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Background—Coronary calcium has recently emerged as a marker of subclinical coronary heart disease. Although there
has been much interest in race differences in calcification, heterogeneity within race or ethnic groups has not been
investigated.

Methods and Results—Data from the Multi-Ethnic Study of Atherosclerosis (MESA), a population-based study of
coronary calcification, were used to investigate acculturation and socioeconomic position as predictors of coronary
calcification within 2553 non-Hispanic whites, 1734 non-Hispanic blacks, 1457 Hispanics, and 797 Chinese residing in
the United States. Coronary calcium was assessed by chest CT. Relative risk regression and linear regression were used
to estimate adjusted associations of sociodemographic variables with the presence and amount of calcium. Not being
born in the United States was associated with a lower prevalence of calcification in blacks (relative prevalence [RP],
0.75; 95% confidence limit [CL], 0.61 to 0.94) and Hispanics (RP, 0.89; 95% CL, 0.81 to 0.98) after adjustment for age,
sex, income, and education. Years in the United States was positively associated with prevalence of calcification in
non–US-born Chinese (adjusted RP per 10 years in United States, 1.06; 95% CL, 1.01 to 1.11) and non–US-born blacks
(RP, 1.59; 95% CL, 1.22 to 2.06). Low education was associated with a higher prevalence of calcification in whites
(adjusted RP for no high school versus complete college, 1.17; 95% CL, 1.05 to 1.32) but with lower prevalence of
calcification in Hispanics (RP, 0.91; 95% CL, 0.77 to 1.09) (P for interaction�0.02). US birth and time in the United
States were also positively associated with the extent of calcification in persons with detectable calcium. These
differences did not appear to be accounted for by smoking, body mass index, LDL and HDL cholesterol, hypertension,
and diabetes.

Conclusions—Acculturation and socioeconomic factors are associated with differences in the prevalence and amount of
coronary calcification within whites, Chinese, blacks, and Hispanics. The presence of this heterogeneity needs to be
acknowledged in the quantification and investigation of race/ethnic differences. (Circulation. 2005;112:1557-1565.)
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The presence and amount of coronary calcium have
recently emerged as markers of subclinical coronary

heart disease. Coronary calcification appears to be a strong
predictor of future coronary events.1–4 Information on socio-
demographic predictors of coronary calcification remains
scarce. Recently, a growing number of reports have focused
on race and ethnic differences in the presence of coronary
calcification. Most5–9 but not all10–12 of these studies have
found a lower prevalence of coronary calcification in US
blacks compared with US whites. Hispanics also appear to
have lower levels of coronary calcium than non-Hispanic
whites.9,13–15 The reasons for these differences remain
unclear.

Heterogeneity within race or ethnic groups has been
investigated less frequently than differences between race/
ethnic groups. The presence of within-group heterogeneity
would suggest that simple race/ethnic comparisons that treat
each race/ethnic group as homogeneous may be misleading,
and explanations for race/ethnic differences that fail to
account for this variability could be incomplete. More gen-
erally, identifying factors associated with differences in
calcification within race/ethnic groups may shed light on the
processes leading to coronary calcification in all persons.
These factors may also contribute to between race/ethnic
group differences through their main effects or in interaction
with genetic background.
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In this report, we use data from a large, population-based,
multiethnic study to investigate factors related to place of
birth, migration history, and socioeconomic position as pre-
dictors of coronary calcification within whites, blacks, His-
panics, and Chinese residing in the United States. We
hypothesized that greater acculturation would be associated
with higher prevalence of coronary calcification and higher
calcium scores within race/ethnic groups. On the basis of
prior work,16 we also hypothesized that low socioeconomic
position would be associated with greater calcification in
whites but that the strength and direction of association of
socioeconomic position with calcification would differ in
other race/ethnic groups, especially groups composed of
recent immigrants.

