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Most studies examining racial disparities in abdominal fat distribution have focused on premenopausal women. The purpose

of this report was to determine if racial differences exist in the abdominal fat distribution in postmenopausal white and black

women. Fifty-four women (33 white and 21 black) were scanned by magnetic resonance imaging (MRI) to determine

abdominal fat distribution, were measured by hydrostatic weighing for percent body fat, and had their fasting blood lipids,

glucose, and insulin levels measured. These women were matched for age (mean age, 53.5 � 0.9 years) and percent body fat

(black: 39.6% � 2.3%, white: 37.3% � 1.2%). When adjusted for total body fat mass and hormone replacement therapy (HRT),

total abdominal fat (white: 10,352.1 � 535.2, black: 11,220.4 � 670.1 cm3) was not statistically different between groups, but

the visceral fat content was significantly higher in the white women (white: 2,943.5 � 220.4, black: 2,332.6 � 176.1 cm3). The

percent visceral fat was also higher in these women (white: 30.5% � 1.3%, black: 22.1% � 1.6%, P < .01). Subcutaneous

adipose tissue (SAT) was significantly higher in the black women (white: 7,408.6 � 450.2, black: 8,887 � 563.1 cm3, P < .05).

No significant differences were found in the insulin concentrations or the blood lipid profile of these women. Regardless of

race, visceral fat was a significant predictor of log triglyceride, low-density lipoprotein-cholesterol (LDL-C), cholesterol/LDL-C,

insulin levels, and insulin resistance. Race was only found to contribute to 8% of the variability of LDL-C. HRT use had no effect

on abdominal fat distribution or the blood lipid profile in this cohort of women. In conclusion, disparities in abdominal fat

distribution between black and white women continue to exist in the early postmenopausal years, and the regression results

indicate that the absolute amount of visceral fat, and not the relative amounts of visceral fat, is the best predictor of the blood

lipid profile and insulin sensitivity. HRT use did not result in differences in abdominal fat distribution in these women. Factors,

such as genetics and lifestyle, must play a larger role in explaining the increased health risk in black women.

Copyright 2003, Elsevier Science (USA). All rights reserved.

EXCESSIVE VISCERAL adipose tissue (VAT) has been
associated with insulin resistance, coronary artery dis-

ease, diabetes, and hypertension by numerous investigators,1,2

yet the majority of the research studying this association has
focused on white men and women. Epidemiologic studies in-
dicate that �30% of the black population are overweight by the
end of the third decade of life, that these rates increase to 60%
by 50 years of age, and that this population has a higher risk of
hyperlipidemia, diabetes, and the metabolic syndrome com-
pared with whites.3,4 Research comparing black and white
women has primarily focused on younger, premenopausal
women (age �35 years).5-9 Premenopausal black women tend
to accumulate abdominal fat in the subcutaneous region com-
pared with the white population who accumulate abdominal fat
in the visceral region.6 Only one investigation has examined
postmenopausal obese women and has reported similar find-
ings.10 Considering that obesity is more prevalent in black
women, little research has been conducted in this older popu-
lation to establish the racial differences in abdominal fat dis-
tribution and the relationship with the blood lipid profile and
insulin concentrations.

In older women, confounding the problem of obesity is

menopause. Menopause is associated with an increase in waist
measurements and is suspected to cause a shifting of fat dep-
osition.11 Controversy exists whether changes in abdominal fat
distribution occurs with menopause, with some cross-sectional
studies indicating an increase in visceral fat content with meno-
pause,12 while others find no change in visceral fat content.13

With the potential changes in abdominal fat distribution with
menopause and/or aging, it is possible that the racial differ-
ences that exist in abdominal fat distribution in the premeno-
pausal years may or may not exist when women are studied in
the postmenopausal years. In addition, there is controversy
whether hormone replacement therapy (HRT) prevents this
shifting of body fat with menopause. Some studies using dual
energy x-ray absorptiometry (DXA) or waist circumferences
note an increase in central adiposity with menopause,11,14-16 but
there are a few recent studies using computed tomography,
which indicate that women on HRT do not have lower levels of
visceral or subcutaneous fat.17,18

The purpose of this study was to determine whether differ-
ences exist in VAT and subcutaneous adipose tissue (SAT)
between postmenopausal black and white women. This study
also examined whether total abdominal fat, VAT, and/or SAT
predicted serum lipoproteins and calculated insulin resistance
in older healthy postmenopausal black and white women. We
hypothesized that disparities in abdominal fat distribution
would be observed with white women having more visceral fat
than black women. Further, we hypothesized that race would be
a significant predictor of blood lipid levels and that blood lipids
would be related to these differences in abdominal fat distri-
bution.

