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RACE-ETHNIC DIFFERENCES IN THE EXTENT, PREVALENCE, AND PROGRESSION

OF CORONARY CALCIUM

Objective: To compare across four race-eth-
nic groups the baseline prevalence and ex-
tent of coronary calcium and the 7-year rate
of progression in the extent of coronary cal-
cium.

Design: The South Bay Heart Watch is a pro-
spective cohort study designed to appraise
the value of coronary calcium for predicting
cardiovascular outcomes in asymptomatic
adults with cardiac risk factors. Statistical
analyses were conducted to evaluate ethnic
differences in the prevalence, extent, and
progression of coronary calcium among Cau-
casian, African-American, Hispanic, and
Asian participants.

Setting: Population-based study.

Patients or Participants: Between December
1990 and December 1992, 1289 participants
without coronary heart disease underwent
baseline risk factor screening and computed
tomography for coronary calcification (Cohort
1). Seven years later, 828 (64%) participants
returned for follow-up evaluation and re-scan-
ning (Cohort 2).

Main Outcome Measures: Prevalence, ex-
tent, and progression of coronary artery calci-
um.

Results: In Cohort 2, compared to Whites, Af-
rican Americans had a lower prevalence of
coronary calcium at baseline (P5.012) and fol-
low-up (P5.005), smaller calcium scores at
baseline (P5.005) and follow-up (P5.0004),
and less progression (P5.001); Hispanics had
a lower prevalence of coronary calcium at fol-
low-up (P5.04) with smaller calcium scores
(P5.011), and less progression (P5.009). In
contrast, no differences were seen between
Whites and Asian/Pacific Islanders. Race-eth-
nic differences in progression persisted after
adjusting for risk factors and participation bias
(P,.05).

Conclusions: The present results lend further
credence to the notion that race-ethnic differ-
ences exist in the prevalence and rate of pro-
gression of coronary calcification. The relation-
ship between calcification and the incidence
of coronary heart disease in these race-ethnic
groups needs further exploration. (Ethn Dis.
2005;15:198–204)
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INTRODUCTION

Coronary artery calcification, as
measured by coronary calcium—a com-
ponent of coronary atherosclerosis—is
lower in African Americans when com-
pared to Whites,1–7 despite poorer cor-
onary heart disease outcomes in African
Americans.1 One study suggested that
the difference in prevalence and extent
of coronary calcium is partially ex-
plained by differences in vitamin D me-
tabolism.8 Autopsy and other studies of
subclinical cardiovascular disease and
mortality and incidence statistics reveal
other race-ethnic differences in athero-
sclerotic disease, but the results are not
consistent.9–15 Past research has not ad-
dressed the question as to whether race-
ethnic differences in the extent and
prevalence of calcification, and indeed
of atherosclerosis itself, can be com-
pletely explained by later onset of cor-
onary calcification or by race-ethnic dif-
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ferences in the rates of progression of
coronary calcium. This study is the first
to demonstrate ethnic differences in the
progression of coronary calcium.

A strong correlational relationship in
coronary calcium and atherosclerosis has
been demonstrated.16 In addition, a re-
cent article from our group demonstrat-
ed that coronary calcium significantly
contributes to the Framingham Risk
Score for predicting coronary events.17

The South Bay Heart Watch is a
prospective cohort study designed to ap-
praise the value of coronary calcium and
both traditional and non-traditional risk
factors for predicting cardiovascular out-
comes and calcium progression in
asymptomatic adults. The objective of
this report is to compare across four
race-ethnic groups: 1) the prevalence
and amount of coronary calcium; and
2) to provide unique data regarding the
progression in the extent of coronary
calcium over a seven-year follow-up pe-
riod.

METHODS

Study Design
The study design of the South Bay

Heart Watch has been previously de-
scribed.18 In brief, the cohort is com-
posed of respondents to a community-
based mailing campaign of letters of in-
vitation to participate in a research proj-
ect. The cohort consists of 1461
asymptomatic participants $45 years
old with multiple cardiac risk factors
($10% eight-year risk of developing
coronary heart disease by Framingham
risk equation) without evidence of cor-
onary heart disease at the time of en-
rollment. Participants were initially
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This study is the first to

demonstrate ethnic differences

in the progression of coronary

calcium.

screened and enrolled between Decem-
ber 1990 and December 1992. Partici-
pants with electrocardiographic or clin-
ical evidence of infarction, revasculari-
zation, or typical angina were excluded.
At the time of recruitment, participants
were asked to classify their race as
White, African-American, Asian/Pacific
Islander, or ethnicity as Hispanic or
non-Hispanic.