Methods
The Multi-Ethnic Study of Atherosclerosis17 (MESA) is a 10-year
longitudinal study supported by the National Heart, Lung, and Blood
Institute with the goals of identifying risk factors for subclinical
atherosclerosis, for quantitative progression of subclinical athero-
sclerosis, and for transition from subclinical disease to clinically
apparent events. The MESA cohort includes 6814 men and women
45 to 84 years at baseline recruited from 6 field centers: Baltimore,
Md; Chicago, Ill; Forsyth County, North Carolina; Los Angeles,
Calif; New York, NY; and St Paul, Minn. Approximately 40% of the
cohort is white, 30% is black, 20% is Hispanic, and 10% is Chinese.
At each site, a probability sample of �1000 (range, 1066 to 1319)
participants was selected through a variety of population-based
approaches, including lists of area residents (all sites), HCFA lists of
area residents (for participants �65 of age in all sites), area residents
enrolled in a union health plan (in New York City), and random digit
dialing (New York City and Los Angeles). Only persons free of
clinical cardiovascular disease at baseline were eligible. Non-
Hispanic white participants were recruited at all 6 study sites;
non-Hispanic black participants were recruited at all sites except St
Paul; Hispanic participants were recruited in New York, Los Ange-
les, and St Paul; and Asian participants were recruited in Los
Angeles and Chicago. Each of the 6 field centers recruited approx-
imately equal numbers of men and women. To augment recruitment
of elderly minority groups, toward the end of the recruitment period,
participants were asked to refer elderly persons to the study. The
final sample included 27% who were 45 to 54 years of age, 28% who
were 55 to 64 years of age, 30% who were 65 to 74 years of age, and
16% who were �75 years of age. The baseline visit for the cohort
(on which these analyses are based) took place between July 2000
and September 2002.

Coronary calcium was assessed by chest CT using either a
cardiac-gated electron-beam CT scanner18 (Chicago, Los Angeles,
and New York field centers) or a multidetector CT system19

(Baltimore, Forsyth County, and St Paul field centers).20 All partic-
ipants were scanned twice over phantoms of known physical calcium
concentration. Scans were read centrally at the Los Angeles Bio-
medical Research Institute at Harbor–UCLA in Torrance (Calif) to
identify and quantify coronary calcification, calibrated according to
the readings of the calcium phantom. A cardiologist read all CT
scans at a central reading center. Scans were read blindly with
respect to scan pairs and to other participant data using a computer
interactive scoring system similar to that described by Yaghoubi et
al.21 The average Agatston score22 for the 2 scans was used in all
analyses. The presence of calcification was defined as an average
Agatston score of �0 (or �0 on either scan).

Questionnaires administered as part of the baseline visit in
English, Spanish, or Chinese were used to obtain information on
sociodemographic indicators. Race and ethnicity were characterized
on the basis of participants’ responses to the ethnicity and race
questions modeled on the year 2000 US Census. All participants who
reported their ethnicity as Hispanic were classified as Hispanic in
these analyses. All others were classified into 3 groups (white, black,

and Chinese) on the basis of their responses to the race question.
Place of birth, time in the United States (for those not born in the
United States), and language spoken at home were used as proxy
measures of acculturation. Income and education were used as
indicators of socioeconomic position. Participants were asked to
select their total gross family income from a list of 13 categories: less
than $5000; $5000 to $7999; $8000 to $11 999; $12 000 to $15 999;
$16 000 to $19 999; $20 000 to $24 999; $25 000 to $29 999;
$30 000 to $34 999; $35 000 to $39 999; $40 000 to $49 999;
$50 000 to $74 999; $75 000 to $99 999; and $100 000 or more.
They also selected the highest level of schooling completed from a
list of 8 categories: no schooling; grades 1 to 8; grades 9 to 11;
completed high school or GED; some college but no degree;
technical school certificate; associate degree; bachelor’s degree; and
graduate of professional school. The categories of region of resi-
dence, place of birth, income, and education used in these analyses
are shown in Table 1. Income and education were collapsed into a
smaller number of categories for some analyses.

Information on cardiovascular risk factors (smoking history, body
mass index [BMI], LDL and HDL cholesterol, hypertension,23 and
diabetes24) was also collected as part of the baseline examination.
Height and weight were measured with participants wearing light
clothing and no shoes. BMI was calculated as weight in kilograms
divided by height in meters squared. Resting blood pressure was
measured 3 times with participants in the seated position with a
Dinamap model Pro 1000 automated oscillometric sphygmomanom-
eter (Critikon). The average of the last 2 measurements was used in
the analysis. Hypertension was defined as systolic blood pressure
�140 mm Hg, diastolic blood pressure �90 mm Hg, or current use
of antihypertensive medication. HDL cholesterol and glucose levels
were measured from blood samples obtained after a 12-hour fast.
LDL was calculated with the Friedewald equation.25 Diabetes was
defined as fasting glucose �6.99 mmol/L (126 mg/dL) or use of
hypoglycemic medication. Quality assurance and quality control
procedures were implemented for all aspects of data collection.

