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Abstract
Purpose—To examine whether the relationship between cardiovascular disease risk factors and
coronary artery calcification (CAC) is modified by race among those with diabetes.

Methods—Data were pooled data from three studies (Multi-Ethnic Study of Atherosclerosis,
Family Heart Study, Diabetes Heart Study) for a total of 835 blacks and 1122 whites with
diabetes. CAC was quantified by cardiac computed tomography and risk factors were obtained
using standard methods. Regression models examined the relationship between risk factors and
presence and quantity of CAC.

Results—The average age of the cohort was 60 years; 57% were women. Presence of CAC was
lower in blacks compared to whites (odds ratio = 0.22 for men, 0.57 for women, p<0.01). HbA1c,
duration of diabetes, LDL, smoking, and BMI were independently associated with presence of
CAC; HDL, triglycerides and CRP were not. Race did not modify these associations. Adjustment
for multiple risk factors did not explain the race disparity in CAC.

Conclusions—CAC was reduced in blacks compared to whites in persons with diabetes. This
effect was most pronounced in men. The relationship between risk factors and CAC did not differ
between races. Racial differences in CAC are likely due to unmeasured risk factors and/or genetic
susceptibility.
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Coronary artery calcification (CAC) is less prevalent in blacks than whites (1–4), although
this finding is not universal (5,6). The underlying cause(s) of racial differences in CAC are
not understood. Differences in the frequency of cardiovascular disease (CVD) risk factors or
the strength of their relationship with CAC may play a role. These relationships have not
been fully examined in persons with type 2 diabetes, in whom atherosclerosis is accelerated.

We previously reported different risk factor relationships between blacks and whites for
LDL, HbA1c, and sex, with CAC (7). In each case, the strength of the association was
greater in whites than in blacks. The present report extends these findings to a larger sample
of blacks by pooling three cohorts that include large numbers of blacks in which
measurement of CAC was obtained similarly. The cohorts include the Multi-Ethnic Study of
Atherosclerosis (MESA), the Family Heart Study (FHS), and the Diabetes Heart Study
(DHS). We hypothesize that risk factors for atherosclerosis among adults with diabetes are
at least as frequent in blacks as in whites, but their relationship with CAC is weaker.

Methods
Data were pooled from three cohorts in which CAC was quantified by cardiac computed
tomography (CT). Persons with diabetes who were free of clinical CVD were selected for
this analysis (835 blacks and 1122 whites). Cross-sectional associations between CVD risk
factors and CAC were analyzed and compared between blacks and whites.

Multi-Ethnic Study of Atherosclerosis (MESA)
MESA was initiated to investigate the prevalence, correlates, and progression of subclinical
CVD (8). The cohort of 6814 persons aged 45–84 years was recruited in 2000–2002 from
six urban sites using population-based methods with oversampling of blacks, Chinese and
Hispanics. Recruitment was restricted to persons free of clinical CVD. The cohort includes
participants with both previously diagnosed and newly diagnosed diabetes. All data for this
report were collected at the baseline examination with the exception of HbA1c, collected at
Exam 2. MESA contributed data for 332 blacks and 158 whites.

Family Heart Study (FHS)
FHS recruited and examined 5381 participants from 1245 families in four sites in 1994–
1996 to identify and evaluate genetic and non-genetic determinants of coronary heart disease
(CHD) (9). Half of the families were chosen at random and the other half on the basis of a
higher than expected risk of CHD. In 2002–2004, a substudy of 3359 FHS participants aged
30–93 years was conducted in order to obtain cardiac CT scans for the measurement of CAC
(10). For this CAC substudy, a fifth site was added in Birmingham, AL, in order to recruit
blacks, who were inadequately represented in the original FHS. This site recruited
individuals from the HyperGEN study of hypertensive sibships (11). The cohort includes
participants with both previously diagnosed and newly diagnosed diabetes. For this analysis,
we excluded persons with clinical CVD defined as myocardial infarction, stroke, and
coronary artery bypass graft. FHS contributed data for 120 blacks and 209 whites.

Diabetes Heart Study (DHS)
The Diabetes Heart Study (DHS) is a family study of the genetics and epidemiology of CVD
in 1125 siblings concordant for diabetes, conducted at a single site in Forsyth County, NC
(7). Participants aged 30–86 years with a history of diabetes were recruited from the
community and outpatient clinics and examined in 1999–2005. A companion study (the
African American DHS) was initiated in 2007 and is recruiting 500 additional unrelated
blacks to conduct admixture mapping for CAC (12). Participants with clinical CVD defined
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as myocardial infarction, stroke, and coronary artery bypass graft were excluded. The DHS
studies contributed data for 383 blacks and 755 whites.