Thirty months after enrollment,
1289 participants who had not suffered
an intervening myocardial infarction or
undergone revascularization procedures
underwent a second medical and risk-
factor evaluation including fasting phle-
botomy concurrent with baseline com-
puted tomographic (CT) examinations
for coronary calcification. Approximate-
ly seven years after the baseline exami-
nation for coronary calcification, 828 of
these 1289 participants underwent a
third medical and risk-factor evaluation
and follow-up CT examination for cor-
onary calcification. In this paper, we re-
fer to the 1289 participants with a base-
line CT scan as Cohort 1 and the 828
participants with both a baseline and
follow-up scan as Cohort 2. All partic-
ipants gave informed consent at the
time of recruitment and again at the
time of repeat risk factor assessment and
CT scanning. The Harbor UCLA Re-
search and Education Institute Human
Participants Committee approved this
study.

Coronary Calcium Scanning
Computed tomographic (CT) scans

were performed within 2 days after risk-
factor evaluation with an Imatron C-
100 scanner. The acquisition protocol
consisted of 6-mm image slices obtained

at 80% of the electro-cardiographic RR
interval during breath-hold.19 This pro-
tocol has similar predictive value but su-
perior retest reproducibility compared
to a 3-mm image acquisition protocol.19

All participants were scanned over a
bone mineral density phantom (Image
Analysis, Columbia, Kentucky). During
follow-up, an identical scanning proto-
col was used, but with a C-150 Imatron
scanner.

Coronary Calcium Scoring
A single cardiologist blinded to all

clinical outcome and serologic data in-
terpreted all scans, both baseline and
follow-up. Although the cardiologist did
not know the results of the baseline (or
follow-up) scan when interpreting the
follow-up (or baseline) scan, for tech-
nical reasons, the cardiologist could not
be blinded to which group of scans
(baseline vs follow-up) she was inter-
preting.

The scoring software used was the
same as that used for the Multi-Ethnic
Study of Atherosclerosis (MESA).20 This
scoring includes a pixel adjustment
which uses the formula: new pixel val-
ue5(old pixel value - intercept)/slope,
where slope and intercept refer to the
results of a least-squares linear fit relat-
ing standard radiographic densities to
the measured mean CT numbers in the
calibration phantom scanned under the
participants. The minimal calcific focus
size was 4.1 mm3, chosen to be equiv-
alent to that used in the ongoing MESA
study.20 The coronary calcium score was
calculated according to the method of
Agatston.21

Risk Factor Determinations
Smoking, blood pressure measure-

ments, fasting lipoprotein measure-
ments, and electrocardiograph (ECG) to
evaluate left ventricular hypertrophy
were obtained within two days of CT
scanning both at baseline and follow-up.
Analysis for lipoproteins was done as
previously described.22

Statistical Analysis

Comparison of Race-Ethnic Groups
Baseline demographic and clinical

characteristics for Cohort 1 were com-
pared between Whites (reference group)
and each of the three race-ethnic groups
using two-sample t tests or Wilcoxon
rank-sum tests for continuous measures
and chi-square or Fisher’s exact tests for
discrete measures. Similar procedures
were used to compare the prevalence of
coronary calcium and the coronary cal-
cium score at baseline for Cohort 1 and
at baseline and follow-up for Cohort 2.
Progression in coronary calcium (follow
up - baseline coronary calcium score)
was computed for Cohort 2. For these
analyses, calcium scores and change in
calcium were log10 transformed to in-
duce normality. Because of the multiple
pairwise comparisons between Whites
and each of the three race-ethnic
groups, the significance level was con-
servatively set at .016 by using a Bon-
ferroni correction (two-sided).

In addition, multiple linear regres-
sion analyses were used to evaluate the
independent effect of race-ethnicity on
change in calcium score (log10 trans-
formed), adjusting for covariates defined
to be: 1) standard risk factors for cardiac
events; and 2) factors found to be relat-
ed to change in calcium score. Prelimi-
nary analyses demonstrated that covari-
ates were: baseline calcium score, age,
sex, current smoker, diabetes, hyperten-
sion, body mass index, systolic blood
pressure, diastolic blood pressure, and
HDL cholesterol. No data were avail-
able on sociodemographic status. Be-
cause multiple pairwise comparisons
were not conducted for these analyses,
the significance level was set at .05.

