ETHNIC AND SEX DIFFERENCES IN DISEASE BURDEN IN PATIENTS UNDERGOING
CORONARY ANGIOGRAPHY: THE CONFOUNDING INFLUENCE OF OBESITY

Background: Data from cohort studies, pre-
dominantly in Caucasians, have identified
obesity as a major risk factor for coronary
artery disease (CAD), irrespective of sex. In
contrast, reports examining the effects of
obesity on mortality in African Americans
suggest a weak relationship between body
mass index (BMI) and mortality, particularly
among women. Data correlating body weight
with angiographic severity of CAD is sparse in
minority populations. We sought to investigate
ethnic-sex differences in the influence of
obesity on the extent and severity of CAD.

Methods: We studied 640 patients (66.9%
African American) who underwent coronary
angiography at a tertiary care center. Cardio-
vascular risk factor profiles and CAD burden,
quantified by the Duke Myocardial Jeopardy
scoring system, a validated prognostication
tool, were compared across ethnic and sex
groups.

Results: Clustering of major cardiovascular risk
factors, a higher prevalence of obesity classes Il
and Ill, and a statistically significant inverse
correlation between BMI and Duke scores
were observed among the cohort of African
American women. General linear model anal-
ysis and stepwise multiple linear regression
analysis revealed Duke score to be negatively
associated with BMI and higher classes of
obesity after adjustment for age and other
cardiovascular risk factors in African American
women but not in other subgroups.

Conclusions: The observed inverse relation-
ship between BMI and angiographic severity of
CAD in African American women is novel and
appears to support prior data on the weak
association between BMI and cardiovascular
mortality in  this subgroup. (Ethn Dis.
2008;18:53-58)
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INTRODUCTION

The Framingham study and cohort
studies that examined the effects of
obesity on cardiovascular morbidity
and mortality have consistently reported
a positive association between excess
body weight and the prevalence of
coronary artery disease (CAD) in Cau-
casian men and women."” In contrast,
several reports of the effects of adiposity
on cardiovascular mortality among Af-
rican Americans suggest that adiposity
may be a less important predictor of
mortality among African Americans
than in Caucasians, particularly among
women.” ' In fact, the overall relation-
ship between body weight and incident
CAD s less well defined for African
Americans, and data correlating body
weight with the prevalence and angio-
graphic severity of CAD in the African
American population are sparse in
men'' and nonexistent in women. We
attempted to characterize ethnic-sex
differences in the association between
body mass index (BMI) and CAD
burden as quantified by the Duke
Myocardial Jeopardy scoring system, a
validated prognostication tool also pre-
dictive of one-year mortality in patients
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treated medically or with percutaneous

. . 12
intervention.

METHODS

We screened 962 consecutive pa-
tients who were referred for coronary
angiography from January 2005 to
October 2005 to a tertiary care referral
center. Exclusion criteria included eth-
nicity other than Caucasian or African
American (#=130) and patients with a
history of coronary artery bypass graft
surgery (n=192). After exclusions, 640
patients made up the final study cohort.
Clinical and demographic characteris-
tics including age (in years), ethnicity
(Caucasian or African American), sex,
diabetes mellitus as per American Dia-
betic Association (ADA) criteria, dysli-
pidemia per National Cholesterol Edu-
cation Program (NCEP) criteria,
hypertension per Joint National Com-
mittee (JNC 7) criteria, cigarette smok-
ing and family history of CAD were
abstracted through a retrospective cross-
sectional survey of patient charts. In
addition, the use of antihypertensive,
antidiabetic, or cholesterol-lowering
medications were used as criteria for
hypertension, diabetes, and dyslipide-
mia, respectively. Obesity was classified
according to BMI, using the National
Institutes of Health (NIH) criteria as
normal (BMI 21-24 kg/mz), over-
weight (BMI 25-29 kg/m?), obesity
class T (BMI 30-34 kg/m?), obesity
class II (BMI 35-39 kg/mz), and obe-
sity class IIT (BMI =40 kg/mz).23

