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Objectives

The purpose of this study was to evaluate the prognostic value of coronary artery calcium (CAC), a known
marker of subclinical atherosclerosis, in a large, ethnically diverse cohort of 14,812 patients for the prediction of
all-cause mortality.

Background

Disparities in case fatality rates for heart disease among ethnic groups are well known. In 2001, rates of death
from heart disease were 30% higher among African Americans (AA) than non-Hispanic whites (NHW). Some of
this variability may be due to differing pathophysiological mechanisms and effects of underlying atherosclerosis.

Methods

Ten-year death rates from all causes (total deaths ⫽ 505) were compared using risk-adjusted Cox proportional hazards models in AA (n ⫽ 637), Hispanic (HS, n ⫽ 1,334), Asian (AS, n ⫽ 1,065), and NHW (n ⫽ 11,776) populations.

Results

Ethnic minority patients were generally younger (0.3 to 4 years), more often persons with diabetes (p ⬍
0.0001), hypertensive (p ⬍ 0.0001), and female (p ⬍ 0.0001). The prevalence of CAC scores ⱖ100 was highest
in NHW (31%) and lowest for HS (18%) (p ⬍ 0.0001). Overall survival was 96%, 93%, and 92% for AS, NHW,
and HS, respectively, as compared with 83% for AA (p ⬍ 0.0001). When comparing prognosis by CAC scores in
ethnic minorities as compared with NHW, relative risk ratios were highest for AA with CAC scores ⱖ400 exceeding 16.1 (p ⬍ 0.0001). Hispanics with CAC scores ⱖ400 had relative risk ratios from 7.9 to 9.0, whereas AS
with CAC scores ⱖ1,000 had relative risk ratios 6.6-fold higher than NHW (p ⬍ 0.0001).

Conclusions

Consistent with population evidence, AA with increasing burden of subclinical coronary artery disease were
the highest-risk ethnic minority population. These data support a growing body of evidence noting substantial differences in cardiovascular risk by ethnicity. (J Am Coll Cardiol 2007;50:953–60) © 2007 by the
American College of Cardiology Foundation

Ethnic diversity in the U.S. is rapidly increasing, and
information about differing cardiovascular disease (CVD)
risk among different subgroups is sparse (1). Cardiovascular
disease is still the leading cause of death in the U.S. (2).
See page 961

However, CVD-associated morbidity and mortality varies
widely across different ethnic groups, and these differences
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are likely influenced by genetic and environmental factors as
well as lifestyle (3). Moreover, the patterns of CVD may
have evolved in these ethnic groups over time, complicating
the simultaneous interpretation of current and earlier studies
(4). The Cardiovascular Science and Health Care Disparities Minority Health Summit in 2003 encouraged additional research on ethnic disparities in CVD risk factors,
outcomes, health care use, and effective risk factor modification as well as recommended increased minority participation in scientific studies (1).
Some of this ethnic variability may be due to differing
pathophysiological mechanisms and effects of underlying
atherosclerosis, which is the main cause of CVD mortality (5). A direct relationship has been established between
coronary artery calcium (CAC) scores and atherosclerotic
burden as well as future CVD events in asymptomatic
individuals (6 –11). Recent studies suggest that CAC
differs among ethnic groups (12–16). Despite an everincreasingly ethnically diverse U.S. population, our current understanding of the predictive accuracy of CAC in ethnic
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Abbreviations
and Acronyms
AA ⴝ African American(s)
AS ⴝ Asian(s)
CAC ⴝ coronary artery
calcium
CI ⴝ confidence interval
CVD ⴝ cardiovascular
disease
EBT ⴝ electron beam
tomography

minorities is lacking. The purpose
of the current report was to evaluate the differential prognostic
value of the extent and severity of
CAC determined by electron
beam tomography (EBT) in predicting all-cause mortality in an
ethnically diverse asymptomatic
population.
Methods

