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Abstract

RYAN, ALICE S., BARBARA J. NICKLAS, AND DORA
M. BERMAN. Aerobic exercise is necessary to improve
glucose utilization with moderate weight loss in women.
Obesity. 2006;14:1064-1072.

Objective: To determine the effects of weight loss (WL)
alone and combined with aerobic exercise on visceral adi-
pose tissue (VAT), intramuscular fat, insulin-stimulated
glucose uptake, and the rate of decline in free fatty acid
(FFA) concentrations during hyperinsulinemia.

Research Methods and Procedures: We studied 33 seden-
tary, obese (BMI = 32 *+ 1 kg/m?) postmenopausal women
who completed a 6-month (three times per week) program
of either WL alone (n = 16) or WL + aerobic exercise
(AEX) (n = 17). Glucose utilization (M) was measured
during a 3-hour hyperinsulinemic-euglycemic clamp (40
mU/m?> per minute). M/I, the amount of glucose metabo-
lized per unit of plasma insulin (I), was used as an index of
insulin sensitivity.

Results: Body weight, total fat mass, and percentage fat
decreased similarly in both groups (p < 0.01). VAT, sub-
cutaneous abdominal adipose tissue, mid-thigh subcutane-
ous fat, and intramuscular fat decreased to a similar extent
in both groups and between 14% and 27% after WL and
WL+AEX (p < 0.05). WL alone did not change M or M/I;
however, M and M/l increased 15% and 21% after
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WL+AEX (p < 0.05). Fasting concentrations and rate of
decline of FFA did not change in either group. In stepwise
regression models to determine the independent predictors
of changes in M and M/I, the change in VAT was the single
independent predictor of M (* = 0.30) and M/I (+* = 0.33).
Discussion: Intramuscular fat decreases similarly with 6
months of moderate WL alone or with aerobic exercise in
postmenopausal women. In contrast, only WL combined
with exercise results in increased glucose utilization and
insulin sensitivity. These findings should be validated in a
larger population.

Key words: insulin resistance, visceral fat, intramuscu-
lar fat, weight loss, fat oxidation

Introduction

Approximately 50% to 65% of adults in the United States
are classified as overweight, 20% to 25% are considered
obese (1), and these numbers continue to escalate. Meno-
pause is a period of increased fat deposition of the total
body and abdominal region (2). Thus, early interventions
designed to reduce obesity in women who have made the
transition into menopause are important to reduce the risk of
cardiovascular disease, hypertension, and type 2 diabetes.
Both dietary restriction and increasing physical activity are
promoted to combat obesity and its associated comorbidi-
ties. Current estimates indicate that 44% of women are
attempting to lose weight, with less than one half of these
women both reducing energy intake and exercising =150
min/wk (3). Moreover, only 21% of adults who walk for
physical activity do so at the level recommended by public
health guidelines, with the prevalence of recommended
exercise being even lower among the obese (4).

Aging is associated with increased total and abdominal
visceral fat and intramuscular fat in women (5); these in-
creases are associated with both insulin resistance (6,7) and
an impairment in insulin’s ability to suppress lipolysis (8—
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10). Fasting free fatty acid (FFA)' levels are also implicated
in the pathogenesis of insulin resistance (11). Furthermore,
the rate of decline in FFAs during hyperinsulinemia is
delayed in obesity and associated with a reduction in glu-
cose uptake (12). Thus, declines in body fat and improve-
ments in insulin’s anti-lipolytic effect may potentially me-
diate an improvement in insulin sensitivity.

A decline in intramuscular fat is observed after weight
loss (WL) alone (13,14) or when combined with moderate
walking (15), but less is known concerning a direct com-
parison of WL alone or WL with high-intensity aerobic
training. To date, only three studies (16—18) directly com-
pared the effects of WL alone to a combined treatment of
WL and aerobic exercise training on direct measures of
insulin sensitivity. Only severe energy restriction in combi-
nation with aerobic exercise and light weight lifting but not
WL alone improved glucose utilization in glucose intolerant
and diabetic subjects (16). Similarly, in overweight men,
glucose utilization increased after aerobic training alone or
in combination with WL, whereas WL alone had no effect
(18). Thus, a combination of exercise and WL may be
necessary to elicit maximal improvements in insulin sensi-
tivity. Moreover, potential mediating factors such as
changes in visceral fat, intramuscular fat or FFA metabo-
lism were not addressed. We hypothesized that the addition
of aerobic training to a WL program would result in greater
reductions in visceral and intramuscular fat than WL alone,
resulting in greater improvements in in vivo glucose utili-
zation. We also hypothesized that the rate of decline in FFA
during hyperinsulinemia would increase after WL interven-
tions and be associated with an improvement in glucose
metabolism. Thus, the purpose of this study was to compare
changes in visceral and intramuscular fat, insulin-stimulated
glucose uptake, and the rate of decline in FFA concentra-
tions during hyperinsulinemia in response to 6 months of
WL or WL plus aerobic exercise (WL+AEX) in overweight
and obese sedentary postmenopausal women.

