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Structured Abstract

Objectives: To assess the relationship between mean versus peak calcified plaque density, their 

impact on calculating coronary artery calcium (CAC) scores, and to compare the corresponding 

differential prediction of atherosclerotic cardiovascular disease (ASCVD) and coronary heart 

disease (CHD) mortality. 

Background: The Agatston CAC score is quantified per-lesion as the product of plaque area and

a quantized factor representing peak calcium density. However, mean calcium density may more 

accurately measure the heterogenous mixture of lipid-rich, fibrous, and calcified plaque reflective

of ASCVD risk.

Methods: We included 10,373 individuals from the CAC Consortium who had CAC >0 and per-

vessel measurements of mean calcium density. Area under the curve (AUC) and continuous net 

reclassification improvement (NRI) analyses were performed for CHD and ASCVD mortality to 

compare the predictive abilities of mean versus peak calcium density when added to total 

coronary plaque area. 

Results: Participants were on average 53.4 years old, 24.4% were women, and the median CAC 

score was 68 AU. The average mean calcium density was 210 ± 50 HU and the average peak 

calcium density weighting factor was 3.1 ± 0.5, with individuals <50 years old and/or a total 

plaque area <100mm2 having the largest differences between the density measures. Among 

persons with CAC 1-99, the addition of mean calcium density resulted in a larger improvement 

in ASCVD mortality reclassification (NRI=0.49, p<0.001 versus 0.18, p=0.08) and CHD 



mortality discrimination (ΔAUC=+0.169 versus +0.036, p<0.001) compared to peak calcium 

density. Neither peak nor mean calcium density improved mortality prediction at CAC scores 

>100. 

Conclusion: Mean and peak calcium density may uniquely describe plaque composition, 

particularly early in the atherosclerotic process. Mean calcium density performs better than peak 

calcium density when added to plaque area for ASCVD mortality prediction among persons with

CAC 1-99, identifying a potential to refine CAC score calculations for improved ASCVD risk 

assessment among those with early CHD. 

Keywords: coronary artery calcium, calcium density, atherosclerotic plaque, vascular 

calcification, multidetector computed tomography, cardiovascular disease, risk, primary 

prevention

Abbreviations: AU=Agatston units; AUC=area under the curve; ASCVD=atherosclerotic 

cardiovascular disease; CAC=coronary artery calcification; CHD=coronary heart disease; HU= 

Hounsfield units; NRI=net reclassification index

Condensed Abstract

Coronary artery calcium (CAC) quantification with mean calcium density, rather than the current

algorithm using a quantized peak calcium density weighting factor, may more accurately reflect 

the heterogenous mixture of plaque driving ASCVD risk. Among 10,373 individuals with CAC 

>0, mean and peak calcium strongly differed for younger individuals and/or those with a low 

total plaque area. Mean calcium density performed better than peak calcium density when added 



to total plaque area for ASCVD mortality prediction among persons with CAC 1-99, identifying 

a potential to refine CAC scoring for improved risk assessment among those with early but not 

advanced CHD.

Introduction

The measurement of coronary artery calcium (CAC) through non-contrast computed 

tomography is a non-invasive imaging approach that improves atherosclerotic cardiovascular 

disease (ASCVD) risk stratification and is recommended by the 2019 American College of 

Cardiology/American Heart Association Prevention of Cardiovascular Disease Guidelines when 

there is uncertainty regarding risk(1). The Agatston method is currently the most widely used 

scoring algorithm for quantifying CAC, which is calculated as the product of plaque area and a  

quantized peak calcium density weighting factor for each lesion, which is then summed across 

all lesions to give a total CAC score(2). However, CAC density is heterogeneous across coronary

plaques and an arbitrary maximum value to capture peak calcium density, as currently used in 

Agatston scoring, may result in ASCVD risk misclassification among persons with higher CAC 

scores(2–4). Likewise, the utilization of peak calcium density for an overall low-attenuation 

lesion may not be reflective of its underlying biology and true susceptibility for acute vascular 

events(5). 

Calcium density is inversely associated with ASCVD and coronary heart disease (CHD) 

even after adjustment for demographics and traditional risk factors(6,7). In particular, the 

presence of super calcified plaque (>1K Hounsfield units, HU) associates with a lower risk of 

acute coronary syndrome on a per-patient and per-lesion assessment, suggesting that 

progressively increasing plaque density and CAC scores in the same individual may 



paradoxically represent plaque stabilization(8). In contrast to peak calcium density, overall mean 

calcium density may be a more accurate representation of total lesion composition and broader 

ASCVD risk in such scenarios, comprehensively capturing the mixture of low attenuation lipid-

rich and higher attenuation fibrous and calcified plaques across all lesions.

