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Racial differences in amounts of visceral adipose tissue in young
adults: the CARDIA (Coronary Artery Risk Development in Young
Adults) Study™?
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ABSTRACT shown to increase in proportion to increases in body mass index
Background: In several white populations, visceral adipose tissug BMI), an estimation of total adiposity (4-7). Central, or upper
(VAT) is a risk factor for development of type 2 diabetes and dysbody, obesity is strongly linked to insulin resistance in white pop-
lipidemia. VAT can be accurately assessed by computed topogratations and prospective studies have shown that central obesity
phy or magnetic resonance imaging, but is also estimated froms also linked to increased risk of development of type 2 diabetes,
anthropometric variables, such as waist-to-hip ratio, waist circummyocardial infarction, angina pectoris, stroke, and all-cause mor-
ference, or sagittal diameter. To date, anthropometric variablemlity in white populations (8—10). In most population studies,
have been used largely in whites and inadequate data are availabkntral adiposity is defined as a high waist-to-hip ratio (WHR).

to evaluate the validity of these variables in other groups. Substantial data now suggest that the amount of visceral fat
Objectives: The objectives of this study were tQ dletermine  may be strongly associated with risk factors for type 2 diabetes
whether amount of VAT in relation to total body fatness differs in(11-13). Visceral fat can be accurately assessed by computed
different race and sex groups &)dletermine which anthropomet- tomography (CT) scanning or magnetic resonance imaging (14,
ric variables predict amount of VAT in different race and sex groupsl5), but is often approximated by waist circumference or sagittal
Design: We determined the amount and location of body fat,diameter (16). Because the amount of visceral fat for a given
including assessment of VAT by computed tomography, in youndVHR can be substantially altered by individual differences in
adult white and black men and women participating in the 10-yhe amount of total body fat, WHR may not provide a good esti-
follow-up of the CARDIA (Coronary Artery Risk Development mation of visceral fat and in particular may not provide good
in Young Adults) Study. estimates of changes in visceral fat with weight loss (17).
Results: Black men had less visceral fat (7&B5.9 cnf) than Although blacks (and black women in particular) tend to be more
white men (99.3t 40 cn¥), even when VAT was corrected for obese than whites (18), the higher risk of type 2 diabetes in blacks
total body fatness. Black women were more obese than whitan in whites does not appear to be explained by differences in obe-
women and thus had more visceral fat (75.37.5 compared sity (19). Some reports have suggested that obese black women
with 58.6+ 35.9 cnd, respectively). This difference disappeared have a different body fat distribution for a given degree of obesity
when corrected for total body fatness. than do obese white women; in particular, several investigators
Conclusions: Both waist circumference and sagittal diameterreported that obese black women have less visceral fat than obese
were good predictors of VAT in all groups. However, the naturewhite women at similar BMIs and WHRs (20-22). In these studies,
of this relation differed such that race- and sex-specific equa??VHR was strongly correlated with total visceral fat in whites but
tions will likely be required to estimate VAT from waist circum- not in blacks. Conway et al (20) reported a much greater correlation
ference or sagittal diameter. Am J Clin Nutr 1999; between waist circumference and visceral fat in blacks than in

69:381-7. whites. Thus, the risk factors for type 2 diabetes appear to be
stronger in blacks than in whites, despite blacks having less visceral
KEY WORDS fat (21, 22). It appears that in addition to racial differences in body

Visceral adipose tissue, body fat distribution, racial differ-fat distribution, there must also be racial differences in the relation
ences, obesity, computed tomography, waist circumferenceéjetween visceral fat anisk of type 2 diabetes.
sagittal diameter, whites, blacks, CARDIA Study, young adults
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The intent of this study was to obtain cross-sectional data twas to measure the smallest circumference at the level of the
determine whether the amount of visceral adipose tissue (VAT) imaist). Hip girth was measured at the level of the symphysis
relation to total body fat differed among young white and blackpubis anteriorly and posteriorly at the level of the maximal pro-
men and women participating in the 10-y follow-up of the CAR-trusion of the gluteal muscles. From these measures, WHR was
DIA (Coronary Artery Risk Development in Young Adults) Study. calculated. Skinfold thicknesses were obtained at 3 sites: sub-
An additional aim was to determine whether similar anthropometscapula, suprailium, and triceps. The sum of these 3 skinfold
ric variables predicted amount of VAT across race and sex groupthicknesses was used as a variable. Sagittal diameter was

assessed from the CT scans and was the maximum diameter
taken at the midline on the L4-L5 scan.
SUBJECTS AND METHODS Total body fat was determined by dual-energy X-ray absorp-
tiometry in the enhanced total-body-array scanning mode with a
Hologic 2000 densitometer (Hologic, Inc, Waltham, MA) at each