Research Methods and Procedures

All subjects were healthy overweight or obese (BMI >
25 kg/mz; range, 25 to 41 kg/mz) women between the ages
of 50 and 70 years. The women were postmenopausal and
had not menstruated for at least 1 year and had plasma
follicle-stimulating hormone levels >30 mIU/mL. Only
women who were weight stable (<2.0 kg weight change in
the past year) and sedentary (<20 minutes of aerobic exer-
cise two times per week) were recruited. Subjects were
screened by medical history questionnaire, physical exam-

! Nonstandard abbreviations: FFA, free fatty acid; WL, weight loss; WL+ AEX, weight loss
plus aerobic exercise; OGTT, oral glucose tolerance test; VO, .., maximum amount of
oxygen; WHR, waist-to-hip ratio; FFM, fat-free mass; VAT, visceral adipose tissue; SAT,
subcutaneous adipose tissue; M, glucose utilization; I, plasma insulin; IRS-1, insulin
receptor substrate-1.

ination, fasting blood profile, and a graded exercise tread-
mill test in an attempt to exclude those with cardiovascular
disease. The women underwent a 2-hour 75-gram oral glu-
cose tolerance test (OGTT) to exclude women with diabetes
(19). All subjects were non-smokers and showed no evi-
dence of cancer, liver, renal, or hematologic disease or other
medical disorders.

Forty-seven women met all study criteria and were en-
rolled into the study and placed in either the WL (n = 23)
or WL+ AEX group (n = 24). Fourteen women dropped out
of the program because of personal reasons, relocation,
illness, and/or time constraints. Thus, 33 women completed
the study and are included in this report. Sixteen women
completed WL (11 white and 5 African American), and 17
women completed WL+AEX (14 white and 3 African
American). Eight women (» = 6 in WL and n = 2 in
WL+ AEX) were using hormone replacement therapy for at
least 3 years before enrollment, which did not change for the
duration of the study. The Institutional Review Board of the
University of Maryland approved all methods and proce-
dures. Each participant provided written informed consent
to participate in the study.

Weight Loss Program

During the 6-month WL intervention, all women in the
interventions attended weekly WL classes led by a regis-
tered dietitian for instruction in the principles of a hypoca-
loric diet that followed the American Heart Association
Step I (20) guidelines. Compliance was monitored by
weekly review of 7-day food records and 24-hour dietary
recalls during the 6 months. Women were instructed to
restrict their caloric intake by 250 to 350 kcal/d. The pro-
gram focused on eating behavior, stress management, con-
trol of portion sizes, and modification of binge eating. The
average compliance with the WL classes was 80% for the
WL group and 78% for the WL+AEX group.

Aerobic Exercise Program

Women in the WL+AEX intervention exercised at the
Baltimore VA Medical Center and Geriatric Research, Ed-
ucation and Clinical Center exercise facility three times a
week for 6 months using treadmills, cycle ergometers, and
a track. Each exercise session included a 5- to 10-minute
stretching and warm-up phase and a 5- to 10-minute cool-
down phase. Women exercised at ~50% to 60% heart rate
reserve and gradually progressed in duration and intensity
until they were able to exercise at >60% maximum amount
of oxygen (V0,,,.,) for 45 minutes. The average compliance
with the exercise sessions was 78%.

