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ABSTRACT

Background: There is increasing interest in understanding racial
differences in adiposity in specific body depots as a way to explain
differential health risks associated with obesity.

Objective: Our aim was to examine the differences in abdominal
visceral adipose tissue (VAT) and subcutaneous adipose tissue
(SAT) between white and African American adults.

Design: The sample included 1967 adults aged 18-84 y, including
790 white women, 435 African American women, 606 white men,
and 136 African American men. Total body fat was measured by
using dual-energy X-ray absorptiometry, whereas abdominal VAT
and SAT cross-sectional areas (L4-L5 level) were measured by
using computed tomography. Sex-specific differences in SAT and
VAT between racial groups were analyzed by the use of general
linear models, which controlled for age and total body fat. Addi-
tional models tested for racial differences in VAT and SAT and
controlled for age, total body fat, smoking, and menopausal status.
Statistical significance was accepted at P < 0.05.

Results: Abdominal VAT was significantly higher in white than in
African American men and women, even after adjustment for co-
variates. White women had significantly lower SAT than did Afri-
can American women, both before and after adjustment for
covariates. White men had significantly higher SAT than did Afri-
can American men, but after adjustment for covariates, their SAT
was lower than that of African American men.

Conclusions: Abdominal visceral adiposity is significantly greater
in white men and women. After adjustment for covariates, white
men and women had significantly lower SAT than did African Amer-
ican men and women. The results of this study highlight the hetero-
geneity of human body fat distribution across racial groups.This trial
was registered at clinicaltrials.gov as NCT00959270. Am J Clin
Nutr 2010;91:7-15.

INTRODUCTION

A major public health goal in the United States is to significantly
reduce racial disparities in health (1). In 2003, white men and
women could expect to live 6.3 and 4.5 y longer than African
American men and women, respectively, under current mortality
patterns (2, 3). A total of 51% and 64% of the racial gap in life
expectancy in men and women, respectively, can be explained by
differences in mortality rates from diabetes, cardiovascular disease,

and cancer (2). Thus, it is clear that efforts to reduce racial disparities
in mortality should focus on understanding and reducing disparities
in chronic disease rates. The causes of these racial disparities are
difficult to explain as they likely arise from complex interactions
between socioeconomic position, behavior, and biology.

Recent data suggest that racial differences in the prevalence of
generalized obesity [body mass index (BMI; in kg/mz) >30]
exist. Among adults, the prevalence of obesity in the 2003-2004
National Health and Nutrition Examination Survey (NHANES)
was 30.6% among white Americans and 45% among African
Americans (4). These differences are also evident during
childhood and adolescence as the prevalence of generalized
obesity (BMI >95th percentile) among those 2—19 y of age was
16.3% among white Americans and 20.0% among African
Americans (4). The degree to which these racial differences in
the prevalence of general obesity contribute to the differential
chronic disease burden is currently unknown.

There is increasing interest in defining excess adiposity in
specific body depots as a way to explicate the health risks of
obesity. For example, abdominal adiposity, in particular visceral
adipose tissue (VAT), has been identified as a marker of health
risk with potentially greater specificity than total fat mass or
generalized obesity (5). Given the complex nature of measuring
depot-specific adipose tissue in living humans, relatively few
studies have examined racial differences in abdominal adiposity
by using magnetic resonance imaging or computed tomography
(CT). The existing evidence indicates that African American men
have lower amounts of VAT compared with white men (6-11),
even when adjusting for total body fat (§-10). However, racial
differences in VAT are not as clear in women. Six studies have
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reported that African American women have lower VAT amounts
than white women (6, 10-14), and 5 studies have reported that
differences are not significant (7-9, 15, 16). Racial differences in
abdominal subcutaneous adipose tissue (SAT) mass (6, 9, 11, 13)
appear to be minimal. Three studies have reported higher amounts
of abdominal SAT in African American women compared with
white women; however, these studies did not adjust for total ad-
iposity, and the African American women in these studies also had
significantly higher amounts of total body fat (6-8). One study has
reported significantly higher SAT in African American women
compared with white women after statistically controlling for
percentage body fat (16). The purpose of this study is to examine
racial differences in total fat and abdominal VAT and SAT in a large
cohort of white and African American men and women.

