the corresponding increase of CHD and CVD risk 

when higher calcium density presents. However, the hypothesized association goes against the 

findings that the presence and higher burden of calcified plaque correlated with the stabilization 

of CHD. [15-19] Contrary to the common understanding that more severe coronary calcification 

is related to higher risk of CVD, these studies found that persons with acute coronary events had 

lower CAC scores than those having chronic and stable CVD. In addition, higher CAC score 

does not necessarily relate to more severe artery obstruction or more advanced stage of coronary 

artery disease. [20,21] One recent study therefore questioned the appropriateness of the Agatston 
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score and successfully demonstrated independently inverse relationship between calcium density 

and CHD/CVD incidence after adjusted by volume score and other risk factors. [22] This study 

provided important evidence not only on how the density of CAC may be used to predict CHD 

and CVD, but also on elucidating the possibly protective and adaptive role of calcification in 

atherosclerosis progression.  

Although the positive correlation of CAC with diabetes mellitus (DM) and metabolic 

syndrome (MetS) [23-25] and the stratification efficacy of CAC among DM and MetS [9, 26] 

have been established, the application of CAC scanning is quite restricted to intermediate risk 

population in hope of making better therapeutic decisions. The new finding on CAC density 

score demonstrated that adding density score in the risk model would increase prediction 

accuracy for future CHD and CVD events and therefore make it possible to extend the CAC 

scanning application to other high risk populations like those with DM and those with MetS. 

Another study discovered that increased coronary calcium density may also serve as a protector 

in plaques stabilization in DM patients, leading to substantially more severe atherosclerosis 

status of diabetic patients at the time of the first acute coronary events. [27] From this finding, 

we presume that those with DM may have lower risk of future CHD events when calcified 

plaques become denser given their need for protection or adaptation to compensate the higher 

exposure to other risks. Those with MetS may also show greater variance of risk factors 

compared to healthy persons. However, no research has ever been done to directly explore the 

relationship of CAC density score and incident CHD/CVD events in DM or MetS individuals or 

to examine whether CAC density score has a similar incremental value to the risk prediction 

model in these two disease groups compared to those with neither condition.  
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We therefore proposed to examine the three groups of subjects, namely those with DM, 

those with MetS but no DM and those with neither condition from the Multiethnic Study of 

Atherosclerosis (MESA), a prospective, multicenter, population-based cohort study including 

6,814 men and women age 45-84 to test the hypothesis that the diabetic patients may show 

greater reduction in CHD and CVD risk associated with calcium density increase since they may 

need more “protection”. Patients with MetS are also suggested to show lower relative CHD and 

CVD risks when higher density score is present. The effect of statin use on this association was 

explored separately in the three groups. Moreover, we examined the incremental value of CAC 

density score in the both CHD and CVD risk prediction model over the Agatston score and other 

risk factors using area under the receiver operating characteristic (ROC) curve (AUC) analysis. 

We additionally compared the new model, which included density score and volume score, with 

the old ones either including the Agatston score or volume score using net reclassification index 

(NRI). All the three parameters (hazard ratio, AUC and NRI) are expected to be higher in DM 

group and MetS group compared to those with neither condition.  

The prospective outcomes of this study will be meaningful from the following three 

respects: 1) from the respect of epidemiology, we will elucidate the relationship of CAC density 

score and incident CHD/CVD event rates among those with DM or MetS; 2) we will provide 

information on whether CAC densification relates to the three populations by comparing their 

data and spur further discovery of pathological mechanisms of atherosclerosis in the lab, and 3) 

our potential findings could contribute to increasing the efficacy of CAC CT scanning by adding 

a new element in the CAC scoring model. This will be further used in evaluating the cost-

effectiveness of CAC scanning and may help extend the recommendations of CAC scanning to 

high risk populations. 
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BACKGROUND 

 

1. Coronary Heart Disease, Cardiovascular Disease and Risk Prediction 

 

Every year, cardiovascular disease (CVD) causes 17 million deaths globally, accounting 

for nearly one-half of non-communicable disease deaths and 30% of all-cause deaths. [1] Among 

all CVD events, coronary heart disease (CHD) and stroke remain the two leading causes of death 

during the past decades. During the years 1990-2020, the expected increases in CHD rates alone 

are projected to be 137% for men and 120% for women in developing countries, compared to 

60% and 30% in developed countries. [28] 

Another measure of CVD burden is the disability-adjusted life year (DALY). [29] The 

rank of CVD in DALY rose from 5 to 4 during year 2000 and 2011 in low-income countries, 

rose from 4 to 2 in lower-middle-income countries and remained to be 1 in upper-middle-income 

countries and upper-income countries. [30] CVD confers heavy financial burden as well. Over 

the period 2011-2025, the cumulative lost output in low- and middle-income countries associated 

with CVD is projected to be US$ 3.76 trillion. [31] In 2010, the total costs of cardiovascular 

diseases in the United States were estimated to be $444 billion. [32] 

The great disease burden of CVD call for the collaboration of every side, among which 

the CVD and CHD risk assessment play a vital role in the prevention stage. Traditional risk 

factors of CVD include age, male gender, smoking, hypertension, dyslipidemia, diabetes, etc. 

These risk factors are commonly used in risk score calculations such as Systematic COronary 

Risk Evaluation (SCORE), Framingham Risk Score (FRS), The UK Prospective Diabetes Study 

(UKPDS) Risk Score, Reynold Risk Score and the newly developed 10-year Atherosclerotic 
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Cardiovascular Disease (ASCVD) Score using the Pooled Cohort Risk Equations. SCORE 

includes age, gender, systolic blood pressure, total cholesterol and smoking status and is adopted 

in most European countries. [33] FRS for all CVD risk is designed for US population which 

includes age, sex, total cholesterol, HDL cholesterol, smoking status, and systolic blood pressure. 

[34] FRS clearly distinguishes high risk and low risk population but leave those falling in the 

intermediate risk group (6%-20% 10-year CVD risk) with less clear prevention strategies. 

UKPDS score is specifically applied to type 2 diabetes mellitus population. [35] In 2013, the 

AHA/ACC developed the new risk prediction model using the pooled cohort data and for the 

first time considered ethnicity in risk calculation. [36] Reynold score was first validated in 

women and showed better discrimination power in the intermediate risk group after adding high-

sensitivity C-reactive protein and family history of heart disease in the model and therefore 

should be regarded as a transitional attempt to include new risk factor. [37, 38] However, this 

grey zone (the intermediate risk population) in risk prediction remains to be further 

distinguished. Many novel risk factors were therefore explored and compared as CVD risk 

predictors, especially in the intermediate risk population. Among them were the coronary artery 

calcium (CAC) scanning. Several previous studies have shown that CAC has better prediction 

efficacy than other novel risk factors [9, 39, 40] and CAC, with some other advantages has 

become a main target in improving risk assessment.  

 

2. Coronary Artery Calcium and Coronary Plaque 

 

Coronary artery calcium is indicated by calcium deposits in the coronary artery wall and 

is a component of atherosclerosis and coronary artery disease (CAD). [2-6] In healthy 
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individuals, there are no calcium deposits in the coronary artery wall. However, when a person 

has the risk factors including an elevated blood cholesterol, high blood pressure, smoking, 

diabetes, or chronic kidney disease, they may have an increased chance to develop 

atherosclerosis as well as calcified deposits in the vessel walls. Aging is another important 

contributor to vascular calcification. It was assessed by autopsy that 75-95% of men and women 

had coronary artery calcification regardless of their cause of death. [41] 

A typical atherosclerotic plaque is comprised of a fibrous cap and a lipid core, infiltrated 

with various types of living and dead cells including foam cells, T/B cells, neutrophils, mast 

cells, monocytes, macrophages and dendritic cells. [42, 43] A monolayer of endothelial cells 

divides the plaque from the blood stream. The vascular calcification is an active process during 

plaque progression very similar to bone formation, which involves the osteoblast transformation 

of vascular smooth muscle cells, mast cells and macrophages with the expression of growth 

factors, matrix proteins, and other bone-related proteins including bone morphogenetic protein-2 

(BMP-2), matrix glaprotein (MGP), osteoprotegerin (OPG), osteopontin and osteonectin. [44-46] 

Plaques in coronary artery can cause thrombosis and block the artery, which results in 

angina pectoris, myocardial infarction or sudden death. Thrombus is formed either suddenly or 

gradually mainly by three causes: plaque rupture, erosion or calcification nodules. Plaque rupture 

is the most common cause of thrombosis (65%), followed by erosion (30%) and calcification 

nodules (5%). [47, 48] The plaques causing acute coronary syndrome (ACS) are usually the 

result of plaque rupture and are usually figured with red cell-rich necrotic cores and thin-cap 

fibroatheromas. Also common are thrombi forming on lesions with endothelial erosion, most 

often on pathological intimal thickening or fibroatheromas. Calcified nodules are the least 
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frequent cause of thrombosis, which occurs more frequently in older individuals with heavily 

calcified and tortious arteries with thrombus gradually growing on the nodules. [49-51] 

 

3. Measures of CAC 

 

a. The Agatston Score 

In clinical practice, CAC is quantified by either multidetector computed tomography 

(MDCT) scanning or electron beam computed tomography (EBCT) scanning using the Agatston 

calculation, the most widely used measure of CAC in both clinical and scientific settings. [11, 

12] The Agatston score is the sum of products of calcium density score and calcification area at 

each scanning slice. The highest density (instead of average density) in a given position is 

measured in Hounsfield Units (HU), and then given the score of 1 for 130-199 HU, 2 for 200-

299 HU, 3 for 300-399 HU, and 4 for 400 HU and greater. This weighted score is then multiplied 

by the area (in square millimeters) of the coronary calcification. The cardiac CT slices are 

usually 3 millimeters thick in EBCT and 2.5 millimeters thick in MDCT and there are average 

about 50-60 slices from the coronary artery ostia to the inferior wall of the heart. The calcium 

score of every calcium plaque in each coronary artery for all of the CT slices is then summed up 

to give the total coronary artery calcium score (the Agatston score).  

 

b. Mass Score and Volume Score 

Mass score is computed as the integral (sum) of all Hounsfield Unit values in a lesion 

multiplied by the voxel volume in millimeters cubed. Some studies used volume score and mass 

score instead of the Agatston score and showed similar diagnostic accuracy for CAD of volume 
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score (AUC: 0.88 sensitivity 99% specificity 72% using the cut point of 6.5 mm3 for volume 

score and AUC: 0.84 for mass score). [12, 52] It was also shown that both mass score and 

volume score are superior to the Agatston score in determining significant coronary artery 

disease. [12] In addition, volume score is frequently used in CAC progression researches. 

Increase of volume score is usually regarded as a sign of CAC progression.  

 

c. Density Score 

Criqui et al. created a new method to calculate CAC density score based on the Agatston 

score and volume score. [22] The Criqui density score is the average of density score based on 

HU value in the Agatston score calculation and therefore have a range of 1-4. For those with 

only one lesion, the Criqui density score is any of the integral of 1, 2, 3 or 4. The Criqui density 

score is versatile for using because it only needs the Agatston score and volume score. But it has 

the limitation of not reflecting the complete spectrum of calcium density due to the ceiling effect 

(those with a lesion over 400 HU also have a score of 4). An alternative approach in theory 

would be to divide the calcium mass by the calcium volume, which would also result in a 

measure of “calcium density”. [12] 

 

4. Diagnostic Accuracy in CAD and Prediction Efficacy in incident CHD/CVD 

 

The presence of CAC indicates subclinical CAD and is associated with greater 

progression of atherosclerosis. Therefore, CAC scanning with computed tomography can be 

beneficial for early CAD detection before the onset of clinical symptoms. Numerous studies have 

been done both in developed and developing countries to evaluate the diagnostic accuracy of 
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different CAC score cutpoints in relation with coronary angiography. Some of the results are 

listed in Table 1. As a screening modality, the presence of CAC (with a score of 0 as the 

cutpoint) has a high sensitivity and negative predictive value. While on the other extreme where 

CAC is high enough, e.g. CAC > 400, CAC scanning has high specificity and positive predictive 

value, which virtually confirms the presence of CAD. [54, 57] Some studies have also calculated 

the area under the receiver operating characteristics curve (AUC) for CAC scanning alone or in 

combination with CTA. The optimal cutpoint of CAC score can also be determined for maximal 

diagnostic accuracy. [55-57, 60] 

