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Abstract—Reports on race-related differencesin coronary artery calcium (CAC) are just beginning to emerge and have not
been well studied in the elderly. This study was undertaken to assess whether such differences exist and the relationship
between CAC and cardiovascular risk factorsin a cohort of elderly community-dwelling adults. CAC was measured by
using electron-beam tomography in 614 adults (aged 67 to 99 years), of whom 59% were women and 23% were black.
The median CAC score was lower in blacks than in whites for men (159 versus 787, respectively; P<<0.001) and for
women (134 versus 233, respectively; P=0.02) after adjustment for age, cardiovascular disease, and risk factors for
cardiovascular disease, athough this difference was stronger and remained significant among men only. Lower CAC
scores were also observed in the subgroup of blacks with a history of myocardial infarction. The lower CAC scoresin
blacks compared with whites observed in this study is consistent with either a lower prevalence of coronary artery
disease or alower extent of calcification of coronary artery disease. (Arterioscler Thromb Vasc Biol. 2002;22:424-430.)
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here is still uncertainty regarding differences between

blacks and whites in the prevalence, progression, and risk
of coronary artery disease (CAD). Mortality rates from CAD
are higher in black women than in white women,* and blacks
with acute myocardial infarction (M) have been reported to
have poorer survival after hospitalization in some, though not
al, studies.23 Compared with whites, blacks tend to have
more carotid disease and left ventricular hypertrophy by
noninvasive testing,* yet blacks undergoing angiography for
clinical symptoms tend to have a lower extent of coronary
disease than do whites.> Moreover, there is evidence that the
patterns of CAD have evolved in these groups over time,
perhaps in different ways, complicating the simultaneous
interpretation of current and earlier studies.

See page 359

Blacks have higher rates of hypertension® and diabetes?
than do whites. In a cohort of older adults, blacks, compared
with whites, had a higher prevalence of clinical cardiovascu-
lar disease (CVD) and a similar prevalence of subclinical
CVD, which were largely explained by the higher prevalence
of risk factors.# These risk factors might be expected to lead
to a higher prevalence of CAD.278

Coronary artery calcification has shown good correlation
with angiographically diagnosed CAD.° The ability to non-
invasively quantify coronary artery calcium (CAC) by using
electron-beam tomography (EBT) offers the potential to

address some of the issues related to prevalence of CAD in
specific populations and the relationship of CAD to (and
possible interactions with) risk factors. Reports on differences
in CAC by race are just beginning to emerge. Two studies
using EBT1011 reported similar levels of calcium in blacks
and whites, whereas 1 fluoroscopy study reported a lower
prevalence of calcification in a middle-aged, predominantly
male, black population.i2

We have completed a study of CAC in older adults, one
quarter of whom were black. In the present report, we
describe the prevalence and extent of coronary artery calci-
fication and determine whether the observed racial differ-
ences in CAC could be explained by differences in cardio-
vascular risk factors.

