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Objectives In this study, we aimed to establish whether age-sex-specific percentiles of coronary artery calcium (CAC) pre-

dict cardiovascular outcomes better than the actual (absolute) CAC score.

Background The presence and extent of CAC correlates with the overall magnitude of coronary atherosclerotic plaque burden

and with the development of subsequent coronary events.

Methods MESA (Multi-Ethnic Study of Atherosclerosis) is a prospective cohort study of 6,814 asymptomatic participants fol-
lowed for coronary heart disease (CHD) events including myocardial infarction, angina, resuscitated cardiac arrest, or
CHD death. Time to incident CHD was modeled with Cox regression, and we compared models with percentiles based

on age, sex, and/or race/ethnicity to categories commonly used (0, 1 to 100, 101 to 400, 400+ Agatston units).

Results There were 163 (2.4%) incident CHD events (median follow-up 3.75 years). Expressing CAC in terms of age- and
sex-specific percentiles had significantly lower area under the receiver-operating characteristic curve (AUC) than
when using absolute scores (women: AUC 0.73 versus 0.76, p = 0.044; men: AUC 0.73 versus 0.77, p < 0.001).
Akaike’s information criterion indicated better model fit with the overall score. Both methods robustly predicted
events (>90th percentile associated with a hazard ratio [HR] of 16.4, 95% confidence interval [Cl]: 9.30 to 28.9, and
score >400 associated with HR of 20.6, 95% CI: 11.8 to 36.0). Within groups based on age-, sex-, and race/ethnicity-
specific percentiles there remains a clear trend of increasing risk across levels of the absolute CAC groups. In con-
trast, once absolute CAC category is fixed, there is no increasing trend across levels of age-, sex-, and race/ethnicity-
specific categories. Patients with low absolute scores are low-risk, regardless of age-, sex-, and race/ethnicity-specific
percentile rank. Persons with an absolute CAC score of 400 are high risk, regardless of percentile rank.

Conclusions Using absolute CAC in standard groups performed better than age-, sex-, and race/ethnicity-specific percentiles
in terms of model fit and discrimination. We recommend using cut points based on the absolute CAC amount,
and the common CAC cut points of 100 and 400 seem to perform well. (J Am Coll Cardiol 2009;53:345-52)
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Computed tomography (CT) is a noninvasive tool for the
detection and quantification of coronary artery calcium
(CAC), a marker for atherosclerosis. The presence and
extent of CAC correlates with the overall magnitude of
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coronary atherosclerotic plaque burden and with the devel-
opment of subsequent coronary events (1-4). CAC occurs
only in the setting of atherosclerosis, and is a better index of
global atherosclerotic burden than stenosis severity (5).

See page 353

CAC has been shown to add independent prognostic
information in every study to date. Recently, overall results
from the MESA (Multi-Ethnic Study of Atherosclerosis),
demonstrated that CAC improved risk prediction after
taking into account Framingham risk score (FRS) in a
multiethnic population-based study (6).
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Abbreviations
and Acronyms

CAC = coronary artery
calcium

The National Cholesterol Ed-
ucation Program Adult Treat-
ment Panel III (NCEP ATP III)
(7), American Heart Association
(5), and American College of
Cardiology (8) have each stated
that it might be reasonable to
measure CAC in selected pa-
tients at intermediate risk, but
the precise method to use these
scores has been of debate in the
CT published reports. Early data
support that having a CAC
above an age-sex—specific cut
point (CAC =75th percentile) is
associated with increased coro-
nary heart disease (CHD) events
and could be used as marker to
identify individuals requiring ag-
gressive preventive management
(9). The hypothesis that a low score in a young person is
more abnormal than a low score in an older person and
might carry independent risk has been incorporated into
guidelines, including those from the NCEP, which recom-
mend that persons with CAC >75th percentile for their age
and sex would be candidates for intensified low-density
lipoprotein cholesterol-lowering therapy (7). Others have
reported that increasing events are most associated with
increasing absolute scores (i.e., >100 or >400) rather than
based upon demographic-specific percentiles (10).

The large population-based observational study, MESA,
with 6,814 persons undergoing calcium scoring and longi-
tudinal follow-up, allows evaluation of the robustness of
these different scoring approaches. In this study we aim to
establish whether absolute coronary artery calcium scores
(CACS) predict cardiovascular outcomes better than age-,
sex-, and/or race/ethnicity-specific CAC percentiles of the
MESA cohort—in other words, whether it is the actual
amount of calcium present or the relative amount compared
with others of the same age, sex, and race/ethnicity that is
most strongly associated with risk.

