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INTRODUCTION


This paper is a follow up to the paper “African Americans and Caucasians have a Similar Prevalence of Coronary Calcium in the Dallas Heart Study” by Tulika J, Peshock R, McGuire D, et al.  In that paper, it was shown that while African Americans (Blacks) have a higher mortality from coronary heart disease (CHD) and a higher prevalence of risk factors for coronary artery disease (CAD), than non-Hispanic Caucasians (Whites), it was not due greater atherosclerotic burden.


Atherosclerotic burden was defined using coronary calcium measured by electron-beam computer tomography (EBCT) in 1,289 men and women from a population-based probability sample from Dallas, Texas.  A score of >10 Agatston units was used to define a positive scan for coronary artery calcium (CAC+).  This binary scale for measurement of CAC came under question as the data is highly skewed with median CAC score in the sample of around 3 but the mean score is 117 and the maximum score is 7,443.  Nearly 68% of the subjects were classified as CAC- while 32% of the subjects were in the CAC+ group.


The Rumberger Scale has been for the past five years used to assign guidelines for patients based on EBCT calcium scores.  In this scale, a score <10 corresponds to minimal plaque burden, a score between 10-100 corresponds to mild atherosclerotic plaque burden, while a score between 100-400 corresponds to moderate atherosclerotic plaque burden, and a score over 400 corresponds to extensive atherosclerotic plaque burden.


Thus, we applied this scale to the sample of 1,289 black and white men and women from the previous paper as well as 187 Hispanic men and women who were not included in the previous paper.  We created four ordinal categories for the CAC score (CAC = 0,1,2,3 increasing in CAC level) based on the Rumberger scale and ran a similar analysis using the survey sample as well as a population analysis using the sampling survey weights.  


Our results show that the results of the previous paper do not change significantly in an ordinal analysis and thus that the binary categorization of CAC levels is sufficient.  Our results also show that Hispanics do not differ significantly in CAC prevalence or categorization when compared with Whites or Blacks, with the exception that fewer Hispanics have large CAC values (>400) than in the other two races.

METHODS

Study Population

The final sample included 528 Whites (242 women, 286 men), 761 Blacks (380 women and 381 men) and 187 Hispanics (83 women, 104 men)

EBCT Protocol and CAC Classification

CAC scores were expressed in Agatston units and the mean of two consecutive scans was used as the final CAC score.

Risk Factor Measures

Same as before

Statistical analysis

Coronary calcium scores were analyzed as a continuous, a binary (above/below 10 Agatston units), as well as ordinal (below 10 Agatston, between 10 and 100 Agatston, between 100 and 400 Agatston, and over 400 Agatston units) variables.  The four ordinal categories (designed at CAC = 0,1,2,3 respectively) were chosen as they are cutoff values for different risk groups based on the Rumberger scale of coronary calcium scores.  Logistic regression models were used to evaluate the association between CAC prevalence (as a binary dependent variable.)  Ordinal regression models were used to evaluate the association between an increase in level of CAC score (as an ordered 4-level variable).  The ordinal regression model we used was the proportional odds model.  In the proportional odds model, which is a direct generalization of the binary logistic regression model, the odds ratios between each pair of levels is assumed to be the same regardless of which two adjacent levels are chosen.  Thus, the odds ratio reported as output by software from this model for our four level ordinal regression is actually a weighted average of the three individual odds ratios as we increase from one level to the next.  The three individual odds ratios are assumed to be the same by the model and thus the odds ratio in this model is fairly robust. 

RESULTS

Characteristics of the Study Population

Baseline characteristics according to ethnicity and sex appear in Table 1.  The mean age distributions between Black and White women were similar, with Hispanic women slightly younger.  The age distributions in men were also similar.  Mean BMI was higher in Black and Hispanic women than in White women, but was similar in men in all three groups.  Mean systolic and diastolic blood pressures were significantly higher in Black verses White women, with Hispanic women having levels in between Blacks and Whites.  Mean systolic and diastolic blood pressure were significantly higher in Black verses White men, although Hispanic men had lower levels than both Blacks and Whites.  Compared with Black men, White men and Hispanic men had higher levels of cholesterol, triglyceride, and LDL-C and higher HDL-C.  White men and Hispanic men have similar levels in these categories, with the notable exception of triglyceride, where Hispanics had a higher mean.  In women, cholesterol and LDL-C levels were not significantly different between the three races.  Hispanic women had significantly lower HDL and higher triglyceride levels than Blacks or White women.  Black and Hispanic men had significantly higher glucose levels than White men while Hispanic women have significantly higher glucose levels than Black women, who in turn have significantly higher levels than White women.


