Insulin Sensitivity and Serum Triglyceride Level in Obese White
and Black Women: Relationship to Visceral and Truncal Subcutaneous Fat
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Although independent associations of visceral fat with the insulin resistance syndrome were previously reported in obese
women, the importance of truncal subcutaneous fat with regard to insulin sensitivity is still controversial. We measured the
insulin sensitivity index (S)), serum triglyceride (TG) level, and regional fat by two methods: (1) the sum of five truncal and four
peripheral skinfolds (TrSUM and PerSUM) in 38 white and black obese nondiabetic premenopausal women, and (2) abdominal
visceral {(VFM) and subcutaneous fat mass (AbdSCFM) by a combination of magnetic resonance imaging {MRI) and dual x-ray
absorptiometry (DXA) in a subset of 26 of these women. After adjusting for the total body fat mass, TrSUM and VFM were
independently and negatively related to S, (n = 38, P < .012 and n = 26, P < .035, respectively), whereas PerSUM and
AbdSCFM were not related (P > .50). Based on multiple regression modeling, TrSUM significantly predicted S; independently
of the VFM (n = 26, P < .001). Black women had lower S, at all levels of TrfSUM (n = 38, P = .061 for the slope and P = .03 for
the intercept of the regression lines). After adjusting for the total body fat mass, only VFM showed an independent positive
relation to serum TG, and race did not affect this relationship {n = 26, P < .001). In conclusion, {1) we confirmed the
independent association of the VFM with insulin resistance and elevated TG in obese women; (2) the AbdSCFM measured by a
combination of MRI and DXA did not show an independent association with S, in obhese women; and (3) the independent
association of TrSUM with S, suggests that truncal subcutaneous fat depots contribute to insulin resistance in obese women

independently of the degree of visceral fat.
Copyright © 1999 by W.B. Saunders Company

PREVIOUS REPORTS have demonstrated that women with
a greater proportion of upper-body (truncal/abdominal)
fat tend to be more insulin-resistant, hyperinsulinemic, glucose-
intolerant, and dyslipidemic than women with a greater propor-
tion of lower-body (gluteal/femoral) fat.'”7 An enlarged visceral
fat mass (VFM) resulting in an increased portal free fatty acid
(FFA) flux delivered to the liver has been proposed as one of the
mechanisms underlying this association.® When imaging tech-
niques such as magnetic resonance imaging (MRI) and com-
puted tomography (CT) were used, visceral fat accumulation
was found to be specifically associated with the metabolic
alterations of obesity both in men and in women.>* We
previously reported that the visceral fat area measured at the
midwaist relates best to increased glucose, insulin, and triglyc-
eride (TG) levels in black and white premenopausal nondiabetic
women."” In our study, both the visceral and subcutaneous fat
areas were negatively related to insulin seunsitivity measured by
the minimal model (S;), but only the visceral fat area was
independently and negatively related to S; after adjusting for
percent body fat. Our findings were consistent with data
reported by other investigators measuring insulin sensitivity and
visceral and subcutaneous fat areas in adolescent girls,!6
premenopausal women,'*!7 and postmenopausal women and
men.'2!3 When visceral and abdominal subcutaneous fat vol-
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ume and mass were measured in premenopausal women by
Ross et al,'® only the VFM had independent associations with insulin
and glucose areas during an oral glucose tolerance test (OGTT).

In contrast, the contribution of subcutaneous fat patterning
(upper body v lower body or trunk v periphery) to the metabolic
disturbances of upper-body obesity is still controversial. Popula-
tion-based, studies have demonstrated a trend toward greater
accuntulation of truncal subcutaneous fat measured as the sum
of truncal skinfolds in hyperglycemic and hyperinsulinemic
versus normal subjects.!%2! Moreover, women with a greater
proportion of upper-body (truncal/abdominal) fat have in-
creased systemic FFA flux?? and a higher rate of lipolysis in the
upper-body subcutaneous adipocytes?>?4 than women with a
greater proportion of lower-body (gluteal/femoral) fat. Still,
associations between the amount of subcutaneous fat on the
trunk and metabolic disturbances, more specifically insulin
sensitivity, have been reported so far only in men.?>?? Further-
more, despite previously described differences between white
and black obese women in visceral versus subcutaneous fat
distribution?® and in the relation of this distribution to insulin
resistance and blood lipids,'>17 it is unclear whether the
metabolic impact of subcutaneous fat patterning varies with
race. This comparison may be especially important, considering
prior observations of a greater tendency for accumulation of
truncal subcutaneous fat in black women compared with white
women.4-52120-30

To test these hypotheses and as an improvement over our
previous study, the associations of the truncal and peripheral
skinfolds and the AbdSCFM and VFM measured by a combina-
tion of MRI and dual x-ray absorptiometry (DXA) with insulin
sensitivity and serum TG were determined in a sample of obese
nondiabetic black and white women. The homogeneity of these
associations was compared between races.

