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Objectives This study sought to evaluate the associations between different measures of obesity and prevalent atheroscle-
rosis in a large population-based cohort.

Background Although obesity is associated with cardiovascular mortality, it is unclear whether this relationship is mediated
by increased atherosclerotic burden.

Methods Using data from the Dallas Heart Study, we assessed the association between gender-specific obesity measures
(i.e., body mass index [BMI]; waist circumference [WC]; waist-to-hip ratio [WHR]) and prevalent atherosclerosis
defined as coronary artery calcium (CAC) score �10 Agatston units measured by electron-beam computed to-
mography and detectable aortic plaque measured by magnetic resonance imaging.

Results In univariable analyses (n � 2,744), CAC prevalence was significantly greater only in the fifth versus first quintile
of BMI, whereas it increased stepwise across quintiles of WC and WHR (p trend �0.001 for each). After multiva-
riable adjustment for standard risk factors, prevalent CAC was more frequent in the fifth versus first quintile of
WHR (odds ratio 1.91, 95% confidence interval 1.30 to 2.80), whereas no independent positive association was
observed for BMI or WC. Similar results were observed for aortic plaque in both univariable and multivariable-
adjusted analyses. The c-statistic for discrimination of prevalent CAC was greater for WHR compared with BMI
and WC in women and men (p � 0.001 vs. BMI; p � 0.01 vs. WC).

Conclusions We discovered that WHR was independently associated with prevalent atherosclerosis and provided better dis-
crimination than either BMI or WC. The associations between obesity measurements and atherosclerosis mirror
those observed between obesity and cardiovascular mortality, suggesting that obesity contributes to cardiovas-
cular mortality via increased atherosclerotic burden. (J Am Coll Cardiol 2007;50:752–9) © 2007 by the
American College of Cardiology Foundation

ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.04.066
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besity is a major health problem within the U.S., with an
stimated prevalence of one-third of all U.S. adults (1).

any significant cardiovascular risk factors have been well-
stablished as common comorbid conditions accompanying
besity, most notably insulin resistance, hypertension, and
yslipidemia (2). Because of its association with excess total
nd cardiovascular mortality in the general population,
besity has been recognized by the American Heart Asso-
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iation and the American College of Cardiology as a
odifiable risk factor (3). However, the mechanisms under-

ying increased cardiovascular risk among obese subjects
ave not been fully defined, and it is unclear whether the
ntirety of risk associated with obesity can be explained by
ell-established risk factors. Moreover, it is not known
hether obese subjects have an increased burden of athero-

clerosis or whether excess cardiovascular risk in this popu-
ation is mediated via alternative mechanisms.

Authors of previous studies evaluating the association
etween obesity and cardiovascular risk have reported varied
esults. Population-based studies measuring clinical cardio-
ascular events have reported threshold effects (4), J-shaped
elationships (5), and linear relationships (6). Angiographic
tudies have reported both direct (7) and inverse (8) rela-
ionships between increasing obesity and atherosclerotic

urden. In most of these studies, body mass index (BMI)
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as used as the primary measure of obesity rather than
lternative measures such as waist circumference (WC) or
aist-to-hip ratio (WHR), which have demonstrated stron-
er correlations with cardiovascular risk than BMI (9).

In the present study, we evaluated the association be-
ween different measurements of obesity and prevalent
ubclinical atherosclerosis as determined by detectable
oronary artery calcium (CAC) and aortic plaque in the
allas Heart Study (DHS), a population-based probability

ample.

ethods

ubjects and study protocol. The DHS is a multiethnic
opulation-based study of 6,101 adult subjects from Dallas
ounty between the ages of 18 and 65 years (10) who were

nrolled between July 2000 and January 2002. The initial
ohort underwent a detailed in-home health survey visit
uring Visit 1, after which (mean interval 76 days) 3,398
ubjects ages 30 to 65 years returned for blood and urine
ollection on Visit 2. Subsequently (mean interval 80 days),
,971 subjects returned for Visit 3, which included a
etailed clinical examination, abdominal magnetic reso-
ance imaging (MRI), and 2 electron beam computed
omography (EBCT) measurements of CAC (Fig. 1).
emographic variables, BMI, and blood pressure measure-
ents were similar between subjects completing the initial

isit and Visits 2 and 3. In addition, no significant differ-
nces in clinical or demographic variables were observed
etween subjects completing the phlebotomy and imaging
isits (10).

