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Abstract
Context—It has been suggested that the propensity to store fat in the gluteal-femoral region may
be cardioprotective.

Objective—The primary aim of this study was to test whether the favorable associations of leg fat
with risk factors for cardiovascular disease persist after controlling for the highly unfavorable effects
of abdominal (visceral or sc) adiposity in postmenopausal women.

Study Participants—The study included 95 postmenopausal women [age, 60 ± 8 yr (mean ± SD)].

Main Outcomes—Whole-body and regional fat distribution was measured using dual-energy x-
ray absorptiometry and abdominal computed tomography. Markers of insulin resistance and
dyslipidemia were determined from oral glucose tolerance tests and fasted lipid and lipoprotein
measurements, respectively. Primary outcomes were: fasting insulin (INS0), area under the insulin
curve (INSAUC), product of the oral glucose tolerance test insulin and glucose AUC (INSAUC —
GLUAUC), serum triglycerides (TG), and high-density lipoprotein (HDL) cholesterol.

Results—Controlling for trunk fat revealed a favorable effect of leg fat on INS0, INSAUC,
INSAUC × GLUAUC, TG, and HDL. However, after controlling for either visceral or sc abdominal
adiposity, TG was the only risk factor for which the favorable effect of leg fat persisted.

Conclusions—The lack of an association between leg fat and most of the risk factors, after
adjusting for abdominal visceral or sc fat, suggests an overriding deleterious influence of abdominal
adiposity on cardiovascular risk. Nevertheless, our finding that regional adipose tissue depots have
apparent independent and opposing effects on serum TG supports the need for further research into
the physiological mechanisms governing these effects.

Obesity has long been considered a risk factor for metabolic and cardiovascular disease (CVD),
but over the past 20 yr, it has become increasingly apparent that it is abdominal adiposity that
is more closely associated with disease risk. The higher prevalence of CVD in men than in
women is likely due, in part, to the fact that men tend to accumulate fat in the abdominal region,
whereas women tend to store fat in gluteal-femoral regions, at least before the menopause
(1). Perhaps not coincidentally, both abdominal fat accumulation and the incidence of CVD
accelerate in women after the menopause (2,3).

The harmful association of abdominal fat, and specifically visceral fat, with disease risk is
well-established (4–6). It is less clear whether lower-body fat stores, which are predominant
in most women, have independent effects on CVD risk. Because obesity, in general, is linked

Address all correspondence and requests for reprints to: Rachael E. Van Pelt, Ph.D., Division of Geriatric Medicine, University of
Colorado Denver Health Sciences Center, 4200 East Ninth Avenue, Campus Box B-179, Denver, Colorado 80262.
rachael.vanpelt@uchsc.edu.

NIH Public Access
Author Manuscript
J Clin Endocrinol Metab. Author manuscript; available in PMC 2010 February 10.

Published in final edited form as:
J Clin Endocrinol Metab. 2005 August ; 90(8): 4573. doi:10.1210/jc.2004-1764.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



with increased CVD risk, it may seem likely that lower-body fat would confer either neutral
or deleterious effects that are simply less potent than those of abdominal fat. However, in
contrast to this, we (7) and others (8–17) have observed favorable associations of lower-
extremity fat with common risk factors for CVD. In our previous study of postmenopausal
women (7), leg fat was not a consistent simple correlate of insulin resistance or dyslipidemia.
However, after statistically controlling for the potent deleterious associations between trunk
fat and CVD risk factors, leg fat emerged as being favorably associated with triglycerides (TG),
high-density lipoprotein (HDL)-cholesterol, and insulin resistance. Because leg fat is stored
primarily in sc depots, we speculated that the apparent protective effect of leg fat could simply
be indicative of a propensity to store fat sc in the abdominal region, away from the visceral
regions that are more strongly associated with disease risk. If our hypothesis is correct, the
favorable effects related to increased leg fat could have reflected a small visceral fat depot
within the trunk region. However, we could not evaluate this in our previous study, because
the procedure used to measure trunk fat (dual-energy x-ray absorptiometry; DXA) does not
discriminate sc and visceral abdominal fat.

Therefore, the aim of the current study was to determine whether our previous finding, that leg
fat had favorable associations with risk factors for CVD in postmenopausal women after
controlling for the deleterious effects of trunk fat, persists when controlling instead for the
effects of abdominal (either visceral or sc) adiposity. We postulated that the strength of the
favorable associations of leg fat with CVD risk factors, which we found after controlling for
trunk fat, would be diminished when controlling for visceral adiposity. As a secondary aim,
we further determined whether the deleterious effects of trunk fat on CVD risk factors were
mediated primarily by visceral or sc abdominal adiposity.