When the outcome is common, odds ratios estimated from
cross-sectional data will substantially overestimate prevalence ratios.
The presence of coronary calcification is a common outcome in our
sample. We therefore used relative risk regression to directly
estimate prevalence ratios of the presence of coronary calcification
associated with the exposures of interest. Although relative risk
regression was first proposed in the context of cohort studies with
common outcomes,26 the method is also applicable to the estimation
of relative prevalences (RPs) in cross-sectional studies. RPs can be
derived from binomial regression models fitted with Proc Genmod in
SAS.26,27 Because the use of a binomial error resulted in frequent
convergence problems, a Gaussian error was used, and robust
standard errors were obtained through the use of an approach similar
to that proposed by Zou.28 Analyses of the amount of calcium among
persons with calcium modeled the (ln) Agatston score as a function
of covariates using linear regression. Exponentiated coefficients
derived from these models can be interpreted as relative differences
in the amount of calcium associated with the variable of interest. For
example, a relative difference of 1.5 represents a 50% increase in the
Agatston score. All probability values reported correspond to
2-tailed tests. Of the 6814 MESA participants at baseline, 273 were
excluded because they had incomplete information on the key
variables of interest (place of birth, income, or education), leaving a
total of 6541 participants available for analysis. Agatston scores
were slightly higher in excluded than in included participants.
Excluded participants also were more likely to be black, but because
of the small number of exclusions (only 4%), the race/ethnic
distribution and coronary calcium levels of the analysis sample were
very similar to those of the full cohort. The study was approved by
Institutional Review boards at each site, and all subjects gave written
informed consent.

Results
Table 1 shows sociodemographic characteristics and preva-
lence of coronary calcification in MESA participants. Chi-
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TABLE 1. Sociodemographic Characteristics and Coronary Calcium Levels by Sex and Race/Ethnicity:
MESA 2000–2002*

Whites
(n�2553)

Chinese
(n�797)

Blacks
(n�1734)

Hispanics
(n�1457)

Median age, y 62.4 62.3 61.6 61.3

Male, % 48.0 48.8 44.1 48.6

Place of residence, %

South 41.8 0 52.8 0.1

Northeast 8.7 0.3 21.4 33.7

Midwest 44.5 37.8 17.0 30.5

West 5.0 62.0 8.8 35.7

Place of birth, %

United States 93.3 3.6 90.7 31.5

Other country† 6.7 96.4 9.3 68.5

Generations in the United States, %†

0 6.7 96.4 9.3 68.5

1 17.3 3.4 2.0 14.8

2 24.1 0.3 1.3 4.7

3 47.5 0 81.2 2.5

Other 4.5 0.1 6.1 9.5

Language spoken at home, %

English 97.2 6.3 97.7 29.6

Spanish 0.2 0 0.1 53.5

Chinese 0 78.2 0 0

English and Spanish 0.3 0 0.7 16.0

English and Chinese 0 6.3 0.1 0

Other or unknown 2.3 9.9 1.5 0.9

Income, %

�$12 000 4.0 22.2 11.0 20.4

$12 000–$24 999 12.1 27.4 19.6 29.1

$25 000–$34 999 9.8 12.7 13.8 18.5

$35 000–$49 999 17.0 9.3 18.3 14.3

$50 000–$74 999 20.6 11.5 19.7 10.5

$75 000–$99 999 12.2 6.9 9.2 4.9

�$100 000 24.3 10.0 8.3 2.4

Education. %

Grade 8 or less 1.5 16.7 3.6 32.7

Grades 9–11 3.3 8.0 7.7 11.5

Complete high school/GED 16.5 16.2 18.7 20.3

Technical school, associate degree, some college 28.4 20.0 35.2 25.4

Bachelors degree 22.4 22.8 17.9 5.6

Graduate or professional school 27.8 16.3 16.9 4.5

Percent with any coronary calcification, %

Men 70.1 59.1 51.2 56.6

Women 44.5 41.9 35.5 34.9

Percent with Agatston score �400

Men 20.1 8.0 11.2 12.6

Women 6.9 4.9 5.0 3.9

Median (25th–75th percentile) calcium score in persons with calcium

Men 159 (33–460) 85 (23–233) 80 (23–302) 92 (25–349)

Women 67 (18–235) 53 (18–153) 53 (17–177) 44 (14–150)

*For race/ethnic differences, P�0.0001 for all variables except age (P�0.002), percent male (P�0.03), percent with calcium �400 in women
(P�0.02), and Agatston score in women with calcium (P�0.17).