Details of measurement of blood pressure, plasma
ipids, and glucose and the definition of hypertension,
ypercholesterolemia, and diabetes have been described
reviously (11). Hypertension was defined as one of the
ollowing: systolic blood pressure �140 mm Hg, diastolic
lood pressure �90 mm Hg, or the use of antihyperten-

Figure 1 Characteristic Appearance of CAC and Aortic Plaque

A representative example of coronary artery calcium on electron beam computed t
and aortic plaque on magnetic resonance imaging scanning (right). The arrows de
ive medication. Diabetes mel-
itus was defined by either self-
eport accompanied by use of
ntihyperglycemic medication
r by elevated serum glucose
�126 mg/dl fasting). Hyper-
holesterolemia was defined by
ither use of lipid-lowering
edication, elevated fasting

ow-density lipoprotein choles-
erol (�160 mg/dl fasting or

160 mg/dl on direct measure-
ent), or elevated total choles-

erol (�240 mg/dl). Low high-
ensity lipoprotein (HDL)
holesterol was defined as �40
g/dl for men and �50 mg/dl

or women. Elevated triglycerides was defined as �200
g/dl fasting. During Visit 3, height, weight, and BMI
ere measured with standard methods (10). We mea-

ured WC on a horizontal plane 1 cm above the iliac crest
nd hip circumference (HC) at the widest circumference
f the buttocks at the area of the greater trochanters.
moking was defined as cigarette use within the previous
0 days. The present analyses include data on the cohort
f subjects who participated in all 3 phases of the DHS
nd had complete clinical and imaging data for either
BCT or MRI (n � 2,744 who completed EBCT and n
2,504 who completed MRI).

therosclerosis imaging. Electron beam computed to-
ography scans were performed twice using an Imatron
-150XP scanner (Imatron Inc., San Bruno, California),
0 cm field of view, 512 matrix, sharp reconstruction
ernel, and a 3-mm slice with a table increment of 3 mm
s has been previously described. Starting at the level of
he carina, a single-inspiratory breath-hold from the

Abbreviations
and Acronyms

BMI � body mass index

CAC � coronary artery
calcium

EBCT � electron-beam
computed tomography

HC � hip circumference

HDL � high-density
lipoprotein

MRI � magnetic resonance
imaging

OR � odds ratio

WC � waist circumference

WHR � waist-to-hip ratio

aphy imaging (left)
AC and aortic plaque. CAC � coronary artery calcium.
omogr
pict C
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atient allowed us to take approximately 40 slices span-
ing the entire heart using an electrocardiogram-gated
echnique for each scan (11). The CAC results were
veraged and expressed in Agatston units (12). A data-
erived threshold of 10 Agatston units was selected to
aximize reproducibility as well as signal-to-noise ratio

mong obese subjects (11).
Abdominal MRI was performed using a 1.5-T whole-

ody MRI system (Intera, Philips Medical Systems, Cleve-
and, Ohio) including 6 total slices of the infrarenal abdom-
nal aorta using a free-breathing, electrocardiogram-gated,
2-weighted turbo spin-echo (black-blood) sequence.
dventitial and luminal borders were drawn for each slice
sing a freehand manual contour drawing tool, and areas
f increased signal intensity, luminal protrusion, and
ocal wall thickening were identified as atherosclerotic
ortic plaque (13).
tatistical analysis. Subjects were divided into gender-
pecific quintiles based on BMI, WC, HC, and WHR, and
emale and male subjects within each gender-specific quin-
ile were combined. Univariable logistic regression model-
ng was performed to determine odds ratios (ORs) for
revalent CAC for each quintile of obesity, using the first
uintile as the reference group. Multivariable logistic regres-
ion models were constructed that included traditional
ardiovascular risk factors (age, diabetes mellitus, current
moking, hypertension, hypercholesterolemia, low HDL,
igh triglycerides).
The interaction of WC with HC was evaluated by

