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Distribution of Coronary Artery Calcium by Race,
Gender, and Age
Results from the Multi-Ethnic Study of Atherosclerosis (MESA)

Robyn L. McClelland, PhD; Hyoju Chung, MS; Robert Detrano, MD;
Wendy Post, MD, MS; Richard A. Kronmal, PhD

Background—Coronary artery calcium (CAC) has been demonstrated to be associated with the risk of coronary heart disease.
The Multi-Ethnic Study of Atherosclerosis (MESA) provides a unique opportunity to examine the distribution of CAC on the
basis of age, gender, and race/ethnicity in a cohort free of clinical cardiovascular disease and treated diabetes.

Methods and Results—MESA is a prospective cohort study designed to investigate subclinical cardiovascular disease in
a multiethnic cohort free of clinical cardiovascular disease. The percentiles of the CAC distribution were estimated with
nonparametric techniques. Treated diabetics were excluded from analysis. There were 6110 included in the analysis,
with 53% female and an average age of 62 years. Men had greater calcium levels than women, and calcium amount and
prevalence were steadily higher with increasing age. There were significant differences in calcium by race, and these
associations differed across age and gender. For women, whites had the highest percentiles and Hispanics generally had
the lowest; in the oldest age group, however, Chinese women had the lowest values. Overall, Chinese and black women
were intermediate, with their order dependent on age. For men, whites consistently had the highest percentiles, and
Hispanics had the second highest. Blacks were lowest at the younger ages, and Chinese were lowest at the older ages.
At the MESA public website (http://www.mesa-nhlbi.org), an interactive form allows one to enter an age, gender,
race/ethnicity, and CAC score to obtain a corresponding estimated percentile.

Conclusions—The information provided here can be used to examine whether a patient has a high CAC score relative to
others with the same age, gender, and race/ethnicity who do not have clinical cardiovascular disease or treated diabetes.

(Circulation. 2006;113:30-37.)
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oronary artery calcium (CAC) has been demonstrated to

be associated with the risk of coronary heart disease. The
most frequently used measure in the literature is the Agatston
score, which measures the amount of calcium at each lesion
scaled by an attenuation factor and summed over all lesions.!
Often, cut points are used to define a “high” CAC score that
do not have a formal basis on the distributional nature of
CAC, either as a predictor of events or in a healthy population
(eg, CAC >100). The same cut points often are used for men
and women and for young and old.? Bild et al® have shown
that coronary calcium prevalence and amount in the Multi-
Ethnic Study of Atherosclerosis (MESA) are heavily influ-
enced by ethnicity, in addition to age and gender. MESA
provides a unique opportunity to examine the distribution of
CAC on the basis of age, gender, and race/ethnicity in a
cohort free of clinical cardiovascular disease and treated
diabetes. These distributions can aid in the clinical interpre-
tation of observed CAC scores and can provide guidance to

Clinical Perspective p 37

researchers as to what constitutes high CAC scores in
individuals of different gender, ethnicity, and age.

