Is There a Threshold of Visceral Fat Loss That Improves the Metabolic Profile
in Obese Postmenopausal Women?
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It is presently unclear how much visceral adipose tissue (VAT) loss is needed to induce favorable metabolic changes.
Cross-sectional studies have proposed that a threshold level of VAT exceeding 110 cm? in women induces deleterious
changes in the metabolic profile. It is presently unclear, however, if significant decreases in VAT below this given threshold
significantly improve the metabolic profile more as compared to decreases that remain below 110 cm?2. To examine whether
achieving versus not achieving the proposed VAT threshold impacts differently on the metabolic profile in postmenopausal
women, we examined the effects of a VAT loss below the 110-cm? threshold versus those individuals who remained higher
than 110 cm? after a weight loss program. Twenty-five sedentary obese (baseline % body fat, 47.7% = 4.1%; [mean = SD])
postmenopausal women aged between 51 and 71 years (59.7 = 5.6 years) and displaying high baseline levels of VAT
accumulation (223 + 45 cm?) were submitted to a 1-year weight loss program with weight stabilization periods before and
after weight reduction. Based on their loss of VAT after weight loss, subjects were characterized as “attainers” (post VAT
levels < 110 cm?; average, 96 = 10 cm? n = 10) or “non-attainers” (post VAT levels > 110 cm?; average, 171 = 34 cm% n =
15). We compared changes in (1) plasma lipid-lipoprotein levels, (2) insulin sensitivity (euglycemic/hyperinsulinemic clamp),
and (3) supine resting blood pressure between groups who achieved these 2 distinct levels of VAT. Attainers showed a 2-fold
greater loss of VAT compared to non-attainers (—51.5% v —27.5%, P < .001). Attainers also showed a greater loss of body
weight (—19.0% v —12.5%, P < .01) and fat mass (—34.8% v —18.4%, P < .001) after the program compared to non-attainers.
Despite significant differences in the loss of total fat and VAT after the weight loss program, attainers and non-attainers
showed comparable improvements for plasma high-density lipoprotein-cholesterol (HDL-chol) levels (+62.5% v +50.0%, P =
not significant [NS]), cholesterol/HDL-chol ratio (—45.5% v —36.5%, P = NS), insulin sensitivity (+34.1% v +23.2%, P = NS),
and resting systolic (—6.9% v —5.1%, P = NS) and diastolic (—11.3% v —11.1%, P = NS) blood pressure. These results do not
favor the idea that attaining levels of VAT below a threshold of 110 cm? is necessary to favorably improve the metabolic
profile in obese postmenopausal women. Achieving or not the proposed threshold of VAT, independently of baseline values,
appears to yield similar metabolic improvements in obese postmenopausal women. More moderate losses of VAT appear to
yield similar metabolic improvements as large losses.

© 2003 Elsevier Inc. All rights reserved.

XCESSIVE LEVELS of total body fat mass and partic-

ularly visceral adipose tissue (VAT) are associated
with metabolic disturbances, such as dislipidemia, reduced
glucose disposal, type 2 diabetes, and high blood pressure.!-3
Williams et al* have proposed that obesity-related deterio-
rations in the metabolic profile are observed in women with
VAT accumulations greater than 110 cm?. Based on this
proposal and the increased prevalence of generalized obesity
in industrialized societies,> it is thus important to under-

Women were included in the study if they had stopped menstruating for
more than 1 year, and had a follicle-stimulating hormone level > 30
U/L. Participants were sedentary (<2 times a week of structured
exercise), nonsmokers, and low to moderate alcohol consumers (=2
drinks per day). All participants were apparently healthy and had no
history or evidence on physical examination of (1) cardiovascular
disease, peripheral vascular disease; or stroke; (2) diabetes; (3) mod-
erate to severe hypertension (resting blood pressure >170/100 mm
Hg); (4) orthopedic limitations; (5) body weight fluctuation > 5 kg in
the previous 6 months; (6) thyroid or pituitary disease; and (7) medi-

stand whether achieving a “critical level” of VAT is required
to impact favorably on metabolic risk factors. That is, are
there additional favorable changes on metabolic outcomes
associated with losses under a critical level of VAT? One
experimental strategy to address this question is to compare
changes in metabolic outcomes in cohorts of individuals
who achieve versus not achieve the proposed threshold of
110 cm? of VAT.#