Therefore, among persons with CAC >0, we sought to assess 1) the relationships of mean

versus peak calcium density with age and total plaque area, 2) the correlation between mean and 

peak calcium density as a function of CAC score and total plaque area, and 3) the predictive 

utilities of mean versus peak calcium density for ASCVD and coronary heart disease (CHD) 

mortality over a follow-up period of 11.3 years.

Methods

Study Population

The CAC Consortium is a multi-center cohort study involving four high-volume centers 

the United States, Cedars-Sinai Medical Center (Los Angeles, CA), PrevaHealth Wellness 

Diagnostic Center (Columbus, OH), Harbor-UCLA Medical Center (Torrance, CA), and 

Minneapolis Heart Institute (Minneapolis, MN). The rationale for the multicenter retrospective 

cohort study was to assess the association of CAC with long-term, disease-specific mortality, and

the study design and methods have been previously described in detail elsewhere(9). In brief, 

investigators included individuals 18 years of age or older who were free of clinical ASCVD or 

cardiovascular symptoms at the time of CAC scanning. The major indication for CAC testing 

among participants included in the study pertained to uncertainty in risk assessment in the 

presence of underlying ASCVD risk factor(s). A majority of participants reported hyperlipidemia

and/or family history of CHD as precipitants for undergoing CAC scanning. All study 



participants provided written informed consent at baseline, and study protocols were approved 

by the Johns Hopkins University School of Medicine. 

Findings represented in the current analysis represent the baseline CAC Consortium data 

collection, occurring from 1991 to 2010. Previous studies have suggested comparability between 

baseline characteristics of the CAC Consortium to more recent cohorts, including the 2001-2002 

National Health and Nutrition Examination Survey, Framingham Offspring Study, and the Multi-

Ethnic Study of Atherosclerosis(9). After excluding participants with CAC=0 and those who did 

not have direct measurements of mean calcium density, there were 10,373 individuals included 

for the current analysis (Supplemental Figure).

Measurement of Calcium Density and CAC Scoring 

Coronary artery calcium was quantified using non-contrast, cardiac-gated computed 

tomography (CT) at all participating medical centers according to a standard protocol using 

measured coronary plaque area (mm2) and peak calcium density (HU) on the per-lesion basis (9).

A quantized calcium density weighting factor for the Agatston algorithm was used to assign a 

value of 1 through 4 based on the measured peak calcium density attenuation value of the lesion 

(1: 130-199 HU, 2: 200-299 HU, 3: 300-399 HU, 4: >400 HU). Calculated CAC scores were 

then categorized into CAC groups of 1-99, 100-399, and >400 Agatston units (AU). Both 

electron beam tomography (EBT) and multi-detector CT (MDCT) were used for imaging, and 

previous studies have shown no clinically significant differences in CAC measurement between 

these two scanning methods(10). 

The composite (average) mean calcium density was directly measured from CT images 

for each participant that had calcified plaques (three contiguous voxels of at least 130 HU). Mean



calcium density in HU was then divided by 100 to create a mean calcium weight factor scale that

matched the Agatston peak calcium density weighting factor scale.

Calculation of Peak Calcium Density and Total Plaque Area

Peak calcium density was measured and quantized for the calculation of Agatston CAC 

scores. Total plaque area (mm2) for each participant were calculated by dividing CAC volume 

scores by the slice thickness used for each respective CT imaging protocol. As previously 

described(6,7), the average peak calcium density was then back calculated as the quotient of the 

Agatston score and total plaque area for each participant (average peak calcium density = 

Agatston score/total plaque area).

Evaluation of ASCVD Risk Factors

Assessment of ASCVD risk factors occurred during the clinical visit that accompanied 

CAC testing. Diabetes and hypertension were defined by a previous clinical diagnosis or reported

antihypertensive or glucose-lowering medication utilization. Hyperlipidemia (low-density 

lipoprotein-cholesterol >160 mg/dL), hypertriglyceridemia (triglycerides >150 mg/dL), and low 

high-density lipoprotein-cholesterol (<40 mg/dL in men, <50 mg/dL in women) were defined by 

a previous clinical diagnosis or utilization of lipid-lowering therapy. Information on smoking and

family history of CHD (first-degree relative with history of CHD at any age) were obtained 

through self-report data. 

ASCVD and CHD Mortality Ascertainment

Patient records were linked with the Social Security Administration Death Master File 

using a previously validated algorithm to ascertain mortality in the CAC consortium(11). Unique



patient identifiers are used by the algorithm in a semiflexible hierarchical matching process. 

