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Background: The transition from no coronary artery calcium (CAC) to detectable CAC is impor-

tant, as evenmild CAC is associated with increased cardiovascular events. We sought to char-

acterize the anatomic distribution and burden of newly detectable CAC over 10-year follow-up.

Methods: We evaluated 3112 participants (mean age, 58 years; 64% female) with baseline

CAC ¼ 0 from the Multi-Ethnic Study of Atherosclerosis. Participants underwent repeat

CAC testing at different time intervals (between 2e10 years after baseline) per the Multi-

Ethnic Study of Atherosclerosis protocol. Among participants who developed CAC on a

follow-up scan, we used logistic regression and marginal probability modeling to describe

the coronary distribution and burden of new CAC by age, sex, and race after adjustment for

cardiovascular risk factors and time to detection.
Lab and the Scientific Advisory Board at Atherotech Diagnostics Lab provided grant support
a consultant to Sanofi and Regeneron. Other authors report no conflicts of interest.
tracts N01-HC-95159, N01-HC-95160, N01-HC-95161, N01-HC-95162, N01-HC-95163, N01-HC-
C-95167, N01-HC-95168, and N01-HC-95169 from the National Heart, Lung, and Blood
L1-TR-001079 from National Center for Research Resources.
TAR research assistance agreement, number RD831697 (MESA Air), awarded by the US
s not been formally reviewed by the EPA. The views expressed in this document are solely
ndorse any products or commercial services mentioned in this publication.

Blaha).
ty of Cardiovascular Computed Tomography. All rights reserved.

mailto:mblaha1@jhmi.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcct.2015.03.015&domain=pdf
www.sciencedirect.com/science/journal/19345925
www.JournalofCardiovascularCT.com
http://dx.doi.org/10.1016/j.jcct.2015.03.015
http://dx.doi.org/10.1016/j.jcct.2015.03.015
http://dx.doi.org/10.1016/j.jcct.2015.03.015


J o u r n a l o f C a r d i o v a s c u l a r C om p u t e d T omog r a p h y 9 ( 2 0 1 5 ) 3 3 7e3 4 4338
Right coronary artery
Left main artery

Left circumflex artery
Results: A total of 1125 participants developed detectable CAC during follow-up with amean

time to detection of 6.1 � 3 years. New CAC wasmost commonly isolated to 1 vessel (72% of

participants), with the left anterior descending artery (44% of total) most commonly affected

followed by the right coronary (12%), left circumflex (10%), and leftmain (6%). These patterns

were similar across age, sex, and race. In multivariate models, residual predictors of multi-

vessel CAC (28% of total) included male sex, African American or Hispanic race, hyperten-

sion, obesity, and diabetes. At the first detection of CAC >0, burden was usually low with

median Agatston CAC score of 7.1 and <5% with CAC scores >100.

Conclusion: New-onset CAC most commonly involves just 1 vessel, occurs in the left

anterior descending artery, and has low CAC burden. New CAC can be detected at an early

stage when aggressive preventive strategies may provide benefit.

ª 2015 Society of Cardiovascular Computed Tomography. All rights reserved.
1. Introduction July 2000 and September 2002, MESA enrolled 6814 individuals
Coronary artery calcium (CAC) is an imaging marker that is

nearly pathognomonic for the presence of coronary athero-

sclerosis1,2 and can be detected using noncontrast cardiac CT.

Indeed, CAC testing is specific for the presence of coronary

atherosclerosis and highly sensitive for increasing burden of

obstructive atherosclerotic coronary artery disease.3

CAC is also highly effective for risk stratification of selected

asymptomatic patients. For example, elevated CAC >300 is

associated with a nearly 10-fold increased risk of adverse

coronary events after multivariate adjustment.4 Equally

important, the absence of CAC in asymptomatic adults is

associated with a low mortality rate of 1% over 10 years.5e7

Even mildly elevated CAC denotes risk, as patients with CAC

scores between 1 and 10 have a 2- to 3-fold increased risk of

cardiovascular adverse events and death compared with

those with CAC ¼ 0.6,8,9

Given these prognostic differences, a clinical finding of

zero vs nonzero CAC has important implications for clinical

decision making, including the decision to treat risk condi-

tions with lifestyle vs pharmacotherapy.10 Thus, there is a

great deal of interest in studying the transition from zero to

nonzero CAC. However, little is known about the character-

istics of newly detected CAC, including its typical coronary

distribution and burden.