We recruited subjects who were participating in the 10-y fol-site (Oakland and Birmingham). A traveling phantom was used
low-up of the CARDIA Study, a population-based longitudinal to ensure comparability between sites.
study of the development of cardiovascular disease risk factors in )

; ta analysis
young adults (23). Subjects were excluded from the present stutRla
for the following reasons: diabetes, use of thyroid replacement The SAS statistical package (version 6.08; SAS Institute Inc,
medication, weight >136 kg, and pregnancy or lactation (withinCary, NC) was used for all analyses. Differences in anthropo-
the past 6 mo). We recruited 400 subjectd @6 from each race metric and body fat measures between whites and blacks for men
and sex group) from 2 of the CARDIA sites: Birmingham, AL, and women and between the sexes by race were evaluatetd with
and Oakland, CA. BMI was distributed similarly (both above andtests. Adjusted means were calculated by the general linear
below the median race- and sex-specific BMI values from the yeanodel method for each sex to compare VAT and SAT between
7 exam) in each group. Three subjects were excluded from thaces; raceX sex interactions were evaluated by two-factor
analysis because of abnormal values for thyroid stimulating horanalysis of variance. Adjustments were made for age, CARDIA

Subjects

mone and 6 were excluded because of incomplete data collectiotenter, and selected measures. Predictors of VAT were assessed

The final sample size was 100 black men, 96 white men, 90 bladk a univariate manner by examining correlations and in regres-
women, and 105 white women. Of the 391 subjects, 238 wersion models in which age was controlled for.
studied in Oakland and 153 in Birmingham.

Procedures RESULTS
CT scans were performed with a 9800 CT scanner (General . .
Electric Medical Systems, Milwaukee) in Oakland (238 Scansﬁnthropometrlc variables
and with either a 9800 CT scanner (43 scans) or a General Elec- The mean values of several anthropometric characteristics in
tric high-speed CT scanner (110 scans) in Birmingham. (Alleach of the subgroups are shownTable 1. Black and white
abdominal CT scans in women were obtained during the first 1@hen did not differ significantly in height, weight, BMI, sum of 3
d of the menstrual cycle unless the woman had undergone a tutsdinfold thicknesses, waist circumference, or sagittal diameter.
ligation or hysterectomy or was using oral contraceptives.) AfteWWHR, however, was significantly higher in white men than in
a scout image was obtained, the L4-L5 vertebral space was locdifack men. Among women, blacks had a significantly higher
ized and a single CT image was acquired through the center aiean weight, BMI, sum of 3 skinfold thicknesses, waist circum-
the disc (140 kV, 240-340 mAe-s, 10-mm slice thickness).ference, WHR, and sagittal diameter than whites.
Images were transferred to the central reading center at the Uni- White men had a greater waist circumference and higher BMI
versity of Colorado Health Sciences Center on optical disks othan white women, but black men had a lower BMI than black
tape storage media for analysis. Abdominal adipose tissuwomen. Black men and women did not differ significantly in
regions were analyzed and VAT and subcutaneous adipose tisswaist circumference. The sum of 3 skinfold thicknesses was
(SAT) were determined by using techniques described previrigher in women than in men in both whites and blacks.
ously (14, 17). Analysis programs were developed by the central . .
reading center by using intermediate density lipoprotein (RSf‘diPOSe tissue
Inc, Boulder, CO). The analysis relies on a bimodal image his- Adipose tissue measures in all subgroups are showakle
togram resulting from the distribution of CT numbers in adipos€2. White men had a significantly higher percentage body fat,
tissue and muscle. The peaks are readily separable and the aggaater total body fat content, and more VAT than did black men.
of adipose tissue in the image is determined by the area under tBAT was not significantly different between these 2 groups, nor
adipose tissue peak of the histogram. Analysis was performed amas the ratio of VAT to SAT (VAT:SAT). Black women had a
a SPARC 20 (Sun Microsystems, Inc, Mountain View, CA). significantly higher percentage body fat, greater total body fat
Additionally, to be eligible for this study, subjects must havecontent, more VAT, more SAT, and a lower VAT:SAT than did
completed the following components of the 10-y follow-up of white women.
the CARDIA Study: anthropometry and measurement of total Among blacks, women had a significantly higher percentage
body fat by dual-energy X-ray absorptiometry. BMI was calcu-body fat, more total body fat, more SAT, and a lower VAT:SAT
lated as weight (in kg) divided by height squared (in m). Waisthan did men. VAT was not significantly different between black
girth was measured midway between the iliac crest and the lownen and women. Among whites, women had a significantly
est lateral portion of the rib cage and anteriorly midway betweehigher percentage body fat, more total body fat, less VAT, more
the xyphoid process of the sternum and the umbilicus (the inter8AT, and a lower VAT:SAT than did men.
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TABLE 1
Anthropomorphic measurements by race and sex