Death certificates were acquired from the National Death Index service and deaths were 

classified using the International Classification of Diseases, Ninth Revision and the International

Statistical Classification of Diseases and Related Health Problems, Tenth Revision(9). There was

greater than 90% specificity and 72%-90% sensitivity for identifying known deaths.

Statistical Analysis

Study population characteristics were stratified according to mean calcium density and 

peak calcium density tertiles (Table 1 & Supplemental Table 1). Continuous variables were 

presented as means and standard deviations, while percentages are used for categorical variables 

for categorical variables. Due to a non-normal distribution of CAC, the median was used to 

represent the central tendency of CAC scores. The Student’s t-test and Wilcoxon signed-rank test

were used to assess differences in normally and non-normally distributed continuous variables, 

respectively. Differences between categorical variables were evaluated through the Chi-square 

test. 

The relationship between mean versus peak calcium density across increasing age, CAC 

scores and total plaque area burden were evaluated graphically through local regression and the 

LOESS function. There were three CAC score groups of interest (CAC 1-99, CAC 100-399, 

CAC >400) and total plaque area burden was similarly categorized into tertiles (0.16-9.0 mm2, 

9.0-52.1 mm2, 52.1-348.2 mm2) for graphical and statistical analyses. 

The associations of mean and peak calcium density with ASCVD and CHD mortality 

were assessed through multivariable Cox proportional hazards regression. The proportional 

hazards assumption was satisfied and was tested by assessing the significance of time-dependent 



independent variables concurrently. The base model included total plaque area for ASCVD and 

CHD mortality prediction. Mean calcium density and peak calcium density were each 

individually added as continuous variables to the total plaque area model. The incremental 

predictive value of mean versus peak calcium density, beyond total plaque area, were evaluated 

using log-likelihood, area under the curve (AUC), and continuous net reclassification 

improvement (NRI) analyses(12,13). Incremental AUC values for mean and peak calcium 

density were calculated by comparing each respective model to the base model. The continuous 

NRI was calculated in the full multivariable Cox proportional hazards regression models. All 

statistical analyses were conducted using STATA 13 (Stata Corp., College Station, Texas). 

Statistical significance was defined as a p-value <0.05 on a 2-tailed test.

Results

The mean age of participants was 56.7 years, 24.4% were women, and 3.3% of 

participants were of non-white ethnicity (Table 1). The median CAC score as 68 (16, 253) AU, 

and a majority of participants (57.7%) had CAC between 1-100. Participants were on average 

overweight (body mass index=28.9±5.5 kg/m2), while hyperlipidemia (63.1%) and a family 

history of CHD (51.5%) were the most prevalent traditional ASCVD risk factors. There was a 

total of 666 deaths (6.4%) over a mean follow-up period of 11.3 ± 2.1 years, of which 197/666 

and 83/666 were attributed to ASCVD and CHD, respectively. 

The average mean calcium density was 210 ± 50 HU and the average peak calcium 

density weighting factor was 3.1 ± 0.5. All modifiable risk factors and ASCVD mortality 

significantly differed across mean calcium density tertiles. Contrastingly, there were no 



significant differences across peak calcium density tertiles for several risk factors, including 

smoking and diabetes, and for CHD mortality (Supplemental Table 1).

The largest magnitude differences between mean and peak calcium values were among 

persons <50 years old, though the two calcium measures converged with older age (Figures 1A-

1C). Correspondingly, mean and peak calcium density differed most strongly among individuals 

with a total plaque area <100 mm2 but were more similar for those with a higher total plaque area

burden (Figure 2). Compared to individuals with CAC 100-399 and/or CAC >400, individuals 

with CAC 1-99 had a larger magnitude difference, but stronger correlation between mean and 

peak calcium density values (Figure 3A). A similar pattern between mean and peak calcium 

density was observed across increasing total plaque area tertiles (Figure 3B). 

There was considerable heterogeneity in the additive predictive abilities of mean and 

peak calcium density across CAC score groups for both ASCVD and CHD mortality (Table 2 

and Table 3). Among individuals with CAC 1-99, the addition of mean calcium density to total 

coronary plaque area improved reclassification of ASCVD mortality, whereas adding peak 

calcium density resulted in a non-significant reclassification statistic (NRI=0.49, p<0.001 versus 

NRI=0.18, p=0.09). A larger magnitude NRI difference between mean and peak calcium density 

was observed for CHD mortality among persons with CAC 1-99 (NRI=0.77, p<0.001 versus 

NRI=0.13, p=0.27). Likewise, the addition of mean calcium density resulted in a greater 

improvement in CHD mortality discrimination compared to peak calcium density among persons

with CAC 1-99 (ΔAUC=+0.169 versus +0.036, p<0.001). No significant improvements in the 

log-likelihood, AUC, and NRI were observed when adding mean or peak calcium density to the 

total plaque area burden for persons with CAC >100 or when considering all participants 

together. 