Subjects and Methods
Subjects

We measured body composition and select disease risk factors in 95 healthy postmenopausal
women [age, 60 ± 8 yr (mean ± SD)]. All women were at least 1 yr past menopause (average
time since last menses, 11 ± 9 yr), were not on hormone therapy or glucose- or lipid-lowering
drugs, were not current smokers, and did not have diabetes mellitus as assessed by an oral
glucose tolerance test (18). The nature, purpose, and risks of the study were explained verbally
and in writing to each subject during the consent process. All of the participants provided
written informed consent to participate in the study, which was approved by the Colorado
Multiple Institutional Review Board.

Body composition
Total and regional (trunk and leg) fat masses were determined by DXA using a Lunar DPX-
IQ (Software v4.38; Lunar Corp., Madison, WI). The recommendations of the manufacturer
were used to define the trunk and leg regions. Total and regional (visceral and sc) abdominal
fat areas were determined by computed tomography (CT) using a General Electric (Waukesha,
WI) High Speed CT. Single axial CT images (120 kV, 200–300 mA, and 10-mm slice
thickness) were acquired at the level of the L2–L3 and L4–L5 intervertebral spaces. Technicians
at the CT Scan Reading Center analyzed all images. Adipose tissue areas were determined
using a CT intensity range (−190 to −20 Hounsfield units) from image-generated histograms
of adipose and soft tissue regions. The visceral fat areas (square centimeters) were manually
outlined by tracing the muscles of the abdominal wall. Fat appearing in the bowel was
subtracted from the visceral fat area. The sc fat areas (square centimeters) were calculated by
subtracting the visceral and bowel fat areas from the total abdominal fat area. The cylinder
volume equation was used to estimate the abdominal visceral and sc fat volumes (cubic
centimeters) between the L2–L3 and L4–L5 slices calculated from the measured fat areas, slice
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thickness, and distance between the two slices. Analysis programs were developed by the
University of Colorado CT Reading Center using IDL software (RSI, Inc., Boulder, CO) on a
Sparc 20 workstation (Sun Microsystems, Sunnyvale, CA).

Glucose tolerance test
A 75-g oral glucose tolerance test was administered in the morning after an overnight fast.
Blood samples were obtained before and 30, 60, 90, and 120 min after glucose ingestion for
glucose and insulin determinations. The total areas under the glucose curve (GLUAUC) and
insulin curve (INSAUC) were calculated using the trapezoidal rule. The INSAUC and fasted
insulin (INS0) were used as indices of hyperinsulinemia, and the product of the insulin and
glucose areas (INSAUC × GLUAUC) was calculated as an index of peripheral insulin resistance
(19–21).

Hormones and metabolites
Blood samples were stored at −80 C and analyzed, in batch, by the Core Laboratory of the
General Clinical Research Center (GCRC). Serum insulin concentrations were determined with
a double-antibody RIA (Diagnostic Systems Laboratories, Inc., Webster, TX). Serum glucose
was measured using a hexokinase assay on a Cobra Mira Plus instrument (Roche Diagnostic
Systems, Indianapolis, IN). Intra- and interassay coefficients of variation were 5.2 and 9.8%
for insulin and 1.1 and 3.6% for glucose, respectively.

Blood lipids and lipoproteins
Measurements of serum lipid and lipoprotein concentrations were done by the GCRC Core
Laboratory. Total cholesterol, HDL-cholesterol, and TG were measured by automated
enzymatic commercial kits on a Cobra Mira Plus instrument (Roche Diagnostic Systems).
Intra- and interassay coefficients of variation were as follows: 1) total cholesterol, 5.1 and
2.4%; 2) TG, 1.4 and 3.3%; 3) HDL, 4.5 and 2.9%. Low-density lipoprotein cholesterol was
calculated using the Friedewald equation (22).

Statistics
The primary outcome variables (INS0, INSAUC, INSAUC × GLUAUC, TG, HDL) for analysis
were chosen a priori based on our previous observations (7). Each of the primary outcome
variables and each of the independent predictor variables (leg fat, trunk fat, visceral and sc
abdominal fat) was log transformed before analysis to remove skewness. Quantile-quantile
plots of each variable were evaluated before and after log transformation to verify that the
transformed data were approximately normal. Descriptive data are presented in clinical units
as median [interquartile range (IQR)] unless specified otherwise. Pearson correlation
coefficients were used to assess the relationships of the primary outcome variables with each
candidate predictor. Multiple linear regression models were used to test the hypothesis that
lower-body adiposity had an independent and favorable relation with the metabolic risk factors
of interest when controlling for trunk or abdominal adiposity. Estimated β-coefficients, their
SE values (± SE), and the overall R2 values are presented for each regression model. For
illustrative purposes, women were dichotomized by the median visceral fat volume and by the
median leg fat mass. All statistical analyses were performed using SPSS for Windows software
(v12.0; SPSS, Inc., Chicago, IL). Statistical significance was defined as an α-level of 0.05.