CACS = coronary artery
calcium score

CHD = coronary heart
disease

Cl = confidence interval
CT = computed
tomography

EBT = electron beam
tomography

ECG = electrocardiogram
MI = myocardial infarction

NCEP ATP Ill = National
Cholesterol Education
Program Adult Treatment
Panel Il

Methods

Recruitment and baseline examination. The MESA co-
hort (11) is a longitudinal, population-based study of 6,814
men and women, free of clinical cardiovascular disease, ages
45 to 84 years at baseline, recruited from 6 field centers:
Baltimore, Maryland; Chicago, Illinois; Forsyth County,
North Carolina; Los Angeles, California; New York, New
York; and St. Paul, Minnesota. Specific ethnicity groups
enrolled included white, black, Hispanic, and Chinese. Over
50% of the participants enrolled were female. Details of the
MESA recruitment strategy are contained elsewhere (12).
The baseline visit took place between July 2000 and Sep-
tember 2002. The study was approved by institutional
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review boards at each site, and all participants gave written
informed consent.

The purpose of the study is to examine the risk factors and

progression of subclinical cardiovascular disease. The design of
the study has been described in detail previously (12), but we
describe the collection of pertinent variables here.
Measurement of CAC: CT scanning. Scanning centers
assessed coronary calcium by chest CT with either a
cardiac-gated electron-beam CT scanner (Chicago, Los
Angeles, and New York Field Centers) or a multidetector
CT system (Baltimore, Forsyth County, and St. Paul Field
Centers). Certified technologists scanned all participants
twice over phantoms of known physical calcium concentra-
tion. A radiologist or cardiologist read all CT scans at a
central reading center (Los Angeles Biomedical Research
Institute at Harbor-UCLA in Torrance, California). We
used the average Agatston score (13) for the 2 scans in all
analyses. Carr et al. (14) have reported the details of the
MESA CT scanning and interpretation methods.
Events surveillance. To date, the cohort has been followed
for incident cardiovascular events for a median of 46 months
(6). At intervals of 9 to 12 months, a telephone interviewer
contacted each participant to inquire about interim hospital
admissions, cardiovascular outpatient diagnoses, and deaths.
To verify self-reported diagnoses, we requested copies of all
death certificates and medical records for hospital stays and
outpatient cardiovascular diagnoses and conducted next-of-
kin interviews for out-of-hospital cardiovascular deaths. We
obtained records on 98% of reported hospitalized cardiovas-
cular events. Some information was available on 95% of
reported outpatient diagnostic encounters.

Trained personnel abstracted medical records suggesting
possible cardiovascular events. Two physicians indepen-
dently classified and assigned incidence dates. If, after
review and adjudication, disagreements persisted, a full
mortality and morbidity review committee made the final
classification. For purposes of this study, we used all
incident CHD events as the end point, including definite or
probable myocardial infarction (MI), resuscitated cardiac
arrest, fatal CHD, definite angina, and probable angina if
accompanied by revascularization. Definitions for each of
these events are as follows. Reviewers classified MI as
definite, probable, or absent, primarily on the basis of
combinations of symptoms, electrocardiogram (ECG), and
cardiac biomarker levels. In most cases, definite or probable
MI required either abnormal cardiac biomarkers (2 times
upper limits of normal) regardless of pain or ECG findings;
evolving Q_waves regardless of pain or biomarker findings;
or a combination of chest pain and ST-T evolution or new
left bundle branch block and biomarker levels 1 to 2 times
upper limits of normal.

Reviewers classified resuscitated cardiac arrest when a
patient successfully recovered from a full cardiac arrest
through cardiopulmonary resuscitation (including cardio-
version). Angina was classified, except in the setting of MI
and/or angina required symptoms of typical chest pain or
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atypical symptoms, because asymptomatic coronary artery
disease is not a MESA end point. Probable angina required,
in addition to symptoms, a physician diagnosis of angina
and medical treatment for it. Definite angina required 1 or
more additional criteria, including coronary artery bypass
graft surgery or other revascularization procedure; 70% or
greater obstruction on coronary angiography; or evidence of
ischemia by stress tests or by resting ECG. We considered
coronary revascularization or a physician diagnosis of angina
or CHD, in the absence of symptoms, to not be angina.
Fatal CHD required a documented MI within the previous
28 days, chest pain within the 72 h before death, or a history
of CHD and required the absence of a known non-
atherosclerotic or noncardiac cause of death.