To fill this gap, we used longitudinal CAC data from the

Multi-Ethnic Study of Atherosclerosis (MESA) to describe the

imaging characteristics related to the transition from zero to

nonzero CAC. In particular, we asked the following questions:

(1) At the first detection of new CAC, does CAC occur more

commonly in 1 vessel vs multiple vessels? (2) Does new CAC

preferentially occur in particular coronary arteries? (3) At the

first detection of new CAC, what is the CAC score burden? (4)

Does the coronary distribution and burden of newCAC vary by

age, sex, or race?

2. Methods

2.1. The Multi-Ethnic Study of Atherosclerosis

MESA was designed to study the prevalence, risk factors,

and progression of subclinical cardiovascular disease in in-

dividuals without known cardiovascular disease.11 Between
at 6 field centers in the United States (Baltimore; Chicago;

Forsyth County, North Carolina; Los Angeles; New York; and

St. Paul, Minnesota) as part of a prospective cohort study that

has now spanned 5 in-person visits. Participants included

women and men aged 45 to 84 years who identified them-

selves as White, Chinese, Black, or Hispanic. The institutional

review board at all participating centers approved the study,

and all participants gave written informed consent.
2.2. Patient population

The study population for this analysis consisted of 3112 par-

ticipants who had CAC ¼ 0 at baseline and had at least 1

additional CT scan (scored on a per-vessel basis) during MESA

follow-up.

After the initial baseline scan, participants underwent

repeat CT scans during different follow-up visits as per the

prespecified MESA protocol. MESA visits 2, 3, 4, and 5 included

subjects who had follow-up CT scans at mean 1.7 � 0.3, 3.2 �
0.4, 4.9 � 0.5, and 9.7 � 0.6 years, respectively, after the initial

baseline scan. In MESA, not all participants had follow-up

scan at each of the visits. As part of the study design,

approximately half (n ¼ 1522) of the participants received

repeat scan at visit 2 and the other half (n ¼ 1425) at visit 3.

Visit 4 prioritized participants without scan at visit 3 and

included 677 participants with CAC ¼ 0 on prior visits. During

visit 5, a total of 1461 participants with CAC ¼ 0 on prior visits

received repeat scan and preferentially included participants

with scan from visits 3 and 4 (Supplementary Fig. 1). Repeat CT

scanning in MESA was unrelated to specific individual

participant characteristics. All participants with CAC ¼ 0 at

baseline received at least 1 repeat scan (100%), whereas 47%

had 2 total scans, 42% had 3 total scans, and 11% had 4 total

scans over MESA follow-up.
2.3. Cardiac CT protocol and CAC scoring

Baseline cardiac CT was performed at 3 sites using a cardiac-

gated electron-beam CT scanner and at 3 sites using 4-slice

multidetector CT. Each participant was scanned twice

consecutively, and the images were interpreted at the MESA

CT reading center at Harbor-UCLA Medical center, Los

Angeles, CA. The results of the 2 scans were averaged to

http://dx.doi.org/10.1016/j.jcct.2015.03.015
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provide a more accurate point estimate of the amount of

calcium present. Carr et al12 have reported details of the

methods used by MESA for CT scanning and interpretation.

The amount of calcium was quantified with the Agatston

scoring method.13 When CAC was detected on CT images, its

location was ascertained to left main (LM), left anterior

descending (LAD), left circumflex (LCX), or right coronary ar-

teries (RCA). Data regarding segmental distribution of CAC

within individual coronary arteries were not available for our

analysis. The kappa statistic for agreement on presence of any

CAC was 0.92.