MATERIALS AND METHODS

Subjects

Thirty-three white women and 21 black postmenopausal women,
ranging in age from 50 to 65 years were recruited for this study. All
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subjects signed a consent form that was approved by the Syracuse
University and SUNY Upstate Medical University Institutional Review
Board. The women had been postmenopausal for more than 1 year, but
less than 7 years (mean, 4.61 � 0.5 years; mean � SE) and had been
determined to be postmenopausal by their physicians by hormonal
evaluation (follicle-stimulating hormone [FSH] � 50mIU/mL). Seven-
teen white and 8 black women were on HRT for at least 1 year
(Premarin, 0.625 mg [Wyeth-Ayerst, Philadelphia, PA] or Premarin
plus medroxyprogesterone acetate, 2.5 mg). Women were selected over
a range of body mass index (BMI) (22 to 40 kg/m2), were healthy, and
free of known cardiovascular disease and other metabolic diseases.
None of the women were taking medications affecting blood pressure,
blood lipids, or glucose metabolism. All subjects were non-smokers,
euthyroid, and were weight stable for at least 2 months before the
study.

Experimental Design

All women were required to come for 2 visits to complete the testing.
On the first visit, after a 12-hour overnight fast and a 24-hour period of
no exercise, subjects had their fasting blood lipids, glucose and insulin
concentrations, and body composition assessed. Health and physical
activity questionnaires were completed on this visit. Three independent
investigators evaluated the physical activity questionnaires following a
procedure previously described.13 On the second visit, the subjects
were required to have an abdominal magnetic resonance imaging
(MRI) scan; contiguous transaxial image slices covering from the
midchest to the midthigh region. Body weight was taken at all visits to
ensure that weight had not changed. The first and second visits were
separated by approximately 1 to 2 weeks, which was dependent on the
subject’s schedule and MRI availability.

Methodology

Body composition and body fat distribution. Total body fat was
determined using underwater weighing. Body density was measured
with the underwater weight taken simultaneously with measurement of
residual lung volume.19 Percent body fat was calculated using age-
specific equations.20

Regional fat distribution was quantified from the MRIs with tech-
niques previously reported.13 The MRIs were obtained (GE Signa 1.5
T MRI scanner; General Electric, Milwaukee, WI) using standard T1
weighted spin echo imaging with respiratory compensation. The MR
spin echo pulse sequence parameters used time relaxation (TR) � 400
ms, time echo (TE) � 20 ms, field of view (FOV) � 40 to 48,
acquisition matrix � 256 � 256, with nex � 2. Slice thickness was 1
cm, with approximately 40 consecutive slices/total scan acquired. Total
abdominal fat was determined from the MRIs of the region beginning
at the superior portion of the head of the femur and inclusive to the
most superior portion of the kidneys. The area included for analysis
represented about 25 cm in most subjects depending on their height.
Visceral fat pixel intensity was segmented out at each MRI slice level
and used to determine the total volume of fat for the slice. The total
visceral fat volume subtracted from the total fat (VAT plus SAT) of
that slice determined the total subcutaneous fat of that slice level. Total
volume of abdominal fat was determined by adding together the1-cm
slice volume measurements of all consecutive slices. The digital image
data were analyzed using an automated pixels representing fat segmen-
tation program running on a SUN workstation (SUN Microsystems,
Santa Clara, CA) (note that there is still user ‘bias’ in determining the
maximum thresholding to be accepted). Test-retest for this method was
r � .9999 (P � .0001).13).

Analytical methods. The fasting blood sample was analyzed for
triglycerides, total cholesterol, high-density lipoprotein-cholesterol
(HDL-C), low-density lipoprotein-cholesterol (LDL-C), insulin, and
glucose levels. The blood lipids were analyzed by Quest Diagnostic

(Syracuse, NY). Glucose concentrations were determined using a Yel-
low Springs Instrument (Yellow Springs, OH). Insulin levels were
determined by enzyme-linked immunosorbent assay (ELISA) from
Diagnostic Laboratories (Webster, TX).