Statistics. ESTIMATING AGE-, SEX-, AND/OR RACE/ETHNICITY-
SPECIFIC PERCENTILES. The methodology for estimating the
age-, sex-, and/or race/ethnicity-specific percentiles is de-
scribed in detail in McClelland et al. (15). A brief descrip-
tion is provided in the following text. The distribution of
baseline CAC in this population is heavily skewed, with
approximately 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
age-, sex-, and race/ethnicity-specific quantiles, we model
the mean of the log CAC distribution (positive CACS only)
as a linear function of age, within each sex and race/
ethnicity. Within each sex and race/ethnicity, the 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, sex, and
race/ethnicity yields an estimated percentile for the log
transformed positive CAC variable. Taking the exponential
of this percentile yields the jth percentile of the positive
portion of the CAC distribution. If a certain proportion (p)
have zero calcium, then the jth percentile calculated in the
preceding text is the 100 X [p + (1 — p)7/100] percentile of
the overall CAC distribution (i.e., including the zeroes). We
model p as a sex and race/ethnicity-specific function of age
with logistic regression. To estimate age- and sex-specific
percentiles, we follow the strategy outlined in the preceding
text, but the models are only sex-specific and not race/
ethnicity- and sex-specific, and residuals are ranked without
regard to race/ethnicity. Percentiles by age and race/
ethnicity and age-only are obtained similarly. Sex- and
race/ethnicity-specific percentiles as well as overall percen-
tiles are obtained by simply ranking the values within each
group of interest. In all cases, participants with zero CAC
are assigned a midrank percentile, equal to one-half the
predicted probability of zero CAC from the logistic regres-

sion model in the preceding text.

MODELS FOR TIME TO INCIDENT CHD. Time to incident
CHD was modeled with Cox proportional hazards models.
We also considered parametric survival models, including
exponential, Weibull, log-normal, and log-logistic, but
conclusions were unaffected, and only the Cox model results
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are presented. We compared models with continuous ver-
sions of the percentiles and also categorized versions. For
models based on the continuous variables, each model
contained a percentile ranking of CAC and an indicator for
whether CAC was positive at baseline. The indicator term
allows a different intercept for those with and without CAC
and is necessary due to the possible discontinuity between
the continuous positive CAC values and zero CAC. In
addition we also fit continuous model with log(CAC+1)
instead of CAC percentile. Because the percentiles would
likely be categorized for use clinically, we also fit models
with the following groups: zero CAC, =75th percentile,
75th to 90th percentile, and >90th percentile. A final
model used CAC in 4 groups on the basis of cut points
commonly seen in the published reports (zero CAC, 1 to
100, 101 to 400, >400).

Models were compared on the basis of several metrics,
each of which reflects a different characteristic of a desirable
prediction model. The hazards ratios represent the multi-
plicative increase in risk association with a 1-percentile
point difference in ranking (or a 1 log Agatston unit for the
log CAC model). Assuming the scales are comparable, a
stronger predictor should have a higher hazards ratio. These
are useful to compare the various percentile rankings,
although they are not comparable between the percentile
rankings and the model with log CAC or CAC group. For
each model we calculated a proportion of variation ex-
plained, with a modified version of R-squared for censored
data described in Royston (16). Additionally we estimated
the area under the receiver-operator characteristic curve
(AUC) and Akaike’s Information Criterion (AIC). These
statistics are comparable across all models within a given
sex. The R-squared is a measure of model fit, whereas the
AUC is a measure of discrimination. For both of these,
higher values are preferable. The AIC is also a measure of
model fit but includes a penalty for models with more
parameters (such as with CAC group in 4 levels). Lower
values of AIC indicate better model fit.

Results

Overall the study population consisted of 6,809 individuals
at baseline (mean age: 62 = 10 years, 47% men). There were
163 incident CHD events (2.4%) observed over a median of
3.75 years. Table 1 demonstrates that the cardiovascular risk
profile was less favorable in those who subsequently devel-
oped CHD than in those in who did not. In addition,
baseline coronary artery calcium score (CACS) was signif-
icantly higher among those who suffered an incident CHD
event compared with those who did not.