Results
Body composition and metabolic characteristics of the study cohort are presented in Table 1.
On average, the women were overweight (body mass index, 28 ± 6 kg/m2) and had a large
waist girth (88 ± 11 cm). Pearson correlation analyses indicated that most measures of total
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and regional adiposity except leg fat were significantly correlated with INS0, INSAUC,
INSAUC × GLUAUC, and HDL (Table 2). In contrast, only trunk fat mass and abdominal
visceral fat measures were significantly correlated with TG. Abdominal visceral fat volume
was the strongest correlate of each risk factor.

Linear regression models (Table 3) evaluated the associations of leg fat mass with each of the
primary outcomes before (model 1) and after adjusting for trunk fat mass (model 2), abdominal
visceral fat volume (model 3), or abdominal sc fat volume (model 4). We first confirmed our
previous observation (7) that leg fat had a favorable, independent association with CVD risk
factors after adjusting for the unfavorable effects of trunk fat (Table 3, model 2). After
controlling for trunk fat, leg fat became significantly and favorably related to each of the risk
factors measured, with the exception of HDL (P = 0.06). For example, when regressing
INS0 on leg fat without adjustment (model 1), the coefficient was positive (0.34 ± 0.17) and
significant (P = 0.05) but with a low R2 (0.04). However, after adjusting for trunk fat, leg fat
became significantly (P < 0.01) inversely related (−0.56 ± 0.19), and the R2 increased to 0.36
(model 2). We next determined whether the favorable independent association of leg fat mass
with CVD risk factors persisted when controlling for either visceral (model 3) or sc (model 4)
abdominal fat volumes, rather than trunk fat mass. After adjusting for the effects of visceral
fat, leg fat was favorably associated with TG only (P < 0.05). After adjusting for sc abdominal
fat, leg fat was no longer significantly related with any of the risk factors. These findings
indicate an overriding effect of fat stored specifically in the abdominal (visceral or sc) regions
on INS0, INSAUC, INSAUC × GLUAUC, and HDL that was not apparent when controlling for
total trunk fat mass. The one exception was that adjustment for visceral fat did not override
the significant (P < 0.05) independent contribution of leg fat (−0.33 ± 0.14) to TG
concentrations. The independent and opposite contributions of leg fat mass and visceral fat
volume to TG concentrations are illustrated in Fig. 1.

We next confirmed that it is specifically fat stored in abdominal regions (i.e. visceral and sc),
rather than the entire trunk region, that is most closely linked with metabolic risk factors. Linear
regression models (Table 4) evaluated the associations of trunk fat with each of the primary
outcomes before (model 1) and after adjustment for abdominal visceral (model 2) or sc (model
3) fat volumes. After adjusting for the effects of abdominal visceral fat, trunk fat was
significantly and unfavorably related to INS0 only. However, after adjusting for abdominal sc
fat, trunk fat remained significantly and unfavorably associated with all of the risk factors.
These results suggest that the relations of trunk fat mass with the outcome variables were
independent of abdominal sc adiposity but were not independent of visceral adiposity.

Discussion
The results of this study confirmed our previous observation in postmenopausal women (7)
that leg fat mass was associated with reduced CVD risk, independent of the increased risk
attributable to trunk fat mass. The primary new finding of this study was that the favorable
associations of leg fat with CVD risk factors did not persist, with the exception of TG, after
adjusting for abdominal visceral adiposity. The relation between trunk fat mass and the risk
factors was independent of abdominal sc, but not visceral, fat volume, suggesting that the
associations of trunk fat with risk factors were mediated by abdominal visceral adiposity.