Study population. The study
sample consisted of 14,812 asympNHW ⴝ non-Hispanic
tomatic subjects, including 637
white(s)
African Americans (AA), 1,065
RR ⴝ relative risk
Asians (AS), 1,334 Hispanics
(HS), and 11,776 non-Hispanic
whites (NHW), referred by their primary care physicians
between 1991 and 2004 for CAC screening with EBT.
Among the Asians we excluded the 248 younger, Asian Indian
patients where only 2 deaths were observed.
Individuals were referred for screening on the basis of the
presence of established risk factors and, as such, were not an
unselected cohort representative of the general population.
Patients with a history of coronary disease (i.e., a history
that included admission to the hospital for chest pain, acute
coronary syndrome, or myocardial infarction, as well as prior
coronary angiography and revascularization) were excluded.
All screened individuals provided informed consent to
undergo EBT screening, and our study received the Human
Investigations Committee approval. Furthermore, separate
approval from the Human Investigations Committee was
obtained, along with informed consent, for the patient
interviews, collection of data and follow-up, and corroboration of the occurrence of death.
Risk factor data collection. Risk factor data were derived
through patient interview, referring physician contact, and
existing medical record data. Hypertension was defined as a
documented history of high blood pressure or treatment
with medication, diet, and/or exercise. A history of coronary
disease in a first-degree relative was considered premature if
reported in a male relative ⬍55 years and in female relatives
⬍65 years. A history of current smoking or cessation of
smoking within 3 months before testing was defined as
positive smoking status. A high cholesterol level was defined
as reported hypercholesteromia and/or use of cholesterollowering medicine. Individuals were classified as having
diabetes mellitus if they had received a previous diagnosis of
diabetes mellitus that was determined with blood glucose
levels or if they had received treatment with insulin or oral
hypoglycemic agents.
EBT. Electron beam tomography was performed with
either a C-100 or C-150 scanner (Imatron, South San
Francisco, California), and images were obtained with
100-ms scanning time. The computed tomography section
HS ⴝ Hispanic(s)
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thickness was 3 mm, and, in total, 40 sections were obtained
starting at the level of the carina and proceeding to the
level of the diaphragm. Computed tomography was
electrocardiographically triggered at 60% to 80% of the
R-R interval. Coronary artery calcium was defined as a
plaque of at least 3 contiguous pixels (area ⫽ 1.03 mm2)
with attenuation of 130 HU or greater. Quantitative
CAC scores were calculated according to the method
described by Agatston et al. (17).
Follow-up data collection. Epidemiologic methods for
follow-up included ascertainment of events by individuals
blinded to historical and CAC results. The occurrence of
all-cause death was verified with the National Death Index.
Individuals who underwent cardiovascular screening were
followed up for a mean of 6.8 ⫾ 0.02 years (standard error
of the mean), with a range of 0.7 to 14.5 years.
Statistical methods. Death from all causes was the primary
end point for this registry. For comparisons between ethnic
groups, categorical risk factors and CAC score subsets were
compared using chi-square statistic. A logistic regression
model was used to compare the likelihood of CAC across
ethnic subsets. Time to death from all causes was estimated
using a Cox proportional hazards model. For the Cox
model, univariable and multivariable models were developed
and included an evaluation of traditional cardiac risk factors
and CAC score measurements in all ethnic groups. Specifically, risk-adjusted or multivariable prognostic models were
employed to assess the independent prognostic value of
CAC in ethnic groups while controlling for other cardiac
risk factors including age, hypertension, hyperlipidemia,
diabetes, and a family history of premature coronary artery
disease. From the Cox models, relative risk (RR) ratios and
95% confidence intervals (CIs) were calculated. Relative risk
ratios (95% CI) for calcium subsets of 11 to 100, 101 to 400,
401 to 99, and ⱖ1,000, respectively, were calculated for all
ethnic subgroups.
Because the primary aim of the study was to assess
whether the association of increasing levels of CAC differed
across ethnic groups, a first-order test for interaction of
ethnicity by CAC score was also entered into a Cox
regression model. Furthermore, a stratified Cox survival
analysis plotted survival by CAC subsets from 0 to 10, 11 to
100, 101 to 400, 401 to 999, and ⱖ1,000, respectively, for
all ethnic groups. Survival rates were rounded to the nearest
tenth of a percent.
We previously reported methods for the estimation of
patient life expectancy based upon observed age at the time
of testing (18,19). Based upon observed age at EBT
imaging, expected life expectancy was assigned based upon
national normative statistics for age and gender subsets from
the Centers for Disease Control. A patient’s life expectancy
was assigned as their time to death from nonsurvivors.
Normative life expectancy estimates were further revised
based upon a multivariable model including age, CAC
scores, and other cardiac risk factors resulting in a calculated
predicted survival function. From this model, a total life
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Asymptomatic
Prevalence
of Cardiac
Individuals
RiskUndergoing
Factors in CAC
14,812
Screening
Prevalence of Cardiac Risk Factors in 14,812
Table 1
Asymptomatic Individuals Undergoing CAC Screening