Methods

Participants from the Pittsburgh, Pa, Cardiovascular Health Study
(CHS) field center were recruited to return for EBT between May
1998 and June 2000.13 The CHS was established to determine the
risk factors for CVD in older adults.2415 Of 727 participants seen at
the final examination, 614 (84%) underwent EBT scanning. Nonpar-
ticipants were either too ill or could not travel (61%), had died after
the last clinic visit (16%), or had refused to participate (23%). Of
note, an additional cohort (mostly black) was added 3 years after the
initial enrollment; thus, most of the minority participants were
somewhat younger than the original, mostly white, cohort at the time
of the scan. All gave informed consent for a protocol that was
approved by the Ingtitutional Review Board of the University of
Pittsburgh.
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TABLE 1. Baseline Risk Factors and Prevalence of CVD by Race and Sex: the CHS (N=614)
Women Men
White Black White Black
(N=282) (N=85) P (N=189) (N=58) P
Age (mean=+SD at time of EBT), y 80.5+3.8 78.6+4.2 0.0001 81.2+4.3 79.3+4.7 0.005
Age category, n (%)
67-74y 9.2 19 (22.4) 3(1.6) 14 (24.1)
75-719 y 131 (46.5) 35(41.2) 84 (44.4) 21(36.2)
80-99 y 142 (50.4) 31(36.5) <0.0001 102 (54.0) 23(39.7) <0.0001
Baseline CVD risk factors
Hypertension, n (%) 67 (24.3) 48 (56.5) <0.0001 53 (28.3) 22 (37.9) 0.166
Diabetes, n (%) 19 (6.9) 20(23.8)  <0.0001 24 (13.0) 14 (24.1) 0.042
BMI (mean=SD) 26.3+4.6 29.4+4.6 <0.0001 26.2+3.3 27.7+4.4 0.024
Ever smoked cigarettes, n (%) 164 (58.4) 44 (51.8) 0.281 114 (60.3) 41(70.7) 0.153
Median pack-years for those who 24.8 22.0 0.89 28.5 15.0 0.037
smoked
COPD, n (%) 73 (26.1) 28 (33.3) 0.19 32(17.0) 10 (17.2) 0.97
Baseline laboratory values
Total cholesterol (mean=SD), mg/dL  211.6+31.1 206.0+36.1 0.164 187.2+32.5 185.3+33.9 0.70
HDL (mean=SD), mg/dL 57.4+15.5 56.6+12.1 0.611 45.6+9.4 49.5+11.0 0.010
LDL (mean=SD), mg/dL 125.9+30.3 119.4%347 0.097 1154298 111.1%x31.2 0.349
Triglycerides (median), mg/dL 121.0 105.0 0.027 117.0 83.0 0.0003
Fibrinogen (median), mg/dL 314.0 345.0 0.001 301.0 322.0 0.064
C-reactive protein (median), mg/dL 1.85 2.45 0.035 1.40 2.39 0.003
Atherosclerosis group
None/undetected (205), n (%) 107 (37.9) 24 (28.2) 57 (30.2) 17 (29.3)
Subclinical CVD (205), n (%) 100 (35.5) 30 (35.3) 53 (28.0) 22 (37.9)
Clinical CVD (204), n (%) 75 (26.6) 31(36.5) 0.14 79 (41.8) 19 (32.8) 0.31
History of MI, n (%) 25(8.9) 10(11.8) 0.43 30 (15.9) 6(10.3) 0.30

COPD indicates chronic obstructive pulmonary disease. For atherosclerosis group, the numbers in parentheses indicate the number

of individuals in the atherosclerosis subgroup.

Coronary Artery Calcification

Coronary artery calcification was assessed with an Imatron C-150
scanner by the Agatston scoring method,*¢ as previously described.13
The present analysis uses the total CAC score.

Demographic and Cardiovascular Risk Factors

The present cohort consisted of 471 white and 143 black participants.
Two participants of mixed race were included as black. Age is from
the time of EBT scan, and cardiovascular risk factors were assessed
between 1992 and 1993. Blood pressures were measured according
to astandard protocol. Hypertension was defined as a seated average
systolic blood pressure >160 mm Hg or seated average diastolic
blood pressure >95 mm Hg or self-reported hypertension and use of
antihypertensive medication. Blood was collected and analyzed at
the 1992 to 1993 examination,*” with the exception of C-reactive
protein, which was run on stored baseline samples in 1997.18
Diabetes was defined as the use of insulin or oral hypoglycemics or
as a glucose level >126 mg/dL (7.0 mmol/L).1® Body mass index
was calculated from height and weight (in kilograms [weight] per
meter [height] sguared). Cigarette smoking was reported as ever
smoker versus never smoker, because there were few current
smokers. Smoking exposure was assessed as pack-years of use.
Chronic obstructive pulmonary disease was defined by self-report of
asthma, bronchitis, or emphysema.

Definitions of CVD

Prevalent clinical CVD was ascertained at the time of the scan by
using baseline and adjudicated events data. Baseline self-report data
were validated by medical records.2° Events occurring after baseline

were ascertained via phone contact or at the clinic examination every
6 months, validated by medical record review, and adjudicated by
committee.2r CVD included physician diagnosis of MI, treated
angina, coronary artery bypass surgery, percutaneous transluminal
coronary angioplasty, congestive heart failure, stroke or transient
ischemic attack, carotid surgery, peripheral vascular bypass surgery,
angioplasty, or intermittent claudication. Subclinica CVD was
assessed at the 1992 to 1993 examination and was defined as an
ankle-arm index <0.90, internal carotid or common carotid wall
thickness greater than the CHS population 80th percentile, carotid
stenosis >25%, major ECG abnormalities, or a positive Rose
questionnaire22 for angina or intermittent claudication in the absence
of aclinica diagnosis of prevaent clinically manifest CVD.4