Coronary angiography data was
obtained from the Siemens Queries
software system, which maintains the
database that includes detailed angio-
graphic findings of all patients at this
institution. Significant lesions were
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defined as those with >70% diameter
narrowing of coronary arteries (>50%
for the left main coronary artery). We
attempted to quantify severity and
extent of CAD by ascertaining the
prevalence of high-risk coronary anato-
my (defined as >50% stenosis of the
left main coronary artery or significant
coronary artery disease in three vessels)
and by computing myocardial jeopardy
scores from anatomic representation of
the myocardium at risk, determined by
the extent and distribution of coronary
lesions. Patients with a history of bypass
grafting surgery were excluded from the
study because we could not estimate
Duke scores in this subset of patients.

In accordance with the Duke Jeop-
ardy Scoring system, the coronary tree
was divided into six segments: the left
anterior descending coronary artery,
diagonal branches, septal perforating
branches, the circumflex coronary ar-
tery, obtuse marginal branches, and
posterior descending coronary artery.
Each segment of myocardium distal to
70% stenosis was considered to be at
risk and was assigned a score of two. A
score from 0-12 was designated to each
coronary angiogram based on the num-
ber of segments involved.'> As required
by the hospital policy, the institutional
review board of the university reviewed
and approved our study protocol.

Statistical Analysis

Statistical analyses were performed
with the SPSS 13.0 software package
(SPSS, Inc., Chicago, Illinois). Contin-
uous (scale) data are presented as mean
and standard error (SE). For scale
variables, differences in within-group
means were assessed by using one-way
analysis of variance (ANOVA). For
categorical variables, differences in pro-
portion or rate were tested by using
likelihood ratio chi-square test. Pearson
correlation analysis (= correlation
coefficient) was used to determine
unadjusted bivariate correlation be-
tween two variables. The aim of the
study was to define the association
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between obesity (BMI) and CAD
burden. Because other cardiovascular
risk factors like age, diabetes, and
hypercholesterolemia contribute to
CAD burden, regression analysis was
performed with these risk factors as
independent variables to define the true
association between BMI and CAD
burden. Univariate general linear model
analysis was performed to identify the
independent effect of obesity on coro-
nary lesion severity. Each model was
subjected to the Levene test to test the
homogeneity of variances. Levene sta-
tistic P value =.10 was the used to reject
the null hypothesis that the groups have
equal variances. Finally, after adjusting
for age and cardiovascular risk factors),
the independent effect of BMI on Duke
score was evaluated in multple stepwise
linear regression analysis. A two-tailed P
value <.05 was considered statistically
significant for all analyses.

RESULTS

The study cohort comprised 640
patients, 53 (8.3%) Caucasian (CA)
women, 159 (24.8%) CA men, 197
(30.8%) African American women and
231 (36.1%) African American men.
African American women had the
highest prevalence of obesity class II
and III (Table 1). Clustering of major
cardiovascular risk factors was observed
among African American women, al-
though the prevalence of smoking was
highest among African American men.
A tend toward higher prevalence of
three-vessel disease was observed in
Caucasian men, but the difference did
not reach stadstical significance. No
statistically significant association was
observed between ethnic subgroup and
prevalence of normal angiogram, one-
or two-vessel disease, left main stenosis,
high-risk coronary anatomy, or Duke
Myocardial Jeopardy score.

On unadjusted bivariate Pearson
correlational analysis, a statistically sig-
nificant weak negative correlation be-
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tween Duke score and BMI was ob-
served among women but not in men
(Figure 1A, B). Stratified by ethnicity,
only African Americans showed a weak
negative correlation between Duke score
and BMI (Figure 1C, D).