SUBJECTS AND METHODS
Subjects

Thirty-eight white (n = 20) and black (n = 18) women were evalu-
ated. This group was a subset of women who participated in a study
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previously reported by us.!* Whites were non-Hispanic Caucasians and
blacks were African-Americans, with race defined according to the
ancestry of all four grandparents. All subjects were in good health and
were not taking any medications. Normal glucose tolerance according
to National Diabetes Data Group criteria3! was based on a screening
OGTT All subjects reported a regular menstrual cycle and stable body
weight (=2 kg) for the 6 months preceding the study. Body composition
and metabolic measurements were obtained with subjects in the fasting
state. The study was approved by the Institutional Review Board of St.
Luke’s-Roosevelt Hospital Center. All subjects provided written con-
sent prior to participation.

Body Composition Measurements

All 38 subjects had anthropometric and MRI measurements, but in
only 26 subjects were DXA measurements possible.

Anthropometric and skinfold measurements. Fasting weight and
height were measured with the subjects wearing only undergarments.
Skinfold thickness was measured to *2 mm with a Lange caliper
(Cambridge Scientific Industries, Cambridge, MD) at five sites on the
thorax (subscapular, midaxillary. suprailiac, umbilicus, and abdomen
[between the umbilicus and pubic rami]) and at four sites on the
extremities (friceps. biceps, thigh, and calf) according to the methods of
Harrison et al.3? The average of two readings was recorded. The sums of
truncal (TrSUM) and peripheral (PerSUM) skinfolds were then calcu-
lated, respectively.

Hydrodensitometry (underwater weighing). Total body fat mass
(FMuyww) and fat-free mass (FFMyww = weight (kilograms) — FMyyww)
were determined by hydrodensitometry using the Siri equation. In
calculating percent body fat with the Siri equation, different densities of
the FFM were used for black (1.106 g/cm?) and white (1.100 g/em?)
women., in accordance with a report from our center that quantified the
density of FFM using a four-compartment model of body composition
and found FFM density to be shightly greater in black versus white
women, primarily due to heavier bone mass.®?

MRI measurements. The areas of visceral (VAT), subcutaneous
(SAT), and total (TAT) adipose tissue in the abdomen were measured by
MRI as described by Seidell et al** and van der Kooy et al.35 With the
subject in the supine position, the midpoint between the last rib and the
iliac crest (midwaist) was determined in millimeters on a scout coronal
image (scans by General Electric System Signa Advantage 5.3 scanner;
General Electric Medical Systems, Milwaukee, WI). This midwaist
point corresponds to the minimal waist and the 1.2-L3 spinal level.?
Four 1.5-mm thickness axial images 5 mm apart were obtained above
and below the midwaist. The images were analyzed by a single
investigator on a General Electric independent display console using an
“automatic boundary detection program™ (5.3 software; General Elec-
tric Medical Systems). VAT, SAT, and TAT were determined by an
image-masking technique. For each area. specific pixel ranges were
determined that produced the best fat/nonfat delineation. The pixel
ranges for VAT and SAT were similar to those reported by other
investigators.3>37 The reported values represent the average of three
readings for each image. The intraclass correlation for repeated VAT
determination in our laboratory is .99.

DXA measurements. DXA (Lunar, Madison, WI; software version
3.6) measurements of the central fat mass in the abdomen (AbdFMpx,)
were obtained from whole-body scans in a subset of 26 subjects (14
white and 12 black) as previously described.**® Although all 38 subjects
underwent DXA measurements, the proper delineation of the abdorminal
region to avoid inclusion of arm fat was possible only in these 26
subjects. Unlike CT and MRI, DXA-measured fat mass is not solely
adipose tissue but 1s the sum concentration of fatty elements in soft
tissue. The region of interest in the abdomen comprised all tissue below
the first and above the fifth lumbar vertebrae (L1-L2 to L4-15), similar
to regional measurements described previously.”3® DXA total truncal

195

fat measurements were not used, since these contain an excessive
amount of gluteal fat and the pelvic fat in 1ts entirety.

VFM and AbdSCFM. Using calculations similar to those described
by Jensen et al,*” the absolute quantities of visceral and subcutaneous
abdominal fat mass (VFM and AbdSCFM) were calculated from the
total central abdominal fat mass (AbdFMpx,) as measured by DXA,
based on the relative proportions of visceral and subcutaneous fat areas
(VAT. SAT, and TAT) as measured by MRI, respectively: VEM (g) =
[VAT (cm?)/TAT (cm?)] X AbdFMpgxa (g), and AbdSCFM (g) = [SAT
(cm?)/TAT (cm?)] X AbdFMpxa (g).