Statistical analysis. The data were analyzed using Statistical Pack-
ages for the Social Sciences (SPSS, Chicago, IL, version 10.0) and are
presented as means � SE. The homeostasis model assessment of
insulin resistance (HOMA-IR) was used to estimate insulin resistance
from fasting glucose and insulin levels.21 An analysis of covariance
(ANCOVA) was used to determine if racial differences existed be-
tween the descriptive and abdominal fat variables, with HRT status and
total body fatness as a covariate. Serum triglyceride levels were loga-
rithmically transformed to yield a normal distribution before parametric
analysis. Multiple regression analysis was used to predict blood lipids
or insulin resistance from the following predictors: total abdominal fat,
visceral fat, subcutaneous fat, percent visceral fat, total body fat, HRT
status, physical activity, and race. All variables were entered into the
equation simultaneously, and squared semipartial correlation coeffi-
cient (sr2) values were calculated for each predictor to determine both
the combined and independent contributions of each variable to blood
lipids or insulin resistance.

RESULTS

The descriptive variables of these 2 groups of subjects are
shown in Table 1. The subjects were similar in height and years
since menopause and were well matched on percent body fat
(black: 39.6% � 2.3% v whites: 37.3% � 1.2%, P � .05). The
black women were slightly younger and heavier, had a higher
BMI, and had a greater total body fat mass (P � .01) than the
white women. The white women had a higher overall score on
physical activity than the black women (3.0 � 0.1 and 2.4 �
0.2, respectively, P � .01), and higher physical activity levels
were negatively correlated with lower levels of fat mass and
total abdominal fat (r � -.42 and -.42, respectively, P � .01).

The black women had significantly greater total abdominal
fat and subcutaneous fat than the white women (12,923.5 �
1,029.9 and 10,280.0 � 851.3 cm3 v 9,234.4 � 834.3 and
6,494.9 � 689.6 cm3; P � .01, respectively), while the size of
the visceral fat depot was similar between groups (2,739.5 �
207.6 v 2,643.5 � 256.2 cm3, respectively). Percent visceral fat

Table 1. Subject Characteristics of All of the White

and Black Women

White
(n � 33)

Black
(n � 21)

Age (yr) 54.2 � 1.6 52.3 � 1.0
Height (m) 1.62 � 0.01 1.63 � 0.01
Weight (kg) 72.2 � 3.6 83.1 � 3.7*
BMI (kg/m2) 28.0 � 1.9 31.2 � 1.3*
Percent fat 37.3 � 1.2 39.6 � 2.3
Fat mass (kg) 26.6 � 1.5 33.7 � 2.8*
Waist (cm) 95.9 � 4.6 113.4 � 2.5*
Years since menopause 4.2 � 0.5 6.6 � 1.2
Years of HRT use 4.3 � 0.7 6.5 � 1.9
Glucose (mg/dL) 82.3 � 2.3 82.8 � 1.7
Insulin (�U/mL) 10.5 � 1.5 14.0 � 2.9
HOMA-IR 2.1 � 0.3 3.0 � 0.7

NOTE. Data are mean � SE.
Abbreviation: HOMA-IR, homeostasis model assessment of insulin

resistance.
*P � .05 between groups.
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(visceral fat/total abdominal fat) was significantly higher in the
white women than in the black women (31.2% � 1.4% and
21.0% � 1.7%, respectively, P � .01). When adjusted for total
body fat mass and HRT, total abdominal fat was not statisti-
cally different between groups, but the absolute amount of
visceral fat content was now significantly higher in the white
women. The SAT remained significantly higher in the black
women (P � .01; Fig 1). When visceral fat was expressed
relative to total abdominal fat mass, the white women had a
higher percent visceral fat than black women (P � .01; inset
Fig 1). The ratio of VAT to SAT was not different between
groups. Women on HRT were not found to have higher total
abdominal, visceral, or subcutaneous fat.

There were no significant differences in serum lipids be-

tween groups. Using multiple regression analysis, we deter-
mined whether abdominal fat distribution could be used to
predict blood lipids, as well as glucose and insulin levels and
insulin resistance (Table 2). VAT was the strongest predictor of
log triglyceride, LDL-C levels, and the cholesterol/HDL-C
ratio and accounted for 30%, 28%, and 34%, respectively, of
the variability (P � .001). Although representing only a small
percentage of the variability, race was found to be a significant
predictor (8.7%, P � .01) only for LDL-C concentrations.
Total body fat mass accounted for 18% of the variability of
HDL-C concentrations, but none of the abdominal fat distribu-
tion measures were significant predictors of this variable. Phys-
ical activity and HRT were not found to be significant predic-
tors of any of the blood lipid variables. Physical activity

Fig 1. Comparison of abdominal fat measures adjusted for total body fat mass in black and white postmenopausal women. Inset: total body

fat and percent visceral fat for each respective group. *P < .05, between groups, **P < .01 between groups.