2.4. Risk factor assessment

As part of the baseline examination, study teams at each of

the 6 centers collected information on cardiovascular risk

factors. Total cholesterol, high-density lipoprotein choles-

terol (HDL-C), triglyceride, and glucose levels were measured

in blood samples obtained after a 12-hour fast. The low-

density lipoprotein cholesterol (LDL-C) level was determined

with the Friedewald equation.14 Hypertension (HTN) status

was classified according to the Seventh Report of the Joint

National Committee on the Detection, Evaluation, and

Treatment of High Blood Pressure.15 Diabetes mellitus (DM)

status was classified according to American Diabetes Asso-

ciation 2003 criteria.16 Obesity (body mass index [BMI] �30 kg/

m2) was classified according to the World Health Organiza-

tion classification. Medication use was determined by a

questionnaire. Smoking status was classified as never

smoker, former smoker, and current smoker. Never smoker

was defined as lifetime consumption of <100 cigarettes and

current smoker was defined as smoking within 30 days as per

the National Cholesterol Education ProgrameAdult Treat-

ment Panel III.17
3. Statistical analysis

Baseline characteristics of the overall study population (N ¼
3112) are presented in aggregate and by incident CAC status

(follow-up CAC ¼ 0 vs follow-up CAC >0). Continuous vari-

ables are presented as mean � standard deviation, whereas

categorical variables are presented as total number and the

proportion of the total. Differences between 2 groups were

compared using the chi-square analysis for categorical vari-

ables and using 2-sample t tests for normally distributed

continuous variables. Kruskal-Wallis equality of population

rank tests were used to compare distributions between groups

of non-normally distributed continuous variables.

The remainder of the analyses focused on patients with

newly detected CAC during follow-up (N ¼ 1125). To charac-

terize the anatomic distribution of new-onset CAC over time

in MESA, we described new-onset CAC as occurring in a single

vessel (LM, RCA, LAD, LCX) or in multiple vessels (2, 3, or 4

vessels). We then calculated the adjusted marginal probabil-

ities of each CAC distribution pattern using the “margins”

command in STATA version 13 (Stata Corp, College Station,

TX, USA). Probabilities were postestimated following a

multivariate logistic regression model adjusted for the

following variables: age, race, sex, time to CAC >0 detection,
HTN status, household income (a measure of socioeconomic

status), smoking status, diabetes status, LDL-C >160 mg/dL,

use of lipid-lowering medications, and obesity (BMI >30 kg/

m2). Time to CAC >0 detection was included in the models to

account for the effect of the differential time between scans of

individual participants inMESA. Marginal probabilities should

not be considered the absolute prevalence of CAC by partic-

ular attribute (ie, race) but rather the residual differences in

new-onset CAC that remain within that attribute after

adjusting for other risk factors.

To characterize the burden of newly detected CAC over

time in MESA, we assigned individuals to distinct CAC score

categories (1e10, 11e100, and >100) as well as summarized

the median Agatston score at the first detection of CAC. Using

the chi-square analysis and Kruskal-Wallis testing, we

assessed for differences in CAC burden by anatomic distri-

bution (individual vessel involvement in those with single

vessel CAC), as well as for differences in CAC burden between

single-vessel and multivessel CAC. Statistical analysis was

performedusing Stata 13. A 2-sided P value of<.05was used to

indicate statistical significance.
4. Results

4.1. Baseline characteristics

Table 1 summarizes the characteristics of our overall study

sample. A total of 3112 subjects were included in the study.

Average age was 57.9 � 9 years and approximately 64%

were female. The race distribution of our sample includes

34% White, 12% Chinese American, 31% Black, and 23%

Hispanic.

Approximately 1125 subjects of our study sample (36%)

developed new CAC with a mean time to detection of 6.1 �
3.4 years. The percentage of subjects who developed new

CAC at visit 2, 3, 4, and 5 were 11%, 21%, 22%, and 34%,

respectively. The mean time to detection of new CAC was

shorter in males (5.9 � 3.4 years) compared to females (6.3 �
3.4 years) and did not differ among subjects from different

race groups.

New CAC wasmore prevalent amongmales, and the mean

age of these subjects was higher when compared to subjects

who did not develop CAC on follow-up scans. There was

higher prevalence of HTN, DM, and smoking among subjects

with new CAC compared to those with CAC ¼ 0. Subjects with

new CAC demonstrated significantly higher systolic blood

pressure, diastolic blood pressure, BMI, cholesterol, LDL-C,

Framingham risk score, cardiovascular disease risk score

and lower HDL-C compared to CAC ¼ 0 group. Baseline use of

lipid-lowering and antihypertensive medications was signifi-

cantly higher in subjects with newCAC. Participants with new

CAC also hadmore number of follow-up CAC scans compared

to CAC ¼ 0 group (Table 1).