Metabolic Measurements

All metabolic measurements were performed after a 12-hour over-
night fast.

OGTT. Plasma glucose and insulin levels were measured 1 blood
samples taken at 30-minute intervals for 2 hours after glucose ingestion
(75 g dextrose; Baxter Healthcare, Valencia, CA). The plasma glucose
level was measured with a glucose analyzer (Beckman, Fullerton., CA;
coefficient of variation [CV] <4%). and the plasma msulin level was
measured by radioimmunoassay using the charcoal extraction technique
(CV, 12%)." This method does not distinguish insulin from proinsulin
levels. Glucose and insulin areas under the curve (AUCs) were
estimated by the trapezoid method.

Frequently sampled intravenous glucose tolerance test. Peripheral
insulin sensitivity was measured 1n vivo according to the tolbutamide-
modified frequently sampled intravenous glucose tolerance test (FSIGT)
of Bergman et al.*? For all subjects, this measurement was made within
10 days of the onset of the menstrual cycle. Glucose (0.3 g/kg. 50%
dextrose injection; Abbott. North Chicago, IL) was administered
intravenously at time 0 minutes, followed by injection of tolbutamide
(Orinase Diagnostic; Upjohn, Kalamazoo, MI) at 20 minutes. Subjects
with a body mass index (BMI) less than 30 kg/m? recetved 300 mg
tolbutamide, and subjects with a BMI greater than 30 kg/m? received
500 mg. Frequent blood sampling (taken before glucose injection at
—20, —15, — 10, and —5 minutes and after glucose injection at 2, 3. 4,
5,6, 8.10, 12. 14, 16, 19, 22, 24, 25, 27, 30, 40, 60, 70, 90, 100, 120,
140, 160, and 180 minutes) was performed through a catheter in the
contralateral arm. Plasma glucose and insulin levels were measured on
all samples, and S; was calculated from these values with the nonlinear
mathematical model of glucose disappearance (MINMOD program;
copyright R.N. Bergman, 1986).

Fasting serum TG. Fasting blood samples were taken for the
measurement of total TG (assay kit 210; Diagnostic Chemicals.
Monroe, CT).

Data Analysis

Unless otherwise noted. data are presented as the mean = SD.
Between-race comparisons of body composition and metabolic measure-
ments were performed using ¢ tests for independent samples. Pearson
product-moment correlation coefficients and partial correlation coeffi-
cients controlling for FMyww were calculated for the entire sample to
determine univartate and partial relationships between body composi-
tion measurements and metabolic parameters. Multiple regression
analysis with backward elimination was performed to determine the
combination of body composition variables that were most predictive of
S; and TG. For derving predictive equations. backward elimination
closely replicates the outcome of trying all possible combinations of
independent variables to determine the best single model > When
appropriate. slope and intercept terms of regression models were
compared between races. Since only 26 of 38 subjects included in this
study had DXA abdominal fat measurements, all analyses (correlations,
t tests, and regressions) involving the total abdominal fat mass
(AbdFMpxa) or derivatives thereof (VEM and AbdSCFM) reflect this
subset of the entire sample. A significance level of .05 was used for all
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statistical tests. All statistical analyses were performed using SPSS
version 6.1 for Windows (Chicago. IL).

RESULTS

The 20 white and 18 black women included in this study were
similar with respect to age, weight, height, BMI, FMyww,
FFMyww, percent fat, PerSUM, and TrSUM (all P = .17; Table
1). This was also true for the subset of 14 white and 12 black
women with DXA measurements. Table 1 also presents meta-
bolic measurements for all subjects. Although no significant
racial differences were noted for S; (P = .65), insulin AUC
(P = .64), or TG (P = .06), white women did have a signifi-
cantly larger glucose AUC than blacks (P < .001). Again, these
measurements were similar for the subset of women with DXA
measurements. Table 2 shows the abdominal adipose tissue
areas measured by MRI (VAT, SAT, and TAT), abdominal fat
mass measured by DXA (AbdFMpx, ). and calculated values for
VEFM and AbdSCFM for the 26 subjects with DXA measure-
ments. There were no significant between-race differences in
any abdominal fat measurements for the subjects evaluated (all
P > 27). Table 3 shows Pearson correlation coefficients for
body composition measurements and skinfolds in all subjects
(N = 38) and for body composition measurements and abdomi-
nal fat measurements for 26 subjects with DXA. TrSUM was
significantly correlated with FMyww, AbdEMpxs, VEM, and
ADbdSCFM (all P = .05). However, AbdSCFM explained only
about 16% of the variance in TrSUM.