Evaluation of Follow-up Bias
In order to evaluate potential bias

for those participants who did not re-
turn for a follow-up evaluation (‘‘partial
participants’’5Cohort 1 2 Cohort 2)
with those that did (Cohort 2), we im-
puted the follow-up calcium score and
magnitude and direction of the change
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Table 1. Baseline comparisons between Whites and African Americans, Asian/Pacific Islander and Hispanics (Cohort 1, N51289)

Risk Factor*
White

(N51067)
African Americans

(N572) P Value†

Asian/Pacific
Islander
(N576) P Value†

Hispanics
(N574) P Value†

Age (yrs)
Sex: male
Hypertension
Diabetes
Current smoker

63.9 (7.6)
936 (88)
329 (31)
194 (18)
187 (18)

59.3 (8.0)
62 (86)
31 (43)
16 (22)
10 (14)

,.0001
.69
.03
.39
.43

62.3 (7.2)
71 (93)
23 (30)
23 (30)
11 (14)

.08

.14

.92

.01

.49

60.5 (7.3)
66 (89)
30 (41)
28 (39)
10 (14)

.0002

.71

.07

.0001

.37
HDL-C (mg/dL)
LDL-C (mg/dL)

45.1 (15.7)
150.1 (36.6)

47.0 (16.3)
161.7 (42.5)

.34

.012
45.0 (15.2)

146.4 (42.8)
.94
.41

44.5 (16.5)
144.2 (31.9)

.73

.19

Cohort 1 is the group of participants who had baseline computed tomographic scans.
* Mean (SD) for continuous variables; frequency (%) for discrete variables.
† Independent Student t test or Wilcoxon rank sum test for continuous variables; chi-square test or Fisher’s exact test for discrete variables.
Significant level was set to .016 to accommodate multiple pairwise comparisons.

in calcium scores for the ‘‘partial partic-
ipants.’’ To this end, we used a standard
imputation procedure for estimating the
follow-up coronary calcium score for
the ‘‘partial participants.’’ Namely, we
developed a multiple regression model
for Cohort 2 that related the follow-up
coronary calcium score (dependent var-
iable) to: 1) the baseline calcium score;
and 2) those demographic and clinical
factors that were significantly different
between Cohort 2 and ‘‘partial’’ partic-
ipants. From this regression model, we
then estimated the follow-up coronary
calcium score and the change in coro-
nary calcium (5estimated follow-up 2
observed baseline calcium scores) for the
partial participants. We then compared
both the imputed coronary calcium
score and the imputed change scores in
the partial participants with the actual
coronary calcium score and the change
score (log transformed) for participants
in Cohort 2 using two sample Student
t tests. Finally, we reran the multiple lin-
ear regression analyses for the full cohort
(Cohort 2 1 imputed values for partial
participants) to evaluate the indepen-
dent effect of race-ethnicity on change
in calcium score (log transformed), ad-
justing for the covariates identified
above.

RESULTS

Of the 1289 participants who un-
derwent the baseline evaluation (Cohort

1), 1067 (83%) were White, 72 (6%)
were African-American, 76 (6%) were
Asian/Pacific Islander, and 74 (6%) were
Hispanic. No Native American/Alaska
Natives participated in the study. Table
1 presents the distribution of demo-
graphic and risk factors for each of the
race-ethnic groups. Compared to
Whites (the reference group), African
Americans and Hispanics were younger
(P,.0002), African Americans had a
higher prevalence of hypertension
(P5.03) and elevated LDL cholesterol
(P5.012), and Asian/Pacific Islanders
and Hispanics had a higher prevalence
of diabetes (P,.01). No other differ-
ences were found.

Baseline Prevalence and Extent
of Coronary Calcium (Cohort 1)

Table 2 presents the baseline preva-
lence of coronary calcium (calcium
score.0) and the distribution of the
coronary calcium scores for each race-
ethnic group in Cohort 1. Compared to
Whites, the prevalence of coronary cal-
cium and the average calcium score were
significantly lower in African Americans
(P,.0001). No differences were found
between Whites and the other two
groups.

Prevalence, Extent, and
Progression of Calcium for
Participants Who Returned for
CT Scanning (Cohort 2)

Of the 828 participants who under-
went a baseline and follow-up evalua-

tion (Cohort 2), 697 (84%) were
White, 36 (4%) were African-American,
43 (6%) were Asian/Pacific Islander, and
41 (5%) were Hispanic. The race-ethnic
distribution for Cohort 2 was similar to
that for Cohort 1 (P5.27). In contrast,
the retention ratios were significantly
lower in African Americans and Hispan-
ics (50% and 55%, respectively) com-
pared to Whites and Asian/Pacific Is-
landers (65% vs 71%, respectively,
P,.0001).