4.2. Coronary distribution of new CAC

New CAC most commonly involved 1 vessel (unadjusted

probability of 72%). Over the entire range of time from the

baseline scan, 1 vessel involvement remained the most

http://dx.doi.org/10.1016/j.jcct.2015.03.015
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Table 1 e Demographics and prevalence of risk factors.

Factor Baseline CAC ¼ 0
(N ¼ 3112)

Follow-up CAC ¼ 0
(N ¼ 1987)

Follow-up
CAC >0 (N ¼ 1125)

P value

Age, y, mean � SD 57.9 � 9.1 56.9 � 9.0 59.6 � 8.9 .0001

Female, n (%) 1960 (64) 1315 (66) 645 (57) <.0001

Race, n (%) .022

White 1059 (34) 654 (33) 405 (36)

Chinese 364 (12) 256 (13) 108 (10)

Black 963 (31) 624 (31) 339 (30)

Hispanic 726 (23) 453 (23) 273 (24)

Smoking status, n (%) .042

Never smoker 1740 (56) 1142 (58) 598 (53)

Former smoker 960 (31) 584 (29) 376 (34)

Current smoker 401 (13) 252 (13) 149 (13)

BMI, kg/m2, mean � SD 28.3 � 5.6 27.8 � 5.6 29.1 � 5.7 <.001

Hypertension, n (%) 1077 (35) 587 (30) 490 (44) <.001

Diabetes, n (%) 274 (9) 138 (7) 136 (12) <.001

Systolic blood pressure, mm Hg, mean � SD 124.1 � 19.8 121.7 � 19.5 128.4 � 19.7 .0001

Diastolic blood pressure, mm Hg, mean � SD 72.5 � 10 71.5 � 10 74.3 � 9.7 <.0001

Cholesterol, mg/dL, mean � SD 198.1 � 35.1 195.7 � 34.6 202.3 � 35.6 .0001

HDL-C, mg/dL, mean � SD 52.6 � 15 53.8 � 15.4 50.4 � 14 .0001

LDL-C, mg/dL, mean � SD 116.3 � 30.7 114.6 � 30.6 119.3 � 30.6 .0001

Antihypertensive medication, n (%) 876 (28) 478 (24) 398 (35) <.001

Lipid-lowering medication, n (%) 330 (11) 163 (8) 167 (15) <.001

Framingham risk score (%), mean � SD 8 � 6 7 � 6 10 � 7 .0001

CVD risk score (%), mean � SD 7 � 9 6 � 8 9 � 10 .0001

Aspirin usage, n (%) 421 (14) 221 (12) 200 (19) <.001

Number of follow-up CAC scans, mean � SD 1.78 � 0.68 1.65 � 0.69 2.01 � 0.60 <.001

BMI, body mass index; CAC, coronary artery calcium; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-

density lipoprotein cholesterol; N, numbers of subjects; SD, standard deviation.
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common presentation of new CAC (Fig. 1A). Among subjects

with 1 vessel involvement, the LAD was the most common

vessel affected, and this pattern continued over the entire

range of time from baseline scans. LAD involvement was fol-

lowed in order of frequency by the RCA, LCX, and LM coronary

arteries (Table 2; Fig. 1B).

Multivessel involvement of new CAC was seen in 28% of

subjects. With increased time from baseline scan, there was

increased frequency of multivessel involvement of new CAC

(15% at visit 2 vs 35% at visit 5). However, 1 vessel involvement

of new CAC was the most common pattern even at visit 5,

which occurred nearly 10 years after baseline scan (Table 2;

Fig. 1A).
4.3. Association between risk factors and distribution of
new CAC

Among all age, sex, and race groups, single-vessel CAC with

LAD involvement was the most common phenotype. With

increase in age, there was increased multivessel involvement

of new CAC, which peaked in the age group of 65 to 74 years;

however, single-vessel CAC with LAD involvement remained

the most common presentation even in this age group

(Table 3). Males compared to females and Hispanic and Black

compared to White and Chinese were associated with higher

residual probability of multivessel new CAC involvement

after multivariate adjustment (Table 3).