SUBJECTS AND METHODS

Sample

The Pennington Center Longitudinal Study (PCLS) is an ongoing
investigation of obesity, lifestyle, and the development of common
chronic diseases such as cardiovascular disease, type 2 diabetes,
cancer, and premature mortality. The PCLS sample is composed of
volunteers who have participated in a variety of clinical studies,
including diet interventions, weight loss, and other metabolic/
physiologic studies conducted at the Pennington Biomedical Re-
search Center (PBRC) since 1992. The present investigation is
limited to cross-sectional analyses of baseline data for the current
sample of participants who underwent dual-energy X-ray absorp-
tiometry (DXA) scansand CT scans of the abdomen (1996-2008). In
cases in which participants had multiple baseline measurements,
the earliest complete record was used. All DXA and CT measure-
ments were conducted within 60 d of the initial screening visit
(DXA mean: 22.7 d; CT mean: 26.2 d). The total sample includes
1967 adults 18-84 y of age (mean: 45.1 y), including 790 white
women, 435 African American women, 606 white men, and 136
African American men. All procedures employed by the PCLS were
approved by the PBRC Institutional Review Board, and all partic-
ipants provided written, informed consent.

Anthropometric measures

During their initial visit to the PBRC screening site, a nurse
measured the volunteer’s height in duplicate by using a wall-
mounted stadiometer and weight in duplicate by using a digital
scale after the volunteer removed outer clothing, heavy pocket
items, and shoes. BMI was calculated as weight in kilograms
divided by height in meters squared.

DXA

Total body fat mass (in kg) was estimated by DXA, which is
currently measured at PBRC by using a Hologic QDR4500A
whole-body scanner (Bedford, MA). The current DXA
(QDR4500; n = 1039) has been used since 2001; an older ma-
chine (QDR2000; n = 928) was phased out and decommissioned
in 2006. A validation study (n = 32) was performed to develop
correction equations for the QDR2000 data to the current
QDR4500 output by subjecting participants to same-day scans
on both machines. There is a high degree of concordance be-
tween the total body fat mass measurements of the 2 machines
(R* =0.993), and the following equation was used to convert the

QDR2000 data to be comparable with QDR4500: Y = 0.832X +
1.528. For both DXA instruments, a single phantom was used
before each day’s data collection to /) confirm calibration and 2)
document stability (ie, drift) over time. Twice-yearly calibra-
tions by the manufacturer are used to correct for minor changes
in the instruments due to small expected drift in the X-ray tube
characteristics over 6-mo time intervals.

Computed tomography

CT scans were performed with the participant lying in the
supine position with the arms over the head. A cross-sectional
axial image was obtained at the level of the L4-L5 intervertebral
space. The CT scans were performed at the Baton Rouge General
Medical Center, Baton Rouge, Louisiana, with a General Electric
computed tomography scanner (GE Company, Milwaukee, WI).
Three different machines have been used over the course of data
collection: GE High Speed Advantage (1996-2000; n = 888), GE
LightSpeed Plus (2000-2007; n = 989), and GE LightSpeed
VCT (2007-2008; n = 90). The CT scanner is calibrated to air
[Hounsfield units (HU) = 0] daily. Image data were transferred
to PBRC, and commercially available software (Analyze; Ana-
lyze Direct, Rochester, MN) was used to electronically measure
areas of adipose tissue by selecting regions of interest defined by
attenuation values (—30 to —190 HU for adipose tissue). Ab-
dominal VAT and SAT cross-sectional areas (cm”) were mea-
sured as previously described (17).

A subsample of 1034 participants had multislice CT scans of
the abdomen (an initial image was obtained at the level of the L4—
L5 intervertebral space, 2 images were obtained 5 and 10 cm
below L4-L5, and an additional 5 images were obtained every 5
cm above L4-L5). Abdominal VAT and SAT volumes (in L) were
computed from the cross-sectional images as previously de-
scribed (17). Due to the strong correlations between VAT area and
volume (r = 0.89; range across sex-by-race groups: 0.89-0.94)
and SAT area and volume (r = 0.96; range across sex-by-race
groups: 0.93-0.99) (Figure 1), SAT and VAT areas, rather than
volumes, were used to accomplish the aims of this article to
maintain adequate sample sizes in the sex-by-race groups.

Covariates

Age was computed from birth and observation dates. Self-
reported smoking status was determined from questionnaire
responses during screening, and participants were categorized as
nonsmokers, current smokers, or former smokers. Menopausal
status (premenopausal/postmenopausal) was determined in
women from their age and responses to questions regarding their
reproductive history. Women aged >55 y or those who indicated
that they can no longer have children because of achieving men-
opause were considered to be postmenopausal. Unfortunately data
on physical activity, dietary intake, and socioeconomic position
were not available, so the influence of these variables on the ob-
served relationships could not be explored.