V05,0 and Body Composition

VO, Was measured using a continuous treadmill test
protocol as previously described (7). Height (centimeters)
and weight (kilograms) were measured to calculate BMI as
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weight (kilograms)/height (meters squared). Waist circum-
ference measured at the narrowest point superior to the hip
was divided by the circumference of the hip, measured at its
greatest gluteal protuberance, to obtain waist-to-hip ratio
(WHR). Fat mass, lean tissue mass, and bone mineral con-
tent were determined by DXA (model DPX-L; LUNAR
Radiation Corp., Madison, WI) using the 1.3z DPX-L ex-
tended analysis program. Fat-free mass (FFM) is reported as
lean tissue plus bone mineral content. A single 5-mm com-
puted tomography scan was taken at the L,-L5 region using
a General Electric Hi-Light Scanner to determine relative
proportions of visceral adipose tissue (VAT) area, subcuta-
neous adipose tissue (SAT) area, and sagittal diameter (5).
A second scan at the level of the mid-thigh was used to
quantify muscle area, total fat area of the thigh, and low-
density lean tissue of both the right and left legs as previ-
ously described (5).

Metabolic Testing

All subjects were weight stabilized (<1 kg) for at least 2
weeks before metabolic testing before and after the inter-
ventions. All subjects were provided with a eucaloric diet
for 2 days before the clamp by a registered dietitian to
control nutrient intake as previously described (7). All test-
ing was performed in the morning after a 12-hour overnight
fast. At the end of the 6-month program, the women in the
WL+AEX group were asked to continue the aerobic train-
ing 3 d/wk during the final testing period, and the glucose
clamps were performed 36 to 48 hours after the last bout of
exercise.

Hyperinsulinemic-Euglycemic Clamps

Peripheral tissue sensitivity to exogenous insulin was
measured using the hyperinsulinemic-euglycemic clamp
technique (21). Difficulty in obtaining venous access oc-
curred in three women (WL: n = 2, WL+AEX: n = 1), and
the pre- and post-clamp was not performed. Arterialized
blood was obtained from a dorsal heated hand vein (22). For
the assessment of basal glucose and insulin levels, three
arterialized blood samples were drawn at 10-minute inter-
vals. Blood samples were obtained every 5 and 10 minutes
thereafter for the determination of plasma glucose and in-
sulin levels. A 10-minute priming and continuous infusion
of insulin (240 pmol/m2 per minute; Humulin, Eli Lilly Co.,
Indianapolis, IN) was performed for 180 minutes. A 20%
glucose solution was used, which was measured as 18%.
For the measurement of FFAs, blood was obtained at fast-
ing, at 10-minute intervals during the first 60 minutes of the
insulin infusion, and at 30-minute intervals thereafter until
the 3 hours of insulin infusion had elapsed.

The mean plasma glucose level during 10 to 180 minutes
of the euglycemic clamp was computed for each individual
study and expressed as a percentage of the desired goal. The
plasma glucose levels during each clamp period did not
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differ before and after the interventions and averaged
5.36 = 0.13 vs. 5.06 = 0.13 mM for WL and 5.27 = 0.10
vs. 4.90 = 0.12 mM for WL+AEX. This was 97.6 = 0.1%
of the desired goal with a coefficient of variation of 5.0 *
0.2% in all clamps (n = 60). Plasma insulin concentrations
during 120 to 180 minutes of the hyperinsulinemic-eugly-
cemic clamps were not different before or after the inter-
ventions (WL, 490 = 24 vs. 456 = 19 pM; WL+AEX,
473 = 17 vs. 450 = 10 pM; 467 = 9 pM among all clamps,
n = 60).

Indirect Calorimetry. Continuous indirect calorimetry
was performed before the start of the glucose infusion and
during the last 30 minutes of the insulin infusion by the
open circuit dilution technique using a SensorMedics
DeltaTrac cart (Yorba Linda, CA) to quantitate rates of
glucose and fat oxidation with correction for protein oxida-
tion based on 24-hour urinary urea nitrogen as previously
described (7). Non-oxidative glucose metabolism is the
difference between total glucose uptake and glucose oxida-
tion.

Analysis of Blood Samples. Blood samples were collected
in heparinized syringes and placed in pre-chilled test tubes
containing 1.5 mg EDTA/mL of blood. The blood samples
were centrifuged at 4 °C, and plasma was stored at —70 °C
until analysis. Plasma glucose was measured with the glu-
cose oxidase method (Beckman Instruments, Fullerton,
CA). Insulin and leptin levels were determined by RIA
(Linco, St. Louis, MO). Serum non-esterified fatty acids
were quantitated by an acyl-CoA oxidase-based calorimet-
ric kit (Wako Chemicals, Richmond, VA). Samples for
glucose, insulin, leptin, and FFAs were measured in dupli-
cate with a coefficient of variation of <10%, and the
average of the two values was used in the statistical analy-
ses.