Significant differences in the prevalence of CV risk factors in Blacks, Whites, and Hispanics are also noted.  Black and White women each have significantly higher smoking rates than Hispanic women while Black men have significantly higher smoking rates than the other two races.  Hypertension and elevated blood pressure at entry also saw significantly higher levels in Blacks than the other two races, for each gender.  Blacks and Hispanics have significantly higher levels of diabetes than Whites in each gender group.  Hispanic women also have significantly higher proportion of subjects with high plasma level of total cholesterol (>240 mg/dl), high triglyceride (>150), obesity (BMI>30), and low plasma levels of HDL-C (<50 mg/dl) than White women while Black women had significantly higher proportions than white women only in obesity, among these categories.  Hispanic men do not significantly differ from white men in any of these categories, although Black men have significantly higher proportions with HDL-C (<40) and triglycerides (>150) than White men.

Comparison of Coronary Calcium Prevalence Rates among Study Groups

CAC scores were highly positively skewed with median values (50th percentile) being dramatically lower than mean values in all groups (Table 2).  As shown before, in all ethnicity-sex groups, CAC scores increase with age and median CAC scores were higher in men than women for all three ethnic groups.  Men had higher mean CAC scores than women.  Again, for the binary measurement of CAC levels, no significant differences in CAC scores were observed between Blacks and Whites.  The prevalence of CAC+ in Black women was significantly higher than in White or Hispanic women when using the unweighted data (P<0.01) but no difference was found in the weighted data.  Again, this anomaly is due to the large standard errors and, hence, large p-values caused by weighting.  Regardless of the method used, CAC+ prevalence was at least at great in Black women than in White or Hispanic Women.  


In looking at the four level ordinal CAC measurements, again we see no significant differences in CAC scores between the three ethnic groups, except in the absence of Hispanics in the highest level of CAC (Level 3= CAC>400.)  Only 2 out of 187 Hispanic subjects (2 out of 104 males and none of the 83 females) have this highest level of CAC measurement and this is significantly different than in Whites or Blacks.  This appears to be the only significant gain of information from the four level ordinal group measurement when compared with the two level binary measurements.

Relation of Risk Factors to CAC Status

Odds ratios for positive CAC (for binary logistic regression) and odds ratios for an increase in one category level (for ordinal logistic regression), with each risk factor adjusted for age, sex, and ethnicity are presented in Table 3.  Due to an absence of data in the highest CAC level group as well, Hispanics were omitted from this analysis and thus this analysis is a direct comparison to Table 3 of the original paper.  The results of the two analyses were highly similar with few differences in terms of significant predictors.  Age, male sex, and current smoking were highly significant predictors of an increase in CAC level status.  Other significant predictors in both analyses included systolic and diastolic blood pressure, HDL-C, BMI, triglyceride, total cholesterol, and glucose.  All of these predictors were also significant in a weighted logistic and ordinal analysis with the exception of triglyceride and total cholesterol and glucose (which was significant in a weighted ordinal regression but not weighted logistic regression.)   Plasma levels of LDL were not significant in either unweighted analysis or in a weighted ordinal analysis.  No differences in odds ratios for an increase in CAC level were observed for Blacks and Whites after adjusting for age and sex in any analysis.  In a logistic analysis (not included in Table 3) where Hispanics were compared to Black and compared to Whites, there was no significant difference detected (P>0.10) in either case.


Table 4 summarizes continuous (age, lipids, BMI), and discrete (smoking, hypertension, and diabetes) risk factors by CAC level in each race separately as well as in all subjects together.  Results here are presented for unweighted data in a four category ordinal setting.  The most consistent risk factors, which were significant in all groups were age, hypertension, and diabetes.  Smoking was highly significant in all groups except Hispanics, but this is perhaps due to the small sample size for Hispanics in the higher levels of CAC.  Triglycerides were also significant in all groups except Hispanics, perhaps for the same reason.  Additional significant associates found in Whites but not in the other ethnic groups were for LDL-C, HDL-C, and BMI. HDL-C was also significant in the overall sample.


In general, weighting the data for the population of Dallas County had little effect on either the logistic or ordinal analyses in terms of significance of various numeric and binary predictors.