Table 2 also presents the baseline
and follow-up prevalences of coronary
calcium and distribution of coronary
calcium scores for each race-ethnic
group in Cohort 2. The coronary cal-
cium conversion rates (change from cal-
cium50 to calcium.0) and the 7-year
changes in coronary calcium scores are
also shown in this table. Calcium scores
increased significantly within each of
the four race-ethnic groups over the 7-
year period (P,.0001, paired t test).
Compared to Whites, African Ameri-
cans had: 1) lower baseline and follow-
up prevalences of coronary calcium
(P5.012 and P5.005, respectively); 2)
lower baseline and follow-up calcium
scores (P5.005 and P5.0004, respec-
tively); and 3) less progression in calci-
um scores (P5.001). Compared to
Whites at follow-up, Hispanics had: 1)
a lower prevalence of coronary calcium
(P5.04, marginally significant using the
Bonferroni adjustment); 2) lower calci-
um score (P5.011); and 3) less pro-
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Table 2. Comparison between White and African Americans, Asian-Pacific Islander and Hispanics in the baseline and follow-
up coronary calcium prevalences and scores for Cohort 1 and Cohort 2

Coronary Calcium White
African

Americans
Asian-Pacific

Islander Hispanics

Cohort 1 (N51289) (n51067) (n572) P value† (n576) P value† (n574) P value†

Prevalence*
Baseline 774 (73%) 37 (51%) ,.0001 57 (75%) .64 49 (66%) .24

Score*
Baseline 249 (459) 97 (204) ,.001 248 (617) .75 238 (524) .19

Cohort 2 (N5828) (n5697) (n536) P value† (n554) P value† (n541) P value†

Prevalence*
Baseline
Follow-up
Converter

487 (70%)
623 (89%)

140/210 (67%)

18 (50%)
26 (72%)

8/18 (44%)

.012

.005

.06

37 (69%)
48 (89%)

11/17 (65%)

.83

.91

.87

24 (59%)
32 (78%)
8 (47%)

.13

.04

.10

Score*
Baseline
Follow-up
Change

226 (443)
681 (969)
455 (643)
(P,.0001)†

68 (150)
278 (438)
210 (323)

(P,.0001)†

.005

.0004

.001

263 (719)
787 (1462)
524 (817)
(P,.0001)†

.99

.93

.97

115 (213)
477 (782)
362 (674)
(P,.0001)†

.08

.011

.009

Cohort 1 is the group of participants who had baseline CT scans only.
Cohort 2 is the group of participants who had both baseline and 7-year follow-up CT scans.
* Prevalence 5 number participants with calcium scores .0/number of participants; Converter 5 number of participants with calcium scores greater than 0 at follow-up/

number of participants with calcium scores 5 0 at baseline; Calcium scores are reported as mean (SD).
† Chi-square test for comparison of prevalences. Two sample or paired Student t tests for between and within group comparison of calcium score (log10 transformed).

Significance level was set to .016 to accommodate multiple pairwise comparisons.

gression in calcium scores (P5.009). No
differences were found between Whites
and Asian/Pacific Islander in prevalence
or extent or progression of coronary cal-
cium.

Evaluation of Follow-Up Bias
Compared to participants with fol-

low-up CT scans (Cohort 2), partici-
pants who did not return tended to be
female (17% vs 9%, P,.0001), older
(67.0 vs 64.5 years, P,.0001), hyper-
tensive (39% vs 28%, P,.002), diabetic
(27% vs 14%, P,.0001), and have
higher systolic blood pressure (146.0 vs
139.6 mm Hg, P,.0001) and HDL
cholesterol (46.4 vs 44.5 mg/dL,
P,.0001). In addition, partial partici-
pants had greater calcium prevalence
(68% vs 76%, P5.003) and baseline
calcium scores (216 6 451 vs 283 6
486, P5.0002) compared to Cohort 2
participants. Thus, partial participants
tended to have a higher risk-factor pro-
file than participants in Cohort 2.

Based on the differences between

Cohort 2 participants and partial partic-
ipants in baseline calcium scores, risk
factor, and race-ethnic group retention
rates, we developed a multiple regression
model for Cohort 2 participants that re-
lated the observed follow-up coronary
calcium score (dependent variable) to
the baseline coronary calcium score and
those demographic and clinical factors
that were significantly different between
the two subgroups (sex, age, race-eth-
nicity, hypertension, diabetes, systolic
blood pressure, HDL cholesterol). The
resulting regression model was used to
predict follow-up calcium scores for par-
tial participants.