Univariate and partial (controlling for FMyww) correlation
coefficients between selected body composition measurements
and S; are presented in Table 4. FMyww, AbdFMpxa, VFM,
TrSUM, and PerSUM were negatively correlated with Sy (all
P = .022), but AbdSCFM was not correlated with S; (P = .23).
After controlling for FMyww. only VEM (P = .035) and
TrSUM (P = .002) were significantly related to S;. Among 26
subjects with DXA abdominal fat mass measurements, multiple
regression analysis with backward elimination was performed
to determine the relationship between S; and the body composi-
tion measurements FMyww, VFM, TrSUM, and PerSUM. Only
the relation to TrSUM remained significant after modeling
(P < .001). When a similar modeling procedure was performed
using all 38 subjects after race stratification, FMyww and
PerSUM dropped out of the equation, leaving TrSUM as the

Table 1. Subject Characteristics

White Women Black Women

Charactenistic {n = 20) {n=18)
Age {yr) 346 36=6
Weight {kg) 95+ 15 92+ 11
BMI (kg/m?2) 3B +x5 34+3
FMuww (k) 44 =10 41 =8
Y%Fat 45 =5 44+ 6
TrSUM (mm}) 268 + 44 245 + b5
PerSUM {mm) 161 x 24 155 + 28
Insufin AUC (pmol/2 h) 2,679 * 1,673 2,437 = 1,467
Glucose AUC {mmol/2 h)* 29.3 £ 5.1 234 + 3.7
S, (104 min~1- mU - mL™") 2622 2.3+ 2.1
TG (mmol/L} 1.25 = 0.52 0.94 = 0.47

NOTE. Values are the mean + SD. %Fat = 100 - FMyww (kg)/weight
(kg).
*P < .001. All other between-race comparisons, P> .06.
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Table 2. Abdominal Fat Measurements

White Women Black Women
Parameter (n = 14) (n=12)

TAT (cm?) 497 = 88 478 + 121
VAT {cm?) 112 = 50 105 + 43
SAT (cm?) 385 =72 373 = 107
AbdFMpxa (9) 3,150 = 525 2,936 = 569
VFM (g) 709 = 304 646 + 296
AbdSCFM (g) 2,441 = 490 2,290 = 429

NOTE. Results are the mean = SD for 26 subjects (14 whites and 12
blacks) with DXA abdominal fat measurements. For all beiween-race
comparisons, P = .33.

only significant predictor of Sy in blacks (P = .03) and whites
(P < .001) (Fig 1). When the regression of S; on TrSUM was
compared between races, it was found that while the slope of the
regression line did not differ (P = .06), the intercept for whites
was higher than for blacks (P = .032). Thus, at all levels of
truncal subcutaneous fat, black women were significantly more
insulin-resistant than white women.

Univariate and partial (controlling for FMyww) correlation
coefficients between selected body composition measurements
and TG are presented in Table 5. FMyww, AbdFMpxa, VEM,
and TrSUM were negatively correlated with TG (all P = .011),
while AbdSCFM was not correlated with TG (P = .38). After
controlling for FMyww, only AbdFMpx, (P = .013) and VFM
(P < .001) were significantly related to TG. For 26 subjects
with DXA abdominal fat mass measurements, multiple regres-
sion analysis with backward elimination was performed to
determine the relationship between TG and the body composi-
tion measurements FMyww, VEM, TrSUM, and PerSUM. Only
the relation to VFM remained significant after modeling
(P < .001). Furthermore, for 26 subjects evaluated, the relation-
ship between TG and VFM did not differ by race (P = .35).

DISCUSSION

The clustering of upper-body and abdominal obesity, insulin
resistance, and dyslipidemia has received particular attention
with regard to defining the metabolic hazards of obesity.*6 In
this study, we sought to examine the relationship of different
components of upper-body obesity to insulin sensitivity and
serum TG.

We and others previously reported independent associations
of VAT but not of SAT areas measured at L;-Ls or L,-1L; with
insulin sensitivity and TG levels in obese women.!>*16 As a
methodological improvement over these studies, we combined
MRI and DXA abdominal measurements to evaluate the
contributions of AbdFMpxa, VFM, and AbdSCFM and TrSUM
and PerSUM measurements to the trunk versus peripheral
subcutaneous fat mass.