Age (yrs)
Family history of premature CAD (%)

Non-Hispanic
White
(n ⴝ 11,776)

African
American
(n ⴝ 637)

Hispanic
(n ⴝ 1,334)

Asian
(n ⴝ 1,065)

p Value

57 ⫾ 11

57 ⫾ 11

53 ⫾ 11

55 ⫾ 12

⬍0.0001
⬍0.0001

60

47

48

49

Smoking (%)

9

14

11

8

0.002

Diabetes mellitus (%)

6

18

17

12

⬍0.0001

Hypertension (%)

28

49

36

38

⬍0.0001

Female gender (%)

44

57

52

52

⬍0.0001

Hyperlipidemia (%)

47

44

43

45

0.105
⬍0.0001

Number of risk factors
0

19

20

21

23

1–2

70

58

63

64

ⱖ3

11

22

16

13

CAC ⫽ coronary artery calcium; CAD ⫽ coronary artery disease.

expectancy estimate was derived as a product of predicted
survival function by the normative life expectancy estimate.
All life expectancy estimates were stratified by ethnicity,
age, and CAC score subsets of ⱖ100, ⱖ400, and ⱖ1,000,
respectively. Life expectancy estimates for these latter subsets were compared using nonparametric statistics including
4 independent samples using the Kruskal-Wallis statistic.
Results
Cardiac risk factor and CAC prevalence rates. Coronary
heart disease risk factor data across the ethnic groups are
shown in Table 1. African American subjects had a significantly higher prevalence of diabetes mellitus (p ⫽ 0.01) and
more frequent history of hypertension (p ⫽ 0.03) compared
with NHW. However, NHW subjects were significantly
older (p ⫽ 0.0001) with a greater prevalence of family
history of coronary heart disease as compared with AA
subjects (p ⫽ 0.01). In general, AA and HS had a greater
frequency for clustering 3 or more traditional cardiac risk
factors (p ⬍ 0.0001).
The mean (standard deviation) score range and median
(interquartile range) CAC score for the 14,812 asymptomatic individuals who were referred for screening was 146.2 ⫾
463 (standard error of the mean) (score range 0 to 9,377)
and 3 (0 to 78), respectively. Of the 14,812 individuals, 57%
had a score of 10 or less. The prevalence of CAC scores of
11 to 100, 101 to 400, 401 to 999, and ⱖ1,000 was 20%,
14%, 6%, and 3%, respectively. Figure 1 demonstrates the
prevalence of CAC categories across the ethnic groups. The
prevalence of any CAC is 66%, 58%, 55%, and 55% for
NHW, AA, HS, and AS, respectively (p ⬍ 0.0001). As
compared with NHW, all ethnic groups had lower odds of
having any as well as increasing burden of CAC (p ⬍
0.0001).
Long-term prognosis by ethnicity. In the 10-year followup, 505 all-cause deaths were observed. Overall survival was
96%, 93%, and 92% for AS, NHW, and HS as compared
with 83% for AA, respectively (p ⬍ 0.0001) (Fig. 2). The

unadjusted and risk-adjusted RRs for mortality across the
ethnic groups are shown in Table 2. Multivariable analyses
revealed that AA race was an independent predictor of
death (RR 2.9; 95% CI 1.9 to 4.6). The results persisted
with additional adjustment for CAC scores (RR 3.0; 95%
CI 1.9 to 4.7). After adjusting for age, gender, hypertension,
hyperlipidemia, diabetes, and a family history of premature
coronary disease, HS and AS had a similar mortality risk as
compared with NHW.
Survival by coronary calcium scores and ethnicity. The
overall unadjusted survival for the study population were
99.5%, 96.7%, 92.8%, 85%, and 72% for CAC scores of 10
or less, 11 to 100, 101 to 400, 401 to 999, and ⱖ1,000,
respectively (p ⬍ 0.001). The multivariable adjusted RR
ratios for mortality with increasing CAC scores in all ethnic
groups are shown in Table 3.
Risk-adjusted survival by ethnicity. Using risk-stratified
Cox proportional hazard survival analyses (Fig. 3), survival
for NHW ranged from 98% to 57% for CAC scores of 0 to