DISCUSSION:
The major finding of this new analysis is that little information was lost in the original paper by omitting Hispanics and by treated CAC as a binary variable.  Most of the results that were significant in the original analysis were again significant in the new analysis and results that were not significant remained that way.  This is true in both a weighted and unweighted setting.  The inclusion of Hispanics into the study only showed that fewer Hispanics had extremely high (>400) CAC levels than in the other two ethnic groups.  Only 2 out of 187 Hispanics were classified to this highest CAC group while 31 out of 528 Whites and 55 out of 761 blacks were classified to this highest level of CAC. This was true despite Hispanics having similar levels of most CV risk factors to at least one of the other two ethnic groups.
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[image: image1.wmf]Table 1: Clinical Characteristics of Black and White DHS participants (women>45 y and men >40 y)
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Black

 

White

 

Hispanic

 

P*

 

P**

 

Black

 

White

 

Hispanic

 

P*

 

P**

 

 

 

n=380

 

n=242

 

n=83

 

3 groups

 

B/W

 

n=381

 

n=286

 

n=104

 

3 groups

 

B/W

 

Continuous

 

 

 

 

 

 

 

 

 

 

 

 

Age

 

years

 

54+

-

5

 

54+

-

5

 

52+

-

5

 

0.02

 

0.78

 

51+

-

7

 

50+

-

6

 

49+

-

6

 

0.01

 

0.05

 

BMI 

 

kg/m^2

 

33+

-

7

 

30+

-

7

 

33+

-

6

 

<0.001

 

<0.001

 

28+

-

5

 

28+

-

4

 

29+

-

5

 

0.18

 

0.93

 

Systotic BP 

 

mmHG

 

136+

-

19

 

125+

-

16

 

130+

-

18

 

<0.001

 

<0.001

 

136+

-

19

 

129+

-

14

 

127+

-

15

 

<0.001

 

<0.001

 

Diastolic BP

 

mmHG

 

82+

-

9

 

77+

-

8

 

79+

-

8

 

<0.001

 

<0.001

 

81+

-

10

 

80+

-

9

 

77+

-

9

 

0.002

 

0.04

 

Total Chol.

 

mg/dL

 

193+

-

45

 

192+

-

35

 

198+

-

42

 

0.48

 

0.92

 

177+

-

41

 

188+

-

40

 

190+

-

46

 

0.001

 

<0.001

 

LDL Chol.

 

mg/dL

 

114+

-

40

 

109+

-

33

 

114+

-

37

 

0.34

 

0.12

 

105+

-

39

 

115+

-

36

 

113+

-

36

 

0.001

 

<0.001

 

HDL Chol

 

mg/dL

 

56+

-

16

 

58+

-

18

 

50+

-

12

 

0.001

 

0.11

 

49+

-

14

 

43+

-

10

 

43+

-

10

 

<0.001

 

<0.001

 

Triglycerides

 

mg/dL

 

114+

-

92

 

129+

-

75

 

178+

-

155

 

<0.001

 

0.09

 

128+

-

133

 

158+

-

128

 

177+

-

144

 

<0.001

 

<0.001

 

Glucose

 

mg/dL

 

112+

-

56

 

98+

-

31

 

123+

-

66

 

<0.001

 

<0.001

 

111+

-

53

 

100+

-

27

 

111+

-

40

 

0.003

 

<0.001

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ref White

 

ref White

 

 

 

 

ref White

 

ref White

 

Discrete

 

%

 

 

 

 

Black 

 

Hispanic

 

 

 

 

Black

 

Hispanic

 

Smoking

 

 

0.28

 

0.22

 

0.11

 

0.12

 

0.03

 

0.44

 

0.23

 

0.31

 

<0.001

 

0.12

 

Hypertension ***

 

0.66

 

0.34

 

0.37

 

<0.001

 

0.52

 

0.517

 

0.283

 

0.25

 

<0.001

 

0.52

 

BP 

 

>140/90

 

0.36

 

0.19

 

0.25

 

<0.001

 

0.02

 

0.391

 

0.161

 

0.13

 

<0.001

 

0.53

 

Diabetes

 

 

0.2

 

0.08

 

0.22

 

<0.001

 

0.002

 

0.16

 

0.07

 

0.2

 

0.001

 

<0.001

 

Cholesterol

 

>240

 

0.1

 

0.11

 

0.19

 

0.85

 

0.05

 

0.05

 

0.094

 

0.13

 

0.03

 

0.38

 

LDL

 

>160

 

0.11

 

0.08

 

0.11

 

0.3

 

0.48

 

0.081

 

0.094

 

0.08

 

0.55

 

0.59

 

HDL

 

<50F <40M

 

0.4

 

0.34

 

0.49

 

0.12

 

0.01

 