In general linear model analysis
controlling for other cardiovascular risk
factors, obesity class I and III remained
independent negative predictors of
Duke score in African American wom-
en. No independent effect of obesity
class on CAD burden was observed in
any other sex or ethnic group (Table 2).
African American women were more
likely to be moderately to severely obese
and had the highest mean BMI. When
obesity was reclassified according to
quartiles of BMI, no independent effect
of higher BMI quartiles was observed in
Caucasian men, Caucasian women, or
African American men; however, in
African American women, BMI subclass
of higher quartiles remained an inde-
pendent negative predictor of CAD
burden (Table 2)

Because obesity independently cor-
related with Duke scores in African
American women, multiple stepwise
linear regression analysis was performed
separately for each subgroup. After
adjustment for age and other cardio-
vascular risk factors, BMI remained an
independent negative predictor of
CAD burden in African American
women only (Figure 2). In other strata,
no significant association was observed
between Duke score and BMI after
adjustment for age and other covari-
ates.

DISCUSSION

Our findings emphasize several im-
portant points. First, major cardiovas-
cular risk factor clustering and higher
prevalence of obesity class II and III
were encountered in African Americans,
particularly among African American
women. Secondly, an inverse weak
correlation was observed between BMI
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Table 1. Demographic, cardiovascular risk factor, and coronary angiography findings of the study cohort
Caucasian Women Caucasian Men African American  African American
(n=53) (n=159) Women (n=197) Men (n=231) P value
Age (years)
Mean (SE) 61.6 (1.7) 60.0 (.9) 61.3 (9 59.4 (.8) .32
Range 34-86 25-83 31-91 30-86
BMI (kg/m?)
Mean (SE) 31.3 (9 29.3 (4) 32.5 (.5) 28.7 (.3) <.001
Range (22.6-54.8) (20.3-42.6) (18.8-53.5) (18.9-47.0)
Percentiles
25th percentile 25.9 25.7 271 24.7
50th percentile 29.8 28.7 31.2 28.6
75th percentile 35.0 32.2 36.9 32.1
Obesity class <.001
Normal 6 (11.3%) 6 (22.6%) 7 (13.7%) 59 (25.5%)
Overweight 21 (39.6%) 6 (35.2%) 4 (27.4%) 80 (34.6%)
BMI class | 13 (24.5%) 8 (30.2%) 3 (26.9%) 61 (26.4%)
BMI class Il 8 (15.1%) 2 (7.5%) 4 (17.3%) 29 (12.6%)
BMI class 11l 5 (9.4%) 7 (4.4%) 9 (14.7%) 2 (0.9%)
Other Major Risk Factors
Diabetes 6 (30.2%) 36 (22.6%) 9 (50.3%) 2 (35.5%) <.001
Hypertension 33 (62.3%) 84 (52.8%) 175 (88.8%) 193 (83.5%) <.001
Smoking 20 (37.7%) 57 (35.8%) 2 (36.5%) 120 (51.9%) <.001
Dyslipidemia 29 (54.7%) 98 (61.6%) 143 (72.6%) 150 (64.9%) .04
Family history of CAD 13 (24.5%) 41 (25.8%) 6 (33.5%) 8 (25.1%) .20
Coronary angiography findings
Normal angiogram 2 (3.8%) 12 (7.5%) 2 (6.1%) 1 (4.8%) .62
Left main stenosis 5 (9.4%) 9 (5.7%) 1 (5.6%) 8 (7.8%) .63
One vessel 27 (50.9%) 71 (44.7%) 6 (48.7%) 108 (46.8%) .82
Two vessel 16 (30.2%) 39 (24.5%) 2 (26.4%) 64 (27.7%) 84
Three vessel 3 (6.3%) 28 (18.7%) 6 (14%) 0 (14.1%) 19
HRCA 8 (15.1%) 37 (23.3%) 7 (18.8%) 8 (20.8%) .56
Duke Jeopardy Score
Mean (SE) 4.1 (.4) 3.9 (.2) 3.8 (.2) 4.0 (.2) .83
Score .64
0 2 (3.8%) 12 (7.5%) 12 (6.1%) 11 (4.8%)
2-6 3 (81.1%) 130 (81.8%) 165 (83.8%) 186 (80.5%)
8-12 8 (15.1%) 17 (10.7%) 20 (10.2%) 34 (14.7%)