The residual probability of multivessel new CAC involve-

ment was significantly higher in subjects with HTN, DM, and
obesity after adjustment for the remaining risk variables. In

current smokers and in subjects with LDL-C �160 mg/dL and

total cholesterol-to-HDL-C ratio >3, there was no increased

residual probability of multivessel new CAC involvement

(Table 4).
4.4. Burden of new CAC

Among subjects with new CAC, 52% had CAC scores of 1 to 10,

44% had CAC scores of 11 to 100, and 4% had CAC scores>100.

CAC burden was higher among subjects who developed CAC

in visit 4 and 5 compared to those in visit 2 and 3

(Supplementary Table 1). The burden of new-onset CAC was

significantly higher in subjects with multivessel CAC

compared with those with 1 vessel involvement. Of those

subjects with new CAC in a single vessel, 65% had CAC scores

of 1 to 10, 34% had CAC scores of 11 to 100, and 1% had CAC

scores >100. Of those subjects with multivessel involvement

at the time of new CAC detection, 20% had CAC scores of 1 to

10, 68% had CAC scores of 11 to 100, and 12% had CAC scores

>100 (Table 5).

The median CAC score in subjects with single-vessel and

multivessel involvement was 5.9 and 26.2, respectively.

Among subjects with 1 vessel involvement, CAC was signifi-

cantly higher in LAD and LM followed by RCA and then LCX

(Table 5). There was no difference in CAC burden by age, sex,

and race groups. Subjects with new-onset advanced CAC

(CAC >100) were equally distributed among all age, sex, and

race groups (Supplementary Table 2).

http://dx.doi.org/10.1016/j.jcct.2015.03.015
http://dx.doi.org/10.1016/j.jcct.2015.03.015


Fig. 1 e (A) Proportion of participants with incident CAC: single vessel vs multivessel. (B) Distribution of incident CAC among

participants with single-vessel CAC. *Visits 2, 3, 4, and 5 were at mean 1.7 ± 0.3, 3.2 ± 0.4, 4.9 ± 0.5, and 9.7 ± 0.6 years,

respectively, after baseline scan. LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main artery; RCA,

right coronary artery.
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5. Discussion

Although CAC ¼ 0 is associated with excellent prognosis,

presence of evenmild CAC is associatedwith an increased risk

of adverse events, and little is known about the transition

from CAC ¼ 0 to initially detectable CAC >0. In MESA, we

found that new CAC was most commonly found in a single

vessel at first detection, with this pattern persisting among

subjects of all age, sex, and race groups. Among the individual

coronary arteries, the LAD was the most likely location for

new CAC. Multivessel involvement of new CAC was more

likely among males, Hispanics, Blacks, and in subjects with

HTN, DM, and obesity. At the first detection of new CAC, the

CAC burdenwas low, with<5% of subjects having a CAC score

of >100. This is the first community-based study to describe

the CAC distribution and CAC score burden at the initial

detection of new CAC.

5.1. Prior studies on distribution of coronary
atherosclerosis

The prevalent distribution of atherosclerosis in the coronary

arteries has been described in prior cross-sectional studies.

Pathological studies have shown that the prevalence and

burden of atherosclerosis was higher in LAD, followed by RCA
Table 2 e CAC distribution at the first detection of CAC >0.

Distribution of
new-onset CAC

All visits (N ¼ 1125) Visit 2* (N ¼ 170)

Single vessel 72% (807) 85% (144)

LAD 44% 57%

RCA 12% 12%

LCX 10% 12%

LM 6% 4%

Multivessel 28% (318) 15% (26)

2 vessel 20% 12%

3 or 4 vessel 8% 3%

CAC, coronary artery calcium; LAD, left anterior descending artery; LCX, le

right coronary artery.