Well-designed, large-population based cohort studies are mostly from developed 

countries. Overall, most studies showed incident CHD and CVD event rates positively correlate 

with CAC score and vary significantly across different CAC strata after adjusting for other 

clinical risk factors. Correlation of the Agatston score and incident CHD/CVD event rates or all-

cause mortality were explored from different respects: subjects with different CAC score at 

baseline were stratified to compare CHD/CVD incidence [62]; CAC progression was also 

separately explored in relation with event rates [63]; both long-term and short-term survival rates 

were examined at various levels of CAC scores [64]. Besides, CVD risks associated with CAC 

score were compared between male and female, smokers and non-smokers, those with family 

history and without family history as well as those with DM and without DM. [65-68] After 

adjustment for other risk factors, increased CHD and CVD risk is associated with higher levels 

of CAC score (Table 2). The C-statistic, or AUC is designed to investigate the incremental value 

of CAC in predicting CVD and significant improvement of AUC indicates better prognostic 

value of CAC over other risk factors. [62, 69, 70, 74, 75] Other statistical approaches to evaluate 

the predictive efficacy include the net reclassification improvement (NRI) and integrated 
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discrimination improvement (IDI). NRI is the percentage of participants who were reclassified 

appropriately (i.e., to a lower risk group for nonevents or to a higher risk group for events) and 

inappropriately (i.e., to a lower risk group for events or to a higher risk group for nonevents) 

using the new risk prediction model instead of the old one. Polonsky et al. examined the NRI of 

new model with CAC and other risk factors over the old one with only traditional risk factors 

and found that adding CAC in the model reduced the subjects in intermediate risk group from 

31% to 23%, with a NRI of 0.25 (95% CI: 0.16-0.34, p < .001). [76] Yeboah et al. also compared 

the NRI of different risk markers including CAC, cIMT, ABI, etc. in the intermediate risk 

subjects from MESA and showed CAC helped reclassify more patients into the right risk groups 

compared to other novel risk factors. [39] 

When CT scanning and CT angiography is compared in predicting CVD events, it is 

shown that CAC score does not add incremental value to CTA test results. [77] However, 

conclusions are controversial on whether CTA can provide incremental information over CAC 

score. While the Brazilian and Korean researchers found non-significant increase of AUC when 

adding CTA to models with CAC score [78, 79], a finding from China showed AUC increased 

from 0.82 to 0.93 (p<0.001) [18].  

 

5. Recommendation of CAC Scanning in Guidelines 

 

Three major groups develop the key CVD risk assessment and prevention guidelines: 

World Health Organization (WHO), European Society of Cardiology (ESC), and American 

Heart Association (AHA) jointly with the American College of Cardiology (ACC). [80, 81, 36] 

The WHO guidelines for assessment and management of cardiovascular risk is adopted by the 
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majority of least-developed countries. Most guidelines rate the level of evidence for CAC 

scanning as B (data derived from a single randomized clinical trial or large non-randomized 

studies). [36, 81, 82] Accordingly, the class of recommendation in these guidelines is rated as 

Class IIa (Class IIb-B in 2013 AHA/ACC risk assessment guidelines), where the procedure or 

test should be performed but with less firm evidence in favor of the procedure. More specifically, 

CAC scanning is recommended after the collection of other clinical evidence and is most 

strongly recommended to apply on those who deem to be intermediate risk group. 2010 

AHA/ACC risk assessment guideline gave a Class IIa-B recommendation to asymptomatic 

adults aged 40 and over with diabetes. [83] The current AHA/ACC guideline for cardiovascular 

risk assessment also notes that a CAC score of >300 or >75th percentile for age, gender, and 

ethnicity can be considered for upstaging a person’s risk to better inform the treatment decision 

if uncertain on the basis of global risk assessment alone. [36] Similar thresholds to reclassify 

one’s risk category are recommended in guidelines of other developing countries as well. [82, 

84, 85] 

 

6. Diabetes Mellitus, Metabolic Syndrome and CAC 

 

People with DM have increased risk of CHD and stroke. Although diabetes has been 

widely accepted as a CHD equivalent, a recent meta-analysis of thirteen studies actually showed 

those with diabetes to have a 43% lower risk of future hard CHD events compared to those with 

a prior myocardial infarction. [86]  

Various studies have elucidated the relation of DM/MetS, CAC and future CVD events. 

DM patients have higher rate of CAC, increased CAC score and more severe absolute 
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progression of CAC. [24, 25] Wong et al. found that in those with DM the prevalence of CAC 

was 75.3% in men and 52.6% in women, significantly higher than their peers without DM; and 

the mean CAC scores were higher in DM group; CAC greater than the 75th percentile was noted 

in 20.6% of normal controls however in 40.9% of DM subjects. [24] The relative risk for the 

development of CAC in those with no CAC at baseline was 1.9 for patients with DM but no 

MetS and was 1.8 for those with both DM and MetS compared with persons who are neither DM 

nor MetS. [25] 

After stratified by CAC score, those with DM and those with MetS are found to have 

higher risk of developing CHD than those without these conditions in the same CAC range. 

However, Raggi et al. opposed that there was no difference in survival between diabetic and non-

diabetic subjects with a zero CAC, supporting the non-equivalency of DM and CHD in a CAC-

defined low risk subset over a 5.0 years of follow-up period. [65] Malik et al. examined the 

predictive value of 881 subjects with DM and 1,686 with MetS and found that hazard ratios of 

CAC strata 1-99,100-400 and 400+ vs. CAC of 0 for CHD events ranged 2.9-6.2 and 3.9-11.9 in 

DM group and the MetS group, respectively. The AUC increased from 0.72 to 0.78 (DM) and 

from 0.73 to 0.79 (MetS) after adding CAC score to other risk factors in the model. [9]  

 

7. Limitation of the Agatston Score: Epidemiological and Pathophysiological Paradoxes 

 

a. Inconsistency among quantity of CAC, severity of stenosis and plaque burden  

Both autopsy and angiography on human subjects showed that the Agatston score does 

not fully represent the severity of stenosis or plaque burden. Mautner et al. found that the 

quantity of calcium varied according to the artery and the distance from the ostia, with a variable 
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relationship between the degree of stenosis and a given quantity of calcium [87], while Sangiorgi 

et al. found a wide variability in the amount of CAC for a given plaque area [88]. 

Angiographic studies also revealed inconsistency in the relationship between calcification 

and degree of luminal narrowing. Most showed a very high sensitivity but poor specificity of the 

CAC score [53, 54, 58, 61, 89, 90] for angiographic obstructive disease in a wide variety of 

settings. Among those with zero calcium score, there is probability of obstructive CAD, 

especially in symptomatic patients or high risk people. [91-94] 

 

b. Plaque patterns influence the CHD pattern.  

Highly dense plaque is related with chronic heart disease while unstable, low-density 

plaque is responsible for acute coronary diseases including MI, new onset of unstable angina and 

sudden CHD death. Shemesh et al. recently found that although total amount of CAC was related 

with higher total CAD incidence, none of their research subjects with extensive CAC developed 

acute coronary syndrome while none of those with mild or moderate CAC presented chronic 

disease. [19] Compared with patients with stable angina, patients with unstable angina had more 

soft lesions (74% vs. 41%), fewer calcified and mixed plaques [fibrotic, soft or calcific 

components in one or more combinations (25% vs. 59%)] and fewer intralesional calcium 

deposits (16% vs. 45%). [95] Marwan et al. found that the majority of subjects with stenosis but 

no CAC presented with non-ST-segment elevation myocardial infarction (MI) or unstable angina 

significantly more frequently than patients with stenosis and CAC. [96] 

 

c. Heterogeneity among those with DM and MetS  
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Comorbidity influences the pattern of CAC distribution and its relationship with future 

events. People with DM were found to have more severe calcification (with wider calcified arch 

and higher frequency of superficial calcified nodules) than non-diabetic patients while the lipid 

plaque was less frequent in those with DM. [27] Pathophysiological study consistently found that 

type 2 diabetes patients had significantly higher expression of osteogenic markers by endothelial 

progenitor cells (EPC) than control subjects, especially in the presence of CAD, probably driven 

by inflammatory signals. EPCs cultured from DM patients with CAD occasionally formed 

structures highly suggestive of calcified nodules. [97] Above evidence indicates that those with 

DM have surprisingly much severe subclinical atherosclerosis when the first CHD happened 

given their potent pro-inflammatory, pro-oxidant and pro-thrombotic stimuli. 

However, not known is whether the subclinical atherosclerosis severity measured by 

CAC score can help better explain the high risk among those with DM. Although prior 

researches have demonstrated AUC significantly improved after including the Agatston score in 

the model, it is still questionable that the Agatston score have similar predictive efficacy in those 

with DM and without DM. Our research is aimed at examining the predictive power of other 

CAC measures including the combination of risk factors, volume score and density score to see 

if the new model has advantage over the old one with only risk factors and the Agatston score. 

While most experts agree on taking diabetes as a single risk factor of CVD, two different 

opinions think MetS either as a cluster of risk factors (a heterogeneous population) or as an entity 

(a homogeneous population). Sung et al. reported that CAC might be clinically useful in 

individuals with MetS due to a large discrepancy between the presence of CAC and 10-year 

absolute risk assessed by Framingham Risk Score. [98] Besides, It was suggested that in MetS 

population, atherosclerotic coronary plaques were mainly composed of lipid-rich components 
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and the prevalence of non-calcified coronary plaques tended to be higher in MetS than in non-

MetS subjects. [99, 100] These findings suggest that MetS population may be a heterogeneous 

group of people themselves and compared to the non-MetS persons. Never be explored is 

whether this potential high predictive efficacy of CAC measures, including the combination of 

CAC volume and density score, remains in persons with MetS. 

 

8. Density Score and the Inversely Association with CHD Incidence  

 

Although prior qualitative data suggested that calcified plaque was related to stabilization 

of CAD and might play a protective role in plaque progression, CAC density was seldom 

regarded as one measure of CAC and thus was largely ignored in previous researches. Criqui et 

al. first developed a simple method to calculate the average of CAC density score (1 for 130-199 

HU, 2 for 200-299 HU, 3 for 300-399 HU, and 4 for 400 HU and greater) out of the Agatston 

score, volume score and the thickness of CT slices. [22] Furthermore, they explored the 

relationship of density score and incident CHD and (CVD) MESA popuation. For a valid 

analysis, the CAC absent participants were excluded and finally they reached to a sample size of 

3,398. After a median of 7.6 years of follow-up, the natural logarithm of the CAC volume score 

was associated with incident CHD [HR 1.81 per SD ln(volume) increase, 95% CI: 1.47-2.23]. 

Conversely, the CAC density was inversely associated with incident CHD (HR 0.73 per SD 

density score increase, 95% CI: 0.58-0.91). AUC showed a significant incremental predictive 

value of natural logarithm volume score over models with traditional risk factors (from 0.668 to 

0.700) and AUC further increased to 0.711 after density score was added in the model. This 

paper helped elucidate the relationship of CAC density and incident CHD/CVD events as well as 
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the predictive power of CAC density in a CVD-free population. However, this association needs 

further validation in disease-specific populations. Given the great heterogeneity of DM patients 

and MetS patients, we reanalyzed the how well CAC density score can predict CHD and CVD 

risks among persons with DM or MetS using the MESA dataset. 
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STUDY DESIGN 

 

1. Research Sample 

 

MESA is a large population-based, multicenter and prospective cohort study designed to 

investigate the prevalence, progression and clinical significance of subclinical atherosclerosis. 

Full details of the MESA study design have been previously published. [101] 6,814 persons aged 

45 to 84 years without known cardiovascular disease were recruited during July 2000 and 

September 2002 from six field centers in the USA (Baltimore; Chicago; Forsyth County, North 

Carolina; Los Angeles; New York; and St Paul, Minnesota) and were identified as white (38%), 

black (28%), Hispanic (22%), or Chinese (12%) at the time of enrollment, with almost identical 

male (52.8%) and female (47.2%). MESA Exam 2 was done between October 2002 and January 

2004 and Exam 3 was done between February 2004 and September 2005. The study was 

approved by the institutional review boards of each site, and all participants gave written 

informed consent for participation. 

The sample selection flow chart is shown in Figure 1. We identified 671 subjects with 

DM, 1,124 MetS and 2,031 with neither condition from MESA with at least one valid non-zero 

Agatston score in any of the Exam 1, 2 or 3 and follow-up for hard CHD events and hard CVD 

events. If the first non-zero Agatston score was from Exam 2 or Exam 3, then the data to define 

the participant’s age, 10-year ASCVD Pooled Cohort Risk Score, related risk factors, medication 

and follow-up time were derived from Exam 2 or 3 accordingly. 

Diabetes mellitus is defined as diagnosed diabetes (both treated and untreated), or have a 

calibrated fasting blood sugar higher than 126 mg/dl, or taking hypoglycemia medication, or 
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self-reported diabetes, any of which happened at the time of or before their first valid non-zero 

Agatston score was reported. In addition, we identified all DM patients’ treatments as one of the 

following: insulin therapy, oral hypoglycemia medication, or not on medications. Those with 

missing data for DM treatment were regarded as not on medication. 