Statistical Analyses

The computed tomography scans of the mid-thigh muscle
area, total fat area, and low-density lean tissue area were not
different between the right and left legs. Therefore, the
values of the right leg were used in the statistical analyses
for these outcomes. For the hyperinsulinemic-euglycemic
clamps, the mean concentrations of glucose and insulin
were calculated for each sample time-point. The trapezoidal
rule was used to calculate the integrated response over
30-minute intervals from 30 to 180 minutes for each subject.
The integrated response was divided by its time interval to
compute mean concentrations. Glucose utilization (M) for
30-minute intervals was calculated from the amount of
glucose infused after correction for glucose equivalent
space (glucose space correction). Insulin sensitivity was
expressed as M/I, which represents the amount of glucose
metabolized per unit of plasma insulin (I), and was calcu-
lated by dividing the glucose utilized by the insulin concen-
tration during the last 60 minutes of the clamp for each



Insulin Resistance, Visceral Fat, and Exercise, Ryan, Nicklas, and Berman

Table 1. Physical characteristics of postmenopausal women before and after the interventions

WL (n = 16) WL+AEX (n = 17)

Before After Before After
Age (years) 56 £ 1 59 =1
Weight (kg) 88.8 + 3.8 83.6 = 3.7% 85.8 £ 2.9 78.4 + 2.6%
Waist circumference (cm) 945 =27 91.0 = 2.6 927 *26 88.6 = 2.47F
Hip circumference (cm) 1194 = 3.1 114.2 = 3.1%F 113.6 £ 2.5 110.0 = 2.1}
WHR 0.79 = 0.01 0.80 = 0.02 0.82 = 0.02 0.81 = 0.01
Percent body fat 48.3 =09 45.6 = 1.1% 46.0 = 1.5 425 = 1.3%
FM (kg) 427 +24 38.0 = 2.5% 39.1 22 33.3 = 1.8%
FFM (kg) 449 £ 1.5 44.1 = 1.3%* 452 1.5 443+ 13
VO, max (liters/min) 1.73 £ 0.10 1.63 = 0.10* 1.73 = 0.08 1.83 = 0.08*

WL, weight loss; WL+AEX, weight loss plus aerobic exercise; WHR, waist-to-hip ratio; FM, fat mass; FFM, fat-free mass; VO,
maximum amount of oxygen. Values are means * standard error.

Significantly different before vs. after the intervention: * p < 0.05; ¥ p < 0.01; % p < 0.005.

subject. The metabolic clearance rate of insulin was calcu-
lated as described by Elahi et al. (23). The rate of disap-
pearance of FFA concentrations during the clamp was also
determined. The FFA concentration curve was plotted semi-
logarithmically against the duration of the insulin infusion
for each individual subject. The slope of the decline in FFA
concentrations during the clamp was obtained by linear
regression analysis from 0 to 50 minutes.

To compare the effects of the two treatment groups,
differences in the change values (post value minus pre-
value) were tested for significance using ANOVA with a
dichotomous variable for group, hormone replacement ther-
apy status, and the baseline value for each variable added to
the model. Within-group differences between pre-interven-
tion and post-intervention measures of variables were de-
termined using a paired Student’s ¢ test. The two groups
were combined, and univariate regression analyses were
used to determine predictors of glucose utilization and in-
sulin sensitivity. Stepwise regression analysis was used to
determine whether changes in body composition and aero-
bic fitness were significant predictors of changes in glucose
utilization and insulin sensitivity. Statistical significance
was set at p < 0.05 for all tests. All data were analyzed by
SPSS statistical software (SPSS, Chicago, IL). All values
are expressed as mean * standard error.

Results

Baseline Characteristics

The baseline physical characteristics of the women in
each group are presented in Table 1. Age, body weight,
waist and hip circumferences, WHR, and Vo, ., were sim-
ilar between groups at baseline. In addition, there were no

differences at baseline in percentage body fat, fat mass,
FFM, VAT, SAT, sagittal diameter, mid-thigh muscle, mid-
thigh subcutaneous fat, and mid-thigh low-density lean tis-
sue area between groups (Table 2). Although fasting plasma
glucose values were normal in all volunteers, one woman in
the WL group and three women in the WL+ AEX group had
impaired glucose tolerance after OGTT. Fasting plasma
glucose, insulin, leptin, and FFA concentrations and all
other measures of glucose metabolism did not differ be-
tween groups at baseline (Tables 3 and 4).