383

Black men White men Black women White women
(n=100) = 96) (h=90) (n=105)
Weight (kg) 85.2+ 14.4 83.5+11.8 80.2+ 15.8 67.7+14.4
Height (cm) 177.% 6.7 179.0+ 6.6° 164+ 6.8 165.6+ 6.6
BMI (kg/m?) 26.9+ 4.2 26.0+ 3.4 29.6+5.6° 24.7+5.2
Sum of 3 skinfold thicknesses 5:20.7 51.7+14.° 82.8+25.18 58.7+ 25.3
Waist circumference (cm) 87610.2 89.2+ 8.6° 86.6+ 12.1° 76.1+ 10.4
WHR 0.84+ 0.05"¢ 0.87+ 0.0% 0.79+ 0.07 0.74+ 0.05
Sagittal diameter (mm) 220.8+ 32.3 216.9+ 26.2° 238.9+ 35.7 195.8+ 37.1
X + SD. WHR, waist-to-hip ratio.
24Gignificantly different from black wome#AP < 0.05,4P < 0.001.
35Significantly different from white womenrP < 0.001,°P < 0.05.
6Significantly different from white merR < 0.01.
TABLE 2
Amount and location of body fat mass by race and sex
Black men White men Black women White women
(n=100) (n=96) (n=190) (n=105)
Total percentage fat (%) 21437.23 24.6+5.8 40.7+7.1% 35.7+ 9.6
Total fat (kg) 18.5 8.4% 20.6+ 6.8 32.7+10.6 24.8+11.9
VAT (cm?) 73.1+ 35.9 99.3+ 40.¢¢ 75.1+ 37.8 58.6+ 35.9
SAT (cn) 206.3+ 111.7 212.2+77.3 398.4+ 145.68 274.1+ 153.8
VAT:SAT 0.43+0.32 0.49+0.17 0.20+ 0.09 0.23+0.12
1X + SD. VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue.
2Significantly different from black womef, <0.001.
35Significantly different from white merfP < 0.001,5P < 0.05.
+87Sjgnificantly different from white womedP < 0.001,°P < 0.01,P < 0.05.
TABLE 3
Adiposity measures adjusted for age, study center, and selected anthropomorphic measufes in men
VAT SAT
Blacks Whites Blacks Whites
Adjustment variable (n=100) th=96) (n=100) (n=96)
cn?
Total percentage fat 79.9+ 2.9 92.2+3.0 226.8+5.1° 190.8+5.2
Total body fat (in kg) 77.4£2.8 94.8+2.8 218.4+ 3.6° 199.5+ 3.7
BMI 71.6+3.18 100.8+ 3.2 197.6+ 5.4 221.2+55
Waist circumference 75827 96.4+ 2.7 212.4+5.2 205.8+5.3
WHR 78.1+ 3.0° 94.1+ 3.0 215.6+ 8.3 202.5+ 8.4
Sagittal diameter 72.0+ 2.5 100.4+ 2.6 200.5t 4.6 218.2+ 4.7
1x + SD. VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; WHR, waist-to-hip ratio.
2-4Significantly different from whites’P < 0.005,°P < 0.001,P < 0.01.
TABLE 4
Adiposity measures adjusted for age, study center, and selected anthropomorphic measurestin women
VAT SAT
Blacks Whites Blacks Whites
Adjustment variable (n=90) (n=105) (n=90) (n=105)
cnv
Total percentage fat 69.5+3.1 63.4+ 2.8 358.0+ 8.2 308.7£ 7.6
Total body fat (in kg) 66.9 2.9 65.6+ 2.6 343.8t5.5° 320.9+5.1
BMI 63.6+2.8 68.4+ 2.6 330.4+7.4 332.4+ 6.8
Waist circumference 61%2.4 70.1+£2.2 333.8+ 9.6 329.5+ 8.8
WHR 66.7+ 3.2 65.8+2.9 373.4+ 15.7 2955+ 14.4
Sagittal diameter 58.3+ 2.6 729+ 24 308.1+ 6.4 351.5+5.8

1X + SD. VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; WHR, waist-to-hip ratio.
2-4Significantly different from whites’P < 0.001,°P < 0.005,%P < 0.05.
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FIGURE 1. Relation between total percentage body fat and visceral adipose tissue (VAT) in black=n1€00}, white menr{= 96), black women

(n=90), and white womem(= 105).