The associations of mean calcium density and peak calcium density with ASCVD and 

CHD mortality were different across total plaque area burden tertiles (Supplemental Table 2 and 

Supplemental Table 3). Mean calcium density (p=0.02) and peak calcium density (p=0.03) 

improved discrimination of ASCVD mortality when added to total plaque area for individuals in 

the lowest total plaque area tertile (<9.0 mm2). Among persons with a total plaque area <9.0 

mm2, the addition of mean calcium density improved reclassification of ASCVD (NRI=0.33, 

p=0.03) and CHD mortality (NRI=0.48, p=0.04). On the contrary, adding peak calcium density 

to total plaque area did not result in a significant NRI for either ASCVD or CHD mortality 

among the second and third total plaque area tertile (>9.0 mm2).

Recalculating CAC using mean calcium density instead of the peak density weighting 

factor resulted in a larger proportion of individuals with lower CAC scores (Figure 4). A total of 

600 (23.1%) individuals with Agatston CAC 100-399 were reclassified downwards into the CAC

1-99 group. Similarly, 349 (19.4%) persons with Agatston CAC >400 were shifted to a CAC 

score of 100-399 when calculations were performed using mean calcium density instead peak 

calcium density.

Discussion

Among more than 10,000 individuals with prevalent CAC, we found that mean calcium 

density values were considerably lower in magnitude compared to peak calcium density values 

very early in the development of CHD, with the largest differences present among individuals 

aged <50 years and those with a total plaque area <100 mm2. Among persons with CAC 1-99, 

mean calcium density performed better than peak calcium density for the prediction of ASCVD 

and CHD mortality when added to total coronary plaque area burden. Furthermore, recalculation 



of CAC using mean calcium density resulted in approximately 25% of individuals with an 

Agatston CAC score of 100-399 being downwardly reclassified into a CAC score group of 1-99. 

These results overall suggest that mean and peak calcium density reflect may unique 

atherosclerotic processes and that CAC quantification using mean calcium density could 

potentially improve long-term risk assessment for persons with early subclinical coronary 

atherosclerosis. 

Mean and peak calcium density differed by approximately one full density category/unit 

for young adults and those with a modest total coronary plaque area burden, though 

heterogeneity between the two density values was reduced among older age groups and those 

with more advanced CHD. These findings demonstrate that mean and peak calcium density have 

large differences during the early development of atherosclerosis and that mean calcium density 

may more precisely reflect plaque biology and vulnerability during this initial stage. Coronary 

plaques with low calcium density are susceptible to vascular events due their extensive lipid 

cores and positive remodeling, while fibrocalcific plaques have higher calcium density reflecting 

overall stability(14–16). However, calcium density varies across coronary lesions and within 

individual plaques themselves(5). For example, intravascular ultrasound studies demonstrate that

more than 50% of coronary plaques have at least two different remodeling patterns along distinct

locations of individual lesions(17). Utilization of the average peak calcium density of all 

coronary plaques may thus lead to an overestimation of CAC and risk for persons with a low 

total plaque area burden. Inferring the density of plaques from the location of maximum 

attenuation may be an imprecise approach that may mischaracterize plaque susceptibility, 

especially during the initial atherosclerosis process. On the other hand, mean calcium density, at 

both the individual lesion and overall composite levels, has the opportunity be a more reliable 



measure that is less prone to signal noise for comprehensively assessing susceptibility for 

vascular events and quantifying CAC scores for risk stratification among persons who have 

early/asymptomatic CHD. 

There was an overall weak correlation between mean and peak calcium density, which 

considerably decreased across higher CAC scores and total coronary plaque area burden. The 

calcium density integer scale involved in Agatston scoring is a probable explanation for a very 

low correlation between mean and peak calcium density among individuals with CAC 100-400 

(r=0.04) and CAC >400 (r=0.08). The Agatston calcium density weighting factor categorizes all 

plaques with an attenuation >400 HU as the same numerically(2), thus the very weak correlation 

between mean calcium and peak calcium density at higher CAC score ranges can likely be 

attributed to the limited variance of calcium density values among such individuals. For 

example, the current Agatston scoring algorithm categorizes peak calcium density values of 400 

HU and 1000 HU in the same quantized density factor level. Likewise, mean and peak calcium 

density became further uncorrelated as total plaque area burden increased, which could be due to 

the ceiling threshold of the density weighting factor.