The present study was conducted to examine this notion. Our
hypothesis was that postmenopausal women who attained a
level of VAT below 110 cm® would show greater improve-
ments in their metabolic profile compared to those who re-
mained above the threshold of 110 cm? after the weight loss
program.

MATERIALS AND METHODS
Subjects

Twenty-five sedentary obese postmenopausal women aged between
51 and 71 years (59.7 = 5.6 years [mean * SD]) and displaying
baseline levels of VAT = 150 cm? (223 = 45 cm?) were studied.
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cation that could affect cardiovascular function or metabolism. All
participants signed an informed consent document. The University of
Vermont Medical Sciences Committee on Human Research approved
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Overview of Protocol

Women who were eligible for the study at screening were weight
stabilized and were tested during 2 inpatient visits separated by 2 weeks
at the General Clinical Research Center at the University of Vermont.
Subjects were also weight-stable between the 2 visits. The first inpa-
tient visit included measures of body composition, body fat distribu-
tion, and fasting blood draws for lipid and lipoprotein levels. The
second inpatient visit included blood draws for lipid and lipoprotein
levels, and a hyperinsulinemic/euglycemic clamp. An identical testing
sequence was repeated after the weight loss program. This cohort was
used in previous publications by our group.!”

Weight Stabilization

Before and after the weight loss protocol, participating volunteers
were submitted to a weight stabilization period (within 2 kg of body
weight) that lasted on average 38 = 22 days before pretesting and 84 =
40 days before postintervention. The goal of this approach was to
stabilize the various metabolic variables of interest that could have
been altered by important body weight fluctuations (>2 kg) before and
during the testing sequence. Macronutrient intake was also stabilized 3
days prior to testing with a standard diet provided by the metabolic
kitchen of the General Clinical Research Center (GCRC) containing
55% carbohydrate, 30% fat, and 15% protein.

Weight Loss Protocol

Subjects entered into a medically supervised weight loss program,
aimed at reducing body weight to approximately 120% of ideal body
weight value if possible, as determined from the Metropolitan Life
Insurance Tables.® The program consisted of a 1,200-kcal/d American
Heart Association Step 2 Diet.” Food was self-selected with dietitian
supervision on macronutrient selection, with or without the use of a
modified fasting supplement (Medifast, Take Shape, Jason Pharmaceu-
ticals, Baltimore, MD). During the weight loss program, participants
were invited to participate in a weekly meeting/classroom to educate
volunteers regarding the benefits of a low-fat diet as a component of
their life. Subjects were in the weight loss protocol for an average
duration of 13 *= 3 months, including weight stabilization prior to
metabolic testing.

Peak Oxygen Consumption

Subjects performed a graded exercise test on treadmill to voluntary
exhaustion to measure peak oxygen consumption (V0,) as previously
described.'® This test was done only at baseline. Standard 12-lead
electrocardiograms were performed at the end of each 2-minute stage.
Peak Vo, (L/min) was considered to be the highest value obtained
during the test. Expired gas was analyzed during the exercise protocol
using a Sensormedics Horizon metabolic cart (Yorba Linda, CA). Data
collection included oxygen consumption (VO,) and respiratory ex-
change ratio (CO, production/O, consumption).