Methods

Study Participants

MESA is designed to study the prevalence, risk factors, and
progression of subclinical cardiovascular disease in a multiethnic
cohort. A detailed description of the study design and methods has
been published previously.* Briefly, 6814 participants 45 to 84 years
of age who identified themselves as white, black, Hispanic, or
Chinese were recruited from 6 US communities from 2000 to 2002.
All participants were free of clinically apparent cardiovascular
disease (physician-diagnosed heart attack, angina, stroke, transient
ischemic attack, or heart failure; current atrial fibrillation; taking
nitroglycerin; or having undergone angioplasty, coronary artery
bypass graft, valve replacement, pacemaker or defibrillator implan-
tation, or any surgery on the heart or arteries). Other exclusions
included pregnancy, active treatment for cancer, weight >300
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pounds, cognitive inability as judged by the interviewer, living in a
nursing home or on the waiting list for a nursing home, plans to leave
the community within 5 years, language barrier (speaks a language other
than English, Spanish, Cantonese, or Mandarin), CT scan of the chest
within past year, or any serious medical condition that would prevent
long-term participation. The communities were Forsyth County, North
Carolina; Northern Manhattan and the Bronx, NY; Baltimore City and
Baltimore County, Maryland; St Paul, Minn; Chicago, Ill; and Los
Angeles County, California. The source population for each field center
varies in size and ethnic composition. Each field center developed its
sampling frame and recruitment procedures according to the character-
istics of its community and available resources, including lists of
residents, dwellings, telephone exchanges, Division of Motor Vehicle
lists, consumer lists, voter registration lists, and census data. Selection
from the sampling frames used simple random samples from the lists
and random-digit dialing or proceeded sequentially through predefined
neighborhoods. Multiple eligible participants residing in a single house-
hold were allowed to participate. Each site recruited an approximately
equal number of men and women according to prespecified age and
race/ethnicity proportions. All participants gave informed consent. For
the present analysis, we excluded subjects with treated diabetes at
baseline because this condition is known to be associated with much
higher calcium levels. This allows us to estimate CAC percentiles from
a cohort that is relatively healthy in terms of their risk factors for CAC.

Measurement of CAC

CAC was measured with either electron-beam computed tomography
(EBT) at 3 field centers or multidetector computed tomography
(MDCT) at 3 field centers. Each participant was scanned twice
consecutively, and these scans were read independently at a central-
ized reading center. The methodology for acquisition and interpre-
tation of the scans has been documented previously.> The results
from the 2 scans were averaged to provide a more accurate point
estimate of the amount of calcium present. The amount of calcium
was quantified with the Agatston scoring method.! Calcium scores
were adjusted with a standard calcium phantom that was scanned
along with the participant.® The phantom contained 4 bars of known
calcium density. This phantom provides a way of calibrating the
degree of brightness between sites and participants. Rescan agree-
ment was found to be high with both EBT and MDCT scanners.”
Interobserver agreement and intraobserver agreement were found to
be very high (k=0.93 and 0.90, respectively).

Statistical Analysis
The distribution of baseline CAC in a sample free of clinical
cardiovascular disease is heavily skewed, with ~50% of participants
having zero calcium. The positive portion of the CAC distribution is
fairly symmetric and bell shaped on the log scale. As a first step in
obtaining the desired percentiles of the overall distribution, we
model the mean of the log CAC distribution nonparametrically as a
function of age for each gender and race using a local regression
smoother with a smoothing span of 0.7.% For each observation in the
positive log-transformed CAC distribution, we subtract the corre-
sponding estimated value. The pooled residuals from this model are
then ranked, and we calculate the jth percentile for each of
j=1...100 of the residuals. Adding these to the fitted value for a
particular age, gender, and race yields an estimated percentile for the
log-transformed positive CAC variable (see the article by O’Brien
and Dyck® for details on this method). Taking the exponential of this
percentile yields the jth percentile of the positive portion of the CAC
distribution. If a certain proportion (p) has zero calcium, then the jth
percentile calculated above is the 100X {p+[(1—p)j]/100} percentile
of the overall distribution. We model p as a nonparametric function
of age by fitting a local regression smoother within each gender and
race. Thus, we estimate the percentiles of the whole distribution as a
function of the percentiles of the positive calcium scores, and the
process does not involve any parametric assumptions. All calcula-
tions were performed with R, version 2.0.1.10

A common approach taken in the literature is to categorize age and
then simply calculate the empirical percentiles within each age/gender/
race stratum. The nonparametric modeling approach described above
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has several advantages in that we can consider age as a continuous
variable, and by using the pooled residual distribution (after accounting
for age, gender, and race), we have substantially more precision to
estimate the percentiles. Additionally, we do not use an assumption of a
normal distribution in the above calculations, which is important,
particularly because the upper percentiles are of primary interest and
estimated percentiles derived based on a normal assumption are much
better in the central portion of the distribution than in the tails.