†Generation 0 means participant was not born in the United States; first generation, 1 or both parents were not born in the United States; second
generation, both parents were born in the United States but �2 grandparents were not born in the United States; and third generation, both parents
were born in the United States and �3 grandparents were born in the United States. The “other” category includes participants who could not be
classified in the previous categories.
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nese and Hispanics were less likely than whites and blacks to
have been born in the United States. Among persons not born
in the United States, the median time lived in the United
States was longest for whites and shortest for Chinese
(median, 41 years in whites [n�132], 18 years in Chinese
[n�717], 28 years in blacks [n�126], and 31 years in
Hispanics [n�885] [data not shown in the table]). Nearly half
of the whites and 81% of the blacks were third generation in
the United States. In contrast, virtually all Chinese and most
(83%) of the Hispanics were either first generation in the
United States or immigrants. Virtually all whites and blacks
spoke English at home, but most Chinese (78%) spoke
Chinese at home, and �50% of Hispanics spoke Spanish at
home. Whites were generally of higher income and education
than the other 3 groups. The prevalence of coronary calcifi-
cation and the amount of calcium in persons with calcifica-
tion were higher in whites than in the 3 other ethnic groups,
but these race/ethnic differences were more pronounced in
men than in women.

Chinese and Hispanics not born in the United States were
generally of lower income and education than the those born

in the United States (Table 2). Mean BMI was significantly
higher in US-born Chinese and Hispanics than in their
non–US-born counterparts. Similar, albeit smaller, differ-
ences in BMI were observed by place of birth in whites and
blacks. US-born Hispanics had significantly lower LDL
cholesterol than non–US-born Hispanics. US-born blacks
were significantly more likely to smoke than non–US-born
blacks. US-born Hispanics were more likely to have diabetes
than non–US-born Hispanics. No other consistent differences
in cardiovascular risk factors by place of birth were observed.
Language and place of birth were strongly associated: 88.7%
of non–US-born Hispanics spoke Spanish at home (versus
27.9% for US-born Hispanics) and 86.6% of non–US-born
Chinese spoke Chinese at home (versus 27.6% for US-born
Chinese) (not shown in the table).

Table 3 shows multivariable-adjusted RPs of calcification
by place of birth, education, and income. After adjustment for
socioeconomic indicators, non-US birth was significantly
associated with a reduced probability of calcification in
blacks and Hispanics. The probability of having calcification
was 25% lower in non–US-born compared with US-born

TABLE 2. Sociodemographic Characteristics and Cardiovascular Risk Factors* in US- and Non–US-Born Participants by
Race/Ethnicity: MESA 2000–2002

Whites Chinese Blacks Hispanic

US-Born
(n�2383)

Non–US-Born
(n�170)

US-Born
(n�29)

Non–US-Born
(n�768)

US-Born
(n�1572)

Non–US-Born
(n�162)

US-Born
(n�459)

Non–US-Born
(n�998)