ncluding terms WC, HC, and WC � HC into the
ultivariable logistic regression models described previ-

usly. This interaction was further explored by stratifying
omen and men into those with WC above the National
holesterol Education Program obesity threshold (88 cm

nd 102 cm for women and men, respectively) (14) and
hose with WC equal to or below threshold. Within each

C stratum, CAC prevalence was compared among sub-
ects with HC above and equal to or below median values
ith the Fisher exact test.
The c-statistic, analogous to the area under the receiver-

perating characteristic curve, was calculated for each
besity measure to compare discrimination using contin-
ous, gender-specific values of the obesity measures. In
ddition, the increment in the c-statistic was calculated
or the addition of each obesity parameter to standard
isk factor models. C-statistic results were compared
sing the nonparametric method previously described by
eLong et al. (15).
Similar analyses were repeated using prevalent detectable

ortic plaque as the dependent variable. All statistical
nalyses were performed using SAS software, Version 9.1 of
he SAS System for Windows (SAS Institute Inc., Cary,
orth Carolina). A 2-sided p value of �0.05 was consid-
red statistically significant. a
esults

aseline characteristics. Patients who successfully com-
leted EBCT (n � 2,744) or MRI (n � 2,504) scanning
ere included in the present substudy. Baseline character-

stics among groups who were scanned were similar to the
verall clinic visit cohort except for age, BMI, and WC
Table 1). Cut-points to define quintiles for each obesity
arameter among this cohort are shown in Table 2. Indi-
idual quintile sizes for each obesity measure ranged from
8.2% to 22.4% of the total study cohort.
oronary artery calcium. Of the 2,744 subjects undergo-

ng EBCT, 583 (21%; 234 women, 349 men) were found to
ave detectable CAC. A J-shaped relationship was observed
etween CAC prevalence and BMI, whereas CAC preva-
ence increased stepwise across quintiles of WC and WHR
p trend �0.001 for WC and WHR) (Fig. 2). In addition,
he odds of prevalent CAC were greater for each quintile of

HR and WC compared with each quintile of BMI in
oth women and men.
After adjustment for age, current smoking, hypertension,

iabetes mellitus, hypercholesterolemia, low HDL, and
igh triglycerides, CAC prevalence was significantly in-
reased in the highest quintile of WHR (OR 1.91, 95%
onfidence interval [CI] 1.30 to 2.80) but was not signifi-
antly increased in any quintile of BMI or WC. As was
ound in univariable analysis, the odds of prevalent CAC
ere consistently greater with WHR compared with other
easures of obesity (p trend �0.001 for WHR vs. 0.16 and

.10 for BMI and WC, respectively) (Fig. 3).
bdominal aortic plaque. Of the 2,504 subjects who
nderwent MRI evaluation of the aorta, 976 (39%; 499
omen, 477 men) were found to have detectable aortic
laque. A nearly 3-fold increase in odds of prevalent aortic
laque was found in the highest quintile of WHR (OR
.97, 95% CI 2.28 to 3.87) compared with the first quintile
Fig. 4). Neither BMI nor WC was significantly associated
ith aortic plaque in univariable analyses. After adjustment

or cardiovascular risk factors, WHR demonstrated signifi-
antly increased odds for aortic plaque in the fourth and
fth quintiles (Fig. 5), whereas no positive association was
bserved between BMI or WC and aortic plaque.