Statistical Analysis

The CAC score was highly skewed and was not transformed to
normality by common transformations; therefore, analyses used
median CAC scores or the score in quartile cut points. Demographics
and CVD risk factors were described, and the relationships between
these characteristics and the CAC score were determined in race-sex
strata by using x? or Fisher exact tests for categorical variables and
Student t tests or nonparametric tests for continuous variables, with
a 2-sided P<<0.05 level used to assess statistical significance.
Spearman correlations were used to assess rel ationships between the
CAC score and other continuous variables. Stepwise ordinal logistic
regression was used to test sex-specific associations between CAC
score quartile and race, controlling for age at scan, clinical CVD, and
CVD risk factors. Analyses were performed by using the SAS
system (Statistical Analysis System, version 8.0 for Windows).
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Figure 1. Distribution of CAC scores by sex and race: the CHS,
Pittsburgh (n=614).

Results

CAC was assessed in 367 (282 white and 85 black) women
and 247 (189 white and 58 black) men. Although the
prevalence of clinical CVD and prior Ml was similar in
blacks and whites, cardiovascular risk factors varied in
sex-stratified analysis (Table 1). Hypertension and diabetes
were more prevalent among blacks than whites, but all risk
factors did not follow this pattern. Fibrinogen and C-reactive
protein were significantly higher among blacks than whites
and highest among black women.

Median CAC scores were lower in blacks than in whites
(134 in black women versus 233 in white women, P=0.020;
159 in black men versus 787 white men, P<<0.0001; Figure 1)
and were increased by age, but in each age group, the score
in blacks was lower than the score in whites (Figure 2). CAC
scores were aso higher in those with CVD, but again, they
were lower in blacks than in whites at all levels (Figure 3).

The distributions of CVD risk factors across CAC score
quartile in each race and sex group are presented in Tables 2
and 3. Hypertension was significantly associated with a
higher CAC score among white men only (P=0.039). Dia-
betes was not significantly associated with the CAC score in
any group. Lipid levels and markers of thrombosis and
inflammation were not significantly different across score
quartiles, with 3 exceptions. Triglyceride levelsfor black men
varied across CAC score quartile but with no apparent trend
(P=0.052). Among white women, median pack-years of

Black Men White Men

Black White
Women Women

Figure 2. Median CAC scores by sex, race, and age: the CHS,
Pittsburgh (n=614).

VD Status Prior
to EBT Scan:

” Clinical CVD
Subclinical CVD

No CVD
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Figure 3. Median CAC scores by sex, race, and CVD status: the
CHS, Pittsburgh (n=614).

smoking increased across CAC quartiles (P=0.01), and
C-reactive protein levels were higher in the top 3 quartiles of
the CAC score than in the first quartile (P=0.002). Spearman
correlations showed pack-years of smoking to be signifi-
cantly correlated with CAC score among black men (r=0.37,
P=0.006), white men (r=0.19, P=0.010), and white women
(r=0.15, P=0.015) but not among black women (r=0.10,
P=0.39). Fibrinogen was not significantly correlated with the
CAC score (r=0.20 and P=0.14 for black men and r=0.18
and P=0.10 for black women compared with r=0.04 and
P=0.58 for white men and r=—0.006 and P=0.92 for white
women). C-reactive protein was significantly correlated with
the CAC score only among women (r=0.23 and P=0.037
among black women and r=0.14 and P=0.017 for white
women).