Variables
We selected only those variables that were obtained using similar techniques. CAC was
measured in each study by non-contrast cardiac CT with ECG gating in late diastole based
on a previously published protocol (13). Data are presented as Agatston score using 130 CT
number threshold. Diabetes was defined either by fasting glucose of at least 7.0 mmol/l (126
mg/dl), self-reported previous physician diagnosis, or use of diabetes medication. The data
set is comprised largely of persons with type 2 diabetes, although it likely that there are a
small number of persons with type 1 diabetes included. Race and ethnicity were obtained by
self-report. Risk factors were obtained using standard methods and include duration of and
treatment for diabetes, HbA1c (not available in FHS), LDL, HDL, triglycerides, BMI, CRP,
smoking status and pack-years, hypertension, and use of lipid-lowering medications.

Statistical Analysis
CAC was analyzed as both a binary variable (presence vs absence) and a continuous
variable (quantity). For the continuous variable, the natural log of CAC + 1 was analyzed.
To account for the correlations among the observations (FHS and DHS include related
individuals), tests of significance were based on generalized estimating equations (GEE1)
assuming exchangeable correlation and using the robust estimator of the variance. We used
the identity link for quantity of CAC and the logit link for the presence of CAC. To test
whether a putative risk factor was related to quantity of CAC, a GEE1 linear model was
computed separately for each risk factor. Age, study, race, sex, and race-by-sex interaction
(race X sex) were included in all models. The models also included an interaction term
between the risk factor and race, to test whether the risk factor’s influence on CAC differed
by race. To test whether a putative risk factor was related to presence of CAC, a GEE1
model using the logit link was computed separately for each risk factor following the steps
outlined above for the linear model. Model 1 minimally adjusted for age, study, race, sex,
and race X sex. A full model (Model 2) was fit by including all factors in Model 1 plus all
risk factors.

Results
The average age of the pooled cohort was 60 years, 57% were women, and 43% were black
(Table 1). Several CVD risk factors (LDL, CRP, smoking, BMI) and markers of diabetes
severity (diabetes duration, HbA1c) were greater (or more frequent) in blacks than in whites,
or did not differ between blacks and whites. Whites were more likely to be taking lipid
lowering medications (p<0.0001). There were other instances in which risk factors favored
blacks: blacks had lower triglycerides and higher HDL than whites (p<0.0001), less pack-
years (p<0.01), and a lower prevalence of hypertension (p<0.0001). Prevalence of CAC,
adjusted for age and study, was lower in blacks than in whites for both women and men
(Table 2). Quantity of CAC was lower in black men than in white men, but did not differ
between black and white women.

In order to develop a base model to test the risk factor − race interactions, we tested whether
there were race interactions with the demographic variables (age, sex and study) separately
for the linear and logistic models of CAC. In models including only age, study, race, and
sex, we observed a significant race X sex interaction for both the logistic and linear models
(p≤0.001). Race is a stronger risk factor for presence and quantity of CAC in men than in
women. Odds of CAC presence in black men relative to white men are 0.22 (95% CI: 0.13,
0.37) and in black women relative to white women are 0.57 (95% CI: 0.40, 0.84) (Figure 1).
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Odds of CAC presence are consistently reduced in black men relative to white men in all
three studies. Among women, a race X study interaction was observed (p=0.046), with odds
of CAC presence in black women relative to white women ranging from 0.46 in MESA to
0.72 in FHS. A race X study interaction was not observed for quantity of CAC; quantity of
CAC was significantly reduced in blacks relative to whites in all three studies (0.0001 < p <
0.05). No race X age interactions were observed.

We next evaluated whether there were race X risk factor interactions, adjusting for age, sex,
study, race, and race X sex. No race X risk factor interaction (other than sex) reached
statistical significance (p<0.05) in either the linear or logistic models (Supplemental Tables).
Thus, we present effect sizes of risk factors on CAC for the combined cohort of blacks and
whites (Tables 3 and 4). Age, study, HbA1c, diabetes duration, LDL, pack-years, current
smoking, hypertension, and BMI were significantly associated with presence of CAC (Table
3, Model 1). These factors were all independently associated with presence of CAC in the
fully adjusted model with the exception of hypertension (Model 2). HDL, triglycerides and
CRP were not associated with presence of CAC. Adjustment for multiple risk factors had
only minimal impact on the strong race effect.