Table 3 presents the results of these
analyses. Overall, the average predicted
follow-up calcium score and predicted
progression rate were greater in the ‘‘par-
tial participants’’ compared to the Co-
hort 2 participants (P,.0001). In ad-
dition, the predicted follow-up and pro-
gression scores were significantly higher
than the observed scores within each of
the race-ethnic groups (P,.002 for all

comparisons) except for Asian/Pacific Is-
lander, whose predicted follow-up and
progression scores were lower than the
observed scores (P,.001 for both com-
parisons).

Multivariable Analysis of Race-
Ethnicity and Risk Factors in
Coronary Calcium Progression

Table 4 summarizes the results of the
multivariable linear regression analysis
evaluating the relationship of race-eth-
nicity to change in calcium, after ad-
justing for significant inter-race-ethnic-
ity risk-factor covariates. For Cohort 2,
significant covariates were found to be
age, diabetes, body mass index, and
baseline calcium score (all P,.03, data
not shown in table). For the full cohort
(ie, Cohort 2 1 the imputed values for
the partial participants), HDL choles-
terol was found to be an additional in-
dependent covariate (P5.01). As seen in
Table 4, for both Cohort 2 and the full
cohort, African Americans and Hispan-
ics had significantly less calcium score
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Table 3. Analysis of coronary calcium extent by race-ethnicity for Cohort 2 and partial participants*

Cohort 2
(N5828)

Partial
(N5461)

Cohort 2
(N5828)

Partial
(N5461)

Follow-up Calcium Score

Observed Score* Predicted Score* P†

Progression in Coronary Calcium Score

Observed Score* Predicted Score* P†

Overall
White
African American
Asian/Pacific Islander
Hispanic

660 (987)
681 (969)
278 (438)
787 (1462)
477 (782)

797 (930)
814 (924)
419 (520)
729 (449)

1075 (1391)

,.0001
,.0001
,.002
,.001
,.0001

444 (647)
455 (643)
210 (323)
524 (817)
362 (647)

514 (456)
521 (450)
292 (291)
516 (238)
680 (663)

,.0001
,.0001
,.0002

.0003
,.0001

* Cohort 2 is the group of participants with baseline and 7-year follow-up CT scans; partial participants were those with only a baseline CT scan (Cohort 1–Cohort 2).
Observed scores 5 actual follow-up and progression scores for Cohort 2 participants; predicted follow-up scores for partial participants estimated from the multiple regression

equation generated for Cohort 2, based on: a) baseline calcium score; and b) age, gender, race-ethnicity, HDL-C, hypertension, diabetes, systolic blood pressure; predicted
progression score for partial participants 5 predicted follow-up score—observed baseline score.

† Two sample Student t tests. Calcium scores and change in calcium were log10 transformed in order to induce normality. Significance level was set at .05.

Table 4. Covariate-adjusted multiple regression analyses of calcium score progres-
sion in African Americans, Asian/Pacific Islanders, and Hispanics compared to
Whites

Race-Ethnicity
Cohort 2 (N5828)†

Parameter Estimate/P Value*
Full Cohort (N51289)†

Parameter Estimate/P Value*

African American
Asian/Pacific Islander
Hispanic

20.23/P5.04
20.01/P5.95
20.22/P5.03

20.23/P5.0003
20.02/P5.73
20.23/P5.0003

* Dependent variable was log10 of change in a score. Analyses for each covariate used univariate regression
analyses. Analyses by race-ethnicity relative to Whites (reference group) used multiple regression analysis, adjusting
for covariates: baseline calcium scores, age, diabetes HDL-C, hypertension, current smoking status, systolic BP,
diastolic BP, sex (male), and body mass index. Significance level was set at .05.

† Cohort 2 is the group of participants with calcium scores at baseline and at follow-up. Full cohort 5 Cohort
2 plus imputed calcium scores for Cohort 1 participants who did not return for follow-up (see text).

. . .our results suggest that

not only does the process

(atherosclerosis or calcification

or both) begin later in life in

some race-ethnic groups, but

its rate of progression appears

to be slower as well.

progression compared to Whites, after
risk-factor adjustment (P,.04 for Co-
hort 2, P5.0003 for the full cohort).