We found that the AbdFMpx, and VEM were significantly
associated with insulin sensitivity, whereas the AbdSCFM was
not. Previous studies using DXA methodology also found a
strong relationship of total abdominal fat mass measurements
by DXA with insulin sensitivity in lean and mildly obese
women,3? as well as more severely obese women.*’ However, in
these studies, the separate identification of visceral versus
subcutaneous abdominal fat mass was not made. When we
separated the two depots using their relative ratio by MRL we
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Table 3. Pearson Correlation Coefficients Between Body Composition Measurements

Parameter FMuww FFM v TrSUM PerSUM VAT SAT AbdFMpxa VFM
FMuww —_
FFMyuww .38* —
TrSUM .64+ .27 —
PerSUM 52% 00 64+ —
VAT .56+ 34 59+ 21 —
SAT 79% .20 A1* 40* 29 —
AbdFMpxa .63% 36 T4% 54t A6% .54t —
VFM .34 .19 T4t 50T .95% ~.10 53t —
AbdSCFM 53t 31 .40% .32 —.06% .70% .84% —.01
*P < .05.
TP<.01.
1P =.001.

found that in obese women, only the VEM, not the AbdSCEM,
was significantly related to insulin sensitivity independently of
total body fat mass. This finding is in contrast to results reported
in obese men.?>26 In these studies, the AbdSCFM measured by
MRI from the dome of the diaphragm to the symphysis pubis
was a better predictor of decreased insulin sensitivity than the
VFM. These contrasting findings may reflect methodological
differences in the determination of fat distribution in the
abdomen and/or may be a result of different adverse effects of
specific subcutaneous fat depots on the trunk in women
compared with men.

The measurement of subcutaneous abdominal fat as a single
area by MRI and measurement of subcutaneous abdominal fat
by a combination of DXA and MRI have limitations. The
amount of subcutaneous abdominal fat in a single area may be
dependent on the level at which it is measured. For example, in
men, lower-lumbar and sacral MRI slices contain nearly twice
the area of posterior subcutaneous fat compared with more
rostral slices in the abdomen.® The measurement of total
abdominal fat mass by DXA in our subjects was consistent and
compares well with earlier reports using DXA methodol-
ogy.3%% However, the region of interest we measured by DXA
corresponds to a significantly smaller area of the abdomen (top
of L, to bottom of L) than is typically included in studies using
multiple slice imaging by CT or MRI in women'® or men.? %6
We chose this region because, in previous studies using DXA
methodology, it was shown that in women the central abdomi-
nal fat region relates much better to the degree of insulin
sensitivity than the total amount of trunk fat.3® The total trunk
fat mass by DXA may have included an excessive amount of
gluteal and pelvic fat. Indeed. when we analyzed the effect of
trunk subcutaneous fat mass by DXA (trunk fat mass minus the
VEM) in our subjects, we again did not find an independent

Table 4. Univariate and Partial
(controlling for TBFMyww) Correlations Between Selected
Body Composition Measurements and S,

Parameter Univariate r P Partial r P
FMyww. kg (N = 38) —.56 <.001 —_
TrSUM, mm (N = 38) —.62 <.001 -.41 .012
PerSUM, mm (N = 38) - 37 .022 -1 .51
AbdFMpy,, g {n = 26) —.49 .012 —.26 .20
VFM, g (n = 26) —.51 .008 —.42 .035
AbdSCFM, g (n = 26) -.25 .23 .014 .95

relationship with insulin sensitivity (results not shown). There-
fore, the method by which upper-body subcutaneous fat is
measured may influence the evaluation of its relationship to
insulin sensitivity.

However, we found that in our sample of obese women, the
sum of a series of skinfold thickness measured on the trunk
(TrSUM) was a better predictor of insulin sensitivity than the
sum of skinfolds measured on the extremities (PerSUM). Even
more importantly, TrSUM was a better predictor of insulin
sensitivity than VEM. The finding of a relationship between the
individual truncal skinfolds or their sum and indices of carbohy-
drate metabolism is not new. Feldman et al,!® 30 years ago,
found that diabetic women had a greater absolute truncal
skinfold thickness but showed no differences in the skinfold
thickness of the upper and lower extremities compared with
nondiabetic women. Despres et al!! found a significant correla-
tion between the sum of several truncal skinfolds and several
parameters of glucose metabolism in both the fasting state and
during glucose tolerance testing in 52 premenopausal obese
women. Furthermore, the role of truncal subcutaneous fat with
regard to these obesity-associated health risks is supported by
the finding of increased rates of lipolysis in upper-body
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Table 5. Univariate and Partial (controlling for FMyy) Correlations
Between Selected Body Composition Measurements and Serum TG

Parameter Univariate r P Partial r P
FMyww, kg (N = 38} 41 01 —_
TrSUM, mm (N = 38) .49 .002 32 .0563
PerSUM, mm (N = 38) .30 .065 .11 .50
AbdFMpya, g (n = 26) .56 .003 .49 .013
VEM, g (n = 26) 76 <.001 73 <.001
AbdSCFM, g (n = 26) .18 .38 .01 .96

subcutaneous adipocytes,*-2* which contribute to higher sys-
temic FFA flux in women with a greater proportion of upper-
body (truncal/abdominal) fat compared with women with a
greater proportion of lower-body (gluteal/femoral) fat.?2