Body Composition

Body weight was measured to the nearest 0.1 kg on a calibrated
balance. Fat mass, lean body mass (LBM), and percentage of body fat
were assessed using dual-energy X-ray absorptiometry (DEXA, model
DPX-L; Lunar Radiation Corp, Madison, WI) as previously de-
scribed.!'2 During the scan procedure, subjects were asked to wear
only a standard hospital gown and to maintain their supine position.

Computed Tomography

Visceral and subcutaneous adipose tissue were measured by com-
puted tomography (CT) as previously described'® using a GE High
Speed Advantage CT scanner (General Electric Medical Systems,
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Milwaukee, WI). The subjects were examined in the supine position
with both arms stretched above their head. The position of the scan was
established at the L4-L5 level using a scout image of the body. VAT
area was quantified by delineating the intra-abdominal cavity at the
internal most aspect of the abdominal and oblique muscle walls sur-
rounding the cavity and the posterior aspect of the vertebral body. Fat
was highlighted and computed using an attenuation range of —190 to
—30 Hounsfield Units (HU). The subcutaneous fat area was quantified
by highlighting fat located between the skin and the external most
aspect of the abdominal muscle wall.

CT was also used to measure mid-thigh cross-sectional skeletal
muscle and fat areas, and muscle attenuation, the latter representing an
estimate of muscle fat content.!*15 Areas of skeletal muscle, fat, and
muscle attenuation were calculated by delineating the regions of inter-
est and then computing the surface areas using an attenuation range of
—190 to —30 HU for fat, and 0 to 100 HU for skeletal muscle.
Test-retest measures of the different body fat distribution indices on 10
CT scans yielded a mean absolute difference of *=1%.

Insulin Sensitivity Measurement During the Clamp

Basal and insulin-stimulated glucose kinetics were measured by the
hyperinsulinemic-euglycemic clamp technique as described by De-
Fronzo et al'® and implemented in our laboratory.!!7 All subjects were
tested after a 12-hour overnight fast at the GCRC and 3 days of
standardized meals. An intravenous catheter was placed in an antecu-
bital vein and a second one was placed retrograde in the contralateral
hand for blood sampling. The hand was warmed in a box by a gentle
stream of heated air (50 to 55°C) to produce arterialized venous blood.
At 9 AM, the insulin infusion began and continued for an additional 2
hours. Insulin was infused at a rate of 240 pmol/m*/min to attain
postprandial peripheral insulin levels and suppress hepatic glucose
output. Blood glucose was monitored every 5 minutes during the
insulin infusion, and euglycemia was maintained throughout the clamp
by infusing 20% dextrose at a variable rate. The rate of exogenous
dextrose infusion reached a constant value by the second hour of the
clamp. The mean rate of exogenous dextrose infusion during the last 30
minutes of the clamp was considered as the insulin sensitivity index or
“M” value. Results from our laboratory for the entire cohort indicated
coefficients of variation of 7% among subjects and 5% within subjects
for the plasma glucose levels during the clamp, and concentrations of
insulin achieved during the clamp at baseline were 716 = 172 pmol/L
(results not shown).

Biochemical Analyses

Plasma glucose concentrations were determined using a YSI glucose
analyzer (Yellow Springs Instruments, Yellow Springs, OH). Plasma
insulin concentrations were estimated by modification of the radioim-
munoassay technique of Starr et al.!8

Plasma Lipid Profile Analysis

After a 12-hour fast, blood samples were obtained in the morning
from an antecubital vein and stored into vacutainer tubes containing
EDTA. Cholesterol and triglyceride concentrations in plasma and li-
poprotein fractions were determined by enzymatic methods.!?2° High-
density lipoprotein-cholesterol (HDL-chol) fraction was measured in
plasma supernatant after precipitation with dextran sulfate and magne-
sium sulfate.?! The formula of Friedewald et al>> was used to calculate
plasma low-density lipoprotein-cholesterol (LDL-chol) concentrations.