Effects of WL

Body weight decreased 6% in the WL group (p < 0.001)
along with significant decreases in waist and hip circumfer-
ences but no change in WHR (Table 1). Vo,,,,, (liters per
minute) also decreased 6% in the WL group (p < 0.05). The
changes in body composition in the WL group showed an
absolute decrease in percentage body fat of 3% (p < 0.001),
a 12% decrease in total fat mass (p < 0.001), and a small
but significant decrease (—1.6%) in FFM (Table 1; p <
0.05). With WL, there was an 18% decrease in VAT (p <
0.001), a 14% decrease in SAT (p < 0.01), a 9% decrease
in sagittal diameter (p < 0.001), a 15% decrease in mid-
thigh subcutaneous fat area (p < 0.01), and a 32% decrease
in mid-thigh low-density lean tissue (p < 0.05), but no
change in mid-thigh muscle area (Table 2).

Fasting plasma glucose and leptin concentrations de-
creased with WL (Table 3; p < 0.05), but fasting insulin and
FFA concentrations did not change. Although basal carbo-
hydrate oxidation did not change, basal fat oxidation de-
creased with WL (p < 0.05). Glucose utilization, insulin
sensitivity, and oxidative and non-oxidative glucose dis-
posal did not change after WL. Fat oxidation during insulin
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Table 2. Abdominal and mid-thigh body composition of postmenopausal women before and after the interven-

tions
WL (n = 16) WL+AEX (n = 17)

Before After Before After
VAT area (cm?) 1404 = 12.1 115.1 = 11.5% 143.6 = 11.2 117.3 = 8.7}
SAT area (cm?) 497.7 294 4243 + 31.9% 452.3 = 28.8 371.8 £ 22.2%
Sagittal diameter (mm) 264 £0.8 24.1 = 0.8% 254 £0.7 23.3 = 0.5%
Mid-thigh muscle area (cm?) 752 *44 79.5 = 3.1 81.0 = 3.8 84.9 =53
Mid-thigh subcutaneous fat (cm?) 217.1 = 20.7 175.7 = 14.6F 196.8 = 14.3 1423 = 11.7%
Mid-thigh low-density lean tissue (cm?) 214+29 14.6 = 1.4% 22.1 34 14.7 = 1.5%

WL, weight loss; WL+AEX, weight loss plus aerobic exercise; VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue. Values

are means * standard error.

Significantly different before vs. after the intervention: * p < 0.05; ¥ p < 0.01; % p < 0.005.

stimulation decreased after WL (p < 0.05). The metabolic
clearance rate of insulin was faster after WL (p < 0.05).
FFA concentrations declined during hyperinsulinemia be-
fore and after WL (p < 0.001), reached a plateau at ~90
minutes, and showed a 93 = 1% vs. 89 * 2% suppression
at 180 minutes before and after WL, respectively. The rate
of disappearance of FFA concentration did not change with
WL (1.02 = 0.09 vs. 0.96 = 0.09/h; Figure 1A).

Effects of WL+AEX

Body weight decreased 8% in the WL+ AEX group (Ta-
ble 1; p < 0.001). Waist and hip circumferences decreased
similarly (p < 0.001); thus, there was no change in WHR.
VO,max increased 7% with WL+AEX (p < 0.05). There
was an absolute decrease in percentage fat of 3% (p <
0.01), a 14% decrease in fat mass (p < 0.001), and no
change in FEM (Table 1). VAT and SAT each decreased by