SE= standard error; BMI=

body mass index; CAD= coronary artery disease; HRCA=high-risk coronary anatomy.

and CAD burden among African Amer-
icans and among women. Third, after
adjustment for other cardiovascular risk
factors, general linear model analysis
revealed that obesity (classes Il and III as
well as higher obesity quartiles) was an
independent negative predictor of Duke
score exclusively in African American
women. Finally, multiple linear regres-
sion analysis revealed that the percent-
age change in BMI independently
(inversely) correlated with Duke score
(standardized beta= —0.17, P<.05) in
African American women. No signifi-
cant independent association was ob-
served between BMI (or obesity class)

and Duke score on multivariate analysis
in the rest of the subgroups.

While the literature examining the
effects of adiposity on CAD suggest an
association between excess body weight,
CAD, and all-cause and cardiovascular
mortality, these data have largely
emerged from cohort studies in Cauca-
sian patients.' > Comparable data from
community-based investigations in the
African American population suggests a
much weaker association between BMI
and cardiovascular mortality, particular-
ly among women. Besides, BMI cutoffs
associated with equivalent risk across
ethnic groups vary considerably depend-
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ing on the outcome and the risk
" The failure of BMI and
fat patterning to predict mortality in

estimate.®

Black women challenge the commonly
held assumption regarding the role of
obesity in the higher mortality observed
in Black women.” In another study,
CAD risk was associated with central
obesity similarly among White and
Black men; however, the risk association
between central obesity and CAD was
weaker for African American women
(rate ratio 0.73 vs 1.94 for African
American women and Caucasian wom-

Although BMI has
been shown to independently explain

en respectively).'*
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Fig 1. Scatterplots of linear correlation between body mass index (BMI) and Duke myocardial jeopardy score at coronary
angiography: BMI correlated negatively with Duke score only in African Americans and women

8% of the variance in incident CAD,
primarily in White women, " empirical
evidence obtained from these studies
may not be applicable to a broader
population because of the disparity in
risk factor intensity between racial
groups. We observed the negative
correlation between BMI and Duke
score to be statistically significant only
in African Americans and women.
When controlling for age and other
major cardiovascular risk factors, obesity
class IT and IIT emerged as independent
predictors of Duke score in the African
American women cohort only. The
confounding effect of higher mean
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BMI among African American women
was ruled out when obesity was reclas-
sified according to quartile distribution
of BMI. Finally, in linear regression
analysis, the negative correlation be-
tween BMI and Duke score in African
American women remained significant
after adjustment for other variables.
Our data suggest that obesity is an
independent negative predictor of CAD
burden only in African American wom-
en. Other determinants of CAD, such as
differentially distributed levels of lipo-
proteins and fibrinolytic activity, may
explain the different absolute levels of
CAD in this subgroup.'® Black women
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tend to have a higher central and
abdominal distribution of body fat than
do white women.*'” Some evidence
suggests that the central distribution of
fat in Black women may have a weaker
effect on atherogenic risk factors such as
levels of cholesterol, triglycerides, sex
hormone-binding globulin, and the
degree of peripheral insulin resistance.*
More recently, waist-to-hip ratio
(WHR)'® and waist circumference'’
have been touted as superior correlates
of cardiovascular risk compared to BMI,
and ethnic differences in the extent and
distribution of visceral adipose tissue
could explain our findings.
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Table 2. Independent effect of obesity on CAD burden
Caucasian Women Caucasian Men African American Women AA Men
Obesity classification
Normal Referent Referent Referent Referent
Overweight 1.1 (=2.0-4.1); .47 .6 (—.6-1.7); .34 9 (—2.2-.4); .16 0 (—1.0-1.0); .98
Obesity class | A4 (—2.7-3.6); .79 .5 (—.7-1.8); .41 8 (—2.1-.5); .21 4 (—.7-1.4); 52
Obesity class Il 1.5 (=2.2-5.2); .41 1.5 (=.5-3.4); .13 =1. 5 (—2.9-.0); <.05* —.3 (—=1.7-1.0); .
Obesity class 111 1.2 (—2.8-5.2); .55 1.5 (—1.0-3.9); .23 =1.6 (—3.1-—.1); <.05* —1.3 (—5.4-2.9);
Levene test for the model P=.86 P=.63 P=.18 P=.57
Obesity Quartile Classification
1% Quartile Referent Referent Referent Referent
ond Quartile 0 (—2.5-2.5); .99 .8 (—.4-2.1); .20 —-1.2 (=2.3——.1); <.05* 0 (—=1.1-1.1); .99
3 Quartile —.4(—2.8-2.1); .77 .7 (—.6-1.9); .30 —.9 (—2.0-.2); .11 3 (—.8-1.4); .54
4" Quartile 5 (=2.1-3.1); .70 4 (—.9-1.8); .53 —1.8(—2.9-—.6); <.05*  —.4(—1.4-7)
Levene test for the model P=.94 P=.31 P=.28 P=.47

