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Abstract

ROSS, ROBERT, IAN JANSSEN, JODY DAWSON,
ANN-MARIE KUNGL, JENNIFER L. KUK, SUZY L.
WONG, THANH-BINH NGUYEN-DUY, SOJUNG LEE,
KATHERINE KILPATRICK, AND ROBERT HUDSON.
Exercise-induced reduction in obesity and insulin resistance
in women: a randomized controlled trial. Obes Res. 2004;
12:789-798.

Objectives: To determine the effects of equivalent diet- or
exercise-induced weight loss and exercise without weight
loss on subcutaneous fat, visceral fat, and insulin sensitivity
in obese women.

Research Methods and Procedures: Fifty-four premeno-
pausal women with abdominal obesity [waist circumference
110.1 + 5.8 cm (mean = SD)] (BMI 31.3 = 2.0 kg/m?)
were randomly assigned to one of four groups. diet weight
loss (n = 15), exercise weight loss (n = 17), exercise
without weight loss (n = 12), and a weight-stable control
group (n = 10). All groups underwent a 14-week interven-
tion.

Results: Body weight decreased by ~6.5% within both
weight loss groups and was unchanged in the exercise
without weight loss and control groups. In comparison with
controls, cardiorespiratory fitness improved within the ex-
ercise groups only (p < 0.01). Reduction in total, abdomi-
nal, and abdominal subcutaneous fat within the exercise
weight loss group was greater (p < 0.001) than within all
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other groups. The reduction in total and abdominal fat
within the diet weight loss and exercise without weight loss
groups was greater than within controls (p < 0.001) but not
different from each other (p > 0.05). Visceral fat decreased
within all treatment groups (p < 0.008), and these changes
were not different from each other. In comparison with the
control group, insulin sensitivity improved within the exer-
cise weight loss group alone (p < 0.001).

Discussion: Daily exercise without caloric restriction was
associated with substantial reductionsin total fat, abdominal
fat, visceral fat, and insulin resistance in women. Exercise
without weight loss was also associated with a substantial
reduction in total and abdominal obesity.

Key words: weight loss, exercise, visceral fat, abdominal
fat, insulin resistance

Introduction

The escalation in the prevalence of obesity in both men
and women (1,2) represents a major public health problem
and reinforces the need to develop effective treatment strat-
egies. Although caloric restriction remains the cornerstone
of obesity reduction strategies (3,4), we have recently re-
ported that exercise-induced weight loss is associated with a
greater reduction in total body fat, a preservation of lean
tissue mass, and an increase in cardiorespiratory fitness in
comparison with equivalent diet-induced weight lossin men
and that exercise without weight loss is associated with
significant reductions in abdominal obesity (5). Little is
known about the utility of exercise alone (e.g., no caloric
restriction) as a strategy for obesity reduction in women.
Although some exercise studies have included women, few
prescribed an exercise program for which one would expect
meaningful weight loss (6). A rationale that would support
the exclusion of women in studies where exercise is per-
formed for longer duration (e.g., 45 min/d) is not known. To
the contrary, when performing moderate-intensity exercise,

OBESITY RESEARCH Vol. 12 No. 5 May 2004 789



Reduction in Obesity with Diet or Exercise, Ross et al.

Subjects contacted for participation (n = 1134),

Subjects screened for participation (n = 350)

Not randomized

(did not meet protocol criteria or not interested) (n = 246)

Randomized
(n=102)

Control (n=23)

Did not receive intervention
as allocated (n = 13)

10 = dissatisfied with group
assignment

Diet Weight Loss (n=28)

Did not receive intervention
as allocated (n = 13)

5 = dissatisfied with group

Exercise Weight Loss (n=23)

Did not receive intervention
as allocated (n =6)

1 = dissatisfied with group

-\_‘_\

e
Exercise Without Weight Loss (n=28)
Did not receive intervention
as allocated (n = 16)

5 = dhssabisfied with group
assignment

assignment assignment
Withdrew Withdrew Withdrew Withdrew T
1= relocation 2 = medical reasons. 2 = relocation 5 = excess weight loss
1= medical reasons 3 = lack of interest 2= medical reasons 4 = hmea commitments |
1= excess weight loss 3 = ime commitments 1 = pregnant 2 = medical reasons 1