Statistical analysis

Data management and analysis were performed by using SAS
9.1 software (SAS Institute, Cary, NC). Differences in abdominal
SAT and VAT between racial groups within sex were analyzed by
general linear models, which controlled for age (y) and total body
fat (kg). Additional models were analyzed to test for racial
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FIGURE 1. Associations between abdominal (A) visceral adipose tissue (VAT) volume and area (L4-L5) and (B) subcutaneous adipose tissue (SAT)
volume and area (L4-L5) in a subsample of 1034 men and women with multislice computed tomography scans available in the Pennington Center
Longitudinal Study.

differences in abdominal VAT and SAT; these models controlled  further explore the effects of age, the sample was dichotomized
for age (y), total body fat (kg), smoking status (non/current/  into 2 age groups (<45 and >45 y), and stratified analyses were
former), and menopausal status (pre/post; women only). To  conducted.
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TABLE 1
Characteristics of the subjects’
‘Women
African American White African American White
(n = 136) (n = 606) (n = 435) (n =1790)
Age (¥) 384 *+ 13.9° 449 + 13.4° 408 + 114 489 + 11.0°
Age range (y) 18-70 18-72 18-73 18-84
Height (cm) 1772 + 6.7 1772 + 6.5 163.5 * 6.0 163.1 = 5.8
Weight (kg) 93.1 = 17.4 95.5 + 16.3 83.4 * 14.9 78.3 * 14.5°
BMI (kg/m?) 29.6 =52 304 * 49 312 52 294 * 5.1°
Body fat (kg) 220+ 9.7 268 +9.7° 324 +92 312 + 9.0°
VAT (cm?) 97.7 = 63.9 148.6 + 73.4° 96.7 * 50.7 126.8 * 63.7°
SAT (cm?) 289.4 * 156.6 319.3 * 141.8° 452.7 * 141.6 412.0 + 137.9°
Smoking status (%)
Current 12 2 4 5
Former 14 24 8 19
Never 73 70 88 76
Postmenopausal (%) — — 13 41

! VAT, abdominal visceral adipose tissue area measured at L4-L5; SAT, abdominal subcutaneous adipose tissue area

measured at L4-L5.
2 Mean * SD (all such values).

? Significantly different from African Americans, P < 0.05 (within-sex ¢ test).

RESULTS

The descriptive characteristics of the sample are presented in
Table 1. African American men and women were significantly
younger than white men and women, respectively. Racial dif-
ferences in height were not significant; however, African
American women had significantly greater body weight, BMI,
and total body fat compared with white women, and white men
had significantly greater total body fat compared with African
American men.

The correlations among the indicators of body fatness are
presented in Table 2. All indicators were significantly inter-
correlated (P < 0.0001), and the magnitude and pattern of
correlations were remarkably similar across the sex and race
groups. Total body fat mass was more highly correlated with
SAT (r = 0.91-0.96) than with VAT (r = 0.57-0.68). VAT was
moderately correlated with SAT (r = 0.44-0.56) in each of the
sex-by-race groups.

Abdominal VAT was significantly higher in white compared
with African American men and women. These differences were
significant both before adjustment (Table 1) and after adjustment
for age and total body fat mass (Figure 2A) and for age, total
body fat mass, smoking, and menopausal status (women only)
(Figure 2B).

Abdominal SAT was significantly higher in white men com-
pared with African American men (Table 1); however, after
adjustment for covariates, SAT was lower among white men
compared with African American men (Figure 3, A and B).
Abdominal SAT was significantly higher in African American
compared with white women. These differences were significant
both before adjustment (Table 1) and after adjustment for age
and total body fat mass (Figure 3A) and for age, total body fat
mass, smoking, and menopausal status (Figure 3B).

Age (in y) was a significant covariate in all models. To further
explore the effects of age on the observed relationships, the
sample was dichotomized into 2 age groups (<45 and >45 y).
The inclusion of the dichotomous age variable in the models did

not change the results. Furthermore, age-stratified analyses were
conducted (Figure 4). The effects of race on both abdominal
VAT and abdominal SAT were similar in all age and sex groups.

The relation between total body fat mass and abdominal VAT
and SAT in all 4 race-by-sex groups is presented in Figure S. The
correlations between total body fat mass and VAT are lower than
the correlations with SAT (Table 2), and this is also evident in
the difference in the spread of points depicted in A and B of
Figure 5. Abdominal VAT is higher in white men and women
compared with African American men and women across all
amounts of body fat mass, and the difference becomes more
pronounced at higher amounts of total body fat. The results
depicted in Figure 5B indicate that the differences in SAT be-
tween white and African American women and men for a given
amount of total body fat are fairly consistent but tend to increase
with higher amounts of total body fat.