Data are presented as 8 coefficient (95% confidence interval); P value for the R coefficient.

Limitations

The study did not address clinical
outcomes, including cardiovascular
morbidity and mortality. Myocardial
infarction frequently develops from

angiographically nonobstructive le-
sions,20 and we caution against extrap-
olating angiographic findings to CAD-
associated mortality. Nevertheless, our
findings support and complement exist-

ing literature on the weaker relationship
between BMI and mortality in over-
weight African American women rela-
tive to their Caucasian counter-

3,6,8,14
parts.

Linear Regression Models for BMI and Duke Score Correlations
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Fig 2. Correlation coefficients from linear regression models relating Duke myocardial jeopardy score to body mass index (BMI)
in each subgroup: negative correlation between BMI and Duke score remained significant after adjustment for other
cardiovascular risk factors in African women but not in other groups
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The relatively small number of
Caucasian subjects in our study, pri-
marily reflecting the cross-section of the
population served by our institution, is
another weakness. Other potentially
confounding variables such as other
anthropometric indices of obesity (eg,
waist-to-hip ratio, waist circumference),
physical inactivity, socioeconomic fac-
tors, estrogen exposure, hormonal re-
placement, lipoprotein level, and envi-
ronmental influences may have affected
our results but were not studied, since
this data was not readily available.
Study participants underwent coronary
angiography at a single institution and
had a higher pretest probability for
CAD; as such, cohort selection bias
cannot be excluded. Finally, while our
conclusions cannot be extrapolated to
the general population, they are hy-
pothesis-generating and deserve future
exploration in a larger, multicenter
study.

Conclusions

Our findings extend previously re-
ported observations on risk factor
clustering in the African American
population. The negative correlation
between BMI and CAD burden, par-
ticularly in African American women,
challenge traditional assumptions about
the relative risk imparted by obesity and
caution against generalizing its influence
on cardiovascular risk across sex and
racial divides. A better understanding of
the risk intensity of established cardio-
vascular risk factors such as obesity in
ethnic minority populations is crucial
for finessing risk stratification tools and
for the development of population-
specific intervention and prevention
programs.

58

REFERENCES

1.

10.

Rimm EB, Stampfer MJ, Giovannucci E, et al.
Body size and fat distribution as predictors of
coronary heart disease among middle-aged and
older US men. Am ] Epidemiol. 1995;141:
1117-1127.

. Manson JE, Willett WC, Stampfer MJ, et al.

Body weight and mortality among women.

N Engl ] Med. 1995;333:677-685.

. Stevens J, Keil JE, Rust PF, et al. Body mass

index and body girths as predictors of
mortality in Black and White women. Arch
Intern Med. 1992;152:1257-1262.

. Freedman DS, Williamson DF, Croft JB,

Ballew C, Byers T. Relation of body fat
distribution to ischemic heart disease. The
National Health and Nutrition Examination
Survey I (NHANES I) Epidemiologic Follow-
up Study. Am J Epidemiol. 1995;142:53-63.