By use of the CAC score quartiles in logistic regression,
age, male sex, presence of clinica CVD, pack-years of
smoking, and triglyceride levels were found to be indepen-
dently associated with a higher CAC score, but a significant
interaction between race and sex was found. Therefore,
models using sex-specific CAC score quartiles were devel-
oped to test these relationships within sex (Table 4). Com-
pared with their white male or female counterparts, blacks
had significantly lower odds of having a CAC score in a
higher quartile after adjustment for age and clinica CVD,
athough the magnitude of the association was greater for
men than for women. After further adjustment for CVD risk
factors, black race remained associated with a lower CAC
quartile in men, with an odds ratio of 0.20 (95% CI 0.11 to
0.38, P<<0.0001). In the fina model for men, independent
predictors of a higher score were white race, the presence of
clinical CVD, higher total cholesterol, and smoking history.
The protective odds ratio for black race in women remained
similar in magnitude but lost statistical significance with
adjustment for risk factors, and in the final model, indepen-
dent predictors of a higher CAC score quartile anong women
were age, clinical CVD, pack-years of smoking, triglycerides,
and C-reactive protein. To determine whether there could be
residual confounding due to the slightly younger age range of
the blacks in the present study, we then restricted the analysis
set so that 110 blacks and 454 whites were of the same age
distribution (75 to 91 years, mean 80 years). The odds ratios
and significance for a protective effect of black race did not
change. We also modeled the effect of race and CVD risk
factors by using overall CAC score quartiles in those without
clinica CVD and then in those with neither clinical nor
subclinical CVD and found similar results (sex, age, choles-
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TABLE 2. CVD Risk Factors for Men by Race and CAC Score Quartile: the CHS

CAC <57,
N=45 (18%)

CAC 57-<333,
N=43 (17%)

333-<918, CAC =918,
N=68 (28%) N=91 (37%)

Hypertension, n (%)

Blacks
Yes 10 (45.5) 4(18.2) 6 (27.3) 2(9.1)
No 16 (44.4) 5(13.9) 9(25.0) 6(16.7)
Whites
Yes 3(5.7) 7(13.2) 14 (26.4) 29 (54.7)
No 16 (11.9) 26 (19.4) 39 (29.1) 53 (39.6)
Diabetes, n (%)
Blacks
Yes 6 (42.9) 4(28.6) 2(14.3) 2(14.3)
No 20 (45.5) 13 (29.6)
Whites
Yes 3(5.7) 7(13.2) 14 (26.4) 29 (54.7)
No 16 (11.9) 26 (19.4) 39 (29.1) 53 (39.6
Median pack-years (ever smokers)
Blacks (37) 7.3 33.6 18.5 15.0
Whites (111) 19.0 36.5 21.0 315
Total cholesterol (mean=SD),
mg/dL
Blacks 178.4+35.9 204.1+16.8  184.1+27.8 189.0+47.0
Whites 180.4+24.3 181.3+32.3  188.3+32.2 190.5+34.5
HDL (mean=SD), mg/dL
Blacks 48.7+11.9 48.3+9.1 46.9+7.6 58.3+12.1
Whites 47.8+9.5 46.9+9.3 44.9+9.4 451+95
LDL (mean=SD), mg/dL
Blacks 105.6+32.4 121.6+27.7 117.1x24.2 106.6+41.8
Whites 108.9+22.6 110.7+29.0 116.2+27.7 118.4+32.8
Median triglycerides, mg/dL
Blacks 825 113.0 75.0 76.5
Whites 114.0 102.0 131.0 117.0
Median C-reactive protein, mg/dL
Blacks 1.48 2.93 2.60 2.05
Whites 1.47 1.33 1.175 1.49
Median fibrinogen, mg/dL
Blacks 307.5 346.0 331.0 333.0
Whites 287.0 293.0 304.0 3035

There were 247 (58 black and 189 white) men in the study. For median pack-years, the numbers
in parentheses indicate the number of individuals in the subgroup of smokers.

terol, and pack-years of smoking as independent predictors of
a higher score; data not shown).

Last, the relationship between history of MI and CAC was
examined in men and women by race. Seventy-one partici-
pants had a history of MI, and blacks had lower scores than
whites among this group (median CAC score of 256 in black
women, 684 in white women, 1029 in black men, and 1596 in
white men). We did not have adequate power to determine
whether the relationship between race with CAC score in
those with a history of MI was independent of age and CVD
risk factors.