Age, study, HbA1c, diabetes duration, pack-years, current smoking, and hypertension were
significantly associated with quantity of CAC (Table 4). LDL and BMI were not associated
with quantity of CAC as they were for presence of CAC. All of these factors remained
associated with quantity of CAC in the fully adjusted model (Model 2) with the exception of
HbA1c. Similar to the model fit for presence of CAC, HDL, triglycerides and CRP were not
associated with quantity of CAC. Again, adjustment for multiple risk factors had only
minimal impact on the strong race effect.

Discussion
To our knowledge, this is the largest cohort of blacks and whites with diabetes and a
measure of CAC in whom racial differences in prevalence of (and risk factors for) CAC can
be examined. We hypothesized that there would be a lower prevalence and quantity of CAC
in blacks compared to whites, and that risk factors for atherosclerosis would be at least as
frequent in blacks as whites, but their relationship with CAC would be weaker. Our study
sample is unique in that we focused exclusively on persons with diabetes, individuals in
whom atherosclerosis is accelerated. We confirmed the observation of a lower prevalence
and quantity of CAC in blacks compared to whites, initially observed by others in non-
diabetic cohorts (1,2,4), and in persons with diabetes in MESA (14). The differential was
more pronounced in men than in women. The CVD risk profile, however, did not favor one
racial group over the other, in contrast to our hypothesis that blacks would have a more
deleterious (or similar) risk profile. Several risk factors for atherosclerosis and markers of
diabetes severity were similar between blacks and whites, or greater (more frequent) in
blacks. In contrast, blacks were less likely to be hypertensive, had lower triglycerides, higher
HDL, and less pack-years than whites. Finally, apart from the observation that sex modified
the association between race and CAC, we observed no instances of race modifying the
association between risk factors or markers of diabetes severity and CAC. Conventional
CVD risk factors did not explain the reduced presence and quantity of CAC in blacks
compared to whites. This differential in CAC is likely to be accounted for by the presence of
additional unmeasured risk factors and/or genetic susceptibility (15,16).

The reduced burden of calcified atherosclerotic plaque in blacks relative to whites, observed
in several previous non-diabetic cohorts, was confirmed in this cohort with type 2 diabetes.
Thus, despite the higher than usual atherosclerotic risk conferred by diabetes, the race
differential in CAC persists. This is an important observation, as CAC is a strong marker of
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increased risk of clinical cardiovascular events and mortality (17–19), even among persons
with diabetes (20,21). Furthermore, CAC appears to carry a similar prognostic value for
incident coronary heart disease in blacks as in whites (17), although at nearly every level of
CAC blacks have a considerably greater mortality risk than other race/ethnic groups (18).
Thus, even though blacks have a reduced burden of CAC, they may not realize a reduced
burden of overall disease or mortality.

We, like others, have observed a stronger race differential in CAC in men than in women.
We detected a significant race X sex interaction for both presence and quantity of CAC. In
men and women, blacks had a significantly reduced prevalence of calcified plaque relative
to whites. Burden (quantity) of CAC did not differ significantly between black and white
women, although there was a trend toward lower burden in black women. In a cohort of
16,560 men and women referred for CVD risk evaluation, black women had significantly
higher odds of vascular calcification relative to non-black women, while black men had
significantly lower odds (4). It is possible that referral biases explain this unusual finding. In
a cohort of older adults, the reduced CAC score in blacks compared to whites persisted in
men but not women with adjustment for risk factors (22). In a study comprised entirely of
women, CAC scores did not differ between blacks and whites (23). It is not clear why the
racial difference in CAC burden is more pronounced in men than in women. Possible
explanations are differential participation by men and women in these studies (involving
criteria related to CAC risk), as well as effects of sex hormones and hormone replacement
therapy on CAC (24).

This is the largest report to examine whether risk factors for CAC in a cohort of persons
with diabetes differs by race. We conducted this pooled analysis of three cohorts to more
robustly and powerfully test our hypotheses relative to our original report (7). Based on this
larger sample, we conclude that the associations between CVD risk factors and CAC do not
differ by race, with the exception of sex. Only one other study has contrasted risk factor
relationships for vascular calcium across racial groups. Age, smoking, hypertension, and
diabetes were consistently associated with CAC in blacks and whites, while the relationships
between BMI, LDL, and HDL were weaker in blacks (5). Limitations included the lack of
formal statistical testing for interactions and an analysis that was restricted to presence/
absence of CAC. We have previously identified albuminuria as a factor that interacts with
race in its association with CAC (12). In that report focused on the DHS cohort alone,
vascular calcium was associated with increased albumin-creatinine ratio in whites but not
blacks (p=0.01 for race interaction). Nonetheless, adjustment for this factor did not eliminate
the racial difference in vascular calcium. (We did not include albuminuria in this pooled
analysis because we were focusing only on risk factors common to the three studies).