It should be noted that we are unaware of any previously
published report that validates the sum of truncal skinfolds
versus cadaveric-, CT-, or MRI-derived measurements of total
truncal subcutaneous fat in women. However, for subjects in the
present study, abdominal subcutaneous fat measured by a
combination of MRI and DXA explained only about 16% of the
variance in TrSUM, while VFM was significantly cortelated
with TrSUM even after adjustment for abdominal subcutaneous
fat (P < .001). In women, this may reflect the heterogeneity of
subcutaneous fat on the trunk and perhaps an inherent associa-
tion between certain truncal subcutaneous fat depots and
visceral fat accumulation that is largely independent of the
quantity of abdominal subcutaneous adipose tissue. In women,
whether there is lipolytic heterogeneity among truncal subcuta-
neous adipocytes, ie, those in the upper trunk versus the
abdominal region, is not known. Thus, the adverse effects of
subcutaneous fat on the trunk may reflect fat deposition on the
upper trunk, as well as the abdominal region. Indeed, accumula-
tion of subcutaneous fat specifically on the chest and subscapu-
lar region has been associated with impaired glucose tolerance
in Japanese-American women.?! In this respect, in women,
TrSUM may be a better representation of undesirable truncal
subcutaneous fat distribution than just abdominal subcutaneous fat.

Previous reports from our laboratory?® and others!” have
suggested that the association between visceral adiposity and
insulin resistance is affected by race. Specifically, black women
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tend to be more insulin-resistant than white women at all levels
of fatness.!” In the present study, an identical trend was
observed when comparing the association between insulin
sensitivity and truncal subcutaneous fat across race. After
adjustment for TrSUM, black women were significantly more
insulin-resistant than white women (P = .032) (Fig 1). This
finding is particularly important given the greater tendency for
upper-body subcutaneous fat accumulation in black women. 2330

A strong association has been noted previously between the
absolute or relative quantity (visceral to subcutaneous ratio) of
visceral fat and the serum TG level.!53%-32 In the present study,
VFM was the strongest individual predictor of serum TG, even
after controlling for total body fat mass. Neither the TrSUM nor
the AbdSCFM were significantly related to serum TG after
controlling for total body fat mass. Thus, these findings confirm
the contribution of visceral fat to serum lipids in obese
women.>317 With respect to blood lipids, we observed racial
homogeneity in the relationship between the serum TG level
and VFM.

Taken together, the results of this study indicate that the
health risks of upper-body obesity in women may reflect
specific contributions of different compartments of central
adipose tissue. That is, insulin sensitivity appears to be a
function of both visceral and subcutaneous fat on the trunk,
while the serum TG level appears largely dependent on visceral
fat accumulation. Rosenfalck et al,5 using DXA-derived mea-
sures of regional adipose tissue in 89 women, found that
abdominal fat was most predictive of serum TG, while fasting
insulin was most related to the degree of truncal adipose tissue.
While neither of the measurements used in that study directly
reflect distribution of fat between subcutaneous versus visceral
depots, the results indicate a potential heterogeneity of meta-
bolic risk in relation to different regions of upper-body fat.

In conclusion, the present study indicates that specific
subcutaneous and visceral components of central adiposity are
differentially related to individual parameters of carbohydrate
and lipid metabolism in obese premenopausal women. Further
studies are needed to clarify the mechanism of these associa-
tions in various high-risk obese groups.

REFERENCES

1. Kissebah AH, Peiris AN: Biology of regional body fat distribu-
tion: Relationship to non—insulin-dependent diabetes mellitus. Diabetes
Metab Rev 5:83-109, 1989

2. Evans DJ, Hoffman RG. Kalkhoff RK, et al: Relationship of body
fat topography to insulin sensitivity and metabolic profiles in premeno-
pausal women. Metabolism 33:68-75. 1984

3. Folsom AR, Burke GL, Ballew C, et al: Relation of body fatness
and its distribution to cardiovascular risk factors in young blacks and
whites: The role of insulin. Am J Epidemiol 130:911-924, 1989

4. Wing RR, Kuller LH, Bunker C, et al: Obesity, obesity-related
behaviors and coronary heart disease risk factors in black and white
premenopausal women. Int J Obes 13:511-519, 1988

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

6. Karter AJ, Mayer-Davis EJ, Selby IB, et al: Insulin sensitivity and
abdominal obesity in African-American, Hispanic and non-Hispanic
white men and women. Diabetes 45:1547-1555, 1996