Blood Pressure

As previously described,?? systolic and diastolic sitting blood pres-
sure were determined as the average of the last 4 readings of 5 (at
1/min) from a Dinamap (Johnson & Johnson, Tampa, FL) automatic
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Table 1. Baseline Characteristics and Body Composition Before and After the Weight Loss Program
Non-attainers (n = 15) Attainers (n = 10)
Pre Post (% Change) Pre Post (% Change)

Age (yr) 57.3 = 4.7 — 59.3 +7.2 — —
Peak Vo, (mL/kg/min) 18.8 + 2.3 - 19.1 = 3.0 — —
Body weight (kg) 91.9 = 13.7 80.4 + 9.5 (—12.5) 85.4 + 5.8 69.2 = 6.519 (—19.0)t
Body mass index (kg/m?) 36.8 = 5.6 31.8 £ 4.8| (—13.6) 33.1 35 26.7 = 3.519 (=19.3)t
DEXA measures

Percent body fat (%) 49.0 + 4.0 46.0 = 5.19 (—6.1) 45.6 + 3.3* 37.3 = 4.8%9 (—18.2)%

Fat mass (kg) 43.5 = 11.1 35.5 + 10.6] (—18.4) 38,5 +4.7 25.1 = 5,519 (—34.8)+

Lean body mass (kg) 457 = 4.7 42.2 = 3.2|| (=7.7) 44.4 = 4.4 41.6 = 2.48 (—6.3)

Bone mineral content (kg) 2.7 0.3 27 +0.3 (0) 25 +0.2 25 +0.3 (0)

NOTE. Data are presented as means + SD.

Mann-Whitney statistical analyses were used for comparisons between groups before and after treatment: *P < .05, tP < .01, #P < .001.
Wilcoxon signed rank tests were used to measure the effect of treatment within each group: 8P < .05, [P < .005, ||P < .0005.

machine. An appropriate cuff size was selected for each subject based
on arm circumference. Measurements were performed in the Clinical
Research Center more than 3 hours after the subject had checked in for
an overnight stay and 4 hours after lunch. Conditions were carefully
standardized: no talking, cuff on the right arm, and 10 minutes of rest.

Statistical Analyses

The post weight loss VAT area was compared to the threshold
proposed by Williams et al* to characterize subjects as “attainers” (post
VAT <110 cm?; n = 10) or “non-attainers” (post VAT >110 cm?; n =
15). Data are presented as means = SD. Because of the number of
subjects in each group, Mann-Whitney statistical analyses for nonpara-
metric distribution were used to compare means. Wilcoxon signed rank
test were used to determine the effect of treatment. Stepwise multiple
linear regression analyses were used to determine which variables
independently predicted changes in variables of interest. A level of
significance of P < .05 was used for hypotheses testing. All statistical
analyses were performed using Stat View 4.01 (Stat View 5.0.1; SAS
Institute, Cary, NC) and Jump 3.1 (JUM 4.0.2; SAS Institute) statistical
software programs.

RESULTS
Body Composition

Table 1 shows pre- and post-weight loss values for physical
characteristics and body composition. Attainers and non-attain-
ers, at baseline, were similar for age, Vo, max, body weight,
body mass index, fat mass, lean body mass, and bone mineral
content. However, the groups were different for baseline per-

cent body fat (P < .05). Wilcoxon signed rank tests showed
that both groups significantly lowered body weight, body mass
index, percent body fat, fat mass, and lean body mass after the
caloric restriction program (P values ranging from .05 to
.0001). A group-by-time interaction term revealed that attainers
showed significantly greater loss in percent body fat and fat
mass after the weight loss program than non-attainers (P <
.005, results not shown). After the weight loss program, attain-
ers had a significantly lower body weight, body mass index,
percent body fat, and total fat mass than non-attainers (P values
ranging from .01 to .001). No effect of treatment was observed
for bone mineral content.