Male, % 48.4 42.9 58.6 48.4 43.9 46.3 52.7 46.7

P† 0.2 0.3 0.6 0.03

Mean age, y 62.4 63.6 61.5 62.3 62.0 58.2 61.7 61.1

P† 0.1 0.7 0.0001 0.3

Income, %

�$20 000 10.8 11.2 3.5 43.1 21.6 23.5 25.5 45.7

$20 000–$49 999 32.1 31.2 34.5 29.7 41.0 40.1 45.8 41.6

�$50 000 57.0 57.7 62.1 27.2 37.3 36.4 28.8 12.7

P† 0.9 �0.0001 0.8 �0.0001

Education, %

No high school diploma 4.7 6.5 3.5 25.5 11.1 13.0 20.4 55.4

Complete high school 45.5 37.1 31.0 36.3 53.3 59.9 67.8 35.6

Complete college 49.8 56.5 65.5 38.2 35.6 27.2 12.2 9.0

P† 0.08 0.004 0.1 �0.0001

Mean HDL cholesterol, mg/dL 52.3 53.5 53.6 49.4 52.0 53.3 48.0 47.9

P† 0.3 0.07 0.3 0.9

Mean LDL cholesterol, mg/dL 116.9 119.5 107.0 115.4 116.3 118.2 116.9 120.9

P† 0.3 0.1 0.5 0.03

Mean BMI, kg/m2 27.8 27.2 25.8 23.9 30.2 29.4 30.6 28.8

P† 0.2 0.003 0.1 0.0001

Percent smokers 10.8 14.0 4.0 3.9 18.1 4.8 11.9 10.3

P† 0.2 0.9 0.0001 0.3

Percent diabetic 6.3 7.6 9.8 14.3 19.1 20.4 22.0 17.8

P† 0.5 0.5 0.7 0.06

Percent hypertensive 36.5 29.6 34.1 35.0 58.8 51.3 41.3 41.4

P† 0.08 0.9 0.08 0.9

*Means and proportions for cardiovascular risk factors are adjusted to the mean age (62 years) and sex distribution (53% female) of the full sample.
†Probability value for difference between US- and non–US-born individuals.
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blacks and 11% lower in non–US-born Hispanics compared
with US-born Hispanics. Non-US birth was also associated
with lower probability of calcification in Chinese, but the
confidence interval was wide because of the small sample
size in this group. Low education was independently and
significantly associated with increased probability of calcifi-
cation in whites: The probability of having calcification was
17% higher in persons with incomplete high school compared
with those with complete college. In contrast, low education
appeared to be associated with lower probability of calcifi-
cation among Hispanics (RP, 0.91; 95% confidence limit
[CL], 0.77 to 1.09; P�0.3; P�0.02 for difference in educa-
tion association in Hispanics versus whites). Income appeared
to be inversely associated with calcification in blacks: Blacks
in the lowest income categories had a 12% higher probability
of calcification than those in the highest category (RP, 1.12;
95% CL, 0.97 to 1.29; P�0.1; P�0.06 for difference in
income association in blacks versus whites). Adjustment for
study site did not modify these patterns.

Years in the United States was positively associated with
the prevalence of calcification in all groups except Hispanics.
In non–US-born Chinese, each 10 years lived in the United
States was significantly associated with a 6% increase in the

probability of calcification (RP per 10 years in the United
States, 1.06; 95% CL, 1.01 to 1.11). An especially strong
association was observed in blacks (RP, 1.59; 95% CL, 1.22
to 2.06). A positive but not statistically significant association
was also observed in whites. Examination of country of birth
among the non–US-born showed that the prevalence of
having coronary calcification was reduced in both African-
born and in Caribbean- or Central America–born blacks
compared with US-born blacks. The reduction was especially
pronounced in the African-born group (multivariate-adjusted
RP, 0.44; 95% CL, 0.21 to 0.95). The probability of having
calcification was similarly reduced for Hispanics born in
Mexico, Central America, the Caribbean (including Puerto
Rico), or South America.

Associations of acculturation and socioeconomic variables
with coronary calcification after adjustment for smoking,
LDL and HDL cholesterol, hypertension, diabetes, and BMI
are shown in Table 4. Comparison of point estimates in
Tables 3 and 4 shows that associations between place of birth
and years in the Unites States and calcification were very
similar before and after adjustment. The association of low
education with lower probability of calcification was not
modified by risk factor adjustment. In contrast, in whites, the

TABLE 3. RPs of Coronary Calcification by Sociodemographic Characteristics and Race/Ethnicity:
MESA 2000–2002*

RP (95% CI)

Whites Chinese Blacks Hispanics

Place of birth†

Country other than United States 1.01 (0.90–1.12) 0.92 (0.68–1.25) 0.75 (0.61–0.94) 0.89 (0.81–0.98)

United States 1.0 1.0 1.0 1.0

Education†

No high school diploma 1.17 (1.05–1.32) 0.98 (0.83–1.16) 0.98 (0.84–1.14) 0.91 (0.77–1.09)

Complete high school 1.10 (1.03–1.17) 1.02 (0.88–1.18) 1.00 (0.89–1.11) 0.99 (0.85–1.17)

Complete college or graduate school 1.0 1.0 1.0 1.0

Income†

�$20 000 1.02 (0.93–1.12) 1.01 (0.84–1.22) 1.12 (0.97–1.29) 1.08 (0.92–1.26)

$20 000–$49 999 1.02 (0.96–1.09) 1.03 (0.86–1.23) 1.00 (0.89–1.13) 1.01 (0.87–1.17)

�$50 000 1.00 1.0 1.0 1.0

Years in United States among non–US-born†

Each 10 y in United States 1.09 (0.97–1.21) 1.06 (1.01–1.11) 1.59 (1.22–2.06) 1.00 (0.96–1.04)

Sample size, n 133 717 126 885

Region of birth

Africa � � � � � � 0.44 (0.21–0.95) � � �

Caribbean/Central America � � � � � � 0.83 (0.66–1.04) 0.87 (0.77–0.99)

Mexico � � � � � � � � � 0.93 (0.83–1.07)

South America � � � � � � � � � 0.87 (0.73–1.03)

United States � � � � � � 1.00 1.00

*RPs for place of birth, education, and income are adjusted for sex, age (continuous), and each other. There was no statistically
significant (P�0.05) heterogeneity by sex in the effects of place of birth, income, or education in any race group. Age-by-sex
interactions were statistically significant and retained in all models. RPs for years in the United States and for region of birth are each
adjusted for sex, age (continuous), education (3 categories), and income (3 categories).