* Visits 2, 3, 4, and 5 include subjects who had detectable CAC on a follo

respectively, after baseline scan.
and then LCX.18,19 However, the differences have not been dra-

matic and some studies even observed roughly equal frequency

of atherosclerosis in the LAD and the RCA and lower frequency

in the LCX.20,21 Tuzcu et al,22 using intravascular ultrasonogra-

phy, showedthat therewasnostatistically significantdifference

in distribution of lesions within different coronary arteries,

although therewasa trend towardhigherprevalence inLADand

lower prevalence within LCX. It has been hypothesized that the

preferential development of atherosclerosis in LAD can be due

to the difference in the flow patterns in various anatomic loca-

tions of coronary arteries.23 To our knowledge, there are no

longitudinal studies describing the geographical incidence of

atherosclerosis in the coronary arteries. Using CAC as amarker

of atherosclerosis, we showed that incidence of new CAC is

higher in LAD compared to RCA and LCX. However, we cannot

rule out the possibility that calcium deposition occurs earlier in

atherosclerotic lesions in LAD compared with lesions in other

coronary arteries (RCA, LCX, and LM).
5.2. Comparison to prior CAC studies

In our analysis, we observed that traditional coronary heart

disease risk factors including HTN, DM, smoking, high BMI,

and high LDL levels are independently associated with

development of new CAC. Similar results were seen in
Visit 3* (N ¼ 305) Visit 4* (N ¼ 150) Visit 5* (N ¼ 500)

74% (226) 75% (113) 65% (324)

41% 44% 42%

14% 14% 10%

13% 8% 7%

6% 9% 6%

26% (79) 25% (37) 35% (176)

20% 18% 24%

6% 7% 11%

ft circumflex artery; LM, left main artery; N, number of subjects; RCA,

w-up scan at mean 1.7 � 0.3, 3.2 � 0.4, 4.9 � 0.5, and 9.7 � 0.6 years,

http://dx.doi.org/10.1016/j.jcct.2015.03.015
http://dx.doi.org/10.1016/j.jcct.2015.03.015


Table 3 e Multivariable-adjusted residual probability (%)
of newly detected CAC distribution patterns by age, sex,
and race.

Factor Single vessel Multivessel P value*

LAD RCA LCX LM

Age, y

45e54 48 14 9 5 24 Reference

55e64 45 14 7 5 29 .11

65e74 39 9 10 8 34 .01

75e84 53 6 13 11 17 .29

Sex

Female 49 11 9 6 25 Reference

Male 41 13 8 7 31 .049

Race

White 50 11 8 7 24 Reference

Chinese 54 10 7 5 24 .99

Black 41 13 9 6 31 .05

Hispanic 39 12 11 5 33 .02

CAC, coronary artery calcium; LAD, left anterior descending artery;

LCX, left circumflex artery; LM, leftmain artery; RCA, right coronary

artery.

Predicted probabilities adjusted for age categories, race categories,

sex, time to CAC >0 detection, hypertension, household income,

smoking status, use of any lipid-lowering medications, diabetes,

LDL-C >160, and obesity (body mass index >30 kg/m2).

* P value is for single vessel vs multivessel involvement of CAC.

Refer to Table 1 for sample size of each category.
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previous studies.24e26 The percentage of subjects who devel-

oped new CAC (36%) was higher in our study compared to

previous studies,25,26 which is likely due to the older patient

population, higher risk factor burden, and longer follow-up of
Table 4 e Multivariable-adjusted residual probability (%)
of newly detected CAC distribution patterns by individual
risk factors.

Risk factor Single vessel Multivessel P value*

LAD RCA LCX LM

No hypertension 46 13 10 6 25 Reference

Hypertension 44 11 7 6 32 .03

Nonsmoker 45 12 9 6 28 Reference

Smoker 44 11 10 6 29 .88

No diabetes 47 11 9 6 27 Reference

Diabetes 35 16 8 5 36 .048

LDL-C <160 mg/dL 45 12 9 6 28 Reference

LDL-C �160 mg/dL 46 10 8 8 28 .91

TC/HDL-C ratio �3 52 9 7 5 27 Reference

TC/HDL-C ratio >3 44 13 9 6 28 .39

BMI <30 kg/m2 49 11 8 7 25 Reference

BMI �30 kg/m2 38 13 11 5 33 .02

BMI, body mass index; CAC, coronary artery calcium; HDL-C, high-

density lipoprotein cholesterol; LAD, left anterior descending ar-

tery; LCX, left circumflex artery; LDL-C, low-density lipoprotein

cholesterol; LM, left main artery; RCA, right coronary artery; TC,

total cholesterol.