Table 2. Regression Results for the Prediction of Blood Lipid and Insulin Measures Using Abdominal Fat Distribution, Race,

and Total Body Fat Mass

Dependent Variable Independent Variable � Beta P Multiple R R2 sr2 Overall P

Log triglyceride Visceral fat 0.047 0.747 .009 .551 .304 0.304 .001
HDL-C Fat mass �0.636 �0.428 .001 .428 .183 0.183 .001
LDL-C Visceral fat 0.011 0.454 .000 .530 .281 0.205 .000

Race 16.196 0.295 .019 0.087
Cholesterol/HDL-C Visceral fat 0.0004 0.571 .000 .580 .336 0.336 .001
Insulin Visceral fat 0.0004 0.438 .002 .473 .224 0.224 .004
HOMA-IR Visceral fat 0.0013 0.615 .000 .542 .294 0.250 .002

NOTE. Multiple linear regression was used for the above variables except the HOMA-IR, which was determined using block regression analysis.
Abbreviations: HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; HOMA-IR, homeostasis model assess-

ment of insulin resistance.
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probably played little role in predicting abdominal fat because
all the women had a similar amount of physical activity.

Glucose concentrations were similar between the white and
black women, while the insulin levels were slightly, but not
significantly, higher in the black women than in the white
women (Table 1). Regression analysis did not find any signif-
icant predictors for the glucose concentrations in this cohort of
postmenopausal women. Race was not a significant predictor of
insulin concentrations, while visceral fat accounted for 22% of
the variability in the insulin levels (P � .01, Table 2). The
initial regression analysis found visceral fat, race, and subcu-
taneous fat to be significant predictors of HOMA-IR; however,
subcutaneous fat was found to be a suppressor variable.22 To
determine if subcutaneous fat artificially inflated the contribu-
tion of visceral fat and/or race in predicting HOMA-IR, we
subsequently ran a block regression analysis with these vari-
ables to determine the independent contributions. The results of
the block regression analysis showed that only visceral fat was
a significant predictor of insulin resistance (R2 � .25, P � .01).
These results are found in Table 2.

DISCUSSION

Considerable research has been conducted establishing the
relationship between abdominal fat distribution and health risks
in white women. Overall, these findings have been generalized
to all populations and have indicated that increases in abdom-
inal fat, particularly visceral fat, results in increased health risks
for a number of chronic diseases.23,24 In recent years, studies
have demonstrated differences in intrabdominal fat distribution
between white and black premenopausal women, such that
black women have less abdominal VAT and more abdominal
SAT.2,4-9,25 Although some earlier studies suggest visceral fat
accumulates with menopause,12 based on our previous work,13

we hypothesized that racial differences in abdominal fat distri-
bution would exist in postmenopausal women. When adjusted
for total fat mass, we observed that black women had more
subcutaneous fat, less visceral fat, and that the percent visceral
fat was �8% lower in the black women compared with the
white women when adjusted for total fat mass. Although meno-
pause has been associated with shifts in abdominal fat by some
investigators,11,12 which could potentially remove the racial
disparities seen in abdominal fat distribution in premenopausal
women, our study demonstrates that the disparities in abdom-
inal fat distribution between black and white women still exist
at least 5 years postmenopause. In addition, HRT use did not
result in differences in abdominal fat distribution in either
group.

Conway et al6 demonstrated less VAT in premenopausal,
black women compared with premenopausal, white women of
comparable BMI and % body fat. In their younger population,
they also noted that VAT expressed as a percentage of total
abdominal adipose tissue was approximately 5% less in black
women than in white women, but that SAT was 4% to 6%
greater in black women. Other studies have had similar find-
ings,2,7 except for 1 study,25 which reported no differences in
VAT and SAT in young, premenopausal, obese black and white
women. In our postmenopausal women when adjusted for total
body fat mass and HRT, the SAT was �20% greater in the

black women, while the percent visceral fat was �8% greater
in white women than in black women.