Completed trial (n = 10)

Completed trial (n = 15)

Completed trial (n=17)

Completed trial (n=12)

Figure 1: Flow of participants through the study.

women demonstrate a greater lipid and lower carbohydrate
oxidation compared with men (7,8). Further, exercise in
women is associated with a marked increase in lipolysisin
abdominal subcutaneous adipose tissue in comparison with
femoral adipose tissue (9), suggesting that exercise-induced
weight loss would be associated with a preferential reduc-
tion in abdomina obesity. Were this true, it would have
important public health implications because it is now es-
tablished that abdominal obesity conveys a substantial
health risk (3,10-13).

We performed a randomized controlled trial to determine
the independent effect of diet- or exercise-induced weight
loss on obesity and insulin resistance in moderately obese
women. We also evaluated whether exercise without weight
loss was associated with reductions in abdominal obesity
and insulin resistance.

Research Methods and Procedures

Subjects

Subjects were recruited from Kingston, a typical subur-
ban region, using the general media. Inclusion criteria re-
quired that the women were premenopausal, had a BMI
(kilograms per meter sguared) > 27, a waist circumfer-
ence > 88 cm, were weight stable (=2 kg) for 6 months
before the beginning of the study, were nonsmokers, con-
sumed on average <2 alcoholic beverages per day, led a
sedentary lifestyle (no participation in structured physical
activities during previous year), and were taking no medi-
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cations, including oral contraceptives, known to affect the
principal outcome measures. All subjects undertook a
preparticipation medical exam including screening for nor-
mal glucose tolerance and plasma lipid profile. Menopausal
status was confirmed by measurement of follicle-stimulat-
ing hormone and leuteinizing hormone values pretreatment.

Randomization Procedure

Before the initiation of the baseline (run-in) period, eli-
gible women were randomly assigned using a computer
program into one of the following four groups (Figure 1):
control, diet weight loss, exercise weight loss, and exercise
without weight loss. Of the 102 subjects randomized, 48 did
not begin or complete the trial (Figure 1). Of the 48 who did
not complete, 21 were dissatisfied with group assignment
and, thus, chose not to begin the program. With a single
exception, the “dissatisfied” volunteers indicated that they
clandestinely sought exercise and/or weight loss and had
been willing to chance randomization to a treatment group
of their choice. A x? analysis performed using the three
treatment groups reveal ed that the dropout rate was lower in
the exercise weight loss group in comparison with the diet
weight loss and exercise without weight loss groups (p <
0.05).

For the anthropometric variables studied (Table 1), those
who chose not to participate were similar to those who
completed thetrial (p > 0.10). Baseline characteristics were
not different among groups (p > 0.10; Table 1).
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Table 1. Baseline characteristics of subjects randomized who did not complete treatment compared with those who

completed the study*

Exercise Exer cise without
Variable and treatment Control Diet weight loss weight loss weight loss

Number

Subjects not completing treatment 13 14 7 16

Subjects completing treatment 10 15 17 12
Age (years)

Subjects not completing treatment 404+ 6.4 39.6 =+ 6.8 36.3 + 10.1 418 + 54

Subjects completing treatment 437+ 64 439+ 49 432+ 51 413+ 7.2
Weight (kg)

Subjects not completing treatment 89.3 + 9.7 92.6 + 8.2 91.2+ 115 849 + 113

Subjects completing treatment 88.1 + 8.2 86.6 + 10.8 86.9 + 10.9 88.1 + 10.9
BMI (kg/m?)

Subjects not completing treatment 328 + 28 346+ 28 327+ 36 328+ 31

Subjects completing treatment 324+ 28 319+ 2.8* 328 = 3.9 329+ 31
Waist circumference (cm)

Subjects not completing treatment 1032 = 124 103.6 = 10.1 102.7 = 8.4 98.7 + 12.6

Subjects completing treatment 98.1 +6.9 97.8 + 8.0 1005+ 8.2 99.5+ 8.0

Data are presented as means + SD.

* With exception of BMI in the diet weight loss group, there were no differences between subjects completing vs. not completing treatment

(p > 0.05).