Predicted probabilities adjusted for age categories, race categories,

sex, time to CAC >0 detection, hypertension, household income,

smoking status, use of any lipid-lowering medications, diabetes,

LDL >160, and obesity (BMI >30).

* P value is for single-vessel vs multivessel involvement of CAC.

Refer to Table 1 for sample size of each category.
subjects in our study. Although a prior study by Min et al had

the advantage of yearly CAC scanning, this study did not

investigate the distribution of new CAC on first detection.24

Detection of CAC is an excellent method of assessing

atherosclerotic plaque presence, and it is important to note

that the amount of calcium correlates with the overall

magnitude of atherosclerotic plaque burden.27 Previous cross-

sectional studies have suggested that quantity of CAC was

significantly higher in LAD than in RCA and LCX.28e30 How-

ever, to our knowledge, there are no longitudinal studies

defining the origin and demographic distribution of new CAC

in coronary arteries. Therefore, we have extended prior work

by demonstrating that new CACmost commonly involves the

LAD across all age, sex, and race groups.

The burden of new-onset CAC has been described in some

of the studies mentioned previously.25,26,31 In our study, 52%

hadaCACscore of 1 to 10, 44%hadaCACscore of 11 to 100, and

4% had a CAC score of >100. Our study has a higher burden of

new-onset CAC compared to the study by Gopal et al31

(approximately 69% had CAC score of 1e9, 26% had CAC

score of 10e50, and 5% had CAC score >50) and the burden is

even less in the study by Koulaouzidis et al26 (approximately

84%hadCAC score of 1e9, 14%hadCAC score of 10e50, and 2%

had CAC score>50). Our study has an older patient population

and higher traditional risk factor burden compared to prior

studies, perhaps also explaining our observed burden of new-

onset CAC. In addition, lack of annual scanning resulting in

increased lag period between the scans can be a contributing

factor for the higher CAC burden at first detection in our study.

Cross-sectional burden of CAC among different age, sex,

and race groups has been described in previous studies.32e35

However, no studies have investigated the demographic

variation of newly detected CAC. A striking finding from our

study is that there is no difference in the burden of new CAC

by age, sex, and race group.

5.3. Clinical implications

To our knowledge, there are no formal guidelines on repeat

CAC testing for routine quantification of CAC progression36;

however, prior data suggest that a repeat scan in 4 to 5 years

appears reasonable in individuals with a baseline score of

CAC ¼ 0.25,26 We have shown that at the first detection of CAC

>0, the burden is usually low (<100). This suggests that people

rarely convert from CAC ¼ 0 to high CAC scores, which is

important because high scores are associated with increased

event rates.37 Therefore, repeat scans to identity subjects with

CAC >0 may allow detection while scores are still low and

with adequate time to initiate aggressive preventive thera-

pies. Whether this strategy can reduce cardiac events war-

rants further study. Our data also have implications for

readers of cardiac CT scans, allowing readers to be familiar

with the most common patterns of new-onset CAC.
6. Limitations

The principal limitation of this study is that annual CAC

scanning was not performed. The timing of CAC scans was

prespecified per the MESA protocol, which did not call for

http://dx.doi.org/10.1016/j.jcct.2015.03.015
http://dx.doi.org/10.1016/j.jcct.2015.03.015


Table 5 e CAC burden at the first detection of CAC >0.

Vessel affected CAC 1e10 CAC 11e100 CAC >100 P value* Median CAC score (IQR) P valuey

Total population (N ¼ 1125) 52% 44% 4% 9.4 (3.7e22.9)

Single vessel (N ¼ 807) 65% 34% 1% .01 5.9 (2.6e14.3) <.001

LAD (N ¼ 500) 61% 38% 1% 6.8 (2.8e14.9)

RCA (N ¼ 133) 68% 31% 1% 5.6 (2.3e12.6)

LCX (N ¼ 107) 80% 20% 0% 3.7 (1.9e8.8)

LM (N ¼ 67) 66% 34% 0% 7.0 (2.8e16.8)

Multivessel (N ¼ 318) 20% 68% 12% 26.2 (12.6e54.7)

Comparison of Single vessel

vs multivessel

<.001 <.001

CAC, coronary artery calcium; IQR, interquartile range; LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main artery; N,

number of subjects; RCA, right coronary artery.