One major clinical implication of our findings may be the reclassification and shift 

towards lower CAC score groups when quantifying CAC with mean calcium density rather than 

peak calcium density. Using this approach, approximately 25% of participants with a traditional 

Agatston CAC score 100-399 were reclassified with CAC 1-99, and nearly 20% moved from 

Agatston CAC >400 to a new CAC between 100-399. These results are important because a 

majority of ASCVD risk stratification occurs among individuals with lower CAC scores(4,18), as

CAC >100 has demonstrated to be an important discriminatory threshold for primary versus 

secondary prevention risk(19). For example, individuals with CAC >100 appear to derive net 



benefit from aspirin therapy, whereas the risk for bleeding events is larger in magnitude than the 

reduction in primary ASCVD events for individuals with prevalent CAC below 100 (20,21). 

When added to models including total coronary plaque area, mean calcium density 

performed better than peak calcium density for long-term ASCVD mortality prediction among 

persons with CAC 1-99. Specifically, the addition of mean calcium density strongly improved 

ASCVD mortality reclassification among individuals with CAC 1-99 and for individuals in the 

lowest total plaque area tertile, while no significant NRI statistics were observed for models 

including peak calcium density among the two latter subgroups. These observations were further 

followed by a larger improvement in CHD mortality discrimination for the addition of mean 

versus peak calcium density among those with CAC 1-99. Previous studies have shown that 

calcium density is inversely associated with incident ASCVD and that supplementing coronary 

plaque area and/or CAC volume measures with calcium density improves risk prediction for 

ASCVD events, particular among persons with an intermediate risk(6,7). Here, we show that 

calcium density is positively associated with ASCVD and CHD mortality, which may be 

explained by the concept that calcium density is strongly correlated with age (and likely 

atherosclerotic plaque age). We also further build on previous findings and demonstrate that the 

predictive utility of calcium density for ASCVD mortality is most valuable among persons with 

CAC <100 and is more effectively leveraged using mean rather than peak calcium density 

measures. Overall, our results raise the question as to whether a new CAC score which 

incorporates different imaging metrics, such as mean calcium density, the number of affected 

vessels, and/or the location of calcified plaque, would help to improve ASCVD risk assessment.

Observations in the current study may have important cardiovascular imaging 

implications, which may help to further refine CAC scores in the future. In particular, there may 



be a utility to remeasuring CAC data from raw Digital Imaging and Communications in 

Medicine (DICOM) data in specific intermediate-high risk patient groups, such as those with 

hypercholesterolemia, diabetes, and/or a family history of CHD. Directly remeasuring mean 

calcium density per-vessel, lesion size, vessel diffusivity index, and the geographic 

location/distribution of calcific plaques may provide further insight into the imaging-based 

diagnosis and risk assessment of CHD. Furthermore, linking these new imaging metrics to 

ASCVD outcomes and event data would be able to inform the generation of more comprehensive

CAC scores for risk assessment. For example, current CAC scoring systems distribute equal 

weight for a given calcium density and plaque area without considering the location of such 

atherosclerotic lesions, even though left main CAC is more strongly associated with ASCVD and

all-cause mortality compared to non-left main CAC (22).

The main strengths of our study include a novel and relevant study design for assessing 

the imaging and prognostic implications between mean versus peak coronary calcium density 

among over 10,000 individuals. To our knowledge, we are among the first studies to compare the

predictive value of mean versus peak calcium density on ASCVD mortality outcomes. Our data 

suggest that there may be several different prognostic components within the calcium density 

metric itself, and that further studies are required before broadly concluding that higher calcium 

density is universally protective. . As the methodology of CAC scoring continues to evolve, our 

study findings are likely to be helpful for ASCVD risk stratification among persons with 

early/asymptomatic disease, which will be especially important for primary prevention purposes.

Our study findings should be interpreted in the setting of certain limitations. Due to 

limitations in obtaining raw CT images for each study participant, we compared measured 

composite mean calcium density to calculated average peak calcium density values for all 



lesions rather than on a per-lesion basis. Likewise, total plaque area was also back calculated 

from individual Agatston scores for each participant. Future studies that can prospectively and 

directly measure both mean and peak calcium density per-lesion in the setting of ASCVD event 

and mortality data will be beneficial to build on our findings and further enhance CAC scores for 

risk assessment among patients. Additionally, minority populations including African 

Americans, Asians and Hispanics were underrepresented in the current study and subsequent 

studies evaluating the roles of mean versus peak calcium density in ASCVD risk prediction 

among diverse populations should be pursued. 