Table 3. Basal and clamp levels of various parameters of postmenopausal women before and after the

interventions
WL (n = 16) WL+AEX (n = 17)
Before After Before After
Basal
Plasma glucose (mM) 54 0.1 52 *0.1% 53*0.1 5.1 *£0.1F
Plasma insulin (pM) 63£9 55%5 55+6 47 + 4%
Plasma leptin (pM) 332 *+33 28.3 = 3.9% 264 27 15.9 = 1.8%
Plasma FFA (mM) 1.14 = 0.09 1.10 £ 0.11 1.02 = 0.08 0.96 = 0.07
Carbohydrate oxidation (uwmol/kgpg,,/min) 82 *21 100+ 14 94*+1.9 109 23
Fat oxidation (umol/kggp,,/min) 89 *0.8 6.7 = 0.6F 6.7 = 0.6 5.7 *0.7
120 to 180 minutes of clamp
Glucose utilization (umol/kgpp/min) 478 £33 487 £43 557438 60.8 = 4.2%
Non-oxidative glucose disposal (umol/kggg,,/min) 255 %125 295 £4.0 32.6 £33 369 £34
Oxidative glucose disposal (umol/kggp,,/min) 219 +25 207+ 1.6 219+ 25 247 £ 2.6
Fat oxidation (umol/kggp,,/min) 43*+09 2.8 £0.7* 2.8 0.5 1.4 £ 04*
Insulin sensitivity (wmol/kgpgy/min/pM) 0.102 = 0.009 0.111 £0.013 0.122 £0.012 0.136 = 0.009*
Insulin clearance (mL/m?/min) 496.6 £ 21.3 534.1 = 23.7* 533.6 £ 12.6 5129 + 18.1

WL, weight loss; WL+ AEX, weight loss plus aerobic exercise; FFA, free fatty acid. Values are means * standard error.
Significantly different before vs. after the intervention: * p < 0.05; ¥ p < 0.01; % p < 0.005.
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Table 4. Predictors of the change in glucose utiliza-
tion and insulin sensitivity in women

Pearson correlation coefficients AM AM/I
AVo, 0.15 0.07
AFat mass —0.40%* —0.48%F
AVAT —0481  —0.56%
ASAT —0.30 —0.51¢
AMid-thigh intramuscular fat area —0.04 —0.08
ARate of FFA disappearance —-0.35¢ —0.31

M, glucose utilization; M/I, amount of glucose metabolized per
unit of plasma insulin; VO,, maximum amount of oxygen; VAT,
visceral adipose tissue; SAT, subcutaneous adipose tissue; FFA,
free fatty acid.

*p < 0.05;, 7T p <0.01; £p = 0.06.

17% (p < 0.01), sagittal diameter decreased by 8% (p <
0.001), mid-thigh subcutaneous fat decreased by 27% (p <
0.001), and mid-thigh intramuscular fat decreased by 18%
(Table 2; p < 0.05). There was no change in mid-thigh
muscle area after WL+AEX.

Fasting plasma glucose, insulin, and leptin concentrations
decreased after WL+ AEX (Table 3; p < 0.05), but fasting
FFA concentrations did not change. Basal carbohydrate and
fat oxidation did not change with WL+ AEX. Moreover,
glucose utilization increased 15% (p < 0.05) and insulin
sensitivity increased 21% (p < 0.05). Although oxidative
glucose disposal did not change, there was a trend for
non-oxidative glucose metabolism to increase (p = 0.07).
Fat oxidation during the clamp decreased after WL+AEX
(» < 0.05). Insulin clearance rate did not change after
WL+ AEX. FFA concentrations decreased during the insu-
lin infusion before and after WL+AEX (p < 0.001),
reached a plateau at ~90 minutes, and showed a 92 = 2%
vs. 93 = 1% suppression at 180 minutes before and after
WL+ AEX, respectively (Figure 1B). However, the rate of
disappearance of FFA concentrations did not change after
WL+AEX (1.13 = 0.12 vs. 1.14 = 0.10/h).

Group Comparisons

There were no differences in changes in body composi-
tion between the two groups. However, changes in VO,,.«
were significantly different between the WL and WL+ AEX
groups (p < 0.05). In general, there were no differences in
changes in metabolism between groups, except changes in
plasma leptin concentrations were greater in the WL+AEX
group (p = 0.06) than WL alone.

Predictors of Changes in Glucose Utilization and
Insulin Sensitivity

At baseline, VAT and intramuscular fat were inversely
related to M (r = —0.44 and r = —0.41, p < 0.05) and M/1
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Figure 1: The reduction in FFA levels in response to insulin
infusion before and after 6 months of weight loss (A) and
WL+AEX (B) in obese postmenopausal women.