As a final analysis, we repeated the percentile estimation on an
extremely healthy subset of our MESA cohort. For this purpose, we
restricted the analysis to nondiabetics with a 10-year Framingham risk
of <10%."" For these calculations, the sample sizes were more limited,
and we were not able to do race-specific models. Instead, we used a shift
model for race (eg, main effect of race only) within each gender. Thus,
race effects could be different for men and women but were constant
across age.

Results

Table 1 presents the characteristics of our study sample. After
exclusion of 704 subjects (680 treated diabetics, 24 with
unknown diabetes status), 6110 subjects remained for analy-
sis, with 53% female and an average age of 62 years. The
race/ethnicity distribution was balanced across gender by
design, with 41% white, 11.8% Chinese-American, 26.4%
black, and 20.9% Hispanic. Approximately half the cohort
had never smoked, 13% were current smokers, 42.0% had a
history of hypertension (defined as diastolic blood pressure
=90 mm Hg, systolic blood pressure =140 mm Hg, or use of
antihypertensive medications), and 32.4% had dyslipidemia
(defined as ratio of total cholesterol to HDL >5.0 or taking a
lipid-lowering medication). More than two thirds of subjects
were overweight or obese (body mass index >25 kg/m?)
according to World Health Organization (WHO) guidelines,
58.7% had a household income below $50 000 per year, and
17% had not completed high school. A greater proportion of
women were extremely overweight (5% versus 1.2% for men
with body mass index >40 kg/m?).

As previously described, men had higher calcium scores than
women, and the amount and prevalence of calcium increased
steadily with age. Almost two thirds of women (62%) had
calcium scores of zero in this sample, as opposed to 40% of men.
Figure 1 displays the probability of a positive CAC score for
each gender and race as a function of age. The solid line
represents a local regression smoother applied to the raw data.
The individual points represent the observed age-specific pro-
portion, with point size reflecting the available sample size at
that age (larger points indicate more subjects). Although overall
the relationship between the probability of any detectable cal-
cium and age was linear, there were certain gender/race sub-
groups for which there was discernible nonlinearity. Age rela-
tionships for men tended to be concave down (increasing more
quickly); for women, they tended to be concave up (increasing
more slowly). This was particularly true for white men (who had
the highest rate of nonzero calcium) and black or Hispanic
women (who had the lowest rate of nonzero calcium). Because
neither a linear nor a logistic curve could capture this nonlinear-
ity, a fully nonparametric fit was used. Differences between men
and women were greater for whites, particularly in the middle of
the age range in which the differences in concavity are most
apparent. Hispanic women had the lowest prevalence of nonzero
CAC, whereas white women had the highest. Chinese and black
women were intermediate, with their order varying, depending
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TABLE 1. Characteristics of the Study Population (MESA Exam
1 Data)

Women Men Total
n % n % n %

Age, ¥

45-54 980 30.1 842 295 1822 298

55-64 900 277 788 276 1688 27.6

65-74 929 28.6 832 291 1761 288

75-84 442 136 397 139 839 137
Race/ethnicity

White 1308 402 1195 418 2503 41.0

Chinese 37 11.4 348 122 719 118

Black 903 278 710 248 1613 26.4

Hispanic 669  20.6 606 212 1275 209
Hypertension

No 1826 56.2 1716 60.0 3542 58.0

Yes 1425 438 1143  40.0 2568 42.0
Dyslipidemia

No 2435 750 1689 591 4124 67.6

Yes 810 250 1169 409 1979 324
Cigarette smoking

Never 1903 588 1170 412 3073 50.6

Former 945 292 1269 447 2214 364

Current 387 120 403 142 790 13.0
Education

Less than high school 593 18.3 432 152 1025 16.8

High school 1633 504 1201 422 2834 465

College 525 16.2 558 196 1083 17.8

Graduate school 490 15.1 657 231 1147 188
Income, $1000

<50 2032 65.0 1416 515 3448 587

50-100 754 241 829 301 1583 26.9

>100 338 108 507 184 845 144
BMI, kg/m?