Tables 2 and 3 display the sample size, event rates,
hazards ratios, and AIC statistics for models with categories
based on various adjusted percentile rankings (age-sex— and
age-sex-race/ethnicity—adjusted) as well as based on abso-

Iute CAC cutoffs (0, 1 to 100, 101 to 400, and >400) in
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Table 1 Baseline Characteristics According to Absolute
and Age-Sex-Race/Ethnicity—Adjusted CACS

No CHD Event CHD Events
(n = 6,646) (n =1,63) p Value
Age (yrs) 62 * 10 68 =9 <0.0001
Male sex 47% 71% <0.0001
Race 0.22
Caucasian 38% 45%
Chinese American 12% 9%
African American 28% 24%
Hispanic 22% 22%
LDL-C (mg/dl) 117 + 31 121 + 36 0.08
HDL-C (mg/dl) 51 + 15 47 + 15 0.001
Diabetes mellitus 14% 27% <0.0001
Current cigarette smoker 13% 16% 0.001
Hypertension 44% 66% <0.0001
Lipid-lowering medication 15% 28% <0.0001
10-yr risk of CHD* 8+ 7% 14 £ 7% <0.0001
Mean CACS 136 + 398% 529 = 700% <0.0001
CACS >400 9% 34% <0.0001
CAC >75th percentile 9% 28% <0.0001

age-sex-race/
ethnicity-adjusted

*Ten-year risk of coronary heart disease (CHD) event (%) based on National Cholesterol Education
Program Adult Treatment Panel Ill criteria.

CAC = coronary artery calcium; CACS = coronary artery calcium score; HDL-C = high-density
lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.

women and men. The best fitting model as measured by the
lowest AIC used absolute CAC cut points, and these
correspond quite closely to the 75th and 90th overall
percentile. Using the percentiles continuously and compar-
ing with a model containing log(CAC+1) yielded the same
conclusions, in that the overall percentile or the model using
log(CAC+1) performed best. This was also true in terms of
AUC and R-squared. For example, among women the
AUC was 0.76 for overall percentile (or log[ CAC+1]) and
was 0.73 for age- and sex-specific percentiles (p = 0.04).
For men, the AUC was 0.77 for overall percentile (or
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log[ CAC+1]) and 0.73 for age- and sex-specific percentiles
(p < 0.001). The modified R-squared was 0.53 for the
log(CAC+1) model for women and 0.50 for men. In
contrast the modified R-squared was much lower for age-
and sex-specific percentiles at 0.46 for women and 0.38 for
men. As shown in Online Table 1, age-specific percentile
rankings had the worst model fit, regardless of whether sex
and race/ethnicity were also considered.

Figure 1 compares the incidence of CHD over time by
CAC group. The absolute CAC categories yield curves with
much better separation, indicating greater risk stratification
ability. In Figure 2, we display the rates of incident
CHD/1,000 person-years at risk by joint categories of
absolute CAC group and age-, sex-, and race/ethnicity-
specific percentiles. We note that the overall 75th and 90th
percentiles for the MESA cohort are 88 and 398 CAC
units, respectively, and hence the absolute CAC groups are
essentially equivalent to dividing on the basis of the overall
percentiles. Within a particular level of age-, sex-, and
race/ethnicity-specific percentile, there remains a clear trend
of increasing risk across levels of the absolute CAC groups.
In contrast, once absolute CAC category is fixed, there is no
increasing trend across levels of age-, sex-, and race/
ethnicity-specific categories.

In addition, we also assessed the risk of incident CHD
according to increasing absolute CACS across age-sex-race/
ethnicity—specific percentiles (Table 4). Among individuals
with CACS <75th percentile for age-sex-race/ethnicity as
compared with those with CAC 1 to 100 (reference group),
the hazard ratio for incident CHD after taking into
account Framingham risk score was 2.50 (95% confidence
interval [CI]: 1.27 to 4.92) with CAC 101 to 400 and
5.58 (95% CI: 2.34 to 13.33), respectively. In contrast,
within absolute CACS categories (Table 5), a higher
adjusted percentile CAC was not associated with increased

risk of incident CHD.