(r = —042 and r = —0.43, p < 0.05). The rate of FFA
disappearance was also inversely associated with M (r =
—0.75, p < 0.01) and M/I (r = —0.77, p < 0.001). Changes
in M were indirectly related to changes in fat mass and VAT
(Figure 2; p < 0.05) and the rate of FFA disappearance (p =
0.06; Table 4). Changes in M were not related to changes in
VOsmax OF mid-thigh intramuscular fat. The predictors of
changes in M/I included changes in total fat mass, VAT, and
SAT (Table 4). Changes in these variables (VO,,,,y, total fat
mass, VAT, SAT) were entered into a stepwise regression
model to determine the independent predictors of changes in
M and M/I. Changes in VAT independently predicted im-
provements in glucose utilization (+* = 0.30, p < 0.05) and
insulin sensitivity (> = 0.33, p < 0.05).

Discussion
The results of this study indicate that a 6-month program
of WL alone and WL combined with aerobic exercise
training are equally effective in reducing body weight, vis-
ceral fat, and intramuscular fat in obese postmenopausal
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Figure 2: The relationship between the change in glucose utiliza-
tion to the change in VAT with the WL interventions in obese
postmenopausal women (r = —0.48, p < 0.01).

women. However, only WL+AEX resulted in significant
improvements in glucose utilization and insulin sensitivity.
Moreover, in the entire group, increases in glucose utiliza-
tion were associated with reductions in visceral fat.

Previous studies report that low-calorie dieting reduces
hyperinsulinemia and increases glucose utilization in obese
men and premenopausal women (13,24). Very-low-calorie
dieting is also successful in reducing hyperinsulinemia,
improving glycemic control and increasing glucose disposal
in patients with type 2 diabetes (25,26). However, in our
postmenopausal women, no overall changes in glucose me-
tabolism were observed with a moderate caloric restriction
WL program. It is possible that significant changes would
have resulted if we had enrolled only women with either
impaired glucose tolerance or type 2 diabetes or if there had
been greater losses of body weight. Our results are similar
to those observed in obese older men where glucose utili-
zation increased significantly after aerobic exercise alone
and when combined with WL, but did not change after WL
alone (18). This is also consistent with reported 2-fold
greater reductions in glucose and insulin areas after diet plus
aerobic exercise than diet alone in obese men (27). We are
not aware of any studies in postmenopausal women that
compared WL and WL+AEX effects on in vivo glucose
metabolism. In this study, insulin sensitivity increased 21%
after WL+ AEX compared with a lack of significant change
in insulin action after WL alone. This suggests that the
addition of exercise training to moderate WL is critical to
improve glucose metabolism in obese postmenopausal
women.

In postmenopausal women, visceral fat is a significant
predictor of insulin-stimulated glucose uptake (7). In addi-
tion, the loss of visceral fat is the best predictor of the
improvement in insulin sensitivity after WL alone in young
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subjects (13). However, this contrasts with a recent study
where similar losses of abdominal and intermuscular fat
were observed after 3 months of diet alone and diet com-
bined with aerobic exercise but changes in glucose and
insulin OGTT areas were not related to changes in any of
the body fat variables (28). Perhaps this discrepancy is
caused by the difference in methodology for assessing glu-
cose homeostasis. In this study, the reduction in VAT was
the best independent predictor of the improvement in glu-
cose utilization and insulin sensitivity in the entire sample
regardless of exercise status. Thus, our results confirm those
results reported in young individuals after WL (13) and adds
that losses of visceral fat predict improvements in glucose
metabolism with WL alone and combined with aerobic
training in older women.

Skeletal muscle triglyceride is increased in obesity and
associated with insulin resistance whether it is determined
by reduced muscle attenuation with computed tomography
(5-7), histological sections with staining for triglyceride
content of the myocytes (29), or by extraction and isolation
of muscle lipid content (30). Intramyocellular lipid accu-
mulation is associated with insulin resistance through im-
pairments in skeletal muscle insulin signaling, specifically
reductions in insulin stimulation of tyrosine phosphoryla-
tion of the insulin receptor and insulin receptor substrate-1
(IRS-1) associated phosphatidylinositol 3-kinase activity
(9). WL, alone (13,14) or with low-intensity walking (15),
decreases the lipid stored in skeletal muscle in obese men
and women. We show in this study that WL and WL+AEX
result in a similar loss of intramuscular fat. It seems that
weight reduction per se is important in the loss of intramus-
cular fat and not the addition of exercise training. Although
glucose utilization and insulin sensitivity were inversely
associated with intramuscular fat at baseline, and the de-
crease of intramuscular fat was similar to the loss in visceral
fat with the interventions, changes in insulin sensitivity
were not related to changes in intramuscular fat.