<25 1034 318 806 282 1840 30.1

25-<30 1126 346 1298 454 2424 397

30-40 928 285 721 252 1649 270

=40 163 5.0 34 1.2 197 3.2

BMI indicates body mass index.

on age. Overall for men, blacks had the lowest prevalence of
CAC, although in the highest age group (75 to 84 years),
Chinese men had the lowest. Similar to women, white men had
the highest prevalence of calcium. White men virtually all had
calcium by 80 years of age, whereas ~20% of Chinese men
were free of calcium at 80 years of age. Hispanic and black men
were intermediate, with ~10% remaining free of calcium at 80
years of age.

Table 2 displays various estimated percentiles by 10-year age
group, gender, and race/ethnicity. For these calculations, the
percentile was estimated at the midpoint of the age range. This
table underscores the importance of considering race/ethnicity,
in addition to age and gender, when interpreting calcium scores.
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Figure 1. Estimated and observed probability of detectable cal-
cium by age, gender, and race/ethnicity. Solid line represents a
local regression smoother applied to the raw data. Individual
points represent the observed age-specific proportion, with
point size reflecting the available sample size at that age (larger
points indicate more subjects).

As Bild et al® pointed out, there are significant age-by-ethnicity
interactions with respect to calcium score. For women, whites
had the highest percentiles and Hispanics generally had the
lowest, although again in the oldest age group, the Chinese
women had the lowest values. Overall, Chinese and black
women were intermediate, with their order dependent on age.
For men, whites consistently had the highest percentiles, and
Hispanics had the second highest (in contrast to women). Blacks
were lowest at the younger ages, and Chinese were lowest at the
older ages. For instance, for those 75 to 84 years of age, the
estimated percentiles for white men were ~4 times higher than
that for Chinese men in the same age range. Further distribu-
tional details may be obtained at the MESA public website
(http://www.mesa-nhlbi.org), where an interactive form allows
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TABLE 2. Estimated Percentiles of CAC by Age Category, Gender,

and Race/Ethnicity

Women, n Men, n
Age, y Age, y
Percentiles by Race  45-54 55-64 65-74 75-84 45-54 55-64 65-74 75-84
White, n 379 356 379 194 321 325 375 174
25th 0 0 0 20 0 0 21 103
50th 0 0 13 106 0 28 145 385
75th 0 16 119 370 22 155 540 1200
90th 8 102 391 921 110 452 1345 2933
95th 31 209 674 1535 207 743 2271 4619
Chinese, n 109 107 103 52 102 94 102 50
25th 0 0 0 0 0 0 0 11
50th 0 0 5 32 0 5 34 81
75th 0 18 70 146 14 67 174 305
90th 12 105 246 398 89 242 487 769
95th 44 213 436 656 184 429 803 1299
Black, n 274 241 278 110 214 192 206 98
25th 0 0 0 0 0 0 0 23
50th 0 0 0 47 0 0 32 141
75th 0 5 77 214 2 40 191 516
90th 9 74 310 582 45 173 575 1281
95th 38 173 561 953 105 318 945 2176
Hispanic, n 218 196 169 86 205 177 149 75
25th 0 0 0 0 0 0 1 36
50th 0 0 1 45 0 3 56 153
75th 0 2 51 205 9 75 247 494
90th 2 50 203 557 88 291 666 1221
95th 18 118 361 917 195 512 1091 1943

one to enter an age (in years), gender, and race/ethnicity (for the
4 race/ethnicity groups included in MESA) and obtain a corre-
sponding set of estimated percentiles.

Figures 2 and 3 show the percentile curves for each combi-
nation of gender and race/ethnicity as a function of age. Each
plot shows the estimated curves for the 50th, 75th, and 90th
percentiles of calcium across age. The observed empirical
percentiles for each 5-year age interval also appear on the plot
for reference. In Figure 4, we provide a set of curves showing a
possible upper cut point of calcium distribution. Note that the y
axis scales are very different for the 2 genders. With this format,
it is easier to compare the races and to determine at a glance what
an approximate 90th percentile is for a particular patient. The
age interactions are easily visible in this plot. At older ages
(above =70 years of age for men and 75 years of age for
women), the Chinese had the lowest values. At younger ages, the
lowest values were for Hispanic women and black men. Whites
were consistently much higher than the other 3 races.