Body Fat Distribution

Table 2 shows that both groups were similar for measures of
body fat distribution at baseline. However, attainers showed
significant lower leg muscle attenuation values than non-attain-
ers at baseline (P < .05). Wilcoxon signed rank tests revealed
that both groups significantly reduced subcutaneous and vis-
ceral adipose tissue at the L4-L5 level, as well as mid-thigh
subcutaneous adipose tissue and muscle area (P values ranging
from .05 to .0001). Both groups also significantly improved
muscle attenuation after the caloric restriction program. Signif-
icant group-by-time interaction terms indicate that attainers
showed greater reductions in their levels of abdominal subcu-
taneous fat (P < .01; results not shown). A trend was also

Table 2. Body Fat Distribution Measured by Computed Tomography Before and After the Weight Loss Program

Non-attainers (n = 15)

Attainers (n = 10)

Pre Post (% Change) Pre Post (% Change)

Abdominal level (L4-L5)

Subcutaneous fat (cm?) 514 = 122 439 + 1461 (—14.6) 468 + 94 291 = 105t (—37.8)%

Visceral fat (cm?) 236 = 60 171 = 34# (—27.5) 198 + 37 96 + 10%#| (-51.5)
Mid-thigh level

Subcutaneous fat (cm?) 208 = 63 183 + 568 (—12.0) 186 + 42 147 = 618 (—21.0)

Muscle area (cm?) 113 + 13 104 + 9| (—8.0) 108 = 15 98 + 119 (—9.3)

Leg muscle attenuation (HU) 45.0 + 4.2 47.8 = 5.6| (+5.5) 41.3 + 3.4* 45,9 + 578 (+11.1)

NOTE. Data are presented as means + SD.

Mann-Whitney statistical analyses were used for comparisons between groups before and after treatment: *P < .05, tP < 0.01, £P < .001.
Wilcoxon signed rank tests were used to measure the effect of treatment within each group: 8P < 0.05, {JP < 0.01, ||P < 0.005, #P < .001.
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Table 3. Metabolic Profile Before and After the Weight Loss Program

BROCHU ET AL

Non-attainers (n = 15)

Attainers (n = 10)

Pre Post (% Change) Pre Post (% Change)

Fasting plasma lipid profile

Total cholesterol (mg/dL) 200 = 42 216 = 45% (+8.0) 184 + 25 185 + 21* (+0.5)

Triglycerides (mg/dL) 192 = 75 155 * 43% (—19.3) 134 = 58 113 = 50* (—15.7)

LDL-chol (mg/dL) 130 = 44 137 + 40 (+5.3) 125 + 31 111 £17 (—=11.2)

HDL-chol (mg/dL) 327 48 + 118 (+50.0) 32*5 52 + 48 (+62.5)

Chol/HDL-chol (mg/dL) 7.4+22 47 =1.18 (—36.5) 6.6 1.4 3.6 = 0.51§ (—45.5)
Insulin sensitivity during the clamp

M (mg/min) 314 £ 143 355 + 170 (+13.1) 374 + 167 480 = 173% (+28.3)

M/LBM (mg/min/kg) 6.9 =29 8.5 +4.1 (+23.2) 8.5 +4.0 11.4 = 3.9% (+34.1)
Resting blood pressure (mmHg)

Systolic 136 = 17 129 + 13% (=5.1) 130 = 16 121 = 14% (—6.9)

Diastolic 72 =12 64 = 118 (—=11.1) 71 £12 63 = 12% (—=11.3)

NOTE. Data are presented as means + SD.

Mann-Whitney statistical analyses were used for comparisons between groups before and after treatment. *P < .05, TP < .01.
Wilcoxon signed rank tests were used to measure the effect of treatment within each group. #P < 0.05, §P < .005.

observed for a greater reduction in VAT for attainers (P < .06;
results not shown). No significant group-by-time interaction
term was observed for measures obtained at mid-thigh level. By
design, attainers had significantly lower abdominal subcutane-
ous adipose tissue (P < .01) and VAT (P < .001) levels than
non-attainers after the weight loss program.