Discussion
Older black men and women in the present study had lower
CAC scores than did older white men and women. These

differences were more pronounced in men and were
counter to the higher baseline prevalence of hypertension
and diabetes in these older blacks. The present findings are
in accord with those of Doherty et a2 and extend their
findings to women and to those in late life. To our
knowledge, thisisthe largest study to date describing CAC
in older black men and women. However, in younger
cohorts, there appears to be less of a difference in the
extent of CAC observed between blacks and whites.10.11
This raises the possibility that older blacks are less likely
to survive with a similar extent of CAC than are older
whites. Another possibility isthat there may be differences
related to race in the calcification process of atheroscle-
rotic lesions.
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TABLE 3. CVD Risk Factors for Women by Race and CAC Score Quartile: the CHS

CAC <57,
N=110 (30%)

CAC 57-<333,
N=111 (30%)

333-<918,
N=85 (23%)

CAC =918,
N=61 (17%)

Hypertension, n (%)

Blacks
Yes 17 (35.4) 15(31.3) 12 (25.0) 4(8.3)
No 17 (45.6) 10 (27.0) 5(13.5) 5(13.5)
Whites
Yes 18 (26.9) 15 (22.4) 19 (28.4) 15 (22.4)
No 57 (27.3) 69 (33.0) 47 (22.5) 36 (
Diabetes, n (%)
Blacks
Yes 6 (30.0) 7 (35.0) 4(20.0) 3(15.0)
No 27 (42.2) 18 (28.1) 13 (20.3) 6(9.4)
Whites
Yes 3(16.8) 8 (42.1) 4(21.1) (21.1)
No 72 (28.1) 76 (29.7) 62 (24.2) 46 (18.0)
Median pack-years (ever smokers)
Blacks (43) 23.8 24.8 13.6 37.0
Whites (158) 15.0 25.0 29.5 29.6
Total cholesterol (mean=SD), mg/dL
Blacks 203.4+37.0 206.3+40.4 206.2+34.6 2141255
Whites 211.2+30.4 206.7+26.7 212.1%+30.2 219.8+38.8
HDL (mean=SD), mg/dL
Blacks 58.5+14.4 55.8+10.0 55.8+9.8 53.2+12.5
Whites 58.8+15.2 57.0+14.2 58.8+16.2 54.3+16.9
LDL (mean=*SD), mg/dL
Blacks 117.3+36.4 120.5+39.0 122.1+30.1 118.9+27.3
Whites 126.4+31.2 122.2+26.6 125.9+29.5 131.6+35.3
Median triglycerides, mg/dL
Blacks 101.0 102.0 113.0 154.0
Whites 117.0 121.0 117.5 149.5
Median C-reactive protein, mg/dL
Blacks 1.985 2.53 2.58 6.97
Whites 1.34 2.06 2.315 1.89
Median fibrinogen, mg/dL
Blacks 331.0 324.0 371.0 381.0
Whites 310.0 321.0 316.0 298.0

There were 367 (85 black and 282 white) women in the study. For median pack-years, the numbers in parentheses
indicate the number of individuals in the subgroup of smokers.

These results are consistent with angiographic studies of
older populations with clinical CAD. In these studies, blacks
are typically more likely to have no obstructive (>70%)
stenoses and are less likely to have involvement of either the
left main coronary artery or al 3 major epicardial vessels.s It
is significant that the present data represent a community-
based population not selected on the basis of symptoms or
medical care, because there are considerable data demonstrat-
ing substantial differencesin the use of coronary angiography
among blacks and whites.23 These differences may have led
to the observed differences in disease previously reported.
Our data may be less susceptible to this bias.

On the other hand, these studies seem at odds with the
findings of the Pathobiological Determinants of Atheroscle-
rosis in Youth (PDAY) study.24 In that study of individuals

aged 15 to 34 years who died because of external causes and
who underwent autopsy, blacks were more likely than whites
to have fatty streaks and as likely to have raised lesions,
controlling for age, sex, and CAD risk factors. It is not clear
whether there are differences in the progression of disease
among older individuals or whether the selection process
leading to death at a young age and subsequent autopsy
differs among blacks and whites and leads to a spurious
reversal of the pattern seen in the present study. Poorer
survival of older black men could have resulted in apparently
lower scores in the survivors. Cohort and time trends in
exposures between the young and old are also potential
explanations.