We explored the question of whether the 2 different types of
scanners (EBT and MDCT) result in a similar distribution of
CAC scores (data not shown). We found that the estimated
percentiles are very similar between EBT and MDCT. Specifi-
cally, we looked at quantile-quantile plots within each race, and
the results were very linear along y=x, indicating that the

quantiles for the EBT measurements are very close to the
quantiles for MDCT measurements. Additionally, regression
models for log calcium as a function of scanner type indicated no
large or statistically significant impact of scanner type on
average log calcium.

Although we have presented results for phantom-adjusted
CAC, these scores are very similar to unadjusted calcium scores
and are strongly related to volume scores. In Figure 5, we show
a scatter plot of the relationships and accompanying linear
regression curve that could be used to approximately calibrate
either form of the scale to the phantom-adjusted scale to use our
reported percentiles. In virtually all cases, a zero for the CAC
volume score or for the unadjusted Agatston score will translate
to a zero score after phantom adjustment; hence, these regression
lines were estimated only for those with positive scores. For the
Agatston score, the observed score could simply be used as
though it were a phantom-adjusted CAC score because the line
has roughly unit slope with zero intercept. For CAC volume, the
observed score should be inflated according to the equation
provided.

In Figure 6, we compare our estimated 50th and 90th CAC
percentiles with those reported from the recently published
Heinz Nixdorf Recall Study, a population-based study con-
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Figure 2. Estimated percentiles of calcium by age and race/eth-
nicity for women. Each plot shows the estimated curves for the
50th, 75th, and 90th percentiles of calcium across age. The
observed empirical percentiles for each 5-year age interval also
appear on the plot (as dots) for reference.

ducted in Germany. These estimates are very comparable for
both men and women regardless of age.

Table 3 displays reference values for a very healthy subset of
the MESA cohort, specifically nondiabetics with 10-year Fra-
mingham risk <<10%. This subset consisted of 3586 participants,
of whom 1208 (33.7%) had positive CAC scores. Only 917
(26%) of this healthy subset were men. Estimation at the older
ages was not possible because of small sample sizes. For
women, estimated percentiles were very similar for this healthy
subset compared with the general (nondiabetic) MESA popula-
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Figure 3. Estimated percentiles of calcium by age and race/eth-
nicity for men. Each plot shows the estimated curves for the
50th, 75th, and 90th percentiles of calcium across age. The
observed empirical percentiles for each 5-year age interval also
appear on the plot (as dots) for reference.
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Figure 4. Estimated 90th percentile of the CAC distribution by
gender, age, and race/ethnicity. Note that the y axis scales for
these 2 plots are very different, with the scale for the men >3
times as large as that for the women.

tion. For men, the percentiles tended to be lower for the healthy
subset as expected, although they were actually somewhat
higher for Chinese for the 55- to 64-year-old group. Because we
were unable to estimate a race-specific model within the healthy
subset, information is borrowed from the other races to estimate
the age effect.

Discussion
MESA provides a unique opportunity to establish age-,
gender-, and race/ethnicity-specific percentiles for CAC in a
cohort that is free of symptomatic clinical cardiovascular
disease and treated diabetes. Unlike most previously pub-
lished reference studies of CAC, MESA participants are not
referred for CAC measurement, and 4 race/ethnic groups are
represented. We observed substantial differences among the 4
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Figure 5. Relationship between phantom-adjusted CAC score
and (a) unadjusted Agatston CAC score and (b) unadjusted CAC
volume score. Each scatter plot has a superimposed linear
regression line and corresponding equation. These could be
used to approximately calibrate either form of the scale to the
phantom-adjusted scale to use our reported percentiles.

race/ethnicity groups in terms of CAC distribution, as well as
significant interactions of both age and gender with race/
ethnicity. These results underscore the importance of factor-
ing race into the estimation of reference ranges for CAC. A
previous MESA publication? found that overall blacks tended
to have the lowest calcium prevalence and levels; however,
these analyses were adjusted for a number of other risk
factors to understand the independent contributions of race.