Metabolic Profile

Table 3 shows that baseline values between groups were
comparable for the lipid-lipoprotein profile, absolute and rela-
tive levels of insulin sensitivity, as well as resting systolic and
diastolic blood pressure. Wilcoxon signed rank tests showed
that the non-attainer group significantly increased total plasma
cholesterol concentrations (P < .005) and decreased plasma
triglyceride levels (P < .005) after the weight loss program.
Interestingly, Wilcoxon signed rank analyses revealed similar
and significant improvements for plasma HDL-chol levels and
Chol/HDL-chol ratio after the weight loss program in both
groups.

Results regarding the hemodynamic effects of the weight
loss program indicated that both groups displayed similar
changes for resting systolic (non-attainers: 136 = 17 to 129 =
13 mm Hg; attainers: 136 = 17 to 129 = 13 mm Hg; P < .05
in both cases) and diastolic blood pressure (non-attainers: 72 *=
12 to 64 = 11 mm Hg; attainers: 71 = 12 to 63 = 12 mm Hg;
P < .01 in both cases).

Finally, our results revealed that absolute and relative glu-
cose disposal rates were improved but this only achieved sta-
tistical significance in the attainer group following the weight
loss program (Table 3). Stepwise analyses indicated that im-
provements observed in glucose disposal were associated with
baseline muscle attenuation and changes in muscle mass, ex-
plaining 23% (P < .05) and 20% (P < .03) of the variation
observed, respectively (results not shown).

DISCUSSION

The accumulation of VAT above 110 cm? has been proposed
as a potential threshold value associated with deteriorations in
the metabolic profile.# Although intriguing, this threshold was

initially proposed using cross-sectional data, and has not been
tested using an intervention experimental design. To examine
this concept, we studied 2 groups of obese postmenopausal
women; the first group attained a VAT level below 110 cm?
and the second group remained above the 110 cm? threshold
level after the weight loss program.

Lipid Profile

The first finding is that despite a 2-fold greater loss in VAT
between attainers (51.5%) versus non-attainers (27.5%), com-
parable improvements in the lipid profile were noted after the
weight loss program. Previous studies have shown that minor
decreases in total body weight (5% to 10%) favorably impact
on metabolic risk factors associated with coronary artery dis-
ease.?+2> This notion is consistent with the present study in
which we noted that the non-attainers lost a 12.5% of their body
weight, but significantly improved their lipid profile to the same
extent than the attainers, with a 19.3% decrease in body weight.
Although we acknowledge that biological thresholds are some-
what arbitrary, it does not appear that reaching a VAT value
below 110 cm? (threshold proposed by Williams et al*) yields
significantly greater improvements in the lipid profile than
remaining over that level of VAT in postmenopausal women.

Glucose Disposal

The second major finding of the present study is that both
groups increased the rate of glucose disposal, although this
trend did not reach statistical significance in the non-attainer
group. However, no difference was observed between groups
for baseline values, post weight loss value, nor the delta change
in glucose disposal. This may partly be due to the relatively
small number of subjects in the study. The small subject size
may also explain the fact that no correlation was observed
between changes in VAT levels (absolute and relative) and
variations in glucose disposal (results not shown). Further
analyses using stepwise regression approaches revealed that
baseline muscle attenuation (marker of muscle triglyceride
content) and variations in lean body mass were the most im-
portant predictors of glucose disposal improvements in our
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cohort of obese postmenopausal women after weight loss (re-
sult not shown). On the other hand, we found larger losses of
VAT and a greater improvement in insulin sensitivity in the
attainer group. These observations are in agreement with works
from Kelley and Goodpaster showing that variations in insulin
sensitivity are closely associated with muscle triglyceride con-
tent,2¢ as well as recent data by the same group suggesting that
the relationship between VAT loss and glucose disposal im-
provements is nonlinear.?”