In this report, we observed that poor control of diabetes, as reflected in an increased HbA1c,
and a longer duration of diabetes, were associated with increased prevalence and quantity of
CAC. An increase of 1% in HbA1c increased the odds of CAC by 12% (p<0.0001), an effect
that persisted in the fully adjusted model. Reaven and colleagues (25) reported on 309
veterans with diabetes and suboptimal glycemic control (HbA1c > 7.5%): advanced duration
of disease but not HbA1c was associated with presence of CAC. Elkeles and colleagues (26)
reported on 495 patients attending hospital diabetes clinics and free of CHD – the same
findings were observed, i.e. association with duration of diabetes but not HbA1c. Our study
provides new evidence that poorer control of diabetes as indicated by a higher HbA1c, in
addition to advanced duration of disease, are independent correlates of CAC.

Additional risk factors associated with CAC in this study are consistent with findings
observed in non-diabetic cohorts, including age, LDL, smoking, and hypertension (27). We
did not observe an association between CRP and CAC. The literature linking CRP to CAC is
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mixed (28,29). It may be more difficult to observe an association in our cohort as advanced
levels of inflammation in diabetes may obscure a relationship of CRP with outcomes (30).

We pooled three epidemiologic cohorts in order to obtain a large sample of blacks with type
2 diabetes. Perhaps not surprisingly, the prevalence and quantity of CAC differed across
these cohorts, with MESA having the lowest burden of disease and DHS having the greatest.
The recruitment strategies differed considerably even though we attempted to create a
homogeneous cohort by excluding persons with evidence of clinical CVD. MESA was
population-based, excluded persons with known CVD, and was not focused on the
recruitment of persons with diabetes. DHS recruited from outpatient clinics and community
advertising, and was focused on families affected with type 2 diabetes. FHS over-sampled
persons with increased family risk of CHD or hypertension. Nevertheless, we confirmed that
the race differential in the prevalence and quantity of CAC persisted in all three of the
sample cohorts, albeit with a non-significant effect on presence of CAC in the smaller FHS
cohort. This consistency suggests that regardless of extent of disease, the race differential in
CAC is present.

Our report does not resolve the question of why the burden of CAC is lower in blacks than
whites. Arterial calcification appears to be the only subclinical marker of atherosclerosis
with a lower burden in blacks. This lower burden is observed consistently across all vascular
beds (31). In contrast, blacks are more likely to have peripheral arterial disease as indicated
by a reduced ankle-brachial index (32), and more extensive carotid atherosclerosis of the
common carotid artery as measured by ultrasonography (33;34). Together, these findings
suggest that a lower burden of arterial calcification in blacks is not due to their lower overall
burden of atherosclerosis, nor to a preference for lesions to occur in a specific vascular bed,
but to possible ethnic differences in the pathophysiology of the lesion (i.e., calcification).

The nature of the atherosclerotic lesion and overall composition of the arterial wall may
differ in ways which alter the propensity to calcify, such as the relative proportions of
inflammation to connective tissue content. Blacks are known to have a higher incidence of
hypertension, which is associated with increased collagen and connective tissue
accumulation in the artery (35), which in turn would decrease ankle-brachial index and
increase carotid artery intimal-medial thickness. At the same wall thickness, greater
connective tissue content would likely indicate a relatively lower burden of inflammation in
the artery, and reductions in the inflammation/connective tissue ratio, which could reduce
the likelihood of calcification.

Ethnic differences in calcium and vitamin D metabolism are also being explored in relation
to vascular calcification. Blacks have higher levels of bone mineral density than whites (36),
which is consistent with the “calcification paradox” (i.e., bone mineral density varies
inversely with arterial calcification) (37). Blacks also have lower circulating concentrations
of vitamin D than whites. Recently we observed that serum vitamin D levels were positively
associated with calcified plaques in blacks (38), whereas vitamin D has been inversely
associated with vascular calcification in previous studies in largely white populations. These
ethnic differences have led us and others to pursue calcium and vitamin D metabolism as
possible factors underlying ethnic differences in the propensity to develop calcified
atherosclerotic plaque.