Adjusted measures of VAT and SAT
We found a significant race sex interaction in VATR < 0.0001).

eter. The pattern with SAT was less consistent. SAT was significantly
higher in black men than in white men when adjusted for total per-
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Because of differences in amount of body fat, measures of VAT ancentage fat and total body fat, but significantly lower when adjusted
SAT were adjusted for total body adiposity and for waist circumferfor BMI or sagittal diameter. SAT was not significantly different

ence, WHR, and sagittal diameter. The mean adjusted values for VAJetween black and white men when adjusted for waist circumference.

and SAT in men are shown Table 3. VAT was significantly lower
in black men than in white men when adjusted for percentage bodygnificantly lower in black women than in white women when
fat, total body fat, BMI, waist circumference, WHR, or sagittal diam- adjusted for waist circumference or sagittal diameter, but not

FIGURE 2. Relation between waist circumference

The same values for women are showmable 4. VAT was
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and visceral adipose tissue (VAT) in blackhmel0Q), white menr{ = 96), black women
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FIGURE 3. Relation between sagittal diameter and visceral adipose tissue (VAT) in black m&A®), white men (& 96), black womenr(= 90),
and white womenn(= 105).

when adjusted for total percentage fat, total body fat, BMI, or” redictors of VAT

WHR. SAT was significantly higher in black women than in Because VAT differed among subgroups, even after adjust-
white women when adjusted for percentage body fat, total bodynent for total adiposity, we examined the ability of anthropo-
fat, and WHR, but significantly lower when adjusted for sagittalmetric variables to predict amount of VAT. The univariate rela-
diameter. SAT did not differ significantly between groups whentions for each subgroup between the 4 predictor variables (total

adjusted for BMI or waist circumference. percentage fat, waist circumference, sagittal diameter, and
25 25
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FIGURE 4. Relation between waist-to-hip ratio and visceral adipose tissue (VAT) in blackmwe®Qq0), white menr{ = 96), black women
(n=90), and white womem(= 105).
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TABLE 5 used small numbers of either lean or obese subjects, in whom the
Correlation ¢?)values for prediction of total visceral adipose tissue with  range of BMI was limited. One advantage of the data presented
adjustment for age and selected anthropometric variables or percentage here is the wide range of BMI, making the results more general-

body fat izable to the overall population. SAT, however, was higher in

Black  White Black  White black men and women than in whites even when adjusted for

men men women  women total body fatness. This may suggest that subcutaneous upper
Waist circumference 0.44 0.64 0.62 0.66 body fat contributes more to type 2 diabetes risk in blacks than
Sagittal diameter 0.53 0.65 0.50 0.72 in whites. Although this is consistent with previous work (27,
WHR! 0.37 0.49 0.53 0.26 28), the issue deserves further study.
Sum of skinfold thicknesses  0.36 0.30 0.36 0.59 Waist circumference was a good predictor of visceral fat in
BMI 0.26 0.49 0.41 0.61 all race and sex groups. The fact, however, that there were signi-
Percentage body fat 0.53 0.37 0.25 054 ficant sexX race differences in both the slopes and intercepts of

Waist-to-hip ratio. the regression lines relating waist circumference to VAT sug-
gests that equations to predict VAT from waist circumference
WHR) and measured VAT are shownHigures 1-4. In particu- will need to be sex and race specific. When VAT cannot be
lar, waist circumference was a good predictor of VAT in allmeasured directly by CT scanning or magnetic resonance imag-
groups (Figure 2). However, there were significant serace  ing, waist circumference can provide a reasonable estimate of
effects P < 0.0004) in both the slope and intercept of the regresVAT in black and white men and women. Sagittal diameter was
sion lines. Shown iable 5 are the age-adjustad values for  also a good predictor of VAT in all groups, but provided no
the prediction of total VAT. For black men, either sagittal diam-advantage over waist circumference. However, sagittal diame-
eter or percentage body fat provided the best prediction of VATers in this study were measured only from the CT image. WHR,

Waist circumference had less predictive value. For black womernwhich is commonly used to estimate VAT in population studies,
waist circumference had the best predictive value for VAT androvided a less precise estimate of VAT, particularly in black
sagittal diameter was a much weaker predictor. For white memen and white women.

and women, both waist circumference and sagittal diameter had There is a great deal of interest in understanding how body
good predictive value for visceral fat. Sagittal diameter was dat distribution is regulated. The finding that there are racial
slightly better predictor than waist circumference for whiteinfluences on body fat distribution may provide an opportunity

women. WHR, a commonly used means of estimating VAT, wago use racial comparisons to better understand the physiologic

a relatively weak predictor of visceral fat in all 4 subgroups,and behavioral factors that influence body fat distributiofa

especially in white women.
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