7. Svendsen OL, Hassager C, Christiansen C: Relationship and
independence of body composition, sex hormones, fat distribution and
other cardiovascular risk factors in overweight postmenopausal women.
Int J Obes 17:459-463, 1993

8. Bjorntorp P: “Portal” adipose tissue as a generator of risk factors
for cardiovascular disease and diabetes. Arteriosclerosis 10:493-496,
1990

9. Fujioka S, Matsuzawa Y. Tokunaga K, et al: Contributions of
intra-abdominal fat accumulation to the impairment of glucose and lipid
metabolism in human obesity. Metabolism 36:54-59, 1987

10. Fujioka S, Matsuzawa Y, Tokunaga K, et al: Improvement of
glucose and lipid metabolism associated with selective reduction of
intra-abdominal visceral fat in premenopausal women with visceral fat
obesity. Int J Obes 15:853-859, 1991

11. Despres J-P, Nadeau A, Tremblay A. et al: Role of deep
abdomunal fat in the association between regional adipose tissue
distribution and glucose tolerance in obese women. Diabetes 38:304-
309, 1989



FAT DISTRIBUTION AND METABOLIC RISK IN WOMEN

12. Cefalu WT, Wang ZQ, Werbel S, et al: Contribution of visceral
fat mass to the insulin resistance of aging. Metabolism 44:954-959,
1995

13. Banerji MA, Chaiken RL, Gordon D, et al: Does intra-abdominal
adipose tissue in black men determine whether NIDDM 1s 1nsulin-
resistant or insulin-sensitive? Diabetes 44:141-146, 1995

14. Bonora E, Del Prato S, Bonadonna RC, et al: Total body fat
content and fat topography are associated differently with in vivo
glucose metabolism in nonobese and obese nondiabetic women.
Diabetes 41:1151-1159, 1992

15. Albu JB, Murphy L, Frager DH. et al: Visceral fat and
race-dependent health risks in obese nondiabetic premenopausal women.
Diabetes 46:456-462. 1997

16. Caprio S. Hyman LD, McCarthy S, et al: Fat distribution and
cardiovascular risk factors in obese adolescent girls: Importance of the
intra-abdominal fat depot. Am J Clin Nutr 64:12-17, 1996

17. Lovejoy JC, de la Bretone J. Kiemperer M, et al: Abdominal fat
distribution and metabolic risk factors: Effects of race. Metabolism
45:1119-1124, 1996

18. Ross R. Fortier L, Hudson R: Separate associations between
visceral and subcutaneous adipose tissue distribution, insulin and
glucose levels in obese women. Diabetes Care 19:1404-1411. 1996

19. Feldman R, Senser AJ, Siegelaub AB: Differences in diabetic and
nondiabetic fat distribution patterns by skinfold measurements. Diabe-
tes 18:478-486, 1969

20. Freedman DS, Williamson DF, Croft JB, et al: Relation of body
fat distribution to ischemic heart disease. The National Health and
Nutrition Examination Survey I (NHANES I) Epidemiologic Follow-up
Study. Am J Epidemiol 142:53-63, 1995

21. Fujimoto WY, Bergstrom RW, Boyko EJ. et al: Susceptibility to
development of central adiposity among populations. Obes Res 3:179S-
1868, 1995 (suppl)

22. Jensen MD. Haymond MW, Rizza RA, et al: Influence of body
fat distribution on free fatty acid metabolism in obesity. J Clin Invest
83:1168-1173, 1988

23. Martin ML, Jensen MD: Effects of body fat distribution on
regional lipolysis in obesity. J Clin Invest 88:609-613, 1991

24, Dowling HJ, Fried SK. Pi-Sunyer FX: Insulin resistance in
adipocytes of obese women: Effects of body fat distribution and race.
Metabolism 44:987-995, 1995

25. Abate N. Garg A, Peshock RM, et al: Relationship of generalized
and regional adiposity to insulin sensitivity in men. J Clin Invest
96:88-98, 1995

26. Abate N, Garg A, Peshock RM, et al: Relationship of generalized
and regional adiposity to insulin sensitivity in men with NIDDM.
Drabetes 45:1684-1693. 1996

27. Goodpaster BH, Thaete FL, Simoneau J-A. et al: Subcutaneous
abdominal fat and thigh muscle composition predict insulin sensitivity
imdependently of visceral fat. Diabetes 46:1579-1585. 1997

28. Conway JM, Yanovski SZ. Avila NA, et al: Visceral adipose
tissue differences 1n black and white women. Am J Clin Nutr
61:765-771, 1995