Figure 1

Observed Frequency of CAC
Score Subsets by Ethnicity (n ⴝ 14,812)

Prevalence of any coronary artery calcium (CAC) is 66%, 58%, 55%, and 55%
for non-Hispanic whites, African Americans, Hispanics, and Asians, respectively
(p ⬍ 0.0001). As compared with non-Hispanic white, all ethnic groups had lower
odds of having any as well as an increasing burden of CAC (p ⬍ 0.0001).
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Long-Term Survival in Ethnic Subsets (n ⴝ 14,812)

Overall survival was 96%, 93%, and 92% for Asians, non-Hispanic whites, and
Hispanics as compared with 83% for African Americans, respectively (p ⬍
0.0001). Among all ethnic groups, the lowest survival was observed in African
Americans (83%, p ⬍ 0.0001).

comparing the predictive value of CAC scores in ethnic
minorities as compared with NHW, the RR ratio for CAC
ⱖ1,000 is 9.0 for HS, 6.6 for AS, and 24 for AA (Fig. 4).
Similarly, higher RR ratios were noted for HS and AA with
CAC scores ⱖ400.
Predicted life expectancy by CAC scores in ethnic subsets. The predicted changes in life expectancy for ethnic
subsets by CAC score are shown in Figure 5. In each case
across ethnic subsets, younger patients with CAC scores
ⱖ100 to ⱖ1,000 had a reduced life expectancy. For 40year-old NHW, life expectancy declined 2.0 to 5.9 years for
CAC scores ⱖ100 to ⱖ1,000. Declines in life expectancy were 2.3 to 0.9 years for 60- to 80-year-old NHW.
The declines in life expectancy were higher for ethnic
minority patients. That is, for 40-year-old subjects of
diverse ethnicity, declines in life expectancy ranged from 8.3
to 15.0 years for AA, 6.3 to 15.0 years for HS, and 2.6 to
12.0 years for AS.
Discussion

10 to ⱖ1,000. In comparison, survival ranged from 97% to
30% in AA, 99% to 60% in HS, and 100% to 80% in AS.
Using a stratified Cox model, CAC remained predictive of
death in a model controlling for age and risk factors in all
ethnic subsets (p ⬍ 0.0001). For subset multivariable
models, CAC was predictive of death for NHW (p ⬍
0.0001), HS (p ⬍ 0.0001), AA (p ⬍ 0.0001), and for AS
(p ⫽ 0.002), respectively. Furthermore, in a stepwise model,
the CAC score was identified as the single greatest estimator of time to mortality for each ethnic subset.
A first-order interaction of CAC score with ethnicity was
statistically significant in a model controlling for other
cardiac risk factors indicating differential effect of CAC on
mortality among the ethnic groups (p ⬍ 0.0001). When

During the past several decades, the U.S. population has
become increasingly ethnically diverse (4). To achieve a
meaningful impact from a preventive aspect on morbidity
and mortality in the U.S., it is pragmatic to consider the
demographic diversity within the U.S. (1). Recent data from
American Heart Association 2005 statistical fact sheets
indicate a significant disparity from CVD mortality in
racial/ethnic groups (2).
The heterogeneity in CVD among ethnic subgroups may,
in part, be explained by known issues such as risk-factor
clustering (20), as well as underutilization of preventive
therapies (21,22) and acculturation and diminished access to
health care services (23,24). Some variability, however, may
be due to differing mechanisms of plaque formation, pro-

Risk-AdjustedModel
Multivariable
and Calcium-Adjusted
on the Impact ofCox
Ethnicity
Proportional
in Clinically
Hazards Models
Multivariable Model on the Impact of Ethnicity in Clinically
Table 2
Risk-Adjusted and Calcium-Adjusted Cox Proportional Hazards Models