. Cornoni-Huntley JC, Harris TB, Everett DF,

et al. An overview of body weight of older
persons, including the impact on mortality.
The National Health and Nutrition Examina-
tion Survey 1. Epidemiologic Follow-up Study.
J Clin Epidemiol. 1991;44:743-753.

. Sanchez AM, Reed DR, Price RA. Reduced

mortality associated with body mass index
(BMI) in African Americans relative to
Caucasians. Ethn Dis. 2000;10:24—-30.

. Johnson JL, Heineman EF, Heiss G, Hames

CG, Tyroler HA. Cardiovascular disease risk
factors and mortality among Black women and
White women aged 40-64 years in Evans
County, Georgia. Am | Epidemiol. 1986;123:
209-220.

. Stevens J, Plankey MW, Williamson DF, et al.

The body mass index-mortality relationship in
White and African American women. Obes
Res. 1998;6:268-277.

. Tyroler HA, Knowles MG, Wing SB, et al.

Ischemic heart disease risk factors and twenty-
year mortality in middle-age Evans County
Black males. Am Heart ]. 1984;108:738-746.
Wienpahl ], Ragland DR, Sidney S. Body mass
index and 15-year mortality in a cohort of
Black men and women. / Clin Epidemiol.
1990;43:949-960.

. Freedman DS, Gruchow HW, Manley JC, et al.

Black/White differences in risk factors for
arteriographically documented coronary artery

disease in men. Am ] Cardiol. 1988;62:214-219.

. Califf RM, Phillips HR3rd, Hindman MC, et

al. Prognostic value of a coronary artery

Ethnicity & Disease, Volume 18, Winter 2008

jeopardy score. | Am Coll Cardiol. 1985;5:
1055-1063.

13. National Institutes of Health. Clinical Guide-
lines for the Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults.
Bethesda (Md): National Institutes of Health;
1998.

14. Stevens J, Juhaeri, Cai J, Jones DW. The effect
of decision rules on the choice of a body mass
index cutoff for obesity: examples from African
American and White women. Am J Clin Nutr.
2002;75:986-992.

15. Hu FB, Stampfer M], Manson JE, et al.
Trends in the incidence of coronary heart
disease and changes in diet and lifestyle in
women. N Engl | Med. 2000;343:530-537.

16. Gillum RF, Grant CT. Coronary heart disease
in Black populations. II. Risk factors. Am
Heart J. 1982;104:852-864.

17. Stevens J, Gautman SP, Keil JE. Body mass
index and fat patterning as correlates of lipids
and hypertension in an elderly, biracial
population. ] Gerontol. 1993;48:M249-M254.

18. Yusuf S, Hawken S, Ounpuu S, et al. Obesity
and the risk of myocardial infarction in 27,000
participants from 52 countries: a case-control
study. Lancet. 2005;366:1640-1649.

19. Zhu S, Heymsfield SB, Toyoshima H, Wang
Z, Pietrobelli A, Heshka S. Race-ethnicity-
specific waist circumference cutoffs for identi-
fying cardiovascular disease risk factors.
Am ] Clin Nutr. 2005;81:409-415.

20. Ambrose JA, Tannenbaum MA, Alexopoulos
D, et al. Angiographic progression of coronary
artery disease and the development of myo-
cardial infarction. J Am Coll Cardiol. 1988;
12:56-62.

AUTHOR CONTRIBUTIONS

Design  concept  of  study: Afonso, Niraj,
Veeranna, Fakhry, Pradhan

Acquisition of data: Veeranna, Fakhry, Prad-
han

Data analysis and interpretation: Afonso,
Niraj, Pradhan

Manuscript drafi: Afonso, Niraj, Pradhan

Statistical expertise: Niraj

Acquisition of funding: Afonso, Pradhan

Administrative, technical, or material assis-
tance: Afonso, Niraj, Veeranna, Fakhry,
Pradhan

Supervision: Afonso, Pradhan