Metabolic syndrome is defined according to the 2004 updated NCEP criteria. [102] 

Persons with MetS have diagnosed MetS or have at least three of the following five conditions at 

the time of or before their first valid non-zero Agatston score was reported: (1)Waist 

circumstance greater than 102 cm in male or 88 cm in female; (2)Triglycerides equal to or 

greater than 150 mg/dl; (3)HDL less than 40 mg/dl in male or 50 mg/dl in female; (4)Systolic 

blood pressure greater than 130/85 mmHg or use of medication for hypertension; (5)Fasting 

glucose equal to or greater than 100 mg/dl or use of medication for hyperglycemia. Those who 

met the above criteria of diabetes were included in DM group instead of the MetS group. 

Participants were excluded if they had no Agatston score, if they had an Agatston score 

of zero, if they had incomplete risk factor profile or if they had incident hard CHD events or hard 

CVD events prior to their non-zero CAC scores.  

Rule of thumbs were applied in estimating the number of covariates in survival analysis. 

[103] When the number of events per variable was 10, 7 variables were allowed since the DM 

group had the least event number (67 CHD events). 

 

2. Measurement of CAC  

 

The methodology for acquisition and interpretation of the CAC scans, as well as the 

reproducibility of the readings, has been reported previously. [104] In Exam 1, all MESA 
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participants had CAC scanning. Half of them had a rescanning in Exam 2 and the other half were 

rescanned in Exam 3. Scanning centers assessed coronary calcium with either a cardiac-gated 

electron-beam CT scanner (Chicago, Illinois; Los Angeles, California; and New York, New 

York field centers) or a multidetector CT system (Baltimore, Maryland; Forsyth County, North 

Carolina; and St Paul, Minnesota field centers). Certified technologists scanned all participants 

twice over phantoms of known physical calcium concentration. A radiologist or cardiologist read 

all CT scans at a central reading center (Los Angeles Biomedical Research Institute at Harbor-

UCLA, Torrance, California). We used the mean Agatston score and the mean CAC volume 

score for the 2 scans in all analyses. Intraobserver and interobserver agreements were excellent 

(kappa=0.93 and kappa=0.90, respectively).  

Calcium area score and calcium density score for each participant were calculated with 

the Criqui method. [22] Firstly, we got calcium area score (mm2) from dividing mean total 

calcium volume (mm3) by slice thickness (3 mm for electron-beam CT in three study centers and 

2.5 mm for multidetector CT in other three sites). To get calcium density score, the Agatston 

score was divided by area score. Since previous analyses in MESA have shown log linear 

relationships between CAC and CVD risk, the Agatston score, volume score and area score were 

transformed to natural logarithm as ln(score+1). [62] 

 

3. Risk Factor Assessment  

 

As part of the baseline examination, clinical teams at each of the six centers collected 

information about cardiovascular risk factors. Information on demographics, smoking, medical 

conditions, and family history was obtained by questionnaire. A central laboratory (University of 
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Vermont, Burlington, VT, USA) measured concentrations of total and high-density lipoprotein- 

cholesterol (HDL-C), triglycerides and plasma glucose. Using a Dinamap Pro 1000 automated 

oscillometric sphygmomanometer (Critikon), we measured resting blood pressure three times 

with the participant in the seated position. The average of the last two blood pressures was used. 

Use of cholesterol, blood pressure, and diabetes medications was determined by questionnaire 

and from medication containers. 

10-year risks of ASCVD from Pooled Cohort Risk Equations were calculated out of age, 

ethnicity, gender, smoking, diabetes, total cholesterol, HDL-C, systolic blood pressure and 

hypertension medication using the parameters from the latest ACC/AHA guidelines on the 

assessment of cardiovascular risk. [36] Since the guidelines recommend applying the equation 

only on those between 45 and 75, we assume that MESA subjects who are 76 and older still fit 

the equation.  

 

4. Follow-Up 

 

The cohort was followed for a median follow-up time of 10.22 years after each 

individual’s first non-zero Agatston score. At intervals of 9-12 months, a telephone interviewer 

inquired about interim hospital admissions, cardiovascular diagnoses, and deaths. MESA 

successfully obtained medical records for about 98% of hospitalized events and information 

about 95% of outpatient cardiovascular diagnoses. Follow-up telephone interviews were 

completed in 92% of living participants. An adjudication committee received copies of all death 

certificates and medical records for hospitalizations and outpatient cardiovascular diagnoses and 

conducted next-of-kin interviews. Two physicians independently classified and assigned 
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incidence dates. For disagreements, a full mortality and morbidity review committee made the 

final classification. The reviewers were blinded to CT scan and MRI results and used pre-

specified criteria. Full details of the MESA follow-up methods, investigators, and institutions are 

available at the MESA website. We followed the participants’ hard CHD events and hard CVD 

events as two separate endpoints. Hard CHD endpoints included myocardial infarction, 

resuscitated cardiac arrest, or CHD death. Hard CVD endpoints included all hard CHD events, 

stroke and CVD death. All CHD events or all CVD events, including angina pectoris and 

revascularization were not used because these softer outcomes might be biased by the 

participants’ knowledge of their own CAC scores. We used all CHD/CVD events as sensitivity 

analysis to examine the degree of the bias.  

 

5. Statistical Analysis  

 

a. Baseline characteristics comparisons and correlation analysis 

We examined the prevalence and distribution of Agatston, calcium volume, and density 

scores as well as other baseline characteristics. Continuous variables were displayed as mean/SD 

and categorical variables were shown as frequency/percentage. Continuous variables were 

compared among disease groups by ANOVA and categorical variables were compared by the 

Chi-square test. Spearman correlation coefficients were calculated among four calcium scores 

(Agatston, volume, area and density scores) since density scores were not normally distributed.  

 

b. Average CHD/CVD event rates 
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Each group was divided into quartiles of calcium volume. Within each volume stratum, 

absolute annual event rates (per 1000 person years) for CHD events and CVD events were 

calculated using the equation: 

Event rates = incident CHD/CVD event number/ total person-years at risk. 

 

c. Cox proportional hazards regression 

Cox proportional hazards regression was used to examine the association of Agatston, 

volume, area and density scores and incident CHD/CVD events. Tests for non-proportional 

hazards were done using Schoenfeld residuals [105] and results were not significant, indicating 

the hazards caused by CAC is constant against time. The above four continuous variables were 

firstly examined per standard deviation separately to calculate standardized hazard ratio. Then 

CAC volume and CAC density were then added in the same Cox proportional hazards regression 

model to get the standardized hazard ratio. Cox proportional hazards regression was also adopted 

to get the hazard ratios for quartiles of calcium density score and quartiles of CAC volume score. 

Interaction between calcium density and diabetes/metabolic syndrome were tested. The Cox 

proportional hazards regression analysis were done unadjusted as well as adjusted for 10-year 

ASCVD pooled cohort risk score, ethnicity, BMI, statins use and diabetes duration in DM group.  

 

d. C-statistics and Net Reclassification Improvement 

C-statistics and net reclassification improvement (NRI) were used to compare the 

predictive ability of the following models. We set model 1 (base model) as 10-year ASCVD risk 

+ SES + Statin use, model 2 as base model + ln(Agatston), model 3 as base model + ln(Volume) 

and model 4 as base model + ln(Volume) + density score. Comparison were made between base 
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mode l vs. model 4, model 2 vs. model 4, and model 3 vs. model 4 for AUC and NRI. In 

addition, we will compare the model 4 with 10-year ASCVD Pooled Cohort Risk. Firstly, we 

calculated 10-year predicted risk for both CHD and CVD from Cox proportional hazards 

regression using the above three models. A receiver operating characteristic (ROC), or ROC 

curve, is a graphical plot which illustrates the performance of a binary classifier as its 

discrimination threshold is varied. It is created by plotting sensitivity vs. 1 minus specificity at 

various threshold settings. A completely random guess would give a point along a diagonal line 

from the left bottom to the top right corners, with the area under the curve of 0.5. If the new risk 

factor predicts future CHD/CVD events better, the corresponding AUC would be higher than that 

of old model. We then constructed receiver operating characteristic (ROC) curves and compared 

the area under the ROC curve (AUC) regarding the endpoints either as binary outcomes or as 

censoring outcomes. Three methods were used to calculate AUC. Firstly we directly calculated 

AUC using logistic model. It was previously reported that AUC from logistic model were the 

highest compared to other models. As a part of survival analysis, we also calculated the predicted 

risk with cox regression model and Harrell’s C value, which allowed the censoring cases. [106] 

These estimates were identical through 2 decimal places to the binary version for all three 

models. We constructed ROC curves with base model (10-year ASCVD pooled cohort risk + 

SES + Statin use), model 2 (base model + ln (Agatston score + 1) and model 3 (base model + ln 

(Agatston score + 1) + density score).  

For NRI, we stratified risk estimates as 0% to less than 6%, 6% to less than 20%, and 

20% or more, corresponding to low, intermediate, and high risk. We performed cross-tabulations 

of risk categories based on the models with the Criqui density score and the model without it to 
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assess the percentage of participants who were reclassified appropriately and inappropriately. We 

then calculated the NRI as: 

NRI = [(number of events reclassified higher - number of events reclassified lower) /number 

of events)] + [(number of nonevents reclassified lower - number of nonevents reclassified 

higher/number of nonevents)]. 

 

e. Subgroup analysis  

Subgroup analysis was done to get standardized hazard ratio of CAC density score for 

CHD and CVD between statin user vs. non-statin user in the three disease groups. Interaction test 

for statin use and density score were performed in Cox proportional hazards regression. 

 

f. Sensitivity analysis  

 Additional adjustment for treatment (insulin use, oral medication or neither) in DM group 

 Relation of density score and incident CHD/CVD among MetS (with and without 

diabetes) and non-MetS participants.  

 Relation of CAC density and All CHD/CVD events rates in the three groups. 

 Adjustment for Framingham Risk Score, ethnicity, statin use and BMI. 

 

g. Analyses were performed using statistical software SPSS version 21 and SAS version 9.2. A 

value p < 0.05 (and a p value < 0.1 for interaction test) by the two-tailed test was considered 

statistically significant. 
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RESULTS 

 

1. Baseline Characteristics 

 

In total, 3,826 MESA participants (56.3% male) were included in our study with a mean 

± SD age of 66.5 ± 9.0 years old, Hispanics had the highest proportion of metabolic syndrome 

(34%) while African Americans and Hispanics had similarly high proportion of diabetes (25% of 

the both African Americans and Hispanics had DM). Comparisons of all clinical measures were 

significantly different among the three groups and were unfavorable in the DM group and the 

MetS group (Table 3). Although the Agatston score was the highest in DM group and lowest in 

the no DM/MetS group, for density score the difference was relatively small and was the highest 

in the no DM/MetS group (mean score: 2.60) but the lowest in the MetS group (mean score: 

2.53). As for statin use, 32.6% of those with DM and 22.8% of those with MetS were on statin 

therapy while only 18.6% had statin in the no DM/MetS group. Among the 248 incident CHD 

events, 67 (10%), 79 (7%) and 102 (5%) happened in DM, MetS and the no DM/MetS groups, 

respectively. DM, MetS and non-DM/MetS had 98 (14.6%), 123 (10.9%) and 148 (7.6%) CVD 

events, respectively. During a median follow-up time of 10.22 years, average CHD event rates 

were 12.0, 8.1 and 7.4 per 1000 person-years in the DM group, the MetS group and the no 

DM/MetS groups, respectively; and corresponding CVD event rates were 18.1, 12.9 and 8.1 per 

1000 person-years in the three groups. 

Table 4 shows the Spearman correlation coefficients of CAC density score and the other 

CAC measures in the three groups. While the Agatston score, volume score and area score were 

highly correlated with each other (r values were over 0.99 and p<0.0001), density score was less 
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tightly related with the other three measure across all disease groups. Compared to the other two 

groups, correlation coefficients for density score and others were slightly higher in the MetS 

group. Also, due to the up-weighed value of the Agatston score by density score, density score 

was more tightly related to the Agatston score while less related to area score, which was 

consistent in all the three groups.  

 

2. CHD and CVD Event Rates by Volume Score Quartiles and Density Score Quartiles 

 

Distribution of volumes score and density score quartiles are presented in Table 5. Figure 

2 shows the average CHD and CVD event rates per 1000 person-year when the three groups 

were stratified by volume score quartile. In each group, a monotonically increased CHD and 

CVD incidence was seen in higher volume score quartiles. The DM group had the highest 

CHD/CVD event rates while persons with no DM/MetS had the lowest rates across all volume 

score strata. Due to inadequate event numbers in each group, we were not able to further stratify 

each volume quartile into density score quartiles. While the three groups were directly stratified 

into density score quartiles, CHD and CVD event rates increased in the first three quartiles and 

dropped in the fourth quartile in MetS and the no DM/MetS groups (Figure 3).  