C and HC interaction. The HC measurement signifi-
antly modified the association between WC and CAC in
omen (p interaction � 0.005), and a trend toward a

ignificant interaction was also observed in men (p interaction
0.07). Among women with WC �88 cm, HC � median

as associated with a greater prevalence of CAC than HC �
edian (14% vs. 7%, p � 0.018); in contrast, among women
ith WC �88 cm, no significant difference in CAC was
bserved according to HC (Fig. 6). Among men, HC above
ersus equal to or below the median value was not signifi-
antly associated with CAC in either WC stratum. The HC
id not significantly modify the association between WC

nd aortic plaque in women or men (Fig. 6).
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-statistic analysis. WHR demonstrated superior dis-
rimination for prevalent CAC compared with BMI and

C in gender-specific analyses (c-statistic 0.661 vs. 0.550
nd 0.608 for women; 0.643 vs. 0.540 and 0.588 for men,
espectively; p � 0.001 for WHR vs. BMI for women and
en; p � 0.003 for WHR vs. WC for women and p �

.001 for men). When added to logistic regression models
ontaining traditional cardiovascular risk factors, no mea-
ure of obesity yielded significant additional discrimination
eyond the traditional model (Table 3). Analyses for aortic
laque demonstrated similar patterns for c-statistics in that

HR had superior discriminatory ability compared with
ther obesity measures but did not increment the c-statistic
eyond standard risk factor models.

aseline Characteristics of the Overall Clinic Cohort and Subjects

Table 1 Baseline Characteristics of the Overall Clinic Cohort a

Clinic Cohort (n � 3,071)

Women
(n � 1,694)

Men
(n � 1,377)

Race

White, n (%) 489 (29) 469 (34)

Black, n (%) 887 (52) 653 (47)

Hispanic, n (%) 295 (17) 217 (16)

Other, n (%) 24 (1) 38 (3)

Age, yrs (mean � SD) 45 � 10 44 � 10

BMI, kg/m2 (mean � SD) 31.9 � 8.5 29.3 � 6.1

WC, cm (mean � SD) 98 � 18 101 � 15

WHR (mean � SD) 0.86 � 0.10 0.96 � 0.06

Hypertension, n (%) 574 (34) 424 (31)

SBP, mm Hg (mean � SD) 125 � 18 129 � 16

DBP, mm Hg (mean � SD) 78 � 10 79 � 10

Diabetes, n (%) 204 (12) 157 (11)

Current smoking, n (%) 410 (24) 451 (33)

Dyslipidemia, n (%) 210 (12) 199 (15)

Total cholesterol, mg/dl (mean � SD) 181 � 40 181 � 40

HDL, mg/dl (mean � SD) 53 � 15 46 � 13

LDL, mg/dl (mean � SD) 105 � 35 109 � 36

Triglycerides, mg/dl (mean � SD) 112 � 94 142 � 125

p � 0.05 versus same-gender clinic cohort. †p � 0.01 versus same-gender clinic cohort. ‡p � 0
BMI � body mass index; DBP � diastolic blood pressure; EBCT � electron-beam computed tomog

BP � systolic blood pressure; WC � waist circumference; WHR � waist-to-hip ratio.

uintile Ranges for Obesity Measures

Table 2 Quintile Ranges for Obesity Measures

Quintile BMI (kg/m2) WC (cm) HC (cm) WHR

Women

1st �24.60 �81.8 �100.0 �0.802

2nd 24.61–28.52 81.9–91.6 100–106.5 0.803–0.841

3rd 28.53–32.69 91.7–100.5 106.6–114.6 0.842–0.878

4th 32.70–38.35 100.6–113.0 114.7–126.8 0.879–0.920

5th �38.35 �113.0 �126.8 �0.920

Men

1st �24.35 �88.4 �96.0 �0.906

2nd 24.36–27.21 88.5–96.0 96–100.75 0.907–0.941

3rd 27.22–29.77 96.1–102.5 100.76–106.0 0.942–0.973

4th 29.78–33.35 102.6–111.6 106.1–112.5 0.974–1.009

5th �33.35 �111.6 �112.5 �1.009
C � hip circumference; other abbreviations as in Table 1.
iscussion

n this multiethnic probability-based population sample,
revalent CAC was strongly associated with BMI, WC, and