In conclusion, mean and peak calcium density have dissimilar values most notably 

among individuals with prevalent CAC <100, which suggests that the two calcium density 

components may uniquely describe plaque composition, particularly early in the atherosclerotic 

process. When added to total coronary plaque area, mean calcium density performs better than 

peak calcium density for the prediction of ASCVD mortality among persons with CAC 1-99, 

suggesting that CAC quantification using mean calcium density for persons with early CHD may

help to inform new CAC score development for ASCVD risk assessment. 

Clinical Perspectives

Competency in Medical Knowledge: Mean and peak calcium density may reflect unique 

atherosclerotic processes and have strongly dissimilar values during the early development of 

CHD, such that approximately 25% of individuals with an Agatston CAC score of 100-399 are 

downwardly reclassified into a CAC score group of 1-99 when scoring occurs with mean instead 



of peak calcium density. Mean calcium density performs better than peak calcium density for the

prediction of ASCVD mortality for individuals with CAC 1-99, suggesting that CAC 

quantification using mean calcium density may more accurately assess risk and guide preventive 

care for persons with early CHD.

Translational Outlook: Additional studies are required to confirm the prognostic advantage of 

mean versus peak calcium density on a per-lesion basis for CAC scoring and ASCVD mortality 

risk prediction among persons with early CHD. 
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Figure Legends

Central Illustration. Mean versus peak calcium density in CAC scoring and mortality risk 

prediction.

*Mean and peak calcium density are most strongly dissimilar among individuals with a total 

plaque area <100 mm2, and approximately 25% of individuals with an Agatston CAC score of 

100-399 are downwardly reclassified into a CAC score group of 1-99 when scoring occurs with 

mean instead of peak calcium density. Mean calcium density performs better than peak calcium 

density for the prediction of ASCVD mortality for individuals with CAC 1-99.

Figure 1. Association of mean and peak calcium density with age among all participants (A), 

women (B), and men (C). 

*The largest differences between mean and peak calcium values were among persons <50 years 

old, though the two calcium measures converged with older age.

Figure 2. Association of mean and peak calcium density with total plaque area burden. 

*Mean and peak calcium density most strongly differed among individuals with a total plaque 

area <100 mm2 but were more similar for those with a higher total plaque area burden.

Figure 3. Correlation between mean and peak calcium density, stratified by CAC score (A) and 

total plaque area burden tertiles (B). 

*Compared to individuals with CAC 100-399 and/or CAC >400, individuals with CAC 1-99 had

a larger magnitude difference, but stronger correlation between mean and peak calcium density 



values. A similar pattern between mean and peak calcium density was observed across increasing

total plaque area tertiles.

Figure 4. Calculation of coronary artery calcium scores with mean versus peak calcium density.

*Recalculating CAC using mean calcium density resulted in a larger proportion of individuals 

with lower CAC scores.



Tables

Table 1. Characteristics of 10,373 individuals of the CAC Consortium with CAC >0, stratified by mean calcium density
All

130-419 HU

(n=10373)

Tertile 1

130-185 HU

(n=3524)

Tertile 2

186-230 HU

(n=3420)

Tertile 3

231-419 HU

(n=3429)

P-Value*

Age, mean ± SD, years 56.7 ± 9.2 53.4 ± 8.7 56.8 ± 8.5 59.8 ± 9.0 <0.001
Women, % 24.4 25.1 22.8 25.1 0.03
Ethnicity, % 0.97

White 96.7 96.4 96.7 96.8
Asian 0.7 0.8 0.7 0.7
Black 0.4 0.4 0.4 0.4

Hispanic 0.3 0.4 0.3 0.2
Other 1.9 2.0 1.9 1.9

CAC, median (IQR), AU 68 (238) 8 (18) 93 (178) 286 (606) <0.001
CAC, AU, % <0.001

1-100 57.7 97.1 52.6 22.2
100-400 25.0 2.7 35.7 37.2

>400 17.3 0.2 11.7 40.6
Mean Calcium Density, mean ± SD 2.1 ± 0.5 1.6 ± 0.1 2.1 ± 0.1 2.7 ± 0.3 <0.001
Body Mass Index, mean ± SD, kg/m2 28.9 ± 5.5 29.5 ± 5.8 29.1 ± 5.5 28.1 ± 5.2 <0.001
Smoking, % 11.8 10.6 11.1 13.8 <0.001
Hypertension, % 28.0 24.3 28.9 31.1 <0.001
Hyperlipidemia, % 63.1 61.4 65.1 62.9 0.007
Diabetes, % 6.0 4.7 7.0 6.5 <0.001
Family History of CHD, % 51.5 52.4 51.0 51.2 0.46
All-Cause Mortality, n (%) 666 (6.4) 161 (4.6) 182 (5.3) 323 (9.4) <0.001
CVD Mortality, n (%) 197 (1.9) 40 (1.1) 56 (1.6) 101 (3.0) <0.001
CHD Mortality, n (%) 83 (0.8) 18 (0.5) 24 (0.7) 41 (1.2) 0.004
Cancer Mortality, n (%) 247 (2.4) 61 (1.7) 70 (2.1) 116 (3.4) <0.001
*chi-square test