* P value is for comparison of CAC burden among individual coronary arteries (LAD vs RCA vs LCX vs LM) as well as between single-vessel vs

multivessel involvement.

y P value is for comparison of median CAC among individual coronary arteries (LAD vs RCA vs LCX vs LM) as well as between single-vessel vs

multivessel involvement.
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every participant to have scans at each follow-up visit.

Therefore, it is impossible to knowwhen exactly newCACwas

developed, and our data should be considered time to first

CAC detection rather than strict time to CAC incidence.

However, the patterns and implications we have described

should still hold, as lack of annual scanning would result in

overestimation of the incidence of multivessel CAC and of

CAC score burden at the first CAC detection.

In addition, we did not model change in risk factor or

change in medication use over the course of the study. It is

possible that changing behaviors or therapies may have had

an effect on new-onset CAC. As the Agatston method was

used to quantify CAC in our study, there is a possibility that

certain lesions, especially those with low-density calcium and

small areas of calcium (<1 mm2) can be missed, which could

influence our data. In our study,we do not have data regarding

CAC distribution in different segments within individual cor-

onary arteries. CAC analysis between coronary artery seg-

ments of similar length can provide a better picture of the

segments with high chances of developing new CAC. Finally,

although we demonstrated the coronary distribution and

burden of new CAC, we did not study their prognostic impli-

cations. Studies on the prognostic significance of coronary

distribution in MESA are forthcoming.38
7. Conclusion

Distinguished from referenced work by Min et al25 and Kron-

mal et al,24 this is the first study to describe the distribution of

new CAC at its first detection. New-onset CAC most

commonly affects 1 vessel and occurs in the LAD. The prob-

ability of multivessel involvement of new CAC is higher in

certain high-risk groups. Of importance, CAC scores are usu-

ally low at onset of new CAC suggesting adequate time to in-

crease aggressiveness of preventive therapies.
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Supplementary Table 1 e CAC burden according to visit.

CAC burden All visits (N ¼ 1125) Visit 2* (N ¼ 170) Visit 3* (N ¼ 305) Visit 4* (N ¼ 150) Visit 5* (N ¼ 500)

CAC 1e10 52% 68% 67% 50% 39%

CAC 11e100 44% 31% 31% 47% 55%

CAC >100 4% 1% 2% 3% 6%

CAC, coronary artery calcium.

* Visits 2, 3, 4, and 5 include subjects who had a follow-up scan at mean 1.7 � 0.3, 3.2 � 0.4, 4.9 � 0.5, and 9.7 � 0.6 years, respectively, after

baseline scan.

Supplementary Fig. 1 e Percentage of participants with

CAC scanning at each visit in MESA. *Visit 1 is the initial

baseline scan consisted of entire study population which

includes 3112 participants. Visit 2, 3, 4, and 5 were at mean

1.7 ± 0.3, 3.2 ± 0.4, 4.9 ± 0.5, and 9.7 ± 0.6 years,

respectively, after baseline scan and consisted of 1522,

1425, 677, and 1461 participants at each visit, respectively.

Supplementary Table 2 e CAC burden at the first
detection of CAC >0 stratified by age, sex, and race
groups.

Factor CAC 1e10
(N ¼ 588)

CAC 11e100
(N ¼ 492)

CAC >100
(N ¼ 45)

Median
CAC (IQR)

Age group, y

45e54 52 44 4 9.4 (3.3e22.4)

55e64 50 44 6 10.0 (3.7e25.2)

65e74 54 42 4 8.4 (3.5e21.1)

75e84 56 44 0 6.8 (3.0e20.8)

Sex

Female 51 45 4 9.8 (3.7e23.8)

Male 54 42 4 8.7 (3.3e21.3)

Race

White 53 43 4 8.8 (3.7e20.6)

Chinese 47 48 5 11.2 (4.7e22.4)

Black 52 44 4 9.4 (3.1e28.0)

Hispanic 53 43 4 8.9 (3.3e23.1)

CAC, coronary artery calcium; IQR, interquartile range.

CAC burden among subjects from different age, sex, and race

groups represented as percentage (%) of patients in different CAC

groups (CAC 1e10, CAC 11e100 and CAC >100).
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