†For effect modification by race/ethnicity (comparing association in each group to the association observed in whites) for non-US
birth: P�0.4 for Chinese, P�0.009 for blacks, P�0.004 for Hispanics; for no high school diploma, P�0.2 for Chinese, P�0.6 for
blacks, P�0.02 for Hispanics; for income �$20 000, P�0.5 for Chinese, P�0.06 for blacks, P�0.6 for Hispanics; and for years in
the United States, P�0.6 for Chinese, P�0.009 for blacks, P�0.7 for Hispanics.
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increased probability of calcification associated with low
education was reduced by �50% after risk factor adjustment
(from an RP of 1.17 to 1.08). A similar reduction was
observed for the association between low income and calci-
fication in blacks (from an RP of 1.12 to 1.07).

Non-US birth and time in the United States were also
associated with the amount of calcification in persons with
detectable calcium. Among Hispanics, non-US birth was
associated with having �30% less calcium (relative differ-
ence, 0.71; 95% CL, 0.53 to 0.94), and each 10 years in the
US was associated with 18% more calcium (relative differ-
ence, 1.18; 95% CL, 1.05 to 1.33) (Table 5). Non-US birth
was also associated with less calcium in whites, Chinese, and
blacks; years in the United States was positively associated
with the amount of calcium in Chinese and blacks, but
confidence intervals were wide (Table 5). Low education was
associated with more calcium in blacks and with less calcium
in Hispanics, and low income was associated with more
calcium in whites and blacks; however, confidence intervals
of these associations were very wide. Point estimates for
relative differences in amount of calcium were not substan-
tially modified by risk factor adjustment (not shown).

Discussion
As reported elsewhere,9 the prevalence of calcification in
MESA participants was higher in white non-Hispanics than in
the other 3 groups studied. However, our analyses show that
there is also important variation within race/ethnic groups.

Not being born in the US was associated with lower preva-
lence of calcification and less calcium in blacks and Hispan-
ics. Years in the United States was positively associated with
the presence of calcium or with the amount of calcium in
Chinese, blacks, and Hispanics. These differences did not
appear to be accounted for by smoking, BMI, LDL and HDL
cholesterol, hypertension, and diabetes.

There is a long tradition of research on the potential effects
of acculturation on cardiovascular risk. A series of studies of
Japanese migrants to the United States carried out �25 years
ago showed that greater incorporation into Western culture
(acculturation) was related to higher levels of cholesterol,
greater prevalence of coronary heart disease, and higher
incidence and mortality resulting from coronary heart dis-
ease.29–32 Recent work on ethnic minorities residing in the
United States has also found that acculturation (as assessed
by place of birth, duration of residence in the US, language,
and ethnic self-identification) is associated with higher prev-
alence of cardiovascular risk factors or greater prevalence of
coronary heart disease in South Asians,33 Chinese,34 and
Hispanics,35–40 although findings have not always been
consistent.41

To the best of our knowledge, no studies have examined
associations between indicators of acculturation and mea-
sures of subclinical disease. Our results are consistent with
lower prevalence of subclinical disease in less acculturated
members of minority groups. Associations between accultur-
ation and greater prevalence of calcification were present

TABLE 4. RPs of Coronary Calcification by Sociodemographic Characteristics and Race/Ethnicity Adjusted
for Cardiovascular Risk Factors: MESA 2000–2002*

RP (95% CI)

Whites Chinese Blacks Hispanics

Place of birth†

Country other than the United States 0.99 (0.89–1.10) 0.96 (0.70–1.32) 0.82 (0.66–1.01) 0.91 (0.82–1.00)

United States 1.0 1.0 1.0 1.0

Education†

No high school diploma 1.08 (0.96–1.22) 0.97 (0.82–1.15) 0.96 (0.83–1.12) 0.91 (0.77–1.08)