TABLE 2
Correlation coefficients between indicators of total and depot-specific body
fat in the 4 sex-by-race groups’

Total body fat VAT SAT
Men
Total body fat 0.67 0.94
VAT 0.68 0.51
SAT 0.96 0.56
Women
Total body fat 0.62 0.91
VAT 0.57 0.44
SAT 0.91 0.48

! Correlations for white participants are presented above the diagonal,
and correlations for African American participants are presented below the
diagonal. The sample sizes were 136 African American men, 606 white men,
435 African American women, and 790 white women. VAT, abdominal
visceral adipose tissue area measured at L4-L5; SAT, abdominal subcutane-
ous adipose tissue area measured at L4-L5. All correlations are significantly
greater than zero at P < 0.0001.
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FIGURE 2. Mean (95% CI) abdominal visceral adipose tissue (VAT) area
(L4-L5) in African American and white men and women. A: Age- and total
fat mass—adjusted means. B: Means adjusted for age, total fat mass,
smoking, and menopausal status (women only). Sex-specific differences in
subcutaneous adipose tissue and VAT between racial groups were analyzed
by the use of general linear models. The sample sizes were 136 African
American men, 606 white men, 435 African American women, and 790
white women.

DISCUSSION

To our knowledge, this is the largest study published to date
that examines racial differences in abdominal depot—specific
body fat both before and after controlling for amounts of total
body fat and other covariates. Given the observed correlations
between VAT and SAT and total body fat, it was important to
adjust for total body fat to determine the effects of race on ab-
dominal depot—specific adiposity per se. The results of this study
indicate that significant racial differences exist in abdominal
depot—specific body fatness, even for a given amount of total
body fat. African American men and women have lower amounts
of abdominal VAT for a given amount of total body fat than white
Americans, and these differences increase with the amount of
total body fat. Furthermore, after adjustment for age, total body
fat mass, and other covariates, abdominal SAT was observed to be
higher in African American men and women compared with
white men and women, respectively.

The results of this study both support and contradict the results
of earlier studies. The majority of previous studies have also
reported lower amounts of abdominal VAT in African American
compared with white men (6—11). However, previous studies of
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FIGURE 3. Mean (95% CI) abdominal subcutaneous adipose tissue
(SAT) area (L4-L5) in African American and white men and women. A:
Age- and total fat mass—adjusted means. B: Means adjusted for age, total fat
mass, smoking, and menopausal status (women only). Sex-specific
differences in SAT and visceral adipose tissue between racial groups were
analyzed by the use of general linear models. The sample sizes were 136
African American men, 606 white men, 435 African American women, and
790 white women.
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racial differences in abdominal VAT among women have pro-
duced mixed results (6-13, 15, 16). The results of the present
study confirm those of 6 previous studies that have also reported
significantly lower VAT in African American women compared
with white women (6, 10—14). Three other studies have reported
lower VAT in African American women; however, these dif-
ferences were not statistically significant (8, 15, 16). Among
women in the Coronary Artery Risk Development in Young
Adults study, African Americans had higher total body fat and
abdominal VAT than white Americans; however, the VAT dif-
ferences disappeared after adjustment for differences in total
body fat (9). Among women enrolled in 3 community-based
studies in Ohio, African Americans and white Americans had
similar amounts of VAT, but the differences were not adjusted for
potential differences in total adiposity (7). Thus, the results of this
study lend further support to the weighted evidence that ab-
dominal VAT is lower in African American men and women after
controlling for differences in overall adiposity.

The finding that African Americans have lower amounts of
abdominal VAT yet have higher mortality rates from diabetes,
cardiovascular disease, and cancer than white Americans is
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men, 606 white men, 435 African American women, and 790 white women.

a paradox. There are observed disparities in health risks among
white and African Americans (18, 19), and part of this paradox
might be explained by examining racial differences in absolute
compared with relative risks of disease and/or mortality. The
finding of higher abdominal VAT in white men and women, after
adjustment for total body fat, may partially explain the observed
racial differences in the relative risk of mortality associated with
BMI, particularly in women (20-22). In a large cohort of US
adults, the relative risk of death from all causes increased with
higher BMI across normal weight, overweight, and obese BMI
categories in white men and women; however, the relative risks
were much lower in African American men and women (20).
Furthermore, African American women experienced only a small
elevation in mortality risk at the highest BMIs (>35) (20). If the
health hazards of obesity are differentially expressed through
abdominal VAT, then the fact that African American women have
a lower relative risk of mortality associated with BMI may be
a reflection of their lower abdominal VAT amounts. On the other
hand, the absolute risk of mortality in the study at every level of
BMI was higher among African Americans than among white
Americans, particularly in the normal weight category, which

suggests that other mechanisms are likely involved in explaining
these mortality rate differences. Furthermore, given the high rates
of obesity among African Americans in general, the lower
amounts of abdominal VAT for a given amount of body fat may
not compensate. Further research is required to disentangle the
effects of depot-specific adiposity on population-level mortality
rates from specific causes to better explain this paradox.