Relative Risk

95% Confidence
Intervals

Unadjusted model
Ethnicity

Wald Chi-Square

p Value

49

⬍0.0001

49

⬍0.0001

African American

2.54

1.92–3.36

⬍0.0001

Hispanic

1.13

0.85–1.52

0.40

Asian

0.82

0.55–1.21

Clinical risk adjustment*
Ethnicity

0.31
367

⬍0.0001

25

⬍0.0001

African American

2.93

1.86–4.62

⬍0.0001

Hispanic

1.67

1.02–2.73

0.04

Asian

0.88

0.50–1.56

Calcium risk adjustment†
Ethnicity

0.66
577

⬍0.0001

24

⬍0.0001

African American

2.97

1.87–4.72

⬍0.0001

Hispanic

1.58

0.92–2.71

0.096

Asian

0.85

0.47–1.54

0.60

For each of the models, the reference group is non-Hispanic whites. *Clinical risk adjustment includes adjustment for all of the cardiac risk factors
reported in Table 1; †Calcium risk adjustment includes variables included in the clinical risk-adjusted model plus the coronary artery calcium score.
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Multivariable Model RRR for All-Cause Mortality by CAC Scores According to Ethnicity
Table 3
CAC Score
0–10

Multivariable Model RRR for All-Cause Mortality by CAC Scores According to Ethnicity
Overall

Non-Hispanic White

1 (reference)

African American

1 (reference)

1 (reference)
4.1 (1.6–10.8) p ⫽ 0.004

Hispanic

Asian

1 (reference)

1 (reference)

4.2 (1.9–9.5) p ⫽ 0.001

9.3 (1.3–66.2) p ⫽ 0.026

3.7 (1.4–10.3) p ⫽ 0.011

13.1 (2.8–61.9) p ⫽ 0.001

11–100

4.9 (3.6–6.8)

3.8 (2.6–5.6)

100–400

10.5 (7.7–14.2)

6.9 (4.8–9.9)

12.3 (5.0–30.5)

401–1,000

22.0 (16.0–30.3)

10.8 (7.4–15.7)

25.6 (9.9–66.3)

19.1 (8.7–42.3)

17.6 (3.7–84.7)

⬎1,000

45.3 (33.4–61.6)

24.8 (17.3–35.4)

39.5 (16.1–97.4)

20.8 (7.5–57.7)

53.3 (11.3–251.2)

All comparisons are p ⬍ 0.0001 except where indicated.
CAC ⫽ coronary artery calcium; RRR ⫽ relative risk ratio.

gression, rupture, and thrombosis, which are known precursors of acute coronary syndromes and cardiac death (25).
The possible ethnic/racial differences in rates of CVD can
potentially be explored by identifying those with subclinical
atherosclerosis and associated risk.
Coronary artery calcium is an established surrogate for
the overall magnitude of coronary atherosclerotic plaque
(26). Since more than one-half of all first coronary heart

Figure 3

disease events are sudden cardiac deaths or acute myocardial
infarctions in previously asymptomatic individuals, the emphasis has recently been focused on the identification of
high-risk individuals with the potential inclusion of screening for CAC. It is now clearly established that increased
CAC scores are consistent with increased cardiovascular
risk. Shaw et al. (6) reported on all-cause mortality in a large
cohort of 10,377 asymptomatic individuals followed for an

Cumulative Survival By CACS in Ethnic Subsets

(A to D) Using risk-stratified Cox proportional hazard survival analyses, the survival ranged from 98% to 57% in non-Hispanic whites, 97% to
30% in African Americans, 99% to 60% in Hispanics, and 100% to 80% in Asians for coronary artery calcium scores (CACS) of 0 to 10 to ⱖ1,000.
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RRRs (95% CIs) for CACS Subsets in HS,
AA, and AS Patients as Compared With NHW

The figure depicts the relative risk ratios (RRRs) of events for ethnic subsets
with increasing coronary artery calcium scores (CACS) as compared with nonHispanic whites (NHW). As compared with NHW, the relative risk ratio for CAC
ⱖ1,000 is 9.0 for Hispanics (HS) (n ⫽ 1,334), 6.6 for Asians (AS) (n ⫽
1,065), and 24 for African Americans (AA) (n ⫽ 637). CI ⫽ confidence interval.