Completed college or graduate school 1.0 1.0 1.0 1.0

Income†

�$20 000 0.97 (0.89–1.07) 1.01 (0.85–1.22) 1.07 (0.93–1.24) 1.03 (0.88–1.20)

�$50 000 1.00 1.0 1.0 1.0

Years in United States among non–US-born†

Each 10 y in United States 1.11 (0.98–1.25) 1.05 (1.00–1.11) 1.56 (1.22–2.00) 1.00 (0.96–1.04)

Region of birth

Africa � � � � � � 0.42 (0.18–0.96) � � �

Caribbean/Central America � � � � � � 0.91 (0.73–1.14) 0.90 (0.79–1.02)

Mexico � � � � � � � � � 0.97 (0.84–1.11)

South America � � � � � � � � � 0.86 (0.72–1.03)

United States � � � � � � 1.00 1.00

* Models are identical to those reported in Table 3 with the addition of current and former smoking, LDL and HDL cholesterol, BMI,
hypertension, and diabetes as defined in the Methods section. Intermediate categories of income and education are not shown.

†For effect modification by race/ethnicity (comparing association in each group to the association observed in whites), for non-US
birth: P�0.6 for Chinese, P�0.04 for blacks, P�0.1 for Hispanics; for no high school diploma, P�0.4 for Chinese, P�0.9 for blacks,
P�0.08 for Hispanics; for income �$20 000, P�0.8 for Chinese, P�0.04 for blacks, P�0.5 for Hispanics; and for years in the United
States, P�0.7 for Chinese, P�0.005 for blacks, P�0.3 for Hispanics.
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despite the fact that more acculturated members of each
ethnic group often had higher incomes than less acculturated
ones. Particularly intriguing is the substantially lower preva-
lence of calcification in African-born blacks and the strong,
positive association between years in the United States and
coronary calcium in non–US-born blacks. However, these
results are based on a small number of non–US-born blacks
and need to be confirmed in other studies.

A standard set of cardiovascular risks factors did not
appear to account for the patterns we observed. Although it is
tempting to conclude that other factors must therefore be
involved, our ability to investigate the mediating role of these
factors is limited by the fact that we had measures only at 1
point in time, rather late in adulthood, which may not reflect
the lifetime history of exposures likely to be relevant to the
development of atherosclerosis.

We also found differences in the prevalence of coronary
calcium by socioeconomic indicators within race/ethnic
groups. The socioeconomic patterning of clinical coronary
heart disease in non-Hispanic whites and non-Hispanic blacks
is well-established,42–45 but socioeconomic differences in
subclinical indicators of coronary atherosclerosis such as
coronary calcium have been investigated less frequently. A
small study of 149 men and women 30 to 40 years of age
living in London found that being in the manual social class

and having left full-time education before 19 years of age
were associated with increased odds of having coronary
calcification.46 Education was also inversely associated with
having coronary calcium in the top quintile of the sample of
308 postmenopausal women living in the United States.47

Consistent with these reports, we found that low education
was associated with greater prevalence of calcification in
whites. In contrast, low education appeared to be associated
with lower prevalence of calcification and with less calcium
in Hispanics, even after accounting for place of birth. Adjust-
ment for a standard set of contemporaneously measured risk
factors reduced some but not all of these associations,
suggesting that factors earlier in life or other unmeasured
factors may partly contribute to these differences. Other
studies have also found that socioeconomic indicators are not
always similarly associated with cardiovascular risk across
different race/ethnic groups.16,48 Further investigation of the
processes generating the opposite association of education
with coronary calcium in whites and Hispanics may shed
light on the origin of coronary calcification generally.

A limitation of our study in investigating socioeconomic
differences in subclinical disease is that socioeconomic fac-
tors were measured only once in middle or late adulthood.
Adult measures are only limited proxies for socioeconomic
trajectories over the life course that are clearly more relevant

TABLE 5. Relative Differences in the Amount of Coronary Calcification by Sociodemographic
Characteristics Among Persons With Detectable Calcification: MESA 2000–2002*

Relative Difference (95% CI)

Whites Chinese Blacks Hispanics

Place of birth†

Country other than United States 0.77 (0.54–1.09) 0.87 (0.38–2.02) 0.63 (0.37–1.07) 0.71 (0.53–0.94)

United States 1.0 1.0 1.0 1.0

Education†

No high school diploma 1.06 (0.72–1.57) 0.70 (0.45–1.09) 1.53 (0.99–2.36) 0.79 (0.49–1.29)

Complete high school 1.07 (0.88–1.30) 0.70 (0.47–1.03) 1.00 (0.75–1.34) 0.98 (0.62–1.55)