The percentiles estimated in MESA for whites are very
similar to those recently published from the Heinz Nixdorf
Recall Study in Germany.'? This population-based study ex-
cluded subjects with a history of coronary artery bypass surgery,
revascularization, or myocardial infarction. They did include 6%
diabetics, however, which may have resulted in slightly higher
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Figure 6. Comparability of estimated percentiles from MESA
with the Heinz Nixdorf Recall (HNR) Study (MESA estimates are
for whites only). The estimated 50th and 90th CAC percentiles
obtained for the MESA white subset are compared with those
reported from the HNR Study, a comparable population-based
study conducted in Germany.

percentiles. Previous studies have presented age- and gender-
specific percentiles for asymptomatic subjects'>-'¢ using either
self-referred or physician-referred patients. Comparing the
MESA estimated median and 75th and 90th percentiles with
these previous studies (using our estimates for whites) showed
that our values were somewhat lower over most of the age range
and somewhat higher at the oldest ages (data not shown). Similar
findings were reported by Schmermund et al'? for the Heinz
Nixdorf Recall Study; they observed an approximate 5-year shift
in CAC values between their population-based study and previ-
ously published referral-based studies.

We found no difference in calcium percentiles between EBT
and MDCT measurements. In this study, we used phantom-
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TABLE 3. Estimated Percentiles of CAC by Age Category,
Gender, and Race/Ethnicity in 3586 Low-Risk MESA
Participants

Women, n Men, n

Age, y Age, y

Percentiles by Race 45-54  55-64  65-74  45-54  55-64

White, n 370 345 325 256 98
25th 0 0 0 0 0
50th 0 0 10 0 13
75th 0 19 102 17 95
90th 16 126 372 92 324

Chinese, n 105 101 88 86 27
25th 0 0 0 0
50th 0 0 5 0
75th 0 10 65 10 76
90th 7 80 268 75 314

Black, n 258 224 211 163 48
25th 0 0 0 0
50th 0 0 0 0
75th 0 5 61 0 27
90th 2 71 271 25 132

Hispanic, n 203 182 133 152 36
25th 0 0 0 0
50th 0 0 0 0
75th 0 1 35 0 32
90th 0 41 166 29 168

adjusted values. Calcium scores were adjusted by use of a
standard calcium phantom (with 4 bars of known calcium
density) that was scanned along with the participant. This
phantom provided a way of calibrating the degree of brightness
between sites and hence different scanner types, which may
explain why there was so little difference by scanner type in our
data.

The MESA estimates are smooth over the age range because
of the manner in which we have estimated our percentiles.
Unlike empirical percentiles, which may overfit the data when
the sample size is small, our smoothing approach estimates the
percentiles from the shape of the distribution observed over the
whole age range. This approach results in the higher estimated
percentiles compared with previous studies at the oldest age
range. In addition to having the smallest sample sizes, the oldest
age range is most affected by the survivor bias in the studies,
which results in lower-than-expected empirical percentiles. Our
smoothing approach provides more realistic estimates for the
general population.

The estimated percentiles obtained on the low-risk subset of
MESA (Table 3) can, in some senses, be regarded as target
values. For the oldest age groups, there were very few low-risk
subjects; hence, percentiles from the whole MESA population
could be used as the reference values. Even for the lower age
groups, the percentiles were quite similar, especially for women,
so it may be preferable to simply refer to the whole (nondiabetic)
sample estimates (Table 2 and figures) because they are esti-

mated from a larger sample size that permitted race-specific
effects. This is not surprising in that traditional cardiovascular
risk factors are not strongly predictive of the amount of CAC
(given that some calcium is present), despite CAC being a strong
predictor of CHD events. In particular, it has been shown that
CAC is significantly associated with incident events even after
controlling for Framingham Risk Score!” and hence reflects, to
some extent, a different component of the disease process.