HR in univariable analysis in both men and women. This
ssociation was strongest for WHR and weakest for BMI.
fter adjustment for traditional risk factors, only WHR was

ndependently associated with CAC, an observation also
ound with aortic plaque. Of the measures of obesity, WHR
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Figure 2 Univariable ORs for Prevalent
CAC Across Gender-Specific Obesity Quintiles

Waist circumference (WC) and waist-to-hip ratio (WHR) were associated with a
stepwise increase in the odds of prevalent coronary artery calcium (CAC) (p �

0.001 for trend), whereas a J-shaped association was seen for body mass
index (BMI). HC � hip circumference; OR � odds ratio.

Completed Imaging

bjects Who Completed Imaging

EBCT (n � 2,744) MRI (n � 2,504)

Women
(n � 1,511)

Men
(n � 1,233)

Women
(n � 1,368)

Men
(n � 1,136)

450 (30) 425 (34) 409 (30) 388 (34)

769 (51) 570 (46) 686 (50) 529 (47)

270 (18) 203 (16) 255 (19) 183 (16)

22 (1) 35 (3) 18 (1) 36 (3)

45 � 9.5* 45 � 9 44 � 10 44 � 10

31.0 � 7.2† 28.5 � 4.9‡ 31.3 � 8.1* 29.1 � 6.0

96 � 16.2† 99 � 13† 97 � 17* 100 � 14

0.86 � 0.11 0.96 � 0.06 0.86 � 0.10 0.96 � 0.06

500 (33) 367 (30) 430 (31) 322 (28)

125 � 18 129 � 16 124 � 18 128 � 16

78 � 10 79 � 10 77 � 10 78 � 9

168 (11) 131 (11) 152 (11) 120 (11)

374 (25) 412 (33) 326 (24) 370 (33)

196 (13) 171 (14) 168 (12) 159 (14)

182 � 40 182 � 40 180 � 39 181 � 40

54 � 15 46 � 14 54 � 15 46 � 13

106 � 35 109 � 36 104 � 35 108 � 36

113 � 96 142 � 125 110 � 92 138 � 123

rsus same-gender clinic cohort.
DL � high-density lipoprotein; LDL � low-density lipoprotein; MRI � magnetic resonance imaging;
Who

nd Su

.001 ve
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howed superior discrimination for CAC and aortic plaque
n unadjusted models but did not increase the c-statistic
eyond traditional risk factors.
Although obesity has been recognized as a risk factor for

dverse cardiovascular outcomes, the mechanisms underly-
ng increased risk among obese subjects have not been
learly established. Obesity has been well-recognized as
eing associated with an increased prevalence and severity of
raditional risk factors (2), which may contribute to excess
isk. In addition, early evidence has emerged to suggest that
dipose tissue may mediate a proinflammatory, prothrom-
otic state (16), which could contribute to cardiovascular
vents independent of plaque burden. Additionally, alter-
tions in cardiac structure and function associated with
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Figure 3 Multivariable ORs for Prevalent
CAC Across Gender-Specific Obesity Quintiles

After adjustment for age, hypertension, diabetes mellitus, current smoking,
dyslipidemia, low high-density lipoprotein, and high triglycerides, only WHR
remained independently associated with CAC (p � 0.001 for trend). Abbrevia-
tions as in Figure 2.
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Figure 4 Univariable ORs for Prevalent Aortic
Plaque Across Gender-Specific Obesity Quintiles

A nearly 3-fold increase in odds of prevalent aortic plaque was seen in the
highest quintile of WHR compared with the first quintile. Neither BMI nor WC
was significantly associated with aortic plaque in univariable analyses. Abbrevi-
ations as in Figure 2.
i

besity may lead to heart failure and arrhythmic events
17,18). The present findings suggest that the link between
besity and excess cardiovascular morbidity and mortality
lso may be mediated in part by an increased prevalence of
therosclerosis, as we have demonstrated a consistent and
ndependent positive association between WHR and sub-
linical atherosclerosis. Because detectable CAC is a nearly
00% specific finding for atherosclerosis (19) and because
revalent disease may precede events for years, our findings
uggest that obesity itself may play a role in the initiation
nd propagation of the atherosclerotic process.