There has been debate over which adipose tissue regions confer the greatest increase in
morbidity and mortality. Early evidence that upper-body adiposity conferred more risk than
overall adiposity or lower-body adiposity came from epidemiological studies that compared
waist-to-hip circumference ratio, or simply waist girth, and body mass index (6,23). In such
studies, waist-to-hip circumference ratio and waist size emerged as superior indices of disease
risk compared with body mass index. The development of DXA to measure body composition
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allowed for a regional separation of body fat into trunk and appendicular (arm and leg) fat, and
trunk fat emerged as a better correlate of disease risk compared with appendicular or whole-
body adiposity (7). Furthermore, delineation of central abdominal adiposity by DXA (i.e. the
L2–L4 region within the trunk) (24) and delineation of visceral and sc adiposity by CT or
magnetic resonance imaging revealed central abdominal or visceral adiposity as the best
correlate of disease risk (13,24,25). Evidence from body composition studies suggests a
hierarchy among regional fat depots and their relation to disease risk such that lower-body or
appendicular adiposity appears less harmful, and upper-body or abdominal (particularly
visceral) adiposity appears more harmful.

There is some evidence that lower-body adiposity is actually protective against disease risk,
rather than simply less harmful. Previous studies demonstrated inverse correlations of thigh or
hip girth with select CVD risk factors (8,9,12), and reduced risk for ischemic heart disease
(10) and type 2 diabetes mellitus (26). Appendicular skinfold thicknesses were also found to
have an inverse relation with CVD risk (11). We (7) and others (13–17) previously observed
an inverse relation between DXA-measured leg fat mass and select risk factors in women.
Because the majority of fat in the legs is stored sc (27), we postulated that increased leg fat
mass was simply indicative of a propensity to store fat sc and away from the abdominal visceral
compartment. Further, we thought it was unlikely that sc fat would confer metabolic protection
after controlling for the highly detrimental effects of abdominal visceral adiposity. However,
we were unable to evaluate this in our previous study because we did not have measurements
of abdominal visceral and sc fat (7).

Therefore, the primary aim of the current study was to determine whether the favorable
independent associations of leg fat with CVD risk factors that we observed after controlling
for trunk fat (7) persisted after adjusting for abdominal visceral or sc adiposity. We confirmed
our previous finding of a favorable association of leg fat mass with risk factors, independent
of trunk fat mass. However, leg fat mass was not an independent determinant of any of the risk
factors after adjustment for abdominal sc adiposity, and was an independent determinant only
of TG after adjustment for abdominal visceral adiposity. This suggests that abdominal fat
accumulation, in either sc or visceral regions, is a potent determinant of CVD risk and that the
storage of fat in non-abdominal regions does not counter these effects, with the possible
exception of serum TG.

The inverse association of leg fat with TG that we observed, independent of trunk fat or visceral
adiposity, remains intriguing. Although speculative, there is evidence to suggest that gluteal-
femoral adipose tissue may be a fat sequestering storage depot. That is, femoral adipocytes,
compared with abdominal adipocytes, have increased insulin sensitivity and increased
expression of α-2 adrenergic receptors (28–30), which would act to promote storage of TG and
inhibit lipolysis (i.e. reduced turnover favoring fat storage). Furthermore, in vivo measures of
lipolysis (basal free fatty acid release) indicated a lower lipolytic rate in lower-body, compared
with upper-body, adipose tissue (31). If gluteal-femoral adipocytes are less lipolytic and act to
sequester TG, this might theoretically contribute to a reduced circulating TG. In contrast,
abdominal visceral adipocytes appear to have reduced insulin sensitivity (28) and increased
β-adrenergic sensitivity (32), which would potentially attenuate the suppression of lipolysis by
insulin and increase the stimulation of lipolysis by catecholamines (i.e. increased turnover
favoring fat mobilization). Moreover, free fatty acid release has been shown to be reduced in
lower-body obese women, despite greater upper-body adiposity, when compared with
nonobese women (31), supporting the possibility that gluteal-femoral fat protects against or
counters free fatty acid release from upper-body fat regions.

The current study had limitations that should be noted. First, because we did not measure thigh
fat by CT, we do not know whether the favorable association of lower-body adiposity with TG
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is specifically related to sc or im fat depots. Second, correlations do not imply causality. Thus,
it is not known whether an independent increase in leg fat would promote a decrease in TG.
However, there is evidence in rodents that removal (lipectomy) of sc fat promotes an increase
in TG (33). Third, generalizability of the findings is limited due to the homogeneity of the
study cohort. The participants were all healthy postmenopausal women; non-smokers; and not
using hormones or lipid-lowering or glucose-lowering medications. It is not known whether
the results are applicable to men, to younger adults, or to a less healthy population.