 

3. Association of Volume Score, Density score and CHD/CVD Incidence 

 

We examined the standardized hazard ratios (HRs) by separately adding four different 

CAC measures (the Agatston score, volume score, area score and density score) in the Cox 

proportional hazards regression with other risk factors (10-year ASCVD risk score, ethnicity, 
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statin use and BMI). (Table 6) While ln(Agatston), ln(Volume) and ln(Area) all significantly 

increased CHD and CVD risks in all the three groups, density score showed positive however not 

statistically siginificant association with either CHD or CVD incidence. 

 When natural logarithm of volume score was further adjusted for density score, 

standardized HRs increased differently in the three groups. In the DM group, the MetS group and 

the no DM/MetS group, there was a further 10%, 52% and 31% more relative risk per 1 SD of 

ln(Volume) increase for CHD events and 13%, 23% and 31% increase for CVD, respectively. 

(Table 7) Absolute event rates increased 7.2 per 1000 person-years, 7.0 per 1000 person-years 

and 8.1 per 1000 person-years in DM, MetS and no DM/MetS for CHD events; absolute CVD 

rates increase were 10.9 per 1000 person-years, 7.0 per 1000 person-years and 6.7 per 1000 

person-years in DM, MetS and no DM/MetS, respectively.  

After adjusted for natural logarithm of volume score and other risk factors, CAC density 

score became inversely related to incident CHD/CVD rates in all the three disease groups but 

were only significant for CHD in the MetS group [HR: 0.58 (95% CI: 0.40-0.83), p = 0.003] and 

for CVD in the no DM/MetS group [HR: 0.72 (95% CI: 0.56-0.93), p = 0.011]. Absolute rate 

decreases were 1.2 per 1000 person-years, 3.4 per 1000 person-years and 1.9 per 1000 person-

years in DM, MetS and no DM/MetS for CHD and 2.4 per 1000 person-years, 3.1 per 1000 

person-years and 2.3 per 1000 person-years for CVD, respectively. The interaction test for CAC 

density score and disease group was only significant for the MetS group for CHD events when 

the no DM/MetS group was the reference group with the p-values for the interaction being 0.092. 

For the DM group, the p value for interaction test was 0.926 for CHD events and 0.755 for CVD 

events. (Table 7)  
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4. Relative CHD/CVD Risk in Higher Volume Score Quartiles and Density Score Quartiles 

 

Associations of volume score quartiles with hard CHD/CVD events after adjustment with 

other risk factors including 10-year ASCVD pooled cohort risk score, ethnicity, statin use and 

BMI are shown in Figure 4. All the three groups showed a stepwise increase of HRs by quartile 

of volume score. Before and after additional adjustment of density score, the MetS group and the 

no DM/MetS group had greater change in relative risk for each volume quartile while the DM 

group did not show much risk difference after further adding density score in the Cox 

proportional hazards regression model (not shown in the figure).  

After adjustment of risk factors and natural logarithm of volume score, there was a 

decreasing trend in HRs for higher quartiles of density score, although not always stepwise. 

(Figure 5) Participants with MetS in the 4th quartile of density score has a 75% reduction of risk 

to develop CHD while participants with neither disease in the highest density score quartile has a 

50% reduced risk to develop CVD. The above two HRs were statistically significant.  

 

5. Impact of Statin Use on the Association between Density Score and CHD/CVD Risk  

 

Table 8 shows subgroup analysis for standardized HRs between statin user and non-statin 

users. In the DM group and the MetS group, the standardized HRs of volume score showed 

greater disparity between statin users and non-statin users than the no DM/MetS group. HRs of 

CAC density score for CHD were 0.52 (95% CI: 0.24-1.11) for non-statin users and 1.10 (95% 

CI: 0.71-1.70) for statin users among those with DM; 0.51 (95% CI: 0.34-0.78) for non-statin 

users and 0.77 (95% CI: 0.36-1.65) for statin users among those with MetS. However, among 
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those with neither condition the statin users had a 53% reduction of CHD risk per 1 SD of 

density score increase while non-statin users only had 20% reduction (38% for statin users vs. 

27% for non-statin users for CVD events risk). None of the above had a significant interaction 

test result for statin use and density score.  

 

6. Sensitivity Analysis  

 

a. Additional adjustment for diabetes treatment in DM group 

Among 671 DM subjects, 113 were on insulin therapy, 398 were on oral hypoglycemia 

medication or and 160 did not use medication. After further adjusted for diabetes treatment as a 

proxy of diabetes severity, HRs of CAC density scores were almost identical to the second 

decimal places for both CHD and CVD events. (Table 9) Hazard ratios of insulin use and oral 

medication were 1.81 (95% CI: 0.76-4.31) and 1.74 (95% CI: 0.84-3.61) for CHD events, 

respectively. 

 

b. HRs of CAC density for CHD/CVD among MetS and non-MetS participants  

Among the 3,826 participants, 1,653 had MetS (with/without diabetes) at baseline. 

Sensitivity analysis was done comparing the adjusted HRs of CAC density between MetS 

(with/without diabetes) and non-MetS participants. CAC density was similarly inversely related 

to CHD/CVD incidence among MetS (with/without DM) and non-MetS participants. P value for 

interaction test of disease group and density score were not significant. (Table 10) 

 

c. Relation of CAC density and All CHD/CVD events rates in the three groups 
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Although the HRs for all CHD and CVD events were similar in the three disease groups 

compared to the HRs for hard CHD and CVD events, CAC density score showed significantly 

inverse relation with all CHD and CVD incidence in both the MetS group and the no DM/MetS 

group, probably due to increased event number. (Table 11) 

 

d. Adjusting for Framingham Risk Score, ethnicity, statin use and BMI 

After being adjusted by Framingham Risk Score, ethnicity, statin use and BMI, 

respective HRs of density score for CHD were 0.93 (95% CI: 0.64-1.34) in DM, 0.59 (95% CI: 

0.41-0.85) in MetS and 0.75 (95% CI: 0.55-1.02) in the no DM/MetS group; for CVD events, 

HRs were 0.89 (95% CI: 0.66-1.21), 077 (95% CI: 0.59-1.02) and 0.73 (95% CI: 0.57-0.94) in 

DM, MetS and the no DM/MetS group, respectively. 

 

7. Incremental Value of Density Score in CHD/CVD Risk Prediction 

 

Three types of AUC, namely logistic C-statistics, Cox proportional hazards C-statistics 

and Harrell’s C were compared. The AUC estimates of the three methods showed only slight 

difference through 2 decimal places. We constructed Model 4 as our target model to include 

traditional risk factors (10-year ASCVD risk score, ethnicity, statin use and BMI), volume score 

and density score. We compared this target model with other three models to show the 

incremental predictive value of the target model over 1) model with only traditional risk factors, 

2) model with risk factor + Agatston score and 3) model with risk factors + volume score. In 

addition, we also drew ROC for the 10-year ASCVD risk score since it is the current 

recommended risk calculator in clinical settings (Figure 6).  



31 
 

Table 12 shows the Harrell’s C analyses. After including the Agatston score in the 

predictive model, AUCs increased from 0.62 to 0.66, from 0.69 to 0.70 and from 0.66 to 0.72 for 

CHD events in the DM group, the MetS group and the no DM/MetS group, respectively (and 

from 0.59 to 0.63, from 0.70 to 0.71 and from 0.69 to 0.73 for CVD events in the above three 

groups, respecitvely). Replacing the Agatston score (Model 2) with volume score (Model 3) 

almost did not change the AUCs in the three groups for both CHD and CVD events, except that 

in DM group AUC for CVD increased from 0.63 to 0.64.  

Compared to the Model 1, the AUC of Model 4, which included both volume score and 

density score, significantly increased from 0.69 to 0.73 in the MetS group and from 0.66 to 0.73 

in the no DM/MetS group for CHD. AUC also increased from 0.59 to 0.64 in the DM group and 

from 0.69 to 0.73 in the no DM/MetS group for CVD. Compared to Model 2 (traditional risk 

factors + Agatston score) and Model 3 (traditional risk factors + volume score), Model 4 only 

increased slightly in the DM group and the no DM/MetS group and increased modestly in the 

MetS group. 

 

8. Net Reclassification Improvement of New Model 

 

Table 13 presents the analysis of net reclassification improvement (NRI). Participants in 

each disease group were stratified as low (< 6%), intermediate (6-20%) and high (> 20%) risk 

according to their calculated 10-year risk in the Cox proportional hazards regression model with 

different risk factors. In the MetS group, 9 participants with CHD events were reclassified into 

higher risk groups and 5 into lower risk groups when Model 4 was compared with base model; 

155 participants without CHD events were reclassified in to lower risk groups and 106 into 
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higher risk groups; 5% were correctly reclassified for CHD events and 5% for non-CHD events. 

Compared to the Model 2 with the Agatston score, our new model 4 further correctly reclassified 

9 CHD-events and 132 non-CHD-events and compared to Model 3 (with volume score), adding 

density score in the model had a NRI of 4% for CHD events, NRI of 1% for non-events and a 

total NRI of 5%. For CVD events, NRIs were 10% when volume score and density score were 

additionally included in risk prediction model; however, there were no significant changes when 

the Agatston score or volume score was replaced by volume score + density score. 

In DM group, NRIs were only significant for Model 4 vs. Model 1: overall 16 out of 67 

with CHD events and 101 out of 604 without CHD events in DM group were correctly 

reclassified whereas 8 events and 55 non-events were wrongly reclassified and therefore resulted 

in an NRI of 0.2 for CHD. For those with neither disease, the NRI was 6% for CHD and 11% for 

CVD for Model 4 vs. Model 1.  
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DISCUSSION 

 

Cardiovascular disease is a significant contributor to morbidity, mortality, the increased 

cost of disease and the reduction of lifespan; pre-emptive measures should be taken to minimize 

the adverse effects of CVD on every aspect. Accurate assessment is the prerequisite for all the 

other further preventive management strategies. In current clinical settings, only traditional risk 

factors like age, gender, race, smoking, blood pressure, LDL/HDL, etc. are being used in CVD 

risk prediction. [36] In addition to traditional risk factors, some novel ones including C-reactive 

protein, ankle-brachial index, carotid intimal-medial thickness, brachial flow-mediated dilation 

have being evaluated for predicting future risks, among which CAC showed superior 

discrimination and risk reclassification compared with other risk markers both in intermediate 

and high risk populations. [9, 39] Although the Agatston score is the most widely adopted CAC 

measure, new evidence have suggested that the upward weighting for calcium density in the 

Agatston score could result in the misclassification of some patients due to the inverse 

association of CAC density score and CVD events rate. Our research examined the association 

between density score and future CHD/CVD risk in two disease groups: those with diabetes and 

those with metabolic syndrome in comparison with a reference group free of DM and MetS and 

showed the discrepant relation among the three disease groups. 

 

1. Role of CAC Density in Determining CHD and CVD Incidence in DM and MetS  

 

The first major finding in our research is that although CAC density score was inversely 

related to CHD and CVD incidence after adjusted for volume score and other risk factors, this 
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relation was not equally strong in the three groups: at any given volume score, CHD risk 

reduction per 1 SD of density score increase was the greatest in the MetS group. The reduction 

was less in the no DM/MetS group (but still significant for CVD events) and were the least 

among those with DM (neither was significant). When we examined the relative risk reduction in 

each density quartile, we got the consistent finding that across the quartiles of density score there 

was a stepwise risk reduction for CHD events among those with MetS and the same conclusion 

held for CVD in the no DM/MetS group.  

Compared with previous results for the overall MESA population, this inverse relation 

for CAC density score was comparable in the no DM/MetS group, stronger in the MetS group 

but was the weakest in the DM group, suggesting the different pathophysiology of MetS and DM 

during in CAC progression and CHD development. In our study, the MetS population had a 

slightly lower CAC density score than the other two groups, which agreed with previous findings 

that persons with MetS have higher prevalence of non-calcified plaque with rich-lipid 

components which is more responsible for acute coronary syndrome. [99, 100] MetS patients 

were also found to have more severe coronary artery stenosis which is less related to heavily 

calcified plaques. When calcified plaque gets denser, it may reduce the chance for stenosis and 

consequently result in fewer future CHD events. Moreover, different risk components makes 

MetS a more heterogeneous population and FRS is therefore less predictive in the MetS 

population. CAC was found to provide complementary, almost mutually exclusive, information 

to FRS for identifying those at high risk. [24] Sung et al. reported that CAC may be clinically 

useful in individuals with metabolic syndrome. A large discrepancy between the presence of 

CAC and 10-year absolute risk assessed by FRS was observed in individuals with metabolic 

syndrome. [98] Consistently, our research indicated the importance of including CAC measures 
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in risk prediction model for those with MetS since both volume score and density score were 

found to be related to CHD and CVD incidence independently from 10-year ASCVD risks, 

ethnicity, BMI and statin use.  