The findings of this study examining subclinical athero-
clerosis are also consistent with the J- or U-shaped rela-
ionship between BMI and mortality that has been reported
reviously from other population studies (20–22). In addi-
ion, similar to studies evaluating patients with established
ardiovascular disease (23), we observed that a BMI within
ormal limits may confer additional risk compared with
oderately elevated BMI. These observations with regard

o BMI have created uncertainty regarding the link between
besity and atherosclerosis and highlight some of the
nherent limitations of BMI to predict adverse health
elated outcomes. In contrast, WC and WHR may more
ccurately reflect the additional risk conferred by obesity as
emonstrated by the current findings.
Other studies comparing obesity measures using mortal-

ty and cardiovascular events as end points have also shown
C and WHR to perform better than BMI. Rimm et al.

24) followed more than 29,000 men during a period of 3
ears and reported WHR as a stronger predictor of risk
ompared with BMI in older individuals. More recently,
agenais et al. (25) followed nearly 8,000 subjects over the

ourse of 4.5 years and reported that although the upper
ertiles of BMI, WC, and WHR were all associated with
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Figure 5 Multivariable ORs for Aortic Plaque
Across Gender-Specific Obesity Quintiles

After adjustment for age, hypertension, diabetes mellitus, current smoking,
dyslipidemia, low high-density lipoprotein, and high triglycerides, WHR in the
fourth and fifth quintiles remained significantly associated with prevalent aortic
plaque. Abbreviations as in Figure 2.
ncreased relative risk for cardiovascular events, the magni-
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ude of the association was greater for WC and WHR.
inally, a recent international case-control study involving
ore than 12,000 cases and controls reported greater odds

or myocardial infarction across increasing quintiles of WC
nd WHR compared with increasing quintiles of BMI (9).

An important limitation of BMI is its failure to differ-
ntiate between differing body compositions. Body mass
ndex has poor specificity for excess adiposity (26); in
ddition, it does not characterize excess centrally distributed
besity, which is more consistently associated with adverse
ffects on metabolism, dyslipidemia, and insulin resistance
2). Body mass index also can be falsely increased in the
resence of increased lean body mass (such as in trained

Figure 6 Waist and Hip Circumference Interaction

Prevalent coronary artery calcium and aortic plaque in subjects stratified by measu
by “normal” and “large” waist circumference (�88 cm for women, �102 cm for m

-statistic Values for Univariable anddjusted Models of Prevalent Atherosclerosis

Table 3 C-statistic Values for Univariable and
Adjusted Models of Prevalent Atherosclerosis

Coronary Artery
Calcium Aortic Plaque

Women Men Women Men

Univariable

BMI 0.550 0.540 0.520 0.529

WC 0.608* 0.588* 0.529 0.494*

WHR 0.661*† 0.643*‡ 0.615*‡ 0.583†

Multivariable

Cardiovascular risk
factors

0.864 0.826 0.722 0.756

�BMI 0.864 0.827 0.726 0.758

�WC 0.865 0.827 0.723 0.758

�WHR 0.864 0.829 0.726 0.762
w
p � 0.001 versus BMI. †p � 0.01 versus WC. ‡p � 0.001 versus WC.
Abbreviations as in Table 1.
thletes) (27), and low BMI values are associated with
hronic conditions leading to loss of lean body mass. The
resent findings suggest that WC and WHR may be
referred measures of the cardiac risk associated with
besity. In contrast with BMI, WC and WHR specifically
ddress abdominal obesity and correlate better with overall
therosclerotic disease prevalence.