LE:ICW”A Prediction of Incident CHD as a Function of CAC Percentiles and CAC Absolute Scores in Women

CAC Cutoffs n CHD (n = 48) Rate* HR (95% Cl) AIC
Adjusted CACS
Age- and sex-specific CAC=0 2,167 8 1.0 1 (reference) 726
<75th percentile 637 13 5.9 6.10 (2.53-14.7)
75th-90th percentile 448 14 8.9 8.99 (3.77-21.4)
>90th percentile 349 13 10.6 10.7 (4.42-25.7)
Age-sex-race/ethnicity-specific CAC=0 2,167 8 1.0 1 (reference) 726
<75th percentile 632 13 5.9 6.09 (2.52-14.7)
75th-90th percentile 455 15 9.4 9.58 (4.96-22.6)
>90th percentile 347 12 9.9 9.94 (4.06-24.3)
Absolute CACS
CAC group CAC=0 2,167 8 1.0 1 (reference) 718
CAC 1-100 859 17 5.5 6.09 (2.52-14.7)
CAC 101-400 373 11 8.6 9.58 (4.96-22.6)
CAC >400 202 12 18.9 9.94 (4.06-24.3)

*Event rate is expressed per 1,000 person-years at risk.

AIC = Akaike’s information criterion; Cl = confidence interval; HR = hazards ratio from a Cox regression model; other abbreviations as in Table 1.
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LE:ICR<I Prediction of Incident CHD as a Function of CAC Percentiles and CAC Absolute Scores in Men

CAC Cutoffs n CHD (n = 115) Rate* HR (95% Cl) AlC
Adjusted CACS
Age- and sex-specific CAC=0 1,249 8 18 1 (reference) 1,731
<75th percentile 1,189 47 11.7 6.51 (3.08-13.8)
75th-90th percentile 468 26 16.1 9.07 (4.10-20.0)
>90th percentile 307 34 34.0 18.9 (8.73-40.8)
Age-sex-race/ethnicity-specific CAC=0 1,249 8 18 1 (reference) 1,731
<75th percentile 1,181 47 11.7 6.51 (3.08-13.8)
75th-90th percentile 476 26 16.2 8.97 (4.06-19.8)
>90th percentile 307 34 33.8 18.9 (8.73-40.8)
Absolute CACS
CAC group CAC=0 1,249 8 18 1 (reference) 1,712
CAC 1-100 935 22 6.7 6.09 (2.52-14.7)
CAC 101-400 554 41 221 9.58 (4.96-22.6)
CAC >400 475 44 29.2 9.94 (4.06-24.3)
*Event rate is expressed per 1,000 person-years at risk.
Abbreviations as in Tables 1 and 2.
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Kaplan-Meier Curve for Events

Compares the incidence of coronary heart disease (CHD) over time by coronary
artery calcium (CAC) group. The absolute CAC categories yield curves with
much better separation (A), indicating greater risk stratification ability than
age-sex-race/ethnicity—adjusted percentile CAC score (B).

The results of this study demonstrate that there is no
advantage and, in some cases, considerable disadvantage to
expressing CACS relative to age, sex, and/or race/ethnicity.
The overall percentile does just as well as any other
percentile ranking and in fact better than any percentile that
is age-adjusted. Consider a qualitative example: a 50-year
old Hispanic woman with a CAC of 25 Agatston units is at
the 95th percentile relative to her age, sex, and race/

percentile 76-90th
P<0.0001 percentile >90th
P<0.006 percentile
P<0.002

Rates of Incident CHD/1,000 Person Years
at Risk by Joint Categories of Absolute CAC Group
and Age-Sex-Race/Ethnicity-Specific Percentiles

Displays the rates of incident CHD/1,000 person years at risk by joint catego-
ries of absolute CAC group and age-, sex-, and race/ethnicity-specific percen-
tiles. Within a particular level of age-, sex-, and race/ethnicity-specific
percentile, there remains a clear trend of increasing risk across levels of the
absolute CAC groups. In contrast, once absolute CAC category is fixed, there is
no increasing trend across levels of age-, sex-, and race/ethnicity-specific cate-
gories. Abbreviations as in Figure 1.