0.252

 

0.416

 

0.45

 

<0.001

 

0.53

 

Triglycerides

 

>150

 

0.19

 

0.3

 

0.48

 

0.001

 

0.004

 

0.241

 

0.385

 

0.44

 

<0.001

 

0.3

 

Obesity

 

>30 BMI

 

0.6

 

0.42

 

0.64

 

<0.001

 

0.001

 

0.362

 

0.336

 

0.42

 

0.48

 

0.11

 

 

 

 

 

 

 

 

 

 

 

 

 

T

-

Test (**) and Analysis of Variance (*) for continuous variables and Pairwise Chi

-

Squared tests for discrete variables

 

Hypertension (***)  defined as BP>140/90 at entry into study

 

 

 

 

 

 

 

BP, Blood Pressure; BMI, Body Mass Index

 

 

 

 

 

 

 

 

 

 


[image: image2.wmf]Table 2: CAC Scores and CAC Prevalence by ethnicity and sex

All

Women

Men

Black

White

Hispanic

Black

White

Hispanic

Black

White

Hispanic

n=761

n=528

n=187

n=380

n=242

n=83

n=381

n=286

n=104

Mean +- SD

128+456

101+-443

48+-172

94+-321

51+-204

16+-42

162+-560

142+-569

73+-225

P-value of diff btw B/W all 3

0.29

0.06

0.07

0.02

0.66

0.32

Percentiles

25th

0

0

0

0

0

0

0

0

0.5

50th

3.8

1.4

1.9

3.1

0.5

0.5

4.5

4.3

3.5

75th

47

35

18

29

7.2

7.4

71

72

34

90th

294

203

131

236

97

44

338

295

195

Max

6749

7444

1664

3708

1796

295

6749

7444

1664

Binary CAC

CAC+ Prevalence

Unweighted

0.38

0.33

0.31

0.33

0.24

0.24

0.42

0.41

0.37

Weighted

0.33

0.33

0.33

0.29

0.23

0.21

0.37

0.41

0.41

P-value of unweighted Prev btw B/W

0.09

0.01

0.81

P-value of weighted Prev btw B/W

0.98

0.21

0.36

Ordinal (4 Category CAC) Unweighted

CAC Level 0 Prevalence

0.62

0.67

0.69

0.67

0.76

0.76

0.58

0.59

0.63

CAC Level 1 Prevalence

0.19

0.18

0.19

0.18

0.14

0.18

0.2

0.21

0.2

CAC Level 2 Prevalence

0.11

0.09

0.11

0.1

0.07

0.06

0.13

0.11

0.14

CAC Level 3 Prevalence

0.07

0.06

0.01

0.05

0.02

0

0.09

0.09

0.02

Ordinal (4 Category CAC) Weighted

CAC Level 0 Prevalence

0.67

0.67

0.67

0.71

0.77

0.79

0.63

0.59

0.59

CAC Level 1 Prevalence

0.18

0.16

0.22

0.19

0.12

0.17

0.18

0.2

0.26

CAC Level 2 Prevalence

0.1

0.12

0.1

0.07

0.09

0.04

0.14

0.14

0.13

CAC Level 3 Prevalence

0.05

0.05

0.01

0.03

0.02

0

0.06

0.08

0.01



[image: image3.wmf]Table 3: Odds ratios (OR) of positive CAC by risk factors

Logistic

Lower

Upper

Ordinal

Lower

Upper

Risk Factor

OR

95% CI

95% CI

P-Value

OR

95% CI

95% CI

P-Value

Age (5 yr)

1.86

1.67

2.06

<0.001

1.82

1.65

2.01

<0.001

Sex (Female)

2.88

2.21

3.74

<0.001

2.86

2.23

3.66

<0.001

Current Smoker

2.78

2.11

3.66

<0.001

2.76

2.14

3.56

<0.001

SBP (18 mm Hg)

1.25

1.1

1.42

<0.001

1.23

1.09

1.38

0.001

DBP (9 mm Hg)

1.16

1.03

1.3

0.018

1.14

1.02

1.27

0.024

HDL (16 mg/DL)

0.81

0.71

0.93

0.003

0.84

0.72

0.96

0.012

BMI (5 kg/m^2)

1.14

1.03

1.26

0.013

1.14

1.04

1.26

0.007

TG (113 mg/dL)

1.14

1.01

1.28

0.031

1.18

1.05

1.32

0.006

Total Cholest (41 mg/dL)

1.14

1.01

1.28

0.033

1.13

1.01

1.26

0.034

Glucose (50 mg/dL)