The existing evidence from previous studies provides no clear
understanding of racial differences between African American
and white men and women in abdominal SAT. These mixed
results may be partially explained by the use of different
measures of SAT (magnetic resonance imaging compared with
CT, cross-sectional area compared with volume, etc), a mix of
analytic strategies (with adjustment for age, total body fat, etc),
and differences in the mean and range in age and adiposity of the
samples. The results of the present study provide some clarity on
this issue. African American women were observed to have
higher amounts of abdominal SAT than their white women
counterparts, even after statistically adjusting for differences in
age and total body fat mass (Figure 3). Although white men had
higher abdominal SAT than African American men, these
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differences reversed after adjustment for total body fat. Thus, the  of race appears to exist for abdominal SAT: African American
higher abdominal SAT among white men was largely explained = men and women have higher amounts of SAT than white men and
by their higher amounts of total body fat. An independent effect = women after adjustment for total body fatness.
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The health effects associated with SAT in the abdomen
compared with other anatomic regions are not well understood.
Some studies have suggested that higher amounts of gluteo-
femoral SAT for a given amount of abdominal fat may be as-
sociated with a more favorable cardiometabolic risk factor profile
(23); however, the degree to which abdominal SAT provides
cardiometabolic protection is largely unknown. A recent study
from the Framingham Heart Study has shown that, when stratified
by tertiles of abdominal VAT, many cardiometabolic risk factors
do not increase across tertiles of abdominal SAT (24). The role of
the anatomical location of SAT in defining health risk is an
important area for future research.

Few studies have employed prospective designs to study racial
differences in the relation between obesity and the develop-
ment of risk factors (19). Data from the Atherosclerosis Risk
in Communities Study indicated that the incidence of diabetes
over a 9-y period was higher at all levels of BMI in African
American compared with white adults (25). This is in contrast to
results from the NHANES Epidemiologic Follow-up Study in
which the 20-y incidence of diabetes was higher in African
Americans than in white Americans at low BMI values and
equivalent at higher BMI values (26). These results highlight the
need to clarify racial differences in both the relative and the
absolute risk of disease.

The strengths and limitations of this study warrant discussion.
The precise measurement of total body fat mass and abdominal
SAT and VAT areas in a large biracial cohort by using advanced
imaging techniques is a marked strength of this study. Single CT
images at the level of L4-L5 were used for all primary analyses,
and the adipose tissue areas were highly correlated with total
volumes in a subsample with multi-slice data. However, there is
some evidence to suggest that maximum VAT areas may occur at
different anatomical levels in white and African American men
and women (7), which could not be accounted for in the present
study. The PCLS cohort is not a representative sample of the US
population; rather, it represents local volunteers who have been
screened for a wide variety of clinical research studies at PBRC.
However, the sample (60% white, 40% African American) is
reflective of the racial diversity in southern Louisiana, and the
individuals range in BMI from 17 to 49. The range of BMI and
total body fat represented in the sample is a marked strength of
the study because it allowed us to examine the associations
between race and depot-specific body fat across a large range of
human variability. Unfortunately, an indicator of socio-economic
position was not available for the participants in this study to
examine the extent to which socio-economic position may ex-
plain the observed race differences. A further limitation of this
study is that volunteers whose self-reported race or ethnicity was
other than African American or white were not included in the
cohort. This study also did not include children or adolescents
<18 y of age, so caution should be used in extrapolating the
observed racial differences further backward into childhood, as
the temporal sequence of the emergence of these differences is
unknown.

The results of this investigation highlight the heterogeneity of
human body fat distribution across racial groups. More research
is required to determine the immediate and long-term health
consequences of the observed racial differences in abdominal
depot—specific body fatness. Carefully conducted prospective
studies in biracial cohorts of men and women with measurements

of depot-specific body fatness are required to determine the long-
term health effects of these observed differences. The results of
these investigations will provide important information that will
ultimately inform the need for race-specific obesity guidelines.
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