Unlike MetS, the prevalence of CAC is 75% in DM while 53% in non-DM and the rate of 

superficial calcified nodules was significantly higher in diabetic than in non-diabetic patients (79 

vs. 54%, P = 0.04). [24, 27] Since CAC is highly prevalent in those with DM, it may play less 

role in acute events. Furthermore, a lower percentage of vessel with a lipid plaque was observed 

which may be of more importance in causing the acute events. It was also discovered previously 

that diabetic persons have much better collateral circulation than normal persons which might be 

a stronger protector from CHD. [27] In addition, it was speculated that abnormal glucose 

metabolism may prime the development/progression of CAC mainly in the absence of other 

major risk factors such as abnormal lipid profiles. However, in our sensitivity analysis, adding 

diabetes treatment as a proxy of diabetes severity does not influence the association of volume 

score and incident CHD/CVD. Our research showed that among those with DM, volume score 

increased the CHD/CVD risks at any given DM treatment (insulin therapy, oral medication or 

none of them) and the increases was be influenced by density score, suggesting that CAC volume 

may be more responsible for future events but not the densification of plaque and that diabetic 

patients may have some other adaptive or protective changes such as collateral circulation.  

 

2. Impact of Statin Use on the Density -CHD Association 

 

Subgroup analysis of statin use showed surprisingly discrepant results in the three disease 

groups. In those with DM or MetS, statin use attenuated the inverse relation between density 
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score and CHD/CVD; conversely, it slightly strengthened the association in the no DM/MetS 

group --- these findings in our research were novel. After further examining the density score 

between statin users and non-statin users separately in the three disease groups, there was no 

significant difference, probably due to the very small range of density score.  

Controversial conclusions exist on the relation between statin therapy and CAC 

progression. Anand et al. and Saremi et al. found the positive relation of statin use and CAC 

volume score progression in those with diabetes. [107, 108] A randomized control trial (RCT) on 

statin therapy also demonstrated that Agatston score increased in statin-therapy group [109] 

while two other RCTs found that statin did not influence CAC progression [110,111]. Budoff et 

al. [112] found that statin therapy induced a 50% reduction in the rate of progression measured 

by CAC score in asymptomatic diabetic subjects. Prior data also showed that statin therapy 

tended to reduce the lipid core of unstable plaque and increase the calcium density. [113] Many 

DM and MetS patients initiate with intensive statin therapy and statin, as an alternative external 

protector, may therefore attenuate the adaptive protection role of plaque densification.  However, 

why statins causes this potential attenuation in DM and MetS but slight enhancement in those 

with neither condition is yet unknown and future research remains to be extended to further 

exploring the role of statin use in CAC density score progression. 

 

3. Density Score Improves the Prediction Model for MetS and the no DM/MetS group 

 

Both AUC analysis and NRI analysis showed that the model with density score and 

volume score had better prognostic accuracy compared to the model without CAC measures. 

Compared to the other two groups, the AUC improvement in the MetS group was the most when 
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density score was further included in the CHD events prediction model vs. the model with 

volume score and other risk factors (Table 12). Net reclassification improvement comparing the 

target model (risk factors + volume score + density score) with the other three models was also 

the highest among MetS population despite that the MetS population possesses more risk factors 

and are prone to be in higher risk status. (The only exception was the NRI for CHD in the DM 

group, probably due to the relative fewer CHD events in this group and the low discrimination 

ability of base model.) Several prior studies has demonstrated the Agatston score is superior than 

other novel risk markers in regard to the prediction efficacy, both in intermediate risk population 

and in extremely high risk population. [39, 114] A few examined the prediction efficacy via 

AUC analysis. Malik et al. compared the incremental value of the Agatston score and cIMT in 

MESA cohort and showed that AUC of CHD events increased from 0.73 to 0.79 for MetS 

(without DM) and from 0.72 to 0.78 for those diabetes. [9] Our results are more comparable to 

the study by Criqui et al. which examined the AUC of similar models in overall MESA 

population probably due to the different adjusting factors and follow-up time. [22]  

 

4. Other Findings 

 

a. Correlation among different CAC measures 

Our study showed consistent results with those from Criqui et al. in regard to the 

correlation among different CAC measures. Except for CAC density score, the other three 

measures (the Agatston score, volume score and area score) showed high correlations (Table 4) 

with each other. Distribution of the three scores were also similar in DM, MetS and the no 

DM/MetS groups (Table 3 and Table 5). Strong correlation between the Agatston score and 
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volume score may explain the similarity of hazard ratios when these measures were separately 

added in Cox proportional hazards regression model (Table 6) as well as the almost identical 

AUCs when the Agatston score was substituted by volume score in risk models. Although the 

Agatston score is up weighted by both area score and density score, the less tight correlation 

between the Agatston score and density score implies the different roles of volume and density in 

the development of CHD. Therefore, although correlation coefficients of volume score and 

density score were over 0.6 in the three groups in out study, it was still reasonable to 

simultaneously add volume score and density score in the multivariable Cox regression model 

without severe overfitting problem.  However, previous research also found high correlation 

coefficient of density with other measures (r value > 0.99), which was probably caused by 

different approach of density score calculated as mass score/volume score. [12]  

 

b. Increased predictive power of CAC volume after adjustment for CAC density score 

In the paper by Criqui et al. it was found that adding density score in risk prediction 

model made volume score more predictive for future CHD/CVD events. In our study, this 

conclusion still holded in MetS and those with no neither condition but not in those with DM. 

Further adjusting density score in Cox proportional hazards regression model improved the 

predictive power of volume score [as continuous variable (Table 7) and as volume quartiles 

(Figure 4)] in both MetS and the no DM/MetS group but not in DM group, indicating the less 

important role of density score in CHD/CVD risk prediction among those with diabetes.  

 

c. Diabetes treatment does not interfere the relation between density score and CHD/CVD risk.  
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In one of the sensitivity analyses we took diabetes treatment (insulin use, oral 

hypoglycemia medication or not on medication) as a proxy of diabetes severity and included 

them as covariate in Cox proportional hazards regression analysis in DM group. The finding that 

HRs for density score did not change much before and after the adjustment for diabetes treatment 

indicates the diabetes severity did not alter the relation between density score and CHD/CVD 

risk. The irrelevance of diabetes severity and calcific densification suggests the pathogenesis of 

diabetes related CVD and plaque development be two separate steps. Some other index for 

diabetes severity should be explored such as diabetes duration or HbA1C level however since 

only a subgroup of DM population have such profiles, sample size may not be enough for 

analysis. 

 

d. Impact of the perceptional bias from knowing CAC score on softer endpoints 

In order to rule out the bias caused by knowing their CAC score on softer endpoint such 

as angina and TIA, we used hard CHD and hard CVD events as major endpoints but also did 

sensitivity analysis for all CHD and all CVD events. Since those who have higher Agatston 

score, which is possibly caused by high density score may have worries about future CHD/CVD 

and might report more softer events, we hypothesized that the inverse relation between density 

score and all CHD/CVD risk might be weaker. However, HRs for density score did not change 

much for all CHD/CVD events across the three disease groups (Table 11). Therefore the impact 

of perception of CAC score needs further investigation.  

 

e. Comparison of 10-year ASCVD risk vs. Framingham Risk Score.  
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Our sensitivity analysis comparing the 10-year ASCVD risk and FRS showed that in 

subgroup of MESA population with non-zero Agatston scores, the new risk prediction system 

provided no superior discrimination ability in the DM group but AUC slightly increased when 

FRS was replaced by ASCVD risk score, which might be caused by the nature of higher risk in 

DM while the 10-year ASCVD works better to discriminate the intermediate risk group. [115] 

 

5. Implications of Our Research  

 

 Cardiovascular disease is the leading cause of death all globally whose early detection 

and prevention plays a vital role in reducing its incidence and mortality. Among all the 

assessment methods, CAC has been found to have the greatest clinical utility over global risk 

assessment to better assist in the early detection of CAD. CAC scanning is recommended to the 

intermediate risk population or when the treatment decision is uncertain based on global risk 

assessment, based on recent guidelines and its application on high risk people, e.g. those with 

diabetes or MetS are relatively limited due to the unfavorable cost-effectiveness of scanning and 

future treatment. Therefore, improving the CAC measures is necessary for these people and CAC 

density score gives us a new and promising approach.  

By quantifying CAC density using the Criqui method, our research project elucidated the 

very different patterns of relation between CAC density and incident CHD/CVD risks in 

diabetes, metabolic syndrome and those with neither condition: the inverse association was 

strongest in MetS while not significant in DM. Besides, we found that density score strengthened 

the positive relation between CAC volume and CHD/CVD risks in both the MetS group and the 

no DM/MetS group. According to the AUC analysis, the incremental value of CAC density score 
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for predicting future CHD events was also the highest for MetS subjects, suggesting that density 

score might increase the CHD and CVD risk prediction precision and therefore may be more 

appropriate for MetS population. On the other hand, less impact of CAC density on CHD 

prediction in those with diabetes means volume score is enough for measuring CAC. Since 

volume score is not influenced by kilovoltage potential variations and scanning radiation is still a 

potential and non-negligible harm to for frequent scanning, volume score might be preferable for 

those with diabetes as a substitution for the Agatston score. [116] 

In addition, the variation in the relation of CAC density and incident CHD/CVD suggests 

that in those with MetS, the protection of plaque densification may be important but in those 

with diabetes there may be other adaptive change to balance other CVD risks. This potential 

different pathophysiology in CVD development is worth further exploration. Our research also 

provides some evidence that MetS and DM may be two distinct chronic disease conditions and 

are suggested to be separately studied in future epidemiological researches.  

We discovered that statin use may attenuate the potential protective role of CAC 

densification and this finding will provide some clue to further focus on the role of statins in 

CAC density progression and its impact on the relation of CAC density progression with incident 

CHD events. Prior research has used increasing Agatston score or volume score as criteria of 

CAC progression and therefore may have different conclusions while no prior work has 

examined this from the approach of density score; therefore, it is worth exploring how statin will 

affect this CAC measure as new indicator of CAC progression.  

 

6. Strengths and Limitations 
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Our research is the first to examine the relation of CAC density score and incident CHD 

and CVD events in cardiometabolic disease-specific populations and we discovered that statin 

may attenuate the relation in those with DM and those with MetS. There are several strengths to 

our project. First, we calculated the 10-year ASCVD Pooled Cohort Risk Score recommended by 

the latest AHA/ACC risk assessment guideline instead of old Framingham Risk Score as our 

major risk predictor. To further compare the robustness of our results, we did sensitivity analysis 

for Framingham Risk Score as covariate and the results were similar to those adjusted for the 

new risk score. Second, we explored the impact of diabetes treatment in determining CHD risk in 

diabetes and found that diabetes severity did not substantially change the HRs for either volume 

score or density score. (Table 9)  

We separated those with DM from MetS despite that in real clinical settings many with 

DM are also included in the MetS population. Our study demonstrated that the relation of CAC 

density and CHD/CVD incidence was different in the two populations: we additionally examined 

the risk of CHD/CVD associated with CAC density in MetS subjects (both with and without 

DM) and non-MetS subjects and found the HRs were similar in the two groups (Table 10) 

whereas the association of CAC density in DM was actually weaker than in MetS (without DM) 

as presented in main analysis. 

Our study also has some limitations. First, all our analyses were limited to the population 

with only non-zero Agatston score and volume score. It was previously reported that non-

calcified plaque (NCP) exists in those without CAC and those with NCP are prone to future 

CHD events. [21, 91-94] Furthermore, the threshold of > 130 Hu for a non-zero Agatston score 

does not necessarily rule out the NCP coexisting with calcified spots. However, even in high risk 

populations like those with DM and MetS, those with a zero CAC score have very low CHD and 
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CVD incidence [9] while the intensive hypoglycemia or lipid lowering treatment is not likely to 

be discontinued only due to the absence of CAC. Therefore how to efficiently apply CAC 

scanning on those with high risk but low or zero CAC score is yet unknown.  

Second, since the Criqui density score is the average of density units, it has a peak of 

score 4 for those with extremely high HU plaques and has more integral 1, 2, 3 and 4 scores due 

to those with only one lesion, which may result in a non-normal distribution of density score. A 

possible substitution is the density score defined as CAC mass score / volume score.  

 

7. Future Research 

  

Future research could be proposed for the following four areas: (1) the progression of 

CAC density and incident CHD events; (2) relation of statin use (as well as other medications) 

and CAC density progression; (3) Cost effectiveness of CAC scanning when CAC density score 

is added in the risk prediction model (assessed by cost-related NRI and other parameters); (4) 

separately assessing the relation of each component in MetS and CAC density score and (5) 

comparison with another CAC density measure (mass score/volume score) with Criqui density 

score.  