In this study, we found a decrease in resting fat oxidation
with WL, but no change in resting fat oxidation when
aerobic training was added to the WL program. Our results
are in agreement with those reported in obese women (31)
that the addition of exercise training to energy restriction
counteracts the decline in fat oxidation with WL alone. This
could impact future weight maintenance because a low rate
of fat oxidation is a risk factor for weight regain (32). WL
alone results in a lower rate of lipid oxidation by indirect
calorimetry (33) and lipid oxidation across leg tissues (34)
during glucose clamps in young obese subjects. To the best
of our knowledge, there is a lack of studies in the literature
that examined lipid oxidation after WL+AEX. We ob-
served a significant decrease in fatty acid oxidation during
hyperinsulinemia before and after the interventions. More-
over, the rate of fat oxidation during hyperinsulinemia de-
creased after WL and WL+AEX.
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Basal FFA levels did not change after WL or WL+AEX
in these postmenopausal women. An elevation of fasting
FFA levels impairs insulin-mediated vasodilation and nitric
oxide production (13) and increases insulin resistance (10).
Increased total body fat and visceral adiposity are associated
with increased lipolysis and resistance to suppression by
insulin (8). Furthermore, the rate of decline in FFA levels
from basal during hyperinsulinemic-euglycemic clamps is
delayed in obese men and associated with a reduction in
glucose uptake (12). We confirm this in obese women, such
that women with higher rates of disappearance of FFA had
higher rates of insulin-stimulated glucose uptake. The abil-
ity of insulin to decrease circulating FFA concentrations is
impaired in healthy men with high intramyocellular lipid
content (9). Boden et al. (10) showed that the decrease in
FFA levels during clamps is associated with a decrease in
intramyocellular fat content by proton nuclear magnetic
resonance spectroscopy in young healthy subjects and sug-
gested that accumulation of triglycerides within muscle
fibers is an important step in FFA-induced insulin resis-
tance. Previous reports indicate that there is an improved
insulin suppression of lipolysis and lipid oxidation after WL
in young obese subjects (35). Although we are unaware of
any studies that examined changes in insulin’s anti-lipolytic
effect in vivo after WL with exercise training in postmeno-
pausal women, we hypothesized that the rate of decline in
FFA levels in response to hyperinsulinemia would increase
after WL and exercise. Our results indicate that neither the
ability of insulin to eventually suppress FFA concentrations
from basal to steady state during the clamp nor the rate of
disappearance of FFA concentration changes after WL or
WL+AEX. However, the change in the disappearance of
FFA levels tended to be associated with the change in M,
suggesting that women who were able to increase the rate of
FFA decline tended to have the greatest improvement in
glucose utilization and that these women became more
sensitive to insulin’s anti-lipolytic effect. Although we did
not study the cellular mechanisms for FFA influence on
glucose metabolism, Griffin (36) showed a decrease in rat
skeletal muscle IRS-1 associated PI 3-kinase activity and a
blunting in insulin-stimulated IRS-1 phosphorylation during
glucose clamps with concomitant lipid/heparin infusions.
Their results suggest that, in the rat model, fatty acids or
their metabolites inhibit insulin signaling at points preced-
ing activation of glycogen synthase or glucose transport.
Future studies could be directed toward assessing the role of
fatty acids and triglycerides stored in skeletal muscle in the
insulin-stimulated state in obese individuals and potential
changes after WL and exercise training.

There are several limitations to this study. Our sample
size may have been inadequate to detect a treatment differ-
ence in glucose utilization. Our power calculations showed
that, given our sample size, we had 35% power to detect a
one-sided difference. At 80% power and o = 0.05, at least

57 women per group would be necessary to detect a statis-
tically significant difference in glucose utilization using a
one-sided test. In addition, we did not measure the rate of
hepatic glucose production. Although we believe that he-
patic glucose production was completely suppressed before
and after the interventions, it is possible that hepatic insulin
sensitivity was altered with the WL interventions.

We conclude that 6 months of WL+AEX, but not WL
alone, results in significant increases in glucose utilization
and insulin sensitivity in obese postmenopausal women.
Furthermore, improvements in glucose metabolism were
associated with reductions in visceral fat, suggesting that
losses of abdominal fat may mediate changes in insulin
resistance.
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