Table 2. Mean versus peak calcium density for the prediction of ASCVD mortality, stratified by CAC score group

ASCVD Mortality

Log Likelihood Test Area Under the Curve Continuous NRI

P-value C-Statistic Contrast P-value* NRI P-value

CAC 1-99 (n=5983)

Total Plaque Area Alone - 0.522 - - -

Total Plaque Area + Mean Calcium Density <0.001 0.661 - 0.49 <0.001

Total Plaque Area + Peak Calcium Density 0.004 0.602 0.08 0.18 0.09

CAC 100-399 (n=2592)

Total Plaque Area Alone - 0.553 - - -

Total Plaque Area + Mean Calcium Density 0.48 0.556 - 0.003 0.49

Total Plaque Area + Peak Calcium Density 0.86 0.554 0.95 0.07 0.33

CAC >400 (n=1798)

Total Plaque Area Alone - 0.607 - - -

Total Plaque Area + Mean Calcium Density 0.58 0.596 - -0.04 0.63

Total Plaque Area + Peak Calcium Density 0.92 0.601 0.39 -0.05 0.67

NRI = net reclassification index
*p-value comparing mean versus peak calcium density



Table 3. Mean versus peak calcium density for the prediction of CHD mortality, stratified by CAC score group

CHD Mortality

Log Likelihood Test Area Under the Curve Continuous NRI

P-value C-Statistic Contrast P-value* NRI P-value

CAC 1-99 (n=5983)

Total Plaque Area Alone - 0.583 - - -

Total Plaque Area + Mean Calcium Density <0.001 0.752 - 0.77 <0.001

Total Plaque Area + Peak Calcium Density 0.19 0.619 <0.001 0.13 0.27
CAC 100-399 (n=2592)

Total Plaque Area Alone - 0.626 - - -

Total Plaque Area + Mean Calcium Density 0.83 0.627 - 0.15 0.26

Total Plaque Area + Peak Calcium Density 0.10 0.673 0.39 0.32 0.08

CAC >400 (n=1798)

Total Plaque Area Alone - 0.571 - - -

Total Plaque Area + Mean Calcium Density 0.27 0.617 - 0.20 0.10

Total Plaque Area + Peak Calcium Density 0.17 0.563 0.25 0.05 0.39



NRI = net reclassification index
*p-value comparing mean versus peak calcium density



Association between Calcium Density 
and Total Plaque Area

Calculation of CAC Score Using 
Mean versus Peak Calcium Density

C E NTRAL  IL L US TR ATION: Mean vs. Peak Calcium Density in CAC Scoring and Mortality Risk Prediction

Mean Calcium Density Peak Calcium Density

*when added to 
total plaque area

Log-Likelihood C-Statistic Continuous NRI Log-Likelihood C-Statistic Continuous NRI

P-Value Δ AUC NRI P-Value P-Value Δ AUC NRI P-Value

CAC 1-99 <0.001 +0.139 0.49 <0.001 0.004 +0.059 0.18 0.09

CAC 100-399 0.48 +0.003 0.003 0.49 0.86 +0.002 0.07 0.33

CAC ≥400 0.58 -0.011 -0.04 0.63 0.92 -0.006 -0.05 0.67

Mean versus Peak Calcium Density for the Prediction of ASCVD Mortality
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Supplemental Table 1. Characteristics of 10,373 individuals of the CAC Consortium with CAC >0, stratified by peak 

calcium density
All 

1.0-4.0

(n=10373)

Tertile 1

1.0-2.9

(n=3458)

Tertile 2

2.9-3.2

(n=3458)

Tertile 3

>3.2

(n=3457)

P-Value

Age, mean ± SD, years 56.7 ± 9.2 54.6 ± 8.9 58.5 ± 9.1 56.9 ± 9.0 <0.001
Women, % 24.4 23.3 22.2 27.6 <0.001
Ethnicity, % 0.27