In summary, leg fat mass was favorably associated with serum TG, HDL-cholesterol, and
markers of insulin resistance independent of trunk fat mass in healthy postmenopausal women.
The lack of an association between leg fat and most of the CVD risk factors, after adjusting
for abdominal visceral or sc fat, suggests an overriding deleterious influence of abdominal
adiposity on CVD risk. Nevertheless, our finding that regional adipose tissue depots have
apparent independent and opposing effects on serum TG supports the need for further research
into the physiological mechanisms governing these effects. If leg fat does have a
cardioprotective role, selective reduction of fat from this region (i.e. lipectomy) could adversely
affect CVD risk.
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Fig. 1.
The independent and opposite contributions of lower-body and abdominal visceral adiposity
to plasma TG concentrations (Systeme International conversion factor, 0.113) in
postmenopausal women dichotomized based on the median values for leg fat mass and visceral
fat volume.
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TABLE 1

Body composition and metabolic characteristics of the study cohort (n = 95)

Variable Median (IQR) Variable Median (IQR)

Body mass (kg) 75.7 (67.6, 84.7) Total fat mass (kg) 32.6 (27.3, 38.3)

Trunk fat mass (kg) 15.8 (13.2, 18.8) Fasted glucose (mg·dl−1) 89 (83, 96)

Leg fat mass (kg) 12.5 (10.2, 15.5) GLUAUC (mg·dl−1·min−1·103) 16.6 (14.3, 18.7)

Arm fat mass (kg) 3.4 (2.5, 4.4) Fasted insulin (μU·ml−1) 7 (5, 10)

L2–L3 SF area (cm2) 255 (191, 311) INSAUC (μU·ml−1·min−1·103) 5.3 (3.7, 7.7)

L4–L5 SF area (cm2) 410 (349, 496) INSAUC × GLUAUC (units·108) 0.9 (0.5, 1.3)

SF volume (cm3) 2998 (2389, 3469) Total cholesterol (mg·dl−1) 205 (186, 229)

L2–L3 VF area (cm2) 108 (71, 158) HDL-cholesterol (mg·dl−1) 49 (42, 61)

L4–L5 VF area (cm2) 103 (74, 139) LDL-cholesterol (mg·dl−1) 129 (109, 152)

VF volume (cm3) 1013 (753, 1412) Triglycerides (mg·dl−1) 120 (79, 150)

IQR, Interquartile range (25th, 75th percentile); SF, sc fat; VF, visceral fat; LDL, low-density lipoprotein. SI unit conversion factors: glucose (0.0555;
mmol/liter), insulin (7.175; pmol/liter), cholesterols (0.0258; mmol/liter), triglycerides (0.0113; mmol/liter).
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TABLE 4

Linear regression models for each dependent variable entering DXA trunk fat mass (FM) alone (model 1) and
either CT abdominal visceral fat volume (VFV, model 2) or sc fat volume (SFV, model 3) as independent variables

Dependent variable Independent variables Model 1 Model 2 Model 3

INS0 Trunk FM 1.01 ± 0.16
(<0.001)

0.48 ± 0.23 (<0.05) 1.40 ± 0.27 (<0.001)

VFV 0.47 ± 0.15 (<0.01)

SFV −0.45 ± 0.25 (0.08)

R2 0.30 0.37 0.33

INSAUC Trunk FM 0.66 ± 0.15
(<0.001)

0.35 ± 0.23 (0.13) 1.08 ± 0.26 (<0.001)

VFV 0.28 ± 0.15 (0.07)

SFV −0.47 ± 0.24 (0.05)

R2 0.17 0.20 0.20

INSAUC × GLUAUC Trunk FM 0.86 ± 0.18
(<0.001)

0.41 ± 0.27 (0.13) 1.49 ± 0.31 (<0.001)

VFV 0.40 ± 0.18 (<0.05)

SFV −0.72 ± 0.29 (0.01)

R2 0.19 0.23 0.24

TG Trunk FM 0.48 ± 0.15
(<0.01)

−0.07 ± 0.22 (0.76) 0.96 ± 0.26 (<0.001)

VFV 0.49 ± 0.14
(<0.001)

SFV −0.55 ± 0.24 (<0.05)

R2 0.10 0.20 0.15

HDL Trunk FM −0.33 ± 0.09
(<0.001)

−0.09 ± 0.13 (0.48) −0.41 ± 0.15 (<0.01)

VFV −0.21 ± 0.08
(<0.05)

SFV 0.10 ± 0.14 (0.49)

R2 0.14 0.19 0.14

Data represent β ̂ ± SEβ ̂ (P value). HDL, High-density lipoprotein cholesterol. Contributions of the dependent variables that remained significant after
adjustment are in bold type.
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