These data also raise the possibility that blacks may
experience MI at lower CAC scores than whites, in that,
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TABLE 4. Additive Logistic Regression Modeling the OR for Blacks vs Whites of Having a CAC Score in a Higher Sex-Specific

Quartile: the CHS, Pittsburgh

Risk of OR Adjusted OR Adjusted for Age, OR Adjusted for Age, Clinical CVD, and
Higher CAC OR Adjusted for for Age and Clinical CVD, and Traditional Traditional CVD Risk Factors, with New
Quartile* Age at Scan Clinical CVDt CVD Risk Factorst Risk Factors CRP and Fibrinogen§
Men
Black vs white 0.22 0.25 0.24 0.20 0.19
95% Cl 0.13-0.39 0.14-0.44 0.14-0.43 0.11-0.38 0.10-0.35
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Women
Black vs white 0.55 0.67 0.62 0.73 0.71
95% Cl 0.35-0.85 0.43-1.05 0.40-0.98 0.45-1.17 0.44-1.14
P 0.007 0.08 0.042 0.19 0.17

OR indicates odds ratio; CRP, C-reactive protein. There were 614 individuals in the study.
*Sex-specific quartile cut points are as follows: for men, 166, 625, 1433, and =1433; for women, 30, 202, 660, and =661.

tOR adjusted for age and prevalence of clinical CVD.

FForward stepwise adjustment for systolic and diastolic blood pressures (individually), body mass index, diabetes, total cholesterol, HDL, LDL, triglycerides, ever

smoking, and pack-years of smoking.

§Forward stepwise adjustment for systolic and diastolic blood pressures (individually), body mass index, diabetes, total cholesterol, HDL, LDL, triglycerides, ever

smoking, pack-years of smoking, CRP, and fibrinogen.

cross-sectionally, blacks with a history of MI had lower
scores than did whites. In the Doherty study,’2 athough
blacks were less likely to have calcium present, they had
higher rates of MI or new-onset angina than did whites but
not higher rates of CHD death or revascularization, and black
race was independently predictive of the combined outcome.
We observed racia differences in the prevalence of severa
CVD risk factors that should be examined as possible
contributing factors to the risk of acute thrombosis, indepen-
dent of the extent of CAC. For example, blacks in the present
study had higher levels of fibrinogen and C-reactive protein
than did whites. In a histopathologic study of carotid plaque,
hyperfibrinogenemia was shown to be associated with plaque
rupture, thrombosis, a thinner plague cap, and infiltration by
macrophages (in other words, plague that is less stable).2s

Cdlcification of coronary plaque has been postulated to
contribute to the stability of the atherosclerotic lesion.26
Conversely, it is possible that the process of intimal calcifi-
cation might play a role in destabilizing the lesion.27.28
Available pathological data suggest that the correlation be-
tween CAC and the anatomic extent of coronary artery
arteriosclerosis is strong?® and that it likely predicts events,
inasmuch as those with more calcium have more total lesions
(unstable as well as stable), but we know of no study that
specifically evaluates whether this correlation differs by race
or sex. Two well-described mechanisms for arterial thrombo-
sis (plague rupture and plague erosion) have been associated
with lower calcium content in histopathologic studies,® but
these mechanisms have not been reported to differ by race.
Clearly, more work is required to examine racia differences
in the pathology and epidemiology of plaque biology. Racial
characteristics may differentially influence responses to en-
dothelial stressors as well as repair mechanisms, such as
thrombosis and calcification. Such research may have impor-
tant implications for therapeutic approaches to vascular dis-
ease based on race, not unlike current therapeutic approaches
to hypertension.

Although they are less subject to the bias of hospital-based
and referral studies, these findings must be interpreted with

some caution because the CHS cohort, although community-
based, was not strictly a random sample of older blacks and
whites because of the exclusions for serious illness and
refusals. However, because al participants were recruited
through Medicare regardless of insurance, these data may
provide better evidence regarding the extent of disease than
hospital-based studies, which are likely to be more biased
because of insurance and access issues. Furthermore, we did
not have adequate power in the present analysis to fully
determine the associations between risk factors and CAC
within the black race group or even whether risk factors differ
between blacks and whites within sex groups. Larger studies
are under way to more carefully examine these issues.
Finaly, it must be acknowledged that the designation of race
by self-report represents a heterogeneous range of ethnicity
and socioeconomic status. The associations with race may
well be due to exposures for which race is a surrogate.
Nevertheless, further exploration of differences might lead to
the identification of new approaches to address racial dispar-
itiesin CVD outcomes.
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