average of 5 ⫾ 3.5 years. At the end of follow-up, a total of
249 deaths were recorded. The CAC score was an independent predictor of death (p ⬍ 0.001) with risk increasing
proportionally to the baseline CAC scores. Greenland et al.
(11) also demonstrated that high CAC scores can modify
predicted risk obtained from the Framingham risk index
alone, especially among patients in the intermediate risk
category in whom clinical decision making is most uncertain. The results of the St. Francis Heart study, a prospective registry of 5,585 asymptomatic individuals, also dem-

Figure 5
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onstrated that higher CAC scores (⬎100) were associated
with RRs of 12 to 32 for CVD events achieving secondary
prevention equivalent event rates ⬎2% per year (8). Similarly, Taylor et al. (9) showed CAC was associated with a
nearly 12-fold increased risk for incident coronary heart
disease controlling for the Framingham risk score in men
age 40 to 50 years of age. In a recent study, Budoff et al. (10)
followed 25,253 asymptomatic individuals for a mean of 7
years with nearly 21% followed for at least 10 years.
Ten-year survival (after adjustment for risk factors, including age) was 99.4% for a CAC score of 0 and worsened to
87.8% for a score of ⬎1,000 (p ⬍ 0.0001). The addition of
CAC to traditional risk factors increased the C-index
significantly (0.77 for age vs. 0.81 for the CAC score, p ⬍
0.0001). However, the results from these studies are largely
based on NHW, with data on ethnic minorities missing.
Recently published studies have indicated that there are
ethnic differences in the prevalence and extent of CAC
among asymptomatic individuals. In a large asymptomatic
physician-referred cohort of over 16,000 men and women
age 45 to 84 years, Budoff et al. (12) reported that NHW
and HS men had a significantly higher prevalence of CAC
when compared with AA and AS men, despite a lower
prevalence of hypertension, diabetes, and smoking (12).
These differences persisted after controlling for standard
cardiac risk factors. The results of this study were similar to
those reported in the MESA (Multi-Ethnic Study of
Atherosclerosis) study (13). After multivariable adjustment,
compared with whites, the odds ratios for having CAC were
0.78 (95% CI 0.74 to 0.82) in blacks, 0.85 (95% CI 0.79 to

Predicted Changes in Life Expectancy for Ethnic Subsets by CAC Scores >100, >400, and >1,000, Respectively