Resting Blood Pressure

Similarly to what we observed for the lipid profile, compa-
rable improvements in resting systolic and diastolic blood
pressure were reported after the weight loss program, despite
large differences in total fat mass or VAT loss. Once again,
achieving the proposed threshold of VAT did not contribute to
further improve the hemodynamic profile of obese individuals.

In the present study, we have used a cut-off point of 110 cm?,
as this value as been reported to be associated with the presence of
several metabolic alterations.* Additional studies have suggested
different thresholds, that is, a value of 130 cm? has also been
proposed.?®2° We have performed other analyses using this
threshold and, although the number of subjects in each group was
different, results obtained were very similar to those obtained
when the cut-off point of 110 cm? was used (results not shown).
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Several limitations of our study should be noted. It is likely
that the relatively normal metabolic profile in this sample of
obese women at baseline may have led to the underestimation
of metabolic improvements. For example, no changes were
observed for LDL-chol levels. Incidentally, Nicklas et al3¢
reported that postmenopausal women with the most abnormal
baseline metabolic profile showed the greatest improvement in
these measures after weight loss, which is in agreement with
our observations. Moreover, because very few subjects in our
study (n = 5) lost less than 20% of their baseline VAT value,
it is unclear whether even smaller losses of VAT than those
observed in our study improved the metabolic outcomes.
Lastly, we suggest that larger samples of individuals be tested
to more rigorously examine the relationship between loss of
VAT and metabolic outcomes. Threshold changes among bio-
logic variables are more rigorously addressed using larger
sample sizes that attempt to examine a wider continuum of
changes, instead of relying on a dichotomy approach (ie, above
or below a given value).

Nonetheless, our observations do suggest obese postmeno-
pausal women who achieve the proposed VAT threshold of 110
cm? yield comparable benefits in metabolic and hemodynamic
variables as those who remained above the threshold after the
weight loss program.

REFERENCES

1. Brochu M, Starling RD, Tchernof A, et al: Visceral adipose tissue
is an independent correlate of glucose disposal in older obese post-
menopausal women. J Clin Endocrinol Metab 85:2378-2384, 2000

2. Johnson D, Prud’homme D, Després JP, et al: Relation of ab-
dominal obesity to hyperinsulinemia and high blood pressure in men.
Int J Obes Relat Metab Disord 16:881-890, 1992

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

4. Williams MJ, Hunter GR, Kekes-Szabo T, et al: Intra-abdominal
adipose tissue cut-points related to elevated cardiovascular risk in
women. Int J Obes Relat Metab Disord 20:613-617, 1996

5. Flegal KM, Carroll MD, Kuczmarski RJ, et al: Overweight and
obesity in the United States: Prevalence and trends, 1960-1994. Int J
Obes Relat Metab Disord 22:39-47, 1998

6. Seidell JC: Obesity in Europe—Prevalence and consequences for
use of medical care. Pharmacoeconomics 5:38-44, 1994

7. Tchernof A, Starling RD, Turner A, et al: Impaired capacity to
lose visceral adipose tissue during weight reduction in obese postmeno-
pausal women with the Trp64Arg (B3-adrenoceptor gene variant. Dia-
betes 49:1709-1713, 2000

8. New Weight Standards for Men and Women (Statistical Bulletin
no 40). New York, NY, Metropolitan Life Insurance Co, 1959, pp 1-10

9. American Heart Association: Dietary Guidelines for Healthy
American Adults: A statement for physicians and health professionals
by the Nutrition Committee, American Heart Association. Circulation
T7:721A-724A, 1988

10. Poehlman ET, McAuliffe TL, Van Houten DR, et al: Influence
of age and endurance training on metabolic rate and hormones in
healthy men. Am J Physiol 259:E66-E72, 1990

11. Starling RD, Toth MJ, Carpenter WH, et al: Energy require-
ments and physical activity in free-living older women and men: A
doubly labeled water study. J Appl Physiol 85:1063-1069, 1998