29. Kumanyika S: Obesity in black women. Epidemiol Rev 9:31-50,
1987

30. Bonham GS. Brock DB: The relationship of diabetes with race,
sex and obesity. Am J Clin Nutr 41:776-783, 1985

31. National Diabetes Data Group: Classification and diagnosis of
diabetes mellitus and other categories of glucose intolerance. Diabetes
28:1039-1057, 1979

32. Harrison GG, Buskirk ER, Carter LJE, et al: Skinfold thick-
nesses and measurement technique. in Lohman TG, Roche AF, Mar-

199

torell R (eds): Anthropometric Standardization Reference Manual.
Champaign, IL, Human Kinetics Books, 1988. pp 55-70

33. Ortiz O. Russell M, Daley TL, et al: Differences in skeletal
muscle and bone mineral mass between black and white females and
their relevance to estimates of body composition. Am J Clin Nutr
55:8-13, 1992

34. Seidell JC, Bakker CJG, van der Kooy K: Imaging techniques for
measuring adipose tissue distribution: A comparison between computed
tomography and 1.5-T magnetic resonance. Am J Clin Nutr 55:8-13.
1990

35. Van der Kooy, Seidell JC: Techniques for measurement of
visceral fat: A practical guide. Int J Obes 17:187-196, 1993

36. Ashwell M, Cole TJ, Dixon TK: Obesity. New insight into
anthropometric classification of fat distribution by computed tomogra-
phy. BMJ 290:1692-1694, 1985

37. Ross R, Leger L, Morris D, et al: Quantification of adipose tissue
by MRI: Relationship with anthropometric variables. J App! Physiol
72:787-795, 1992

38. Treuth M, Hunter GR, Kekes-Szabo T: Estimating intra-
abdominal adipose tissue in women by dual x-ray absorptiometry. Am J
Clin Nutr 62:527-532, 1995

39. Carey DC, Jenkins AB, Campbell LV, et al: Abdominal fat and
msulin resistance in normal and overweight women: Direct measure-
ments reveal a strong relationship in subjects at both low and high risk
for NIDDM. Diabetes 45:633-638, 1996

40. Jensen MD, Kanaley JA. Reed JE, et al: Measurement of
abdominal and visceral fat with computed tomography and dual x-ray
absorptiometry. Am J Clin Nutr 61:274-278, 1995

41. Herbert V, Lau KS, Crottlieb LW. et al: Coated charcoal
immunoassay of insulin. J Clin Endocrinol Metab 25:1375-1384, 1965

42. Bergman RN. Prager R. Volund A, et al: Equivalence of insulin
sensitivity index in man derived by the minimal model method and the
euglycemic glucose clamp. J Clin Invest 79:790-800, 1987

43. Montgomery DC, Peck EA: Linear Regression Analysis. New
York. NY, Wiley, 1982

44, Abate N: Insulin resistance and obesity: The role of fat distribu-
tion pattern. Diabetes Care 19:292-294, 1996

45. Bjorntorp P: Visceral obesity: A “civilization syndrome.” Obes
Res 1:206-222, 1993

46. Yamashita S, Nakamura T. Shimomura I, et al: Insulin resistance
and body fat distribution. Diabetes Care 19:287-291, 1996

47. Pedersen SB, Borglum JD, Schmitz O, et al: Abdominal obesity
is associated with insulin resistance and reduced glycogen synthase
activity in skeletal muscle. Metabolism 42:998-1005, 1993

48. Misra A, Garg A, Abate N, et al: Relationship of anterior and
posterior subcutaneous abdominal fat to insulin sensitivity in nondia-
betic men, Obes Res 5:93-99, 1997

49. Svendsen OL. Hassager C, Bergmann I, et al: Measurement of
abdominal and intraabdominal fat in postmenopausal women by dual
x-ray absorptiometry and anthropometry: Comparison with computer-
ized tomography. Int J Obes 17-45-51, 1993

50. Captio S, Hyman LD, McCarthy S. et al: Fat distribution and
cardiovascular risk factors in obese adolescent girls: Importance of the
intra-abdominal fat depot. Am J Clin Nutr 64:12-17, 1996

51. Fujioka S. Matsuzawa Y, Tokunaga K, et al: Contributions of
intra-abdormnal fat accumulation to the impairment of glucose and lipid
metabolism in human obesity. Metabolism 36:54-59, 1987

52. Zamboni M, Armellini F. Milani MP. et al: Body fat distribution
in pre- and post-menopausal women: Metabolic and anthropometric
variables and their inter-relationships. Int J Obes 16:495-504, 1992

53. Rosenfalck AM. Almdal T. Gotfredsen A, et al: Body composi-
tion in normal subjects: Relation to lipid and glucose variables. Int J
Obes 20:1006-1013, 1996