Studies on black women have reported the incidence of
overweight to be as high as 49%, and that the risk of diabetes,
coronary artery disease, and insulin resistance is greater in this
population.26 Yet paradoxically, many studies report that pre-
menopausal blacks have lower absolute and relative VAT than
age-matched white women. In our study despite no racial
differences in blood lipid levels, VAT accounted for �19% to
30% of the variability in the blood lipid profile, which is in
agreement with earlier work on pre and postmenopausal
women.2,10 Race was only a significant contributor (8%) of
LDL-C levels, which contrasts with earlier work.2 Total body
fat was the only significant predictor of HDL-C in this cohort
of postmenopausal women, which contrasts with the earlier
studies on postmenopausal women.10 With the known changes
in cardiovascular risk associated with menopause, it is possible
that race is not a significant predictor of blood lipids post-
menopause, because the menopause-evoked changes in cardio-
vascular risk may outweigh the racial differences. More impor-
tantly, the results of the regression analysis highlight that it is
the absolute amount of VAT, and not the relative amount of
VAT, which is more important when predicting the lipid pro-
file. Although the black women have a greater total body fat
mass, this only seems to play a role in modifying the HDL
levels. Regardless of race and total fat mass, visceral fat content
is the only significant variable impacting the blood lipid profile.

From pre to postmenopause there is some evidence to sug-
gest that there may be an increase in central obesity. Some
studies using waist circumference11 and studies using DXA15

have suggested increases in abdominal fat with menopause,
while we recently reported that increases in abdominal fat
around the menopausal years were associated with differences
in physical activity and were not due to menopausal status.13

The use of HRT has been suggested to prevent increases in
central adiposity, and 1 study demonstrated that 2 years of HRT
attenuated the increase in abdominal fat in postmenopausal
women.27 An additional study reported a reduction in waist
circumference and central abdominal fat measured by DXA
with 6 months of HRT use.28 In contrast in the present study,
women using HRT (� 4.6 years) did not display differences in
abdominal fat distribution compared with the non-HRT users.
This finding is in agreement with the recent reports of Ryan et
al17 and Sites et al.18

VAT has also been linked with impaired insulin function
leading to hyperinsulinemia and alterations in lipid metabo-
lism,29 but the mechanism of action is unknown. In postmeno-
pausal women, intrabdominal fat has been reported to explain
24% of the variability in insulin sensitivity,30 which agrees with
other findings.25,31 Similarly, in our cohort of white and black
postmenopausal women, visceral fat explained 25% of the
variability in calculated insulin resistance. This is an interesting
finding because the black women had greater total abdominal
fat, yet similar levels of visceral fat compared with the white
women, and the black women still exhibited poorer insulin
resistance. More research is needed to identify the underlying
physiologic factors that can explain this discrepancy.

These differences of abdominal fat patterning among differ-
ent races suggest caution must be heeded in assuming only
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VAT is associated with increased health risks.32 Black women
have a lower visceral fat area,4 but also have a lower insulin
sensitivity index than white women. Goodpaster et al33 reported
that subcutaneous abdominal fat had as strong an association
with insulin resistance as visceral fat, suggesting increased fat
content was an important independent marker of insulin resis-
tance in obesity in younger men and women. However, in the
present study in older women, percent visceral fat, SAT, or
total body fat was not related to insulin resistance. Subcutane-
ous abdominal fat may potentially be more of an important
predictor in a younger white population. Brochu et al34 recently
reported that there may be a subgroup of obese postmenopausal
women who have a high accumulation of body fat, yet are
metabolically normal and have high insulin sensitivity. This
may explain why only a small portion of the variability of the
blood lipids and insulin resistance are explained by VAT and
race.

Investigators2,5 have looked for surrogates for the measure-
ment of VAT because of expense and convenience. When
entered into the regression equation separately, waist circum-

ference and sagittal diameter were found to be significant
predictors (R2 � .20, R2 � .17; P � .01) of visceral fat.
Although these measures are significant predictors of VAT they
were not significant variables in predicting the blood lipids or
insulin resistance, and thus would not be a good substitute for
the visceral fat measure.

In conclusion, this study clearly demonstrates that postmeno-
pausal black women have more SAT, but less VAT or percent
visceral fat than white women. The absolute amount of VAT
and not the relative amounts of visceral fat or total fat mass is
the best predictor of the blood lipid profile and insulin sensi-
tivity. Race was a minor contributor. The use of HRT did not
result in differences in abdominal fat distribution in this cohort
of women. Most likely other factors, such as genetics and
lifestyle, play a larger role in explaining the increased health
risk in the black women.
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