Finally, CAC may have a considerable genetic component. A recent report in 1417 MESA
participants in whom individual ancestry was estimated from 199 ancestry informative
markers provides provocative data on the genetic basis of subclinical CVD (15). A one
standard deviation increase in European ancestry was associated with 8% greater odds of
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CAC in blacks (p=0.01). These findings provide strong support for admixture mapping of
CAC in blacks, a project that is underway in our samples.

In conclusion, we confirm a reduced burden of calcified atherosclerotic plaque in the
coronary arteries of blacks compared to whites. Our report extends this observation to
persons with type 2 diabetes, a growing segment of the world population and a group for
whom the risk of atherosclerosis is accelerated. Risk factors associated with CAC in this
cohort included increased duration of diabetes, HbA1c, LDL, hypertension, BMI and
smoking; the relationship between these risk factor and CAC did not differ between blacks
and whites. Furthermore, adjustment for these and other factors does not eliminate the racial
disparity in CAC. Continued efforts to understand the racial disparity in the burden of CAC
must focus on novel risk factors and include genetic susceptibility.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Abbreviations

BMI body mass index

CAC coronary artery calcification

CRP C-reactive protein

CT computed tomography

CVD cardiovascular disease

DHS Diabetes Heart Study

FHS Family Heart Study

GEE1 generalized estimating equations

HbA1c hemoglobin A1c

HDL high-density lipoprotein

LDL low-density lipoprotein

MESA Multi-Ethnic Study of Atherosclerosis
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Figure 1.
Odds and 95% confidence limits of Coronary Artery Calcified Plaque Presence for Blacks
Relative to Whites with Diabetes, Overall and by Study, (Black Females Referenced to
White Females, Black Males Referenced to White Males). OR=odds ratio; LCL=lower
confidence limit; UCL=upper confidence limit
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Table 1

Characteristics of the Combined Cohort of Persons with Diabetes Adjusted for Age and Study, Mean (standard
error) or Percent, and p-value for Black vs White

Women Men

Black (N=495) White (N=618) Black (N=340) White (N=504)

Age (yrs) 59 (0.5) (<0.0001) 62 (0.4) 60 (0.6) (0.02) 62 (0.4)

Study, N (%)

  DHS 244 (49) 441 (71) 139 (41) 314 (62)

  MESA 169 (34) 63 (10) 163 (48) 95 (19)

  FHS 82 (17) (<0.0001) 114 (18) 38 (11) (<0.0001) 95 (19)

Duration of diabetes (yrs) 8.6 (0.4) (0.002) 6.9 (0.4) 8.3 (0.5) (0.01) 7.0 (0.4)

HbA1c (%) * 7.9 (0.1) (0.0003) 7.4 (0.1) 7.9 (0.1) (<0.0001) 7.2 (0.1)

Currently treated for diabetes (%) 85 (<0.0001) 86 79 (<0.0001) 82

LDL (mg/dL) 112.8 (1.6) (0.06) 108.3 (1.5) 106.6 (2.1) (0.03) 101.2 (1.5)

HDL (mg/dL) 53.3 (0.7) (<0.0001) 47.5 (0.6) 44.8 (0.7) (<0.0001) 39.4 (0.5)

Triglycerides (mg/dL) 120.1 (5.3) (<0.0001) 203.7 (6.1) 123.6 (6.9) (<0.0001) 189.5 (7.7)

BMI (kg/m2) 35.1 (0.3) (0.0001) 33.3 (0.3) 31.1 (0.3) (0.41) 31.5 (0.3)

CRP (mg/L) 9.7 (0.8) (0.001) 6.4 (0.5) 5.7 (0.5) (0.0003) 3.7 (0.4)

Current smoking (%) 16 (<0.0001) 13 21 (0.004) 18

Past smoking (%) 29 (0.001) 28 47 (<0.0001) 52

Pack-years 7.8 (0.8) (0.005) 10.7 (1.0) 16.0 (1.2) (<0.0001) 25.2 (1.4)

Hypertension (%) 80 (<0.0001) 86 74 (<0.0001) 77

Lipid-lowering medication (%) 39 (<0.0001) 44 35 (<0.0001) 41

*
Sample size reduced: HbA1c not available for FHS.
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Table 2

Prevalence and Quantity of Coronary Artery Calcified Plaque in the Combined Cohort of Persons with
Diabetes, Adjusted for Age and Study, and p-value for Black vs White

Women Men

Black (N=492) White (N=595) Black (N=337) White (N=488)

Prevalence

Percent > 0 (p-value) 63 (<0.0001) 74 76 (<0.0001) 83

Quantity

Mean ± standard error (p-value) 172 ± 21 (0.16) 190 ± 25 288 ± 35 (<0.0001) 573 ± 47
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