The figure depicts the change in life expectancy for ethnic subsets of this registry for those with significant-to-extensive atherosclerosis including those with coronary
artery calcium (CAC) scores ⱖ100, ⱖ400, and ⱖ1,000, respectively. The life expectancy (on the vertical axis) is plotted by age of individual (horizontal axis). The decline
in life expectancy was highest among ethnic minorities with increasing levels of CAC burden.
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0.91) in Hispanics, and 0.92 (95% CI 0.85 to 0.99) in
Chinese enrollees in the MESA study (p ⬍ 0.001). Even
after adjusting for risk factors, most studies have shown that
the prevalence of CAC is lower in ethnic minorities (12,13).
Consistent with prior reports, we found that ethnic
minorities largely had an increased clustering of risk factors
and lower baseline CAC scores compared with NHW.
However, our study is unique and adds to the literature by
describing in detail for the first time the prognostic value of
CAC in a large ethnically mixed cohort of asymptomatic
individuals. In our study, increasing CAC burden was
associated with a greater mortality in all ethnic/racial groups
independent of baseline risk factors, gender, and age.
However, the high mortality risk associated with CAC in
AA seen in our study appears in conflict with a previous
report (27). Doherty et al. (27) suggested that CAC may not
be as significant a prognostic marker in AA as in NHW. In
that study, CAC determined by fluoroscopy was present in
60% of white subjects but only 35% of AA subjects (p ⫽
0.0001) (27). Nevertheless, after 70 months of follow-up,
more AA than whites (24% vs. 15%; p ⫽ 0.04) suffered a
CVD event. African Americans were more likely to suffer an
event even after adjusting for age, CAC score, and other
cardiac risk factors. As a result, the authors concluded:
“Coronary calcium therefore does not carry the same pathobiological significance in blacks that it does in whites” (27).
However, it must be kept in mind that Doherty et al. (27)
did not report the relative prognosis with presence of CAC
in AA as compared with NHW. Also, the small sample size
of AA (n ⫽ 93) in the study by Doherty et al. (27) precluded
any significant inference on ethnic differences in outcome.
Additionally, CAC was not quantified, which might have
provided improved risk stratification (27). By comparison,
our study was sufficiently powered to detect differences
between relatively large ethnic subsets from a wellcontrolled, prospective registry. Our results imply that,
although AA have lower CAC scores, they display a sizeable
increased mortality risk with more extensive CAC burden.
Thus, it is possible that our results may help explain the
ethnic paradox of CAC and survival observed in earlier
studies. To understand our hypothesis, it is necessary to
consider the epidemiologic principle defining prevalence,
which is the product of incidence and the duration of
disease (28). As pointed out by Nieto and Blumenthal (28),
the apparent paradox is analogous to an earlier survey
showing that tuberculosis was less prevalent in American
blacks than in whites (29). Indeed, subsequent studies
demonstrated that tuberculosis incidence was much higher
in blacks, and their case fatality rate was also higher. As a
result, earlier baseline findings were found to be simply a
product of the incidence-prevalence bias (29). Although we
report that survival is shorter in ethnic minorities with
elevated CAC scores, whether the incidence for CAC
development is greater needs to be determined in future
prospective studies.
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Why do ethnic minority subsets, notably AA patients,
with higher CAC scores have a greater mortality compared
with NHW? Park et al. (30) have recently demonstrated
that, in presence of higher CAC scores, higher levels of
inflammation are associated with poor prognosis. In our
study, we did not measure inflammatory markers, although
a higher inflammatory burden in ethnic minorities, especially AA and HS, has been previously reported (31). Thus,
it may be that a smaller amount of calcium in the setting of
greater inflammation catapults CVD risk. Moreover, ethnic
minorities had more risk factors, which are frequently
associated with higher rates of inflammation. Also, substantially higher comorbidities, levels of risk factors, and lower
access to health care treatment and preventive practices may
contribute to shorter survival in the presence of advanced
underlying subclinical atherosclerosis.
Study limitations. Although the current article includes a
rigorous analysis of the prognostic value of CAC, the
majority of patients referred for calcium scanning had
cardiac risk factors and, as such, are not representative of the
general population. Residual confounding due to deficient
and/or incomplete adjustment, including lack of socioeconomic status information, are important limitations. Large
prospective studies, such as the ongoing MESA study, may
be better equipped to take into account the baseline socioeconomic status and health care access differences across
ethnic groups and, as a result, provide clues to some of racial
disparity in mortality (32). However, the current results are
generalizable to large patient cohorts that undergo CAC
imaging across the U.S. under the direction of a referring
physician.
In our study, CVD risk factors were self-reported. Hoff
et al. (33) noted good reliability of self-reported histories of
CVD risk factors in referred individuals for EBT scanning.
Because the CVD risk factors were self-reported, the potential
“residual confounding” cannot be ruled out. However, in many
imaging laboratories, patients are referred on the basis of a brief
history with measured values frequently unavailable. The use of
self-reported risk factors does represent standards for cardiac
testing that are commonly applied in cardiovascular medicine.
Thus, we believe that our analysis is a close representation of
daily practice. The study populations were fairly homogeneous
in the sense that they were highly motivated to assess their
CVD risk and were able to afford the expense associated with
the EBT scan. These findings raise the possibility that such
physician-referred populations differ from the general population in their use of screening procedures and other preventive
measures.
Our models do not include the cause of death and, as
such, our models may be based on mortality unrelated to
atherosclerotic disease. However, all-cause mortality is an
appropriate end point to follow, since when one accounts for
both cardiac and systemic forms of the disease, nearly
three-fourths of all deaths have been related to atherosclerosis (5). Furthermore, this end point is unaffected by the
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reporting and misclassification bias potentially introduced
by a physician’s filing of a death report (34).
Conclusions
There is currently a paucity of evidence as to the prognostic
value of many commonly performed cardiac diagnostic tests
in ethnic minority patients. Our results provide evidence
that CAC screening provides prognostic information based
upon the extent and severity of subclinical atherosclerosis
among all ethnic subgroups. A greater intensity of treatment
in the presence of CAC may reduce the excess morbidity
and mortality for ethnic minority patients. Unfolding this
evidence should aid in developing management strategies
optimized for ethnically diverse patient populations. Finally,
findings from our study provide support for the development of ethnic-specific guidelines and more aggressive
population-specific screening and educational programs focused on ethnic minorities.
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