White 96.7 96.3 97.0 96.7
Asian 0.7 0.8 0.5 0.8
Black 0.4 0.6 0.4 0.2

Hispanic 0.3 0.3 0.3 0.3
Other 1.9 2.0 1.8 2.0

CAC, median (IQR), AU 68 (238) 17 (63) 204 (500) 72 (207) <0.001
CAC, AU, % <0.001

1-100 57.7 81.2 34.1 57.8
100-400 25.0 15.5 33.1 26.4

>400 17.3 3.4 32.8 15.8
Mean Peak Density, mean ± SD 3.0 ± 0.5 2.4 ± 0.4 3.1 ± 0.8 3.5 ± 0.3 <0.001
Body Mass Index, mean ± SD, kg/m2 28.9 ± 5.5 29.3 ± 5.7 28.6 ± 5.3 28.9 ± 5.5 <0.001
Smoking, % 11.8 11.3 12.5 11.8 0.29
Hypertension, % 28.0 26.3 30.1 27.7 0.002
Hyperlipidemia, % 63.1 61.9 64.9 62.6 0.03
Diabetes, % 6.0 5.4 6.5 6.1 0.12
Family History of CHD, % 51.5 52.5 50.7 51.4 0.31
All-Cause Mortality, n (%) 666 (6.4) 174 (5.0) 291 (8.4) 201 (5.8) <0.001
CVD Mortality, n (%) 197 (1.9) 53 (1.9) 89 (2.6) 55 (1.6) 0.002
CHD Mortality, n (%) 83 (0.8) 24 (0.7) 34 (1.0) 25 (0.7) 0.33
Cancer Mortality, n (%) 247 (2.4) 57 (1.7) 104 (3.0) 86 (2.5) 0.001



Supplemental Table 2. Mean versus peak calcium density for the prediction of ASCVD Mortality, stratified by total plaque area

ASCVD Mortality

Log Likelihood Test Area Under the Curve Continuous NRI

P-value C-Statistic Contrast P-value* NRI P-value
First Total Plaque Area Tertile 

(0.16-9.0 mm2, n=3459)
Total Plaque Area Alone - 0.512 - - -
Total Plaque Area + Mean Calcium Density 0.02 0.589 - 0.33 0.03
Total Plaque Area + Peak Calcium Density 0.03 0.600 0.83 0.25 0.07

Second Total Plaque Area Tertile
(9.0-52.1 mm2, n=3459)

Total Plaque Area Alone - 0.626 - - -
Total Plaque Area + Mean Calcium Density 0.009 0.699 - 0.18 0.15
Total Plaque Area + Peak Calcium Density 0.06 0.642 0.16 0.19 0.13

Third Total Plaque Area Tertile
(52.1-3482.2 mm2, n=3457)

Total Plaque Area Alone - 0.658 - - -
Total Plaque Area + Mean Calcium Density 0.61 0.646 - 0.11 0.21
Total Plaque Area + Peak Calcium Density 0.44 0.654 0.59 0.02 0.44
NRI = net reclassification index
*p-value comparing mean versus peak calcium density





Supplemental Table 3. Mean versus peak calcium density for the prediction of CHD mortality, stratified by CAC score group

CHD Mortality

Log Likelihood Test Area Under the Curve Continuous NRI

P-value C-Statistic Contrast P-value* NRI P-value

First Total Plaque Area Tertile 
(0.16-9.0 mm2, n=3459)

Total Plaque Area Alone - 0.503 - - -

Total Plaque Area + Mean Calcium Density 0.17 0.610 - 0.48 0.04

Total Plaque Area + Peak Calcium Density 0.33 0.583 0.69 0.07 0.41

Second Total Plaque Area Tertile
(9.0-52.1 mm2, n=3459)

Total Plaque Area Alone - 0.626 - - -

Total Plaque Area + Mean Calcium Density 0.002 0.755 - 0.81 0.005

Total Plaque Area + Peak Calcium Density 0.27 0.621 0.15 0.17 0.24

Third Total Plaque Area Tertile
(52.1-3482.2 mm2, n=3457)

Total Plaque Area Alone - 0.648 - - -

Total Plaque Area + Mean Calcium Density 0.49 0.653 - 0.18 0.15

Total Plaque Area + Peak Calcium Density 0.72 0.625 0.23 0.00 0.50

NRI = net reclassification index
*p-value comparing mean versus peak calcium density





Exclusion of individuals with CAC=0
(n=29,757)

Total N = 10,373

Exclusion of individuals without direct 
measures of mean calcium density

(n=26,506)

Total N = 36,879

Total N = 66,636

Supplemental Figure. Flow diagram of study participant inclusion. 