 

 

 

 
 
 
 
 
 



44 
 

REFERENCES 
 

1. World Health Organization. Causes of death 2008. Geneva:WHO;2008. 

2. Blankenhorn DH, Stern D. Calcification of the coronary arteries. Am J Roentgenol 
1959;81:772-7. 

3. Beadendkopf WG, Daoud AS, Love BM. Calcification of the coronary arteries and its relation 
to arteriosclerosis and myocardial infarction. Am J Roentgenol 1964;92:865-71 . 

4. Warburtou RK, Tampas JP, Soule AB, et al. Coronary artery calcification : its relationship to 
coronary artery stenosis and myocardial infarction. Radiology 1968;91:109-15 . 

5. Frink RJ, Archor RWP, Erown AL, Kincaid OW, Brandenburg RO . Significance of 
calcification of the coronary arteries. Am J Cardiol 1970;26:241-7. 

6. Rifkin RD, Parisi AF. Folland E. Coronary calcification in the diagnosis of coronary artery 
disease . Am J Cardiol 1979;44:141-7. 

7. Doherty TM, Tang W, Detrano RC, et al. Racial differences in the significance of coronary 
calcium in asymptomatic black and white subjects with coronary risk factors. J Am Coll Cardiol 
1999;34:787-94. 

8. Newman AB, Naydeck BL, Whittle J, et al. Racial differences in coronary artery calcification 
in older adults. Arterioscler Thromb Vasc Biol 2002;22:424-30. 

9. Malik S, Budoff MJ, Katz R, et al. Impact of subclinical atherosclerosis on cardiovascular 
disease events in individuals with metabolic syndrome and diabetes: the multi-ethnic study of 
atherosclerosis. Diabetes Care 2011;34:2285-90.  

10. Rozanski A, Gransar H, Shaw LJ, et al. Impact of coronary artery calcium scanning on 
coronary risk factors and downstream testing: the EISNER (Early Identification of Subclinical 
Atherosclerosis by Noninvasive Imaging Research) prospective randomized trial. J Am Coll 
Cardiol 2011;57:1622-32 

11. Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification of coronary artery calcium 
using ultrafast computed tomography. J Am Coll Cardiol 1990;15:827-32. 

12. Becker CR, Kleffel T, Crispin A, et al. Coronary artery calcium measurement: agreement of 
multirow detector and electron beam CT. AJR Am J Roentgenol 2001;176:1295-8. 

13. Hoffmann U, Brady TJ, Muller J. Cardiology patient page. Use of new imaging techniques to 
screen for coronary artery disease. Circulation 2003;108:50-3. 

14. Qian Z, Anderson H, Marvasty I, et al. Lesion- and vessel-specific coronary artery calcium 
scores are superior to whole-heart Agatston and volume scores in the diagnosis of obstructive 
coronary artery disease. J Cardiovasc Comput Tomogr 2010;4:391-9.  

15. Leber AW, Knez A, White CW, et al. Composition of coronary atherosclerotic plaques in 
patients with acute myocardial infarction and stable angina pectoris determined by contrast-
enhanced multislice computed tomography. Am J Cardiol 2003;91:714-8. 



45 
 

16. Shemesh J, Apter S, Itzchak Y, et al. Coronary calcification compared in patients with acute 
versus in those with chronic coronary events by using dual-sector spiral CT. Radiology 
2003;226:483-8.  

17. Ehara S, Kobayashi Y, Yoshiyama M, et al. Spotty calcification typifies the culprit plaque in 
patients with acute myocardial infarction. Circulation 2004;110:3424-9. 

18. Coylewright M, Rice K, Budoff MJ, et al. Differentiation of severe coronary artery 
calcification in the multi-ethnic study of atherosclerosis. Atherosclerosis 2011,219:616-22. 

19. Shemesh J, Tenenbaum A, Fisman EZ, et al. Coronary calcium in patients with and without 
diabetes: first manifestation of acute or chronic coronary events is characterized by different 
calcification patterns. Cardiovasc Diabetol 2013;12:161. 

20. Gottlieb I, Miller JM, Arbab-Zadeh A, et al. The absence of coronary calcification does not 
exclude obstructive coronary artery disease or the need for revascularization in patients referred 
for conventional coronary angiography. J Am Coll Cardiol 2010;55:627-34. 

21. Cheng VY, Lepor NE, Madyoon H, et al. Presence and severity of noncalcified coronary 
plaque on 64-slice computed tomographic coronary angiography in patients with zero and low 
coronary artery calcium. Am J Cardiol 2007;99:1183-6. 

22. Criqui MH, Denenberg JO, Ix JH, et al. Calcium density of coronary artery plaque and risk of 
incident cardiovascular events. JAMA 2014;311:271-8. 

23. Schurgin S, Rich S, Mazzone T. Increased prevalence of significant coronary artery 
calcification in patients with diabetes. Diabetes Care 2001;24:335-8. 

24. Wong ND, Sciammarella MG, Polk D, et al. The metabolic syndrome, diabetes, and 
subclinical atherosclerosis assessed by coronary calcium. J Am Coll Cardiol 2003;41:1547-53. 

25. Wong ND, Nelson JC, Granston T, et al. Metabolic syndrome, diabetes, and incidence and 
progression of coronary calcium: the Multiethnic Study of Atherosclerosis study. JACC 
Cardiovasc Imaging 2012;5:358-66. 

26. Kramer CK, Zinman B, Gross JL, et al. Coronary artery calcium score prediction of all-cause 
mortality and cardiovascular events in people with type 2 diabetes: systematic review and meta-
analysis. BMJ 2013;346:f1654.  

27. Niccoli G, Giubilato S, Di Vito L, et al. Severity of coronary atherosclerosis in patients with 
a first acute coronary event: a diabetes paradox. Eur Heart J 2013;34:729-41. 

28. Leeder, S., Raymond, S., Greenburg, et, al. A Race Against Time: The Challenge of 
Cardiovascular Disease in Developing Countries. Trustees of Columbia University, New York, 
2004. 

29. World Health Organization. Global Status Report on non-communicable diseases 2010. 
Geneva: World Health Organization;2010. 

30. World Health Organization. Global Health Estimates Summary Tables: DALYs by Cause, 
Age and Sex, by World Bank Income Category. World Health Organization, Geneva;2013. 



46 
 

31. World Health Organization and World Economic Forum. From Burden to “Best Buys”: 
Reducing the Economic Impact of Non-Communicable Diseases in Low- and Middle-Income 
Countries. Geneva, Switzerland: World Health Organization and World Economic Forum: 2011. 

32. Heidenreich PA, Trogdon JG, Khavjou OA, et al. Forecasting the future of cardiovascular 
disease in the United States: a policy statement from the American Heart Association. 
Circulation 2011;123:933-44.  

33. Conroy RM, Pyörälä K, Fitzgerald AP, et al. Estimation of ten-year risk of fatal 
cardiovascular disease in Europe: the SCORE project. Eur Heart J 2003;24:987-1003. 

34. D'Agostino RB Sr, Vasan RS, Pencina MJ, et al. General cardiovascular risk profile for use 
in primary care: the Framingham Heart Study. Circulation. 2008;117:743-53. 

35. Stevens RJ, Kothari V, Adler AI, et al. The UKPDS risk engine. Clinical Science 
2001:101:671-9. 

36. Goff DC Jr, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA Guideline on the 
Assessment of Cardiovascular Risk: A Report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines. Circulation 2014;129:S49-73.  

37. Ridker PM, Buring JE, Rifai N, et al. Development and validation of improved algorithms 
for the assessment of global cardiovascular risk in women: The Reynolds Risk Score. JAMA 
2007;297:611-9. 

38. Ridker PM, Paynter NP, Rifai N, et al. C-reactive protein and parental history improve global 
cardiovascular risk prediction: The Reynolds Risk Score for Men. Circulation 2008;118:2243-51. 

39. Yeboah J, McClelland RL, Polonsky TS, et al. Comparison of novel risk markers for 
improvement in cardiovascular risk assessment in intermediate-risk individuals. JAMA 
2012;308:788-95.  

40. deGoma EM, Dunbar RL, Jacoby D, et al. Differences in absolute risk of cardiovascular 
events using risk-refinement tests: a systematic analysis of four cardiovascular risk equations. 
Atherosclerosis 2013;227:172-7.  

41. Eggen DA, Strong JP, McGill HC. Coronary calcification: Relationship to clinically 
significant coronary lesions and race, sex, and topographic distribution. Circulation 1965;32:948-
55. 

42. Hansson GK, Libby P, Scho¨nbeck U, et al. Innate and adaptive immunity in the 
pathogenesis of atherosclerosis. Circ Res 2002;91:2810-91. 

43. Hansson GK, Libby P. The immune response in atherosclerosis: a double-edged sword. Nat 
Rev Immunol 2006;6:508-19. 

44. Montecucco F, Steffens S, Mach F. The immune response is involved in atherosclerotic 
plaque calcification: could the RANKL⁄RANK⁄OPG system be a marker of plaque instability? 
Clin Dev Immunol 2007;2007:75805. 

45. Abedin M, Tintut Y, Demer LL. Vascular calcification: mechanisms and clinical 
ramifications. Arterioscler Thromb Vasc Biol 2004;24:1161-70. 



47 
 

46. Wallin R, Wajih N, Greenwood GT, et al. Arterial calcification: a review of mechanisms, 
animal models, and the prospects for therapy. Med Res Rev 2001;21:274-301. 

47. Jia H, Abtahian F, Aguirre AD, et al. In vivo diagnosis of plaque erosion and calcified nodule 
in patients with acute coronary syndrome by intravascular optical coherence tomography. J Am 
Coll Cardiol 2013;62:1748-58. 

48. Rachel Nicoll, Michael Y. Henein. Arterial calcification: Friend or foe? International Journal 
of Cardiology 2013;167:322-7.  

49. Bentzon JF, Otsuka F, Virmani R, et al. Mechanisms of plaque formation and rupture. Circ 
Res 2014;114:1852-66.  

50. Sakakura K, Nakano M, Otsuka F, et al. Pathophysiology of atherosclerosis plaque 
progression. Heart Lung Circ 2013;22:399-411.  

51. Virmani R, Burke AP, Farb A, et al. Pathology of the vulnerable plaque. J Am Coll Cardiol 
2006;47:C13-8.  

52. Mendoza-Rodríguez V, Llerena LR, Rodríguez-de la Vega A, et al. Volume of coronary 
calcified plaques by computed tomography and presence of significant stenosis by coronary 
angiography. Arch Cardiol Mex 2010;80:181-6. 

53. Shemesh J, Apter S, Rozenman J, et al. Calcification of coronary arteries: detection and 
quantification with double-helix CT. Radiology 1995;197:779-83.  

54. Shrivastava S, Agrawal V, Kasliwal RR, et al. Coronary calcium and coronary artery disease: 
an Indian perspective. Indian Heart J 2003;55:344-8.  

55. Javadrashid R, Salehi A, Tarzamni MK, Diagnostic efficacy of coronary calcium score in the 
assessment of significant coronary artery stenosis. Kardiol Pol 2010;68:285-91. 

56. Trevethan-Cravioto S, Cossío-Aranda J, Martínez-Ríos MA, et al. Predictive value of multi-
sliced computed tomography to evaluate obstructive coronary vessel, in the preoperative 
assessment of non-coronary cardiac surgery. Arch Cardiol Mex. 2011;81:75-81.  

57. Peng WH, Lu JG, Liu HC, et al. Value of calcium scoring, CT angiography and combination 
-of the two in the diagnosis of coronary artery stenosis. Radiologic Practice 2012;27:57-60. 

58. Leem J, Hee Koh E, Jeong E, et al. Prevalence of angiographically defined obstructive 
coronary artery disease in asymptomatic patients with type 2 diabetes according to the coronary 
calcium score. Intern Med 2012;51:3017-23. 

59. Ibrahim O, Oteh M, Anwar IR, et al. Calcium score of coronary artery stratifies the risk of 
obstructive coronary artery diseases. Clin Ter 2013;164:391-5. 

60. Kaczmarska E, Kępka C, Dzielińska Z, et al. What is the optimal cut-off point for low 
coronary artery calcium score assessed by computed tomography? Multi-Detector Computed 
Tomography ANIN Registry. Postepy Kardiol Interwencyjnej 2013;9:9-15.  

61. Yerramasu A, Lahiri A, Venuraju S, et al.Diagnostic role of coronary calcium scoring in the 
rapid access chest pain clinic: prospective evaluation of NICE guidance. Eur Heart J Cardiovasc 
Imaging 2014;15:886-92. 



48 
 

62. Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a predictor of coronary events in 
four racial or ethnic groups. N Engl J Med 2008;358:1336-45. 