Our study has some limitations that should be noted. The
MESA sample is not truly a random sample of individuals
(subjects were recruited with a variety of methods),* and people
who agree to participate in research studies generally tend to be
healthier overall than the general population. However, the
similarity of our estimated percentiles with those from the Heinz
Nixdorf Recall study, conducted on a European population,
suggests that the results are quite generalizable. Although our
ability to estimate the CAC distributions for Chinese participants
is unique, only 12% of our cohort was Chinese, so these
estimates are more variable than those for the other race/
ethnicities. Additionally, there are some differences in scanning
methodology between our study and previously published stud-
ies. Two scans were obtained and averaged for each participant
in MESA, which could increase the prevalence of nonzero
calcium compared with obtaining a single scan. The field of
view for the MESA scans was 350 mm, which is larger than
previous studies, resulting in larger pixels. We also required
calcium to be present in 4 adjacent pixels to register as a
calcified area, whereas other studies required between 2 and 4
pixels. The combination of these factors implies that the calcium
measured following the MESA protocol may tend to be lower
than that found in previous studies. Finally, the scanning
protocol for MESA was designed for research rather than
clinical purposes. Thus, it involved a careful screening out of
noise from the images, as well as a high degree of standardiza-
tion in terms of scanning settings and reading. Scans obtained in
a clinical setting may have slightly different properties.

Interpretation of specific calcium scores at this time is a
challenging problem. Rumberger et al'® suggested cut points for
CAC based on maximizing sensitivity and specificity for CAC
as a predictor of stenosis in a sample of subjects undergoing both
angiography and EBCT. Because this is based on patients
undergoing angiography, the cut points obtained by such a
method will be high and, if used in practice, may miss disease in
the low to moderate ranges. Additionally, age, gender, and race
were not factored in. Rumberger et al have made additional
recommendations for specific cut points for mild, moderate, and
severe CAC that have been used frequently in clinical practice.'®
The ACC/AHA Expert Consensus Document? states that a zero
calcium score makes the presence of atherosclerotic plaque very
unlikely and may be consistent with a low risk of a cardiovas-
cular event in the subsequent 2 to 5 years. In contrast, a “high”
calcium score indicates greater likelihood of disease and may be
consistent with moderate to high risk of a cardiovascular event
during that time period.

MESA is an ongoing, prospective cohort study that is sys-
tematically obtaining information about cardiovascular events
that occur after the baseline examination. Future analyses will
determine the predictive power of specific CAC scores and
percentiles in the 4 racial/ethnic groups. Raggi et al'® found that
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age- and gender-specific percentiles were more predictive of
incident events than the absolute calcium score. It is currently
unknown whether there is also effect modification by race/
ethnicity. For example, there is evidence that blacks have higher
rates of coronary heart disease events despite having less CAC.20
If calcium does have a different impact on risk depending on
race, then the observed CAC should be evaluated relative to
subjects of the same age, gender, and race/ethnicity, as presented
here. It is premature to use percentiles from either this study or
others to make medical decisions. In other words, at this time,
the information presented here cannot necessarily be used to
conclude that a patient is “high risk” but can indicate whether
they have a high calcium score relative to others with the same
age, gender, and race/ethnicity.
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CLINICAL PERSPECTIVE
This article provides information that can be used to examine whether a patient has a high CAC score relative to others
with the same age, gender, and race/ethnicity who do not have clinical cardiovascular disease or treated diabetes. These
results come from MESA, a prospective cohort study of the prevalence, risk factors, and progression of subclinical
cardiovascular disease. At the MESA public website http://www.mesa-nhlbi.org, an interactive form is available that will
provide the estimated probability of nonzero calcium, as well as the 25th, 50th, 75th, and 90th percentiles of the calcium
score distribution for a particular age, gender, and race. Additionally, if an observed calcium score is entered, the program
will provide the estimated percentile for this particular score. These estimates are based on participants who were between
45 and 84 years of age and identified themselves as white, black, Hispanic, or Chinese. The present results are thus
applicable only for these 4 race/ethnicity categories and within this age range.
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