Complete college or graduate school 1.0 1.0 1.0 1.0

Income†

�$20 000 1.28 (0.95–1.74) 1.08 (0.67–1.75) 1.26 (0.86–1.83) 0.85 (0.55–1.31)

$20 000–$49 999 0.98 (0.80–1.21) 0.99 (0.63–1.57) 1.18 (0.86–1.61) 0.95 (0.63–1.41)

�$50 000 1.00 1.0 1.0 1.0

Years in United States among non–US-born†

Each 10 y in United States 0.84 (0.62–1.16) 1.05 (0.92–1.21) 1.58 (0.90–2.76) 1.18 (1.05–1.33)

Region of birth

Africa � � � � � � 0.23 (0.06–0.82) � � �

Caribbean/Central America � � � � � � 0.74 (0.40–1.35) 0.87 (0.77–0.99)

Mexico � � � � � � � � � 0.93 (0.82–1.07)

South America � � � � � � � � � 0.87 (0.72–1.03)

United States � � � � � � 1.00 1.00

*Relative differences for place of birth, education, and income are adjusted for sex, age (continuous), and each other. Relative
differences for years in the United States and for region of birth are each adjusted for sex, age (continuous), education (3 categories),
and income (3 categories).

†For effect modification by race/ethnicity (comparing association in each group to the association observed in whites), for non-US
birth: P�0.9 for Chinese, P�0.5 for blacks, P�0.3 for Hispanics; for no high school diploma, P�0.2 for Chinese, P�0.9 for blacks,
P�0.02 for Hispanics; for income �$20 000, P�0.2 for Chinese, P�0.9 for blacks, P�0.02 for Hispanics; for years in the United
States, P�0.8 for Chinese, P�0.07 for blacks, P�0.5 for Hispanics.
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to the development of a chronic disease like atherosclerosis
than a single measure late in life. Moreover, the exclusion of
persons with a prior history of cardiovascular disease (which
may be associated with calcification and is known to be
strongly associated with socioeconomic factors)43 is likely to
have resulted in underestimates of socioeconomic differences
in the prevalence and amount of calcium.

The within-ethnic group differences associated with accul-
turation and socioeconomic factors were substantial and
comparable to the magnitude of differences between race/
ethnic groups. For example, from estimated adjusted preva-
lence ratios and the overall prevalence of calcification in each
gender and race/ethnic group, the estimated absolute differ-
ence in the adjusted prevalence of calcification between
non–US-born and US-born persons is equivalent to �12.8
percentage points in black men and 8.9 percentage points in
black women compared with an overall difference of 18.9
percentage points between white and black men overall and
9.0 percentage points between white and black women
overall. The estimated absolute differences between persons
with no high school diploma and persons with complete
college was �11.9 percentage points in white men and 7.6
percentage points in white women. Several associations
observed for income, education, and place of birth were
comparable, for example, to the effects of diabetes and
hypertension observed in the fully adjusted models reported
in Table 3 (RP for diabetics versus non diabetics, 1.11 in
whites, 1.10 in Chinese, 1.09 in blacks, and 1.08 in Hispanics;
RP for hypertensives versus nonhypertensives, 1.08 in whites,
1.23 in Chinese, 1.17 in blacks, and 1.23 in Hispanics).

A clear strength of our study is the population-based,
multiethnic sample. Although the sample size for the different
race/ethnic groups may be large compared with other studies,
stratification within race/ethnic groups sometimes resulted in
small groups and wide confidence intervals for some esti-
mates and limited our power to detect some associations. The
factors we investigated are only a small subset of a complex
set of factors involved in the causal processes leading to
coronary atherosclerosis and calcification. For example, so-
cioeconomic factors clearly do not explain why white men
have significantly higher prevalence of calcium than men of
other ethnic groups.

We documented substantial heterogeneity in coronary cal-
cification associated with acculturation and socioeconomic
indicators within race/ethnic groups. The reasons for these
differences, which did not appear to be accounted for by a set
of standard cardiovascular risk factors, require additional
analyses. More generally, however, our results highlight the
complexity of understanding the reasons for differences in
coronary calcification between what are often internally
heterogeneous race/ethnic groups. Overall, between race/
ethnic group differences are likely to involve complex inter-
actions between social and biological processes and perhaps
even countervailing influences of genetic and social factors.
The presence of this heterogeneity needs to be acknowledged
in the quantification and investigation of race/ethnic
differences.
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