DISCUSSION

Our study is the first to study race-
ethnic differences in the progression of
coronary calcium, a component of cor-
onary atherosclerosis. As shown in Table
2, compared to Whites, both African
Americans and Hispanics have lower
rates of progression of coronary calcium
during the 85 6 4.5 months of follow-
up. In contrast, no differences in the
progression of coronary calcium were
demonstrated between Whites and
Asian/Pacific Islanders. These race-eth-
nic differences observed in the cohort

with follow-up CT scans are confirmed
after adjustment for nonparticipation
bias (Table 4).

Autopsy studies, done mostly in
White populations, have shown that
coronary calcium and atherosclerosis are
strongly correlated.16 Clinical studies
have demonstrated less prevalent and
less extensive coronary calcium in Afri-
can Americans compared to Whites.1–6

Our study confirms these previous find-
ings in African Americans (Table 2).

Importance of Our Findings
Calcification is only one component

of the complex process of atherosclero-
sis. We and others have found impor-
tant race-ethnic differences in the
amount and prevalence of calcification
in different race-ethnic groups.1–8 Such

differences might represent different
amounts and prevalence of atheroscle-
rosis or may instead be due to race-eth-
nic difference in calcium deposition in
atherosclerotic plaque, or both. Which-
ever of these mechanisms are at play, our
results suggest that not only does the
process (atherosclerosis or calcification
or both) begin later in life in some race-
ethnic groups, but its rate of progression
appears to be slower as well.

Our results agree with and extend
those of our previous reports1,2,8 and
lend further credence to the notion that
race-ethnic differences exist in the prev-
alence and rate of progression of coro-
nary calcification. From a pathobiologic
perspective, the reasons for our findings
are not immediately apparent. Athero-
sclerosis is a chronic, fibroproliferative
arterial inflammation that begins quite
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early, progresses nonlinearly and sporad-
ically, and may have long dormant pe-
riods.23,24 Although the validity of indi-
rect risk factor correlates to both pro-
gression of atherosclerosis and its
eventual clinical manifestations is estab-
lished,25,26 the direct molecular and ge-
netic mechanisms governing how,
where, and at what rate plaque devel-
opment occurs are not well understood.
Furthermore, how structural compo-
nents of plaque such as calcium deposits
are determined, how they are altered,
and why these processes might differ
among individual plaques and among
diverse race-ethnic groups are not
clear.27 Our results appear consistent
with the suggestion that race-ethnic dif-
ferences might exist in one or more of
these mechanisms. Of potential rele-
vance, we previously reported that se-
rum levels of 1a,25 dihidroxyvitamin
D3 were independently and inversely re-
lated to the prevalence of coronary cal-
cium8,28 and that African Americans had
significantly higher serum levels of this
steroid.8 However, the race-ethnic dif-
ferences observed could not fully ac-
count for the variability in coronary cal-
cium quantity between Whites and Af-
rican Americans.

Modern technology allows in-vivo as-
sessment of preclinical disease of the car-
diovascular system. For example, cardiac
ultrasound has allowed us to identify an
increased prevalence and severity of car-
diac left ventricular hypertrophy in
Blacks. Liao et al found left ventricular
hypertrophy to be a more powerful pre-
dictor of mortality in Blacks symptom-
atic from heart disease and arterial disease
to be a more powerful predictor in a sim-
ilar group of Whites.29 This finding raises
the possibility that myocardial disease
and its major causative mechanism of hy-
pertension may be a more important tar-
get for prevention in Blacks, and athero-
sclerosis and its etiologic factors of hy-
perlipidemia, smoking, and diabetes may
be more important in Whites. Establish-
ing a fundamental race-ethnic-specific
mechanism of symptom expression

would be an important first step toward
developing a race-ethnic-specific strategy
for risk reduction.

Relationship to Coronary
Events

Although race-ethnic comparisons
of the incidence of coronary events was
not one of the objectives of this paper
because of the lack of power for con-
trasting incidence rates, we did contrast
race-ethnic differences in the incidence
of coronary endpoints for Cohort 1 by
using Cox regression analysis (adjusted
for risk-factor covariates). Two coronary
event endpoints were studied: 1) non-
fatal myocardial infarction (MI) or cor-
onary death; and 2) any cardiovascular
event (nonfatal MI, coronary death, cor-
onary revascularization, or stroke). The
incidences for Whites, African Ameri-
cans, Asians, and Hispanics were: 1)
CHD death/MI (8%, 10%, 8%, and
10%, respectively); and 2) any cardio-
vascular event (28%, 33%, 28%, and
28%, respectively). Although no statis-
tically significant differences were seen
in covariate-adjusted event rates be-
tween White and other race-ethnic
groups, an increase was found in the in-
cidence of any cardiovascular events in
African Americans, supporting epide-
miologic studies that have shown that
African Americans are more likely to
suffer CHD events.1 However, because
of small sample sizes, statistical signifi-
cance was not achieved.