12. Brochu M, Starling RD, Ades PA, et al: Are aerobically fit older
individuals more physically active in their free-living time? A doubly
labeled water approach. J Clin Endocrinol Metab 84:3872-3876, 1999

13. Tchernof A, Starling RD, Walston JD, et al: Obesity related
phenotypes and the (33-adrenoceptor gene variant in postmenopausal
women. Diabetes 48:1425-1428, 1999

14. Kelley DE, Slasky BS, Janosky J: Skeletal muscle density:
Effects of obesity and non-insulin-dependent diabetes mellitus. Am J
Clin Nutr 54:509-515, 1991

15. Simoneau JA, Colberg SR, Thaete FL, et al: Skeletal muscle
glycolytic and oxidative enzyme capacities are determinants of insulin
sensitivity and muscle composition in obese women. FASEB J 9:273-
278, 1995

16. DeFronzo RA, Tobin JD, Andres R: Glucose clamp technique:
A method for quantifying insulin secretion and resistance. Am J
Physiol 237:E214-E223, 1979

17. Dvorak RV, Denino WF, Ades PA, et al: High risk phenotypes
in metabolically obese, but normal weight young women. Diabetes
48:2210-2214, 1999

18. Starr JI, Horowitz AL, Rubenstein AH, et al: Insulin, proinsulin,
and C-peptide, in Behrman HR (ed): Methods of Hormone Radioim-
munoassay. New York, NY, Academic, 1979, pp 613-642

19. Allain CC, Poon LS, Chang CS, et al: Enzymatic determination
of total serum cholesterol. Clin Chem 20:470-478, 1974

20. Spayd RW, Bruschi B, Burdick BA, et al: Multilayer film
elements for clinical analysis: Application to representative chemical
determination. Clin Chem 24:1343-1350, 1978

21. Warnick R, Benerson JM, Alberts J: Dextran sulfate-Mg pre-
cipitation procedure for quantification of high density lipoprotein cho-
lesterol. Clin Chem 28:1379-1384, 1982

22. Friedewald WT, Levy RI, Fredrickson DS: Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
the use of the preparative ultracentrifuge. Clin Chem 18:499-507, 1972

23. Arciero PJ, Gardner AW, Benowitz NL, et al: Relationship of
blood pressure, heart rate and behavioral mood state to norepinephrine
kinetics in younger and older men following caffeine ingestion. Eur
J Clin Nutr 52:805-812, 1998



604

24. Pi-Sunyer FX: Short-term medical benefits and adverse effects
of weight loss. Ann Intern Med 119:722-726, 1993

25. Goldstein DJ: Beneficial health effects of modest weight loss.
Int J Obes Relat Metab Disord 16:397-415, 1992

26. Kelley DE, Goodpaster BH: Skeletal muscle triglyceride. An
aspect of regional adiposity and insulin resistance. Diabetes Care
24:933-941, 2001

27. Goodpaster BH, Kelley DE, Wing RR, et al: Effects of weight
loss on regional fat distribution and insulin sensitivity in obesity.
Diabetes 48:839-847, 1999

BROCHU ET AL

28. Després JP, Lamarche B: Effects of diet and physical activity on
adiposity and body fat distribution: Implication for the prevention of
cardiovascular disease. Nutr Res Rev 6:137-159, 1993

29. Ross R, Rissanen J, Hudson R : Sensitivity associated with the
identification of visceral adipose tissue levels using waist circumfer-
ence in men and women: Effects of weight loss. Int J Obes Relat Metab
Disord 20:533-538, 1996

30. Nicklas BJ, Katzel LI, Bunyard LB, et al: Effects of an Amer-
ican Heart Association diet and weight loss on lipoprotein lipids in
obese, postmenopausal women. Am J Clin Nutr 66:853-859, 1997