1.17

1.02

1.34

0.026

1.21

1.08

1.36

0.001

LDL (37 mg/dL)

1.11

0.99

1.25

0.084

1.08

0.96

1.21

0.184

Ethnicity (White) 

1.2

0.93

1.54

0.153

1.17

0.92

1.48

0.193

Weighted Results

Age (5 yr)

2.02

<0.001

2.06

<0.001

Sex (Female)

4.09

<0.001

4.33

<0.001

Current Smoker

2.35

<0.001

2.4

<0.001

SBP (18 mm Hg)

1.28

0.04

1.37

0.009

DBP (9 mm Hg)

1.32

0.01

1.39

0.001

HDL (16 mg/DL)

0.69

0.011

0.69

0.006

BMI (5 kg/m^2)

1.32

0.001

1.4

<0.001

TG (113 mg/dL)

1.16

0.121

1.19

0.07

Total Cholest (41 mg/dL)

1.17

0.107

1.11

0.3

Glucose (50 mg/dL)

1.23

0.094

1.29

0.02

LDL (37 mg/dL)

1.21

0.04

1.15

0.15

Ethnicity (White) 

1.14

0.466

1.06

0.723

Due to lack of high (CAC=3) levels in Hispanics (only 2/183), only the 1289 whites and blacks included are in this analysis.

Odds ratio calculated separately for each risk factor by logistic regression with adjustments for age, sex, and ethnicity

When the risk factor was age, sex or ethnicity, adjustments were made for the other two covariates.

D~-1 SD difference in risk factor.  The odds ratios for continuous risk factors are based on a difference of D units. 

For discrete risk factors, thereference group is given in parenthesis.
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Black

CAC=3

CAC=2

CAC=1

CAC=0

P

Continuous

n=55

n=87

n=146

n=473

Age

56+-5

55+-7

55+-6

51+-6

<0.01

BMI

29+-7

31+-7

31+-7

30+-6

0.24

LDL

104+-39

111+-40

113+-37

108+-40

0.38

HDL

56+-20

51+-15

50+-14

53+-15

0.43

TG

141+-159

131+-102

123+-109

116+-111

0.02

Discrete

Smoking

67

45

43

29

<0.01

Hypertension

71

69

71

52

<0.01

Diabetes

25

28

21

15

0.01

Table 4

White

CAC=3

CAC=2

CAC=1

CAC=0

P

Continuous

n=31

n=50

n=94

n=343

Age

56+-5

57+-6

53+-7

51+-6

<0.01

BMI

31+-7

29+-6

29+-6

29+-6

0.03

LDL

112+-48

125+-34

117+-35

109+-33

0.02

HDL

41+-13

47+-15

46+-16

52+-16

<0.01

TG

189+-178

145+-78

143+-86

142+-108

0.02

Discrete

Smoking

35

28

29

19

<0.01

Hypertension

55

54

37

24

<0.01

Diabetes

26

10

11

5

<0.01

Table 4

Hispanic

CAC=3

CAC=2

CAC=1

CAC=0

P

Continuous

n=2

n=20

n=36

n=129

Age

58+-7

52+-7

51+-6

51+-6

0.02

BMI

27+-7

32+-5

33+-7

30+-5

0.19

LDL

133+-6

100+-44

115+-36

108+-36

0.35

HDL

45+-6

46+-11

46+-11

52+-12

0.67

TG

165+-16

169+-82

169+-91

127+-169

0.76

Discrete

Smoking

50

20

28

20

0.16

Hypertension

0

60

50

21

<0.01

Diabetes

50

45

36

12

<0.01

Table 4

All

CAC=3

CAC=2

CAC=1

CAC=0

P

Continuous

n=88

n=157

n=276

n=955

Age

56+-5

55+-7

54+-6

51+-6

<0.01

BMI

30+-7

31+-6

31+-6

30+-6

0.58

LDL

108+-42

114+-39

114+-36

109+-37

0.79

HDL

50+-19

49+-15

48+-15

52+-15

<0.01

TG

158+-165

140+-93

136+-100

134+-122

0.01

Discrete

Smoking

56

36

36

24

<0.01

Hypertension

64

63

57

37

<0.01

Diabetes

25

24

19

11

<0.01

Entries for continuous (discrete) variables are unweighted sample mean +- standard deviation (sample percentage)

Mean Values were compared using linear regression; percentages compared by ordinal regression

Each ethnic subgroup was analyzed separately and all ANOVAs were unweighted with age as a covariate.