Study Limitations
Our study is limited in that few

women participated in our cohort, so
that these findings may not apply to the
female population. Our study is also
limited because of the small sample sizes
for race-ethnic minorities. However, de-
spite the small sample sizes for African
Americans and Hispanics, we found sta-
tistically significant differences com-
pared to Whites. Although the progres-
sion of coronary calcium was greater in
Asian/Pacific Islanders than in Whites
(524 vs 455, Table 2), but did not

achieve statistical significance, power
calculations indicated that at least 1735
Asian participants are needed to dem-
onstrate significance at the .05 level
with 80% power.

CONCLUSIONS

The present results lend further cre-
dence to the notion that race-ethnic dif-
ferences exist in the prevalence and rate
of progression of coronary calcification.
These differences appear to enable the
rate of progression of coronary calcium
and are not only due to delayed initia-
tion of the process. Our study is unique
in that it is the first to study race-ethnic
differences in the progression of coro-
nary calcium, a component of coronary
atherosclerosis. Given that we have
demonstrated that coronary calcium sig-
nificantly contributes to the Framing-
ham risk score for predicting coronary
events,17 future research is needed to re-
late the progression of coronary calcium
to coronary events and contrast inci-
dences across race-ethnic groups.

ACKNOWLEDGMENTS
This project was supported by grants from
the National Heart, Lung, and Blood Insti-
tute (7RO1-HL-43277-02), National Insti-
tutes of Health, Bethesda, Maryland and
Harbor-UCLA General Clinical Research
Center. The authors wish to thank Eloisa
Romero and Linda Neese for their editorial
input.

REFERENCES
1. Doherty T, Tang W, Detrano R. Racial dif-

ferences in the significance of coronary cal-
cium in asymptomatic Black and White sub-
jects with coronary risk factors. J Am Coll
Cardiol. 1999;34:258–262.

2. Tang W, Detrano R, Brezden O, et al. Racial
differences in coronary calcium prevalence
among high-risk adults. Am J Cardiol. 1995;
75:1088–1091.

3. Budoff MJ, Yang TP, Shavelle RM, Lamong
DH, Brundage BH. Ethnic differences in cor-
onary atherosclerosis. J Am Coll Cardiol.
2002;39:408–412.

4. Newman AB, Naydeck BL, Whittle J, Sutton-
Tyrrell K, Edmundowicz D, Kuller LH. Ra-



204 Ethnicity & Disease, Volume 15, Spring 2005

RACE-ETHNIC DIFFERENCES IN CORONARY CALCIUM - Kawakubo et al

cial differences in coronary artery calcification
in older adults. Arterioscler Thromb Vasc Biol.
2002;22:424–430.

5. Loria CM, Detrano R, Liu K, et al. Sex and
race differences in prevalence and predictors
of early coronary calcification: the CARDIA
Study. Circulation. In press.

6. Lee TC, O’Malley PG, Feuerstein I, Taylor
AJ. The prevalence and severity of coronary
artery calcification on coronary artery com-
puted tomography in Black and White sub-
jects. J Am Coll Cardiol. 2003;41:39–44.

7. Khurana C, Rosenbaum CG, Howard BV, et
al. Coronary artery calcification in Black
women and White women. Am Heart J.
2003;145:724–729.

8. Doherty TM, Tang W, Dascalos S, et al. Eth-
nic origin and serum levels of 1a,25-hydrox-
ymvitamin D3 are independent predictors of
coronary calcium mass measured by electron-
beam computed tomography. Circulation.
1997;96:1477–1481.

9. National Heart, Lung, and Blood Institute.
Morbidity and Mortality: 2000 Chartbook on
Cardiovascular, Lung, and Blood Diseases. Be-
thesda, Md: US Dept of Health and Human
Services, Public Health Service; 2000.

10. Gillum RF, Mussolino ME, Madans JH. Cor-
onary heart disease incidence and survival in
African-American women and men. Ann In-
tern Med. 1997;127:111–118.

11. Strong JP, Malcom GT, McMahan CA, et al.
Prevalence and extent of atherosclerosis in ad-
olescents and young adults: implications for
prevention from the Pathobiological Deter-
minants of Atherosclerosis in Youth Study.
JAMA. 1999;281:727–735.