350 Budoff et al.
Absolute CAC Predicts Better Than Age-Sex-Race/Ethnicity

Table 4 Risk of CHD Events Associated With Increasing
Absolute CACS Across Age-Sex-Race/Ethnicity CAC Percentiles

All CHD Events (n = 163)

Unadjusted HR
(95% CI)

FRS-Adjusted HR
(95% CI)

Age-sex-race/ethnicity CAC <75th percentile (n = 1,811)
CAC 1-100 (n = 1,314)
CAC 101-400 (n = 421)
CAC >400 (n = 76)

Age-sex-race/ethnicity CAC 75th-90th percentile (n = 931)
CAC 1-100 (n = 379)
CAC 101-400 (n = 322)
CAC >400 (n = 230)

Age-sex-race/ethnicity CAC >90th percentile (n = 652)
CAC 1-100 (n = 100)
CAC 101-400 (n = 183)
CAC >400 (n = 369)

1 (reference group)
2.77 (1.60-4.77)
5.53 (2.52-12.15)

1 (reference group)
2.16 (0.98-4.78)
2.99 (1.34-6.68)

1 (reference group)
7.31(0.95-56.29)

1 (reference group)
2.50 (1.27-4.92)
5.58 (2.34-13.33)

1 (reference group)
2.33(0.78-6.96)
2.18 (0.65-7.37)

1 (reference group)
5.41 (0.68-42.86)
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11.22 (1.53-82.19) 5.97 (0.78-47.23)

FRS = Framingham risk score; other abbreviations as in Tables 1 and 2.

ethnicity, with an annual risk of only 0.25% (10-year
estimated risk of only 2.5%) on the basis of this model
(Table 2). Now consider an 83-year-old white man with a
CAC of 1,572 Agatston units. Relative to his age, sex, and
race/ethnicity, he is at the 72nd percentile. However, the
high absolute score drives the overall risk, and the annual
risk is 2.8% (10-year estimated 28% risk). So, the age-, sex-,
and race/ethnicity-specific percentiles would say the His-
panic woman is at much higher risk. Clearly, the estimates
from the age-, sex-, and race/ethnicity-specific percentile
model do not reflect what we know about CHD risk. The
overall percentiles provide a more realistic picture.
Although individuals with a higher demographic adjusted
CAC percentile will have higher CACS, there are still some
major differences in classification. In the MESA study, approx-
imately 50% of participants with age-sex-race/ethnicity—
adjusted percentile scores in the 75% to 90% group had CACS
<100. In contrast, approximately one-third (35%) of MESA

subjects with CACS 100 to 399 were considered to have an
adjusted percentile <75%. Our study results indicate that
within an absolute score group there is no difference in the rate
of individuals suffering CHD events associated with worsening
CAC percentiles (Fig. 2, Table 4). Patients with low absolute
scores are low risk, regardless of adjusted CAC percentile rank.
Conversely, within the age-sex-race/ethnicity—specific percen-
tiles, a positive relationship with events is observed across
increasing CACS. In addition, after taking into account
Framingham risk scores, those with CAC >100 were at 2 to
5 times higher risk of suffering an acute CHD event in the
near-term follow-up (Table 5). This demonstrates that per-
centile rank is not as robust a risk stratifier as absolute scores.

Our data differ somewhat from previously published
reports on this topic. Whether age-sex—based scores or
absolute scores are better predictors has only been evaluated
in 2 small studies to date. One such approach was taken by
Raggi et al. (9), who reported on the occurrence of hard

Table 5 Risk of CHD Events Associated With
Age-Sex-Race/Ethnicity CAC Percentiles Across Increasing Absolute CACS

All CHD Events (n = 163)

Unadjusted HR
(95% Cl)

FRS-Adjusted HR
(95% CI)

CAC 1-100 (n = 1,793)
Age-sex-race/ethnicity CAC <75th percentile (n = 1,314)
Age-sex-race/ethnicity CAC 75th-90th percentile (n = 379)
Age-sex-race/ethnicity CAC >90th percentile (100)

CAC 101-400 (n = 926)
Age-sex-race/ethnicity CAC <75th percentile (n = 421)
Age-sex-race/ethnicity CAC 75th-90th percentile (n = 322)
Age-sex-race/ethnicity CAC >90th percentile (n = 183)

CAC >400 (n = 675)
Age-sex-race CAC/ethnicity <75th percentile (n = 76)
Age-sex-race CAC/ethnicity 75th-90th percentile (n = 230)
Age-sex-race CAC/ethnicity >90th percentile (n = 652)

1 (reference group)
1.09 (0.53-2.25)
0.38 (0.05-2.78)

1 (reference group)
0.88 (0.47-1.65)
1.08 (0.54-2.16)

1 (reference group)
0.68 (0.26-1.46)
0.86 (0.40-1.86)