Although WC is well-described as a measure of abdom-
nal obesity and a marker of obesity’s associated metabolic
isks (28), the mechanism underlying the superior perfor-
ance of WHR in estimating atherosclerotic risk is less

lear. One possible explanation is that WHR, because it is
n indexed value (to lower body girth), provides a more
recise assessment of relative central adiposity across the
pectrum of body size compared with WC. A second
ossibility for the superior prognostic performance of WHR
s that increased HC may protect against atherosclerosis.

ip circumference has been observed to be inversely asso-
iated with cardiovascular risk factors (29); in addition, a
ecent investigation of the Dallas Heart Study cohort
evealed that increased lower body fat, determined by
ual-energy X-ray absorptometry scanning, was inversely
ssociated with insulin resistance, dyslipidemia, C-reactive
rotein, and systolic blood pressure (30). There is also
reliminary evidence that an inverse association exists be-
ween hip circumference and cardiovascular clinical events
9). In the present study, we found that the relationship
etween HC and CAC was modified by WC, that is,
ncreasing HC was associated with less CAC in subjects

ts of hip circumference above versus equal to or below the median and
lue columns � coronary artery calcium; yellow columns � aortic plaque.
remen
en). B
ith normal WC, but not among subjects with large WC,
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ith a statistically significant interaction observed between
C and HC on CAC prevalence. Furthermore, increased
C was inversely associated with prevalent aortic plaque in

oth quintile and WC-stratified analyses. These observa-
ions suggest that lower body fat may function as a protec-
ive reservoir against ectopic (abdominal) adiposity; how-
ver, more definitive studies will be necessary to validate this
ypothesis.
Few previous studies have specifically compared differing

besity measures with subclinical atherosclerosis. In a study
f 443 white men without diabetes, Cassidy et al. (31)
eported a positive association of prevalent CAC with
ncreased BMI, WC, and WHR, but only in subjects with
low 10-year risk for cardiovascular events. None of these

nthropometric measures were shown to be more or less
redictive than the others for prevalent CAC; however,
ncreased WHR was most associated with CAC progression
n lower-risk individuals on follow-up. Snell-Bergeon et al.
32) compared BMI, WC, and WHR using CAC scoring
n 762 healthy individuals without diabetes and reported
MI and WC as the only independent measures of obesity
fter multivariable adjustment. In contrast, the DHS in-
olves a large cohort that closely resembles the Dallas
ounty general population in body composition and prev-

lent comorbid conditions (10), which may account for
ome of the differences in findings between these previous
tudies and those of the present one.

Although WHR clearly outperformed WC and BMI in
stimating subclinical atherosclerosis, it did not add signif-
cant discrimination for CAC beyond traditional risk fac-
ors, as determined by c-statistic comparisons. One possible
nterpretation of this finding would be that most CAC
nduced by obesity is mediated by the major risk factors.

owever, the finding that the highest quintile of WHR
emained associated with CAC and aortic plaque after
djustment for these risk factors also suggests that major risk
actors alone do not fully explain the influence of WHR,
nd that other less well-understood effects related to obesity
ay contribute to increased atherosclerosis in this cohort.
he lack of increment in the c-statistic may be related to the

act that the association between WHR and subclinical
therosclerosis is quantitatively modest after multivariable
djustment, since large associations are needed to increase
he c-statistic beyond traditional risk factors (33).

onclusions

he present study demonstrates a stronger association of
HR with subclinical atherosclerosis as compared with

MI or WC in a large, population-based cohort. Prevalent
AC increased across increasing quintiles of both WC and
HR, whereas BMI demonstrated a J-shaped curve. In

nalyses adjusted for cardiovascular risk factors, WHR
emained independently associated with atherosclerosis.

aist-to-hip ratio showed better discrimination of athero-

clerosis than either BMI or WC.

1

These findings support the use of WC and WHR over
MI as clinical measures of obesity and suggest that an

ncreased burden of atherosclerosis may explain in part the
xcess cardiovascular risk among persons with obesity.
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