12. Freedman DS, Newman WP III, Tracy RE,
et al. Black-White differences in aortic fatty
streaks in adolescence and early adulthood:
the Bogalusa Heart Study. Circulation. 1988;
77:856–864.

13. Howard G, Sharrett AR, Heiss G, et al. Ca-
rotid artery intimal-medial thickness distri-
bution in general populations as evaluated by

B-mode ultrasound. Stroke. 1993;24:1297–
1304.

14. Manolio TA, Burke GL. Black-White differ-
ences in subclinical cardiovascular disease
among older adults: the Cardiovascular
Health Study. CHS Collaborative Research
Group. J Clin Epidemiol. 1995;48:1141–
1152.

15. Sacco RL, Roberts JK, Boden-Albala B, et al.
Race-ethnicity and determinants of carotid
atherosclerosis in a multiethnic population.
The Northern Manhattan Stroke Study.
Stroke. 1997;28:929–935.

16. Sangiorgi G, Rumberger JA, Severson A, et
al. Arterial calcification and not lumen ste-
nosis is highly correlated with atherosclerotic
plaque burden in humans: a histologic study
of 723 coronary artery segments using non-
decalcifying methodology. J Am Coll Cardiol.
1998;31:126–133.

17. Greenland P, LaBree L, Azen SP, Doherty
TM, Detrano RC. Coronary artery calcium
score combined with Framingham Score for
risk prediction in asymptomatic people.
JAMA. 2004;291:210–215.

18. Detrano R, Wong ND, Doherty T, et al. Cor-
onary calcium does not accurately predict
near-term future coronary events in high risk
adults. Circulation. 1999;99:2633–2638.

19. Wang S, Detrano RC, Secci A, et al. Detec-
tion of coronary calcification with electron
beam computed tomography: evaluation of
inter-examination reproducibility and com-
parison of three image acquisition protocols.
Am Heart J. 1996;132:550–558.

20. Multi-ethnic Study of Atherosclerosis. Na-
tional Heart, Lung, and Blood Institute.
Available at: http://140.142.220.3/mesa/.

21. Agatston AS, Janowitz WR, Hildner FJ, Zus-
mer N, Viamonte M, Detrano RC. Quanti-
fication of coronary artery calcium using ul-
trafast computed tomography. J Am Coll Car-
diol. 1990;15:827–832.

22. Secci A, Wong N, Tang W, Wang S, Doherty
T, Detrano R. Electron beam computed to-

mographic coronary calcium as a predictor of
coronary events: comparison of two proto-
cols. Circulation. 1997;96:1122–1129.

23. Lusis AJ. Atherosclerosis. Nature. 2000;407:
233–241.

24. Libby P. Inflammation in atherosclerosis. Na-
ture. 2002;420:868–874.

25. Kannel WB. Epidemiologic contributions to
preventive cardiology and challenges for the
twenty-first century. In: Wong ND, Black
HR, Gardin JM, eds. Preventive Cardiology.
New York, NY: McGraw-Hill; 2000:3–20.

26. Gordon T, Kannel WB. Premature mortality
from coronary heart disease: the Framingham
Study. JAMA. 1971;215:1617–1625.

27. Doherty TM, Asotra K, Fitzpatrick LA, et al.
Calcification in atherosclerosis: bone biology
and chronic inflammation at the arterial
crossroads. Proc Natl Acad Sci U S A. 2003;
100:11201–11206.

28. Watson KE, Abrolat ML, Malone LL, et al.
Active serum vitamin D levels are inversely
correlated with coronary calcification. Circu-
lation. 1997;96:1755–1760.

29. Liao Y, Cooper RS, McGee DL, Mensah GA,
Ghali JK. The relative effects of left ventric-
ular hypertrophy, coronary artery disease, and
ventricular dysfunction on survival among
Black adults. JAMA. 1995;273(20):1592–
1597.

AUTHOR CONTRIBUTIONS
Design and concept of study: Detrano, Do-

herty, Wong
Acquisition of data: Detrano, LaBree
Data analysis and interpretation: Kawakubo,

Azen, Doherty, LaBree, Wong, Xiang
Manuscript draft: Kawakubo, Azen, Detrano,

Doherty, Xiang
Statistical expertise: Kawakubo, Azen, LaBree,

Xiang
Acquisition of funding: Detrano
Administrative, technical, or material assis-

tance: Doherty
Supervision: Azen, Detrano