1 (reference group)
1.37 (0.47-3.97)
1.07 (0.13-8.65)

1 (reference group)
1.30 (0.62-2.72)
2.04 (0.85-4.80)

1 (reference group)
0.59 (0.24-1.45)
0.94 (0.41-2.14)

FRS = Framingham risk score; other abbreviations as in Tables 1 and 2.
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events in 632 patients followed for 32 = 7 months from the
time of electron beam tomography (EBT) calcium scanning
and on the CT findings of 172 patients undergoing CT
imaging within a few days of suffering an acute MI. In both
groups the majority of patients (70%) who suffered an MI or
a coronary death showed a calcium score above the age-sex—
adjusted 75th percentile at the time of screening (70% found
vs. 25% expected, p < 0.001). Of interest, the event rate in
patients with large calcium scores (>401) was high (approx-
imately 5%/year), but only a small proportion of the subjects
studied (7%) presented this level of calcification. Therefore,
although a large calcium score represents a serious risk of
developing coronary events, the authors felt its low fre-
quency in the population renders it inadequate for risk
stratification purposes. This observation contrasted with the
powerful risk stratification ability demonstrated by relative
calcium scores. In fact, the risk of suffering a hard event in
patients with a calcium score >75th percentile was 19 times
that of patients with a score <<25th percentile, whereas the
risk of events in patients in the upper risk factor quartile was
6.5 times greater than that of patients in the lowest quartile.

Wong et al. (10) published a report on 926 asymptomatic
patients followed for an average of 3.3 years from the time
of EBT screening. Patients with CAC deposits on EBT had
more prevalent risk factors, and the calcium scores were
significantly greater in patients with events than in those
without events. The risk ratio for events in patients in the
upper quartile of absolute calcium score (score >271) was
12 times higher than for patients in the lowest quartile
(score <15; annual risk: 8.8 and 0.72, respectively; risk ratio:
12). In multivariable analysis adjusted for other risk factors,
there was a modest increase in cardiovascular disease events
seen among those in the 3rd age and sex quartile (relative
risk: 4.3, p = 0.02), with a greater risk seen among those in
the 4th quartile (relative risk: 6.0, p < 0.01) (compared with
the 1st quartile). Results of this dataset demonstrated that
age-sex stratification by percentile rank of CAC was not as
accurate as absolute CACS for predicting cardiovascular
disease events in asymptomatic persons.

The NCEP (ATP III) has recommended age-sex cut
points: “In persons with multiple risk factors, high CACS
(e.g., >75th percentile for age and sex) denotes advanced
coronary atherosclerosis and provides a rationale for inten-
sified low-density lipoprotein cholesterol-lowering therapy”
(7). However, the results of MESA indicate that the relative
percentiles do not predict incident CHD as well as simply
using the absolute scores or overall percentiles. If adjusted
CACS are used as a basis to identify high-risk individuals,
nearly one-third of individuals with adjusted CAC <75th
percentile have absolute CACS >100 and might not be
considered candidates for lipid-lowering medications. It
seems that the amount of CAC (as a surrogate for plaque
burden) is more important than the relative percentile of an
individual on the basis of age and sex. This is consistent
with cardiovascular risk factors (such as cholesterol or blood
pressure values), which are not normalized on the basis of age.
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We would like to emphasize that cut points for treatment
might still need to be sex or age specific. If the goal is to
identify and treat patients who have a particular level of risk,
say at least 2%/year, then the CAC threshold for women will
have to be higher than that for men, because women have
lower baseline risk. Using sex-based percentiles, however,
actually does the opposite of this. By fixing the percentage of
patients to target rather than the underlying risk, the threshold
for women is lower than for men. Targeting the top 25% of
each sex for instance, we would be treating women with much
lower CACS and consequently at much lower risk than men.

Conclusions

Using overall percentile or CAC in standard groups performed
much better than age-sex-race/ethnicity—specific percentiles in
terms of model fit and discrimination. Cut points based on
demographic specific percentiles have the additional problem
that they are study-specific, and so we recommend using cut
points based on the absolute CACS for evaluating risk of
CHD events in short-term follow-up. Further study based on
a greater number of events might help elucidate which specific
cut points are best; however, at the moment the common
choices of 100 and 400 seem to perform well.
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I3 APPENDIX

For a supplemental table on the prediction of incident CHG as a function of
CAC percentiles calculated in different ways, please see the online version
of this article.
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