63. Budoff MJ, Young R, Lopez VA, et al. Progression of coronary calcium and incident 
coronary heart disease events: MESA (Multi-Ethnic Study of Atherosclerosis). J Am Coll 
Cardiol 2013;61:1231-1239. 

64. Budoff MJ, Shaw LJ, Liu ST, et al. Long-term prognosis associated with coronary 
calcification: observations from a registry of 25,253 patients. J Am Coll Cardiol 2007;49:1860-
70.  

65. Raggi P, Shaw LJ, Berman DS, et al. Prognostic value of coronary artery calcium screening 
in subjects with and without diabetes. J Am Coll Cardiol 2004;43:1663-9. 

66. Shaw LJ, Raggi P, Callister TQ, et al. Prognostic value of coronary artery calcium screening 
in asymptomatic smokers and non-smokers. Eur Heart J 2006;27:968-75.  

67. JT Knapper, MJ Blaha, D Berman, et al. Effectiveness of coronary artery calcium scoring for 
long-term stratification in patients with and without a family histoty of coronary heart disease. J 
Am Coll Cardiol 2014;63(12_S). 

68. Redberg RF, Vogel RA, Criqui MH, et al. 34th Bethesda Conference: Task force #3--What is 
the spectrum of current and emerging techniques for the noninvasive measurement of 
atherosclerosis? J Am Coll Cardiol 2003;41:1886-98. 

69. Shemesh J, Morag-Koren N, Goldbourt U, et al. Coronary calcium by spiral computed 
tomography predicts cardiovascular events in high-risk hypertensive patients. J Hypertens 
2004;22:605-10. 

70. Hou ZH, Lu B, Gao Y, et al. Prognostic value of coronary CT angiography and calcium score 
for major adverse cardiac events in outpatients. JACC Cardiovasc Imaging 2012;5:990-9. 

71. Yamamoto H, Ohashi N, Ishibashi K, et al. Coronary calcium score as a predictor for 
coronary artery disease and cardiac events in Japanese high-risk patients. Circ J 2011;75:2424-
31. 

72. Lau KK, Wong YK, Chan YH, et al. Prognostic implications of surrogate markers of 
atherosclerosis in low to intermediate risk patients with type 2 diabetes. Cardiovasc Diabetol 
2012;18;11:101. 

73. Anand DV, Lim E, Hopkins D, et al. Risk stratification in uncomplicated type 2 diabetes: 
prospective evaluation of the combined use of coronary artery calcium imaging and selective 
myocardial perfusion scintigraphy. Eur Heart J 2006;27:713-21.  

74. Greenland P, LaBree L, Azen SP, et al. Coronary artery calcium score combined with 
Framingham score for risk prediction in asymptomatic individuals. JAMA 2004;291:210-5. 

75. Erbel R, Möhlenkamp S, Moebus S, et al. Coronary risk stratification, discrimination, and 
reclassification improvement based on quantification of subclinical coronary atherosclerosis: the 
Heinz Nixdorf Recall study. J Am Coll Cardiol 2010;56:1397-406.  



49 
 

76. Polonsky TS, McClelland RL, Jorgensen NW, et al. Coronary artery calcium score and risk 
classification for coronary heart disease prediction. JAMA 2010;303:1610-6. 

77. Kwon SW, Kim YJ, Shim J, et al. Coronary artery calcium scoring does not add prognostic 
value to standard 64-section CT angiography protocol in low-risk patients suspected of having 
coronary artery disease. Radiology 2011;259:92-9. 

78. de Azevedo CF, Hadlich MS, Bezerra SG, et al. Prognostic value of CT angiography in 
patients with inconclusive functional stress tests. JACC Cardiovasc Imaging 2011;4:740-51.    

79. Cho I, Chang HJ, Sung JM, et al. Coronary computed tomographic angiography and risk of 
all-cause mortality and nonfatal myocardial infarction in subjects without chest pain syndrome 
from the CONFIRM Registry (coronary CT angiography evaluation for clinical outcomes: an 
international multicenter registry).Circulation 2012;126:304-13. 

80. World Health Organization. Prevention of cardiovascular disease: guidelines for assessment 
and management of cardiovascular risk. Geneva: WHO Press,2007.  

81. Perk J, De Backer G, Gohlke H, et al. European Guidelines on Cardiovascular Disease 
Prevention in Clinical Practice (version 2012). The Fifth Joint Task Force of the European 
Society of Cardiology and other societies on cardiovascular disease prevention in clinical 
practice (constituted by representatives of nine societies and by invited experts.G Ital Cardiol 
(Rome) 2013;14:328-92. 

82. Simão AF, Précoma DB, Andrade JP, et al. Cardiovascular Prevention Guideline of the 
Brazilian Society of Cardiology - Executive Summary. Arq Bras Cardiol 2014;102:420-31.  

83. Greenland P, Alpert JS, Beller GA, et al. 2010 ACCF/AHA guideline for assessment of 
cardiovascular risk in asymptomatic adults: executive summary: a report of the American 
College of Cardiology Foundation/American Heart Association Task Force on Practice 
Guidelines. Circulation 2010;122:2748-64. 

84. Singapore Ministry of Health. Screening for cardiovascular disease and risk factors. MOH 
Clinical Practice Guidelines 1/2011.  

85.  Chinese society of Cardiology, et al.  Chinese expert consensus on cardiovascular disease 
risk assessment in asymptomatic adults. Chin J Cardiol 2013;41:820-5.  

86. Bulugahapitiya U, Siyambalapitiya S, Sithole J, et al. Is diabetes a coronary risk equivalent? 
Systematic review and meta-analysis. Diabetic medicine a journal of the British Diabetic 
Association 2009;26:142-8. 

87. Mautner GC, Mautner SL, Froehlich J, et al. Coronary artery calcification: assessment with 
electron beam CT and histomorphometric correlation. Radiology 1994;192:619-23. 

88. Sangiorgi G, Rumberger JA, Severson A, et al. Arterial calcification and not lumen stenosis 
is highly correlated with atherosclerotic plaque burden in humans: a histologic study of 723 
coronary artery segments using nondecalcifying methodology. J Am Coll Cardiol 1998;31:126-
33. 

89. Knez A, Becker A, Leber A, et al. Relation of coronary calcium scores by electron beam 
tomography to obstructive disease in 2115 symptomatic patients.AmJ Cardiol 2004;93:1150-2.  



50 
 

90. Mohlenkamp S, Lehmann N, Greenland P, et al. Coronary artery calcium score improves 
cardiovascular risk prediction in persons without indication for statin therapy. Atherosclerosis 
2011;215:229-36. 

91. Akram K, O'Donnell RE, King S, Superko HR, Agatston A, Voros S. Influence of 
symptomatic status on the prevalence of obstructive coronary artery disease in patients with zero 
calcium score. Atherosclerosis 2009;203:533-7. 

92. Lee MS, Chun EJ, Kim KJ, et al. Asymptomatic subjects with zero coronary calcium score: 
coronary CT angiographic features of plaques in event-prone patients. Int J Cardiovasc Imaging 
2013;29 Suppl 1:29-36.  

93. Ergün E, Koşar P, Oztürk C, et al. Prevalence and extent of coronary artery disease 
determined by 64-slice CTA in patients with zero coronary calcium score. Int J Cardiovasc 
Imaging 2011;27:451-8.  

94. Kim YJ, Hur J, Lee HJ, et al. Meaning of zero coronary calcium score in symptomatic 
patients referred for coronary computed tomographic angiography. Eur Heart J Cardiovasc 
Imaging 2012;13:776-85. 

95. Hodgson JM, Reddy KG, Suneja R, et al. Intracoronary ultrasound imaging: correlation of 
plaque morphology with angiography, clinical syndrome and procedural results in patients 
undergoing coronary angioplasty. J Am Coll Cardiol 1993;21:35-44. 

96. Marwan M, Ropers D, Pflederer T, et al. Clinical characteristics of patients with obstructive 
coronary lesions in the absence of coronary calcification: an evaluation by coronary CT 
angiography. Heart 2009;95:1056-60. 

97. Fadini GP, Albiero M, Menegazzo L, et al. Procalcific phenotypic drift of circulating 
progenitor cells in type 2 diabetes with coronary artery disease. Exp Diabetes Res 
2012;2012:921685.  

98. Sung J, Lim SJ, Choe Y, et al. Comparison of the coronary calcium score with the estimated 
coronary risk. Coron Artery Dis 2008;19:475-9. 

99. Amano T, Matsubara T, Uetani T, et al. Impact of metabolic syndrome on tissue 
characteristics of angiographically mild to moderate coronary lesions: integrated backscatter 
intravascular ultrasound study. J Am Coll Cardiol 2007;49:1149-56. 

100. Hitsumoto T, Takahashi M, Iizuka T, Shirai K. Relationship between metabolic syndrome 
and early stage coronary atherosclerosis. J Atheroscler Thromb 2007;14:294-302. 

101. Bild DE, Bluemke DA, Burke GL, et al. Multi-ethnic study of atherosclerosis: objectives 
and design. Am J Epidemiol 2002; 156:871-81. 

102. Grundy SM, Brewer HB, Cleeman JI, et al. Definition of metabolic syndrome: report of the 
National, Heart, Lung, and Blood Institute/American Heart Association conference on scientific 
issues related to definition. Circulation 2004;109:433-8. 

103. Peduzzi P, Concato J, Feinstein AR, et al. Importance of events per independent variable in 
proportional hazards regression analysis. II. Accuracy and precision of regression estimates. J 
Clin Epidemiol 2005;48:1503-10.  



51 
 

104. Carr JJ, Nelson JC, Wong ND, et al. Calcified coronary artery plaque measurement with 
cardiac CT in population-based studies. Radiology 2005;234:35-43. 

105. Schoenfeld DA. Partial residuals for the proportional hazards regression model. Biometrika 
1982;69:239-41. 

106. Harrell Jr FE, Califf RM, Pryor DB, Lee KL, Rosati RA. Evaluating the yield of medical 
tests. Journal of the American Medical Association 1982;247:2543-6. 

107. Anand DV, Lim E, Darko D, et al. Determinants of progression of coronary artery 
calcification in type 2 diabetes role of glycemic control and inflammatory/vascular calcification 
markers. J Am Coll Cardiol 2007;50:2218-25. 

108. Saremi A, Bahn G, Reaven PD, et al. Progression of vascular calcification is increased with 
statin use in the Veterans Affairs Diabetes Trial (VADT). Diabetes Care 2012;35:2390-2. 

109. Terry JG, Carr JJ, Kouba EO, et al. Effect of simvastatin (80 mg) on coronary and 
abdominal aortic arterial calcium (from the coronary artery calcification treatment with zocor 
[CATZ] study). Am J Cardiol 2007;99:1714-7. 

110. Houslay ES, Cowell SJ, Prescott RJ, et al. Progressive coronary calcification despite 
intensive lipid-lowering treatment: a randomized controlled trial. Heart 2006;92:1207-12. 

111. Arad Y, Spadaro LA, Roth M, et al. Treatment of asymptomatic adults with elevated 
coronary calcium scores with atorvastatin, vitamin C, and vitamin E: the St. Francis Heart Study 
randomized clinical trial. J Am Coll Cardiol 2005;46:166-72. 

112. Budoff MJ, Yu D, Nasir K, et al. Diabetes and progression of coronary calcium under the 
influence of statin therapy. Am Heart J 2005;149:695-700. 

113. Inoue K, Motoyama S, Sarai M, et al. Serial coronary CT angiography-verified changes in 
plaque characteristics as an end point. JACC Cardiovasc Imaging 2010;3:691-8. 

114. Silverman MG, Blaha MJ, Krumholz HM, et al. Impact of coronary artery calcium on 
coronary heart disease events in individuals at the extremes of traditional risk factor burden: the 
Multi-Ethnic Study of Atherosclerosis. Eur Heart J 2014;35:2232-41. 

115. Blaha MJ, Dardari ZA, Blumenthal RS, et al. The new "intermediate risk" group: A 
comparative analysis of the new 2013 ACC/AHA risk assessment guidelines versus prior 
guidelines in men. Atherosclerosis 2014;237:1-4.  

116. Deprez FC, Vlassenbroek A, Ghaye B, et al. Controversies about effects of low-kilovoltage 
MDCT acquisition on Agatston calcium scoring. J Cardiovasc Comput Tomogr 2013;7:58-61. 

   

 



52 
 

 
 

 
Figure 1. Study Design Flow Chart 
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Figure 2. CHD (A) and CVD (B) Event Rates Stratified by Volume Score Quartiles and Disease Groups 
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Figure 3. CHD (A) and CVD (B) Event Rates Stratified by Density Score Quartiles and Disease Groups 
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Figure 4. Hazard Ratios of Volume Score Quartiles for Hard CHD/CVD Events in Three Disease Groups 
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Fig. 5 Hazard Ratios of Density Score Quartiles for Hard CHD/ CVD Events in Three Disease Groups 
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Fig. 6 Receiver Operating Characteristic Curve for Four Risk Prediction Models 
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Table 3. Baseline Characteristics 

 
Total 

(n=3,826) 
DM 

(n=671) 
MetS 

(n=1,124) 
No DM/MetS 

(n=2,031) P value 
Age, years 66.0 (9.5) 66.5 (9.0) 65.7 (9.5) 66.0 (9.7) 0.14 
Male 254 (56.3%) 390 (58.1%) 544 (48.4%) 1220 (60.1%) <0.0001 
Ethnicity      
   White  1651 (43.2%) 159 (23.7%) 500 (44.5%) 992 (4.88%) <0.0001 
   African American 961 (25.1%) 240 (35.8%) 252 (22.4%) 469 (23.1%) <0.0001 
   Chinese 440 (11.5%) 81 (12.1%) 108 (9.6%) 251 (12.4%) 0.06 
   Hispanic 774 (20.2%) 191 (28.5%) 264 (23.5%) 319 (15.7%) <0.0001 
Current Smoker 485 (12.7%) 82 (12.2%) 135 (12.0%) 268 (13.2%) 0.59 
BMI, kg/m2 28.5 (5.4) 30.5 (6.0) 30.7 (5.0) 26.6 (4.6%) <0.0001 
SBP, mmHg 130.1 (21.7) 134.0 (22.7) 134.8 (20.9) 126.2 (21.0) <0.0001 
Cholesterol, mg/dl 194.3 (36.9) 188.8 (40.7) 195.5 (38.2) 195.4 (34.6) 0.0001 
HDL, mg/dl 49.6 (14.4) 45.9 (13.1) 42.8 (10.4) 54.6 (14.8) <0.0001 
10-year ASCVD score, % 18.3 (14.4) 30.5 (18.0) 17.0 (12.2) 15.0 (11.9) <0.0001 
HTN lowering medication 1763 (46.1%) 437 (65.1%) 646 (57.5%) 680 (33.5%) <0.0001 
lipid lowering medication 852 (22.3%) 219 (32.6%) 256 (22.8%) 377 (18.6%) <0.0001 
CAC Agatston score 257.3 (520.4) 344.6 (644.1) 241 (494.1) 237 (485.1) <0.0001 
CAC volume score, mm3 227.3 (434.0) 306.7 (544.3) 213 (410.1) 208 (401.9) <0.0001 
CAC area score, mm2 84.1 (162.5) 112.4 (201.8) 79.8 (155.4) 77.0 (150.5) <0.0001 
CAC density score 2.58 (0.76) 2.59 (0.76) 2.53 (0.75) 2.60 (0.77) 0.03 
Continuous variables were presented as means (SD) and categorical variables as frequency (percentage). 
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Table 4. Spearman Correlation Coefficients of Density Score and Other CAC Scores 
 Density Score 

DM (n=671) MetS (n=1,124) No DM/MetS (n=2,031) 
ln(Agatson) 0.701**** 0.723**** 0.693**** 
ln(Volume) 0.646**** 0.663**** 0.631**** 
ln(Area) 0.626**** 0.646**** 0.613**** 
**** p<0.0001. 
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Table 5. Volume Quartiles and Density Quartiles Distribution 
 DM (n=671) MetS (n=1,124) No DM/MetS (n=2,031) 

n mean range n mean range n mean range 
ln(volume) 
quartiles 

1st 168 2.29 1.20-3.07 282 2.08 1.20-2.92 508 2.06 0.88-2.76 
2nd 168 3.84 3.09-4.49 280 3.49 2.92-4.08 507 3.43 2.78-4.07 
3d 168 5.15 4.50-5.89 281 4.75 4.08-5.40 509 4.70 4.07-5.36 
4th 167 6.69 5.89-8.48 281 6.29 5.41-8.51 507 6.26 5.36-8.52 

Density 
quartiles 

1st 169 1.54 0.83-2.00 289 1.52 0.83-2.00 511 1.56 0.83-2.00 
2nd 167 2.43 2.01-2.70 273 2.35 2.00-2.65 505 2.41 2.00-2.72 
3rd 168 2.92 2.70-3.15 281 2.87 2.65-3.07 507 2.95 2.72-3.15 
4th 167 3.47 3.15-4.00 281 3.40 3.07-4.00 508 3.51 3.16-4.00 
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Table 6. Adjusted Standardized HRs of Four Separate CAC Scores for Hard CHD and Hard CVD Among 
Those with DM, MetS, and Neither Condition 

 DM (n=671) MetS (n=1,124) No DM/MetS (n=2,031) 
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

CHD       
    ln (CAC), per SD 1.48 (1.14-1.92) 0.003 1.31 (1.02-1.68) 0.035 1.78 (1.42-2.23) <0.0001 
    ln (volume), per SD 1.50 (1.16-1.93) 0.002 1.35 (1.05-1.72) 0.018 1.78 (1.44-2.21) <0.0001 
    ln (area),  per SD 1.48 (1.15-1.89) 0.002 1.36 (1.07-1.74) 0.013 1.78 (1.44-2.19) <0.0001 
    CAC density,  per SD 1.23 (0.94-1.62) 0.134 0.91 (0.71-1.16) 0.452 1.22 (0.98-1.52) 0.074 
CVD       
    ln (CAC), per SD 1.48 (1.19-1.83) <0.001 1.29 (1.06-1.58) 0.013 1.50 (1.26-1.80) <0.0001 
    ln (volume), per SD 1.48 (1.20-1.83) <0.001 1.31 (1.08-1.60) 0.007 1.52 (1.28-1.82) <0.0001 
    ln (area),  per SD 1.47 (1.20-1.81) <0.001 1.32 (1.08-1.60) 0.006 1.52 (1.28-1.81) <0.0001 
    CAC density,  per SD 1.21 (0.97-1.51) 0.089 1.02 (0.84-1.25) 0.836 1.09 (0.92-1.31) 0.322 
Adjusted for 10-year ASCVD risk, ethnicity, BMI and statin use. 
1 SD of ln (CAC) = 1.85; 1 SD of ln (Volume) = 1.65; 1 SD of ln (Area) = 1.58; 1 SD of density score = 0.76. 
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Table 7. Adjusted Standardized HRs of CAC Volume Score and Density Score for Hard CHD and Hard CVD  
 DM (n=671) MetS (n=1,124) No DM/MetS (n=2,031) 

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 
Hard CHD  0.926*  0.092*  / 
    ln (volume), per SD 1.60 (1.14-2.21) 0.006 1.87 (1.35-2.61) <0.001 2.09 (1.59-2.75) <0.0001 
    CAC density,  per SD 0.90 (0.62-1.30) 0.568 0.58 (0.40-0.83) 0.003 0.75 (0.55-1.01) 0.061 
Hard CVD  0.755*  0.650*  / 
    ln (volume), per SD 1.60 (1.22-2.11) <0.001 1.54 (1.19-1.99) 0.001 1.83 (1.46-2.30) <0.0001 
    CAC density,  per SD 0.87 (0.64-1.18) 0.383 0.76 (0.58-1.01) 0.058 0.72 (0.56-0.93) 0.011 
Adjusted for 10-year ASCVD risk, ethnicity, BMI and statin use. 
1 SD of ln (Volume score) = 1.65;1 SD of density score = 0.76.    
* P value for interaction test of disease group and density score. 
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Table 9. Standardized HRs of Volume Score and Density Score Additionally Adjusted for DM 
Severity (DM Treatment for Hard CHD and Hard CVD among diabetics (n=671) 

 Adjusted without DM Treatment Adjusted with DM Treatment 
HR (95% CI) P value HR (95% CI) P value 

Hard CHD 
ln (volume), per SD 1.59 (1.14-2.21) 0.006 1.56 (1.12-2.17) 0.008 
CAC density,  per SD 0.90 (0.62-1.30) 0.568 0.91 (0.63-1.31) 0.604 
Hard CVD 
ln (volume), per SD 1.60 (1.22-2.11) 0.001 1.58 (1.20-2.08) 0.001 
CAC density,  per SD 0.87 (0.64-1.18) 0.383 0.88 (0.65-1.19) 0.402 
Also adjusted for 10-year ASCVD risk, ethnicity, BMI and statin use. 
1 SD of ln (Volume) = 1.65; 1 SD of density score = 0.76.    
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Table 10. Standardized HRs of Density Score for Hard CHD and Hard CVD Among MetS (with/without 
DM) and Non-MetS (n=3,826) 

 MetS (n=1,653) Non-MetS (n=2,173) P value for 
interaction test HR (95% CI) P value HR (95% CI) P value 

Hard CHD 0.74 (0.56-0.96) 0.026 0.73 (0.55-0.98) 0.034 0.270 
Hard CVD 0.84 (0.68-1.03) 0.10 0.72 (0.57-0.92) 0.007 0.769 
Adjusted for 10-year ASCVD risk, ethnicity, BMI and statin use. 
1 SD of Density score = 0.76. 
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Table 11. Adjusted Standardized HRs for Volume Score and Density Score for All CHD and All CVD Events 
Among Those With DM, MetS, or Neither Condition (n=3,824*) 

 DM (n=671) MetS (n=1,122) No DM/MetS (n=2,031) 
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

All CHD 
    ln (volume), per SD 1.89 (1.49-2.39) <0.0001 1.84 (1.48-2.28) <0.0001 1.99 (1.66-2.39) <0.0001 
    CAC density,  per SD 0.88 (0.67-1.15) 0.340 0.76 (0.60-0.97) 0.024 0.71 (0.58-0.87) 0.001 
All CVD 
    ln (volume), per SD 1.85 (1.47-2.34) <0.0001 1.79 (1.44-2.22) <0.001 1.94 (1.61-2.33) <0.0001 
    CAC density,  per SD 0.89 (0.68-1.15) 0.370 0.79 (0.63-1.00) 0.048 0.73 (0.60-0.90) 0.001 
Adjusted for 10-year ASCVD risk, ethnicity, BMI and statin use. 
*Two persons had events prior to a valid non-zero CAC score.  
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Table 12. Harrell’s C for Predicting Future CHD and CVD Risks and Comparison Between Models With 
and Without Density Score 

 CHD CVD 
DM 

(n=671) 
MetS 

(n=1,124) 
No DM/MetS 

(n=2,031) 
DM 

(n=671) 
MetS 

(n=1,124) 
No DM/MetS 

(n=2,031) 
10-year 
ASCVD Risk 0.59 0.67 0.66 0.57 0.67 0.69 
Model 1 0.62 0.69* 0.66** 0.59* 0.70 0.69** 
Model 2 0.66 0.70 0.72 0.63 0.71 0.73 
Model 3 0.66 0.70 0.72 0.64 0.71 0.73 
Model 4 0.66 0.73 0.73 0.64 0.72 0.73 
Model 1 (base model): 10-year ASCVD pooled cohort risk score + Ethnicity + BMI + statin use; Model 2: Base 
model + ln (Agatston); Model 3: Base model + ln (volume); Model 4: Base model + ln (volume) + Density score.  
Harrell’s C values are compared between model 4 and model 1, 2, 3.  
* p < 0.05, ** p < 0.01, *** p <0.001, **** p <0.0001.  
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Table 13. Net Reclassification Improvement for Hard CHD and Hard CVD in Three Disease Groups 
 Hard CHD Hard CVD 

DM 
(n=671) 

MetS 
(n=1,124) 

No 
DM/MetS 
(n=2,031) 

DM 
(n=671) 

MetS 
(n=1,124) 

No 
DM/MetS 
(n=2,031) 

Model 1 
vs. 

Model 4 

NRI for events  0.12* 0.05 0.09 0.12* 0.04 0.09 
NRI for non-events 0.08**** 0.05** -0.03* 0.01 0.05**** 0.02* 
NRI  0.20** 0.10 0.06 0.14* 0.10* 0.11* 

Model 2 
vs. 

Model 4 

NRI for events  0.03 0.08 -0.06 0.01 -0.02 0.03 
NRI for non-events 0.01 0.02 0.01 0 0 0 
NRI  0.04 0.10* -0.05 0.01 -0.01 0.03 

Model 3 
vs. 

Model 4 

NRI for events  -0.01 0.04 -0.06* -0.01 -0.02 0.02 
NRI for non-events 0.01 0.01 0 0.01 0 0 
NRI  -0.01 0.05 -0.06 -0.004 -0.01 0.02 

Model 1 (base model): 10-year ASCVD pooled cohort risk score + Ethnicity + BMI + statin use; Model 2: Base 
model + ln (Agatston); Model 3: Base model + ln (volume); Model 4: Base model + ln (volume) + Density score.  
* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001. 

 

 

 

 