All subjects gave their fully informed and written consent
to participate in the study, which was conducted in accor-
dance with the ethical guidelines as set by Queen’s Univer-
sity. Financial incentives were not provided to the partici-
pants.

Diet and Exercise Regimen

During the baseline period, daily energy requirements for
all subjects were determined by estimating resting energy
expenditure and multiplying the obtained value by a factor
of 1.5 (14). All subjects followed a weight maintenance diet
(50% to 60% carbohydrate, 15% to 20% protein, and 20%
to 30% fat) at this level for a 4- to 5-week baseline period.
During this period, body weight was monitored to deter-
mine the accuracy of the prescribed energy requirement and
adjusted accordingly so that body weight was maintained.
Throughout the 14-week treatment period, the control group
was asked to maintain body weight. The diet weight loss
group was asked to reduce the isocaloric diet by 500 kcal/d
for the duration of the treatment period. This was designed
to achieve a weekly weight loss that approximated 1.0 Ib
(0.45 kg). The exercise weight loss group was asked to
maintain the isocaloric diet for the duration of the treatment.
This, combined with daily exercise wherein the energy
expended was 500 kcal/d (see below), would also achieve a

weight loss that approximated 1.0 Ib (0.45 kg) per week.
Participants within the exercise without weight loss group
were asked to maintain body weight and, thus, consumed
the calories required to compensate for the energy expended
during the daily exercise sessions (~500 kcal). Adherence
to this protocol was determined by examination of body
weight on a weekly basis. If the participant was unable to
maintain body weight within 1 kg of their baseline value for
3 consecutive weeks they were withdrawn from the pro-
gram. At the end of the treatment period, isocaloric require-
ments were determined and prescribed for a 1-week weight
stabilization period. All subjects were free living and con-
sumed foods that were self-selected. No vitamins or other
nutritional supplements were prescribed. Each subject par-
ticipated in a series of weekly, 1-hour seminars wherein the
dietitian taught proper food selection and preparation. Sub-
jects were instructed that the composition of both the main-
tenance and energy reduced diets should provide energy as
follows: ~55% to 60% carbohydrate, 20% protein, and 30%
fat. For the duration of the study period (~20 weeks),
subjects kept daily, detailed food records that were analyzed
by the subjects and reviewed by the study dietitian. For 2
weeks (weeks 4 and 10), the subjects diet records were
analyzed using a computerized program (Food Processor;
Esha Research, Salem, OR) to confirm that the fat, carbo-
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Table 2. Self-reported food intake determined from daily diaries

Self-reported dietary intake*
(weeks 1 to 14)

Computerized analysis of diet records*
(weeks 4 and 10)

Caloric intake Fat intake Protein Carbohydrate Fat
(kcal/week) (% of total) (% of total) (% of total) (% of total)
C 1717 + 238 275+ 27 157+ 13 55.1+ 39 281+31
DWL 1603 + 323 248 = 4.0 169*16 57975 247 = 4.2
EWL 1838 = 256 272+ 36 159+21 56.8 + 5.5 282+ 35
EWW 2501 + 410 280+ 34 151+14 56.9 + 5.5 289+ 46

C, control; DWL, diet weight loss, EWL, exercise weight loss; EWW, exercise without weight loss.

* No group differences (p > 0.10).

hydrate, and protein consumption wasin line with that in the
self-reported food diaries (Table 2).

Subjects within both exercise groups performed daily
exercise (brisk walking or light jogging) on a motorized
treadmill for the duration of the 14-week trial. The duration
of each exercise session was determined by the time re-
quired to expend 500 kcal. Subjects were asked to exercise
at ~80% of their maximal heart rate. Energy expenditure
was determined using the heart rate and oxygen consump-
tion data obtained from the pretreatment graded exercise
test and adjusted from the results of two subsequent tests
performed at weeks 4 and 8. Heart rate was monitored every
5 minutes during each session using an automated heart rate
monitor (Polar Oy, Kempele, Finland). All exercise sessions
were by appointment and were supervised. Maximal oxygen
uptake was determined using a graded treadmill test and
standard open-circuit spirometry techniques (SensorMedics,
Yorba Linda, CA). Each subject was required to participate
in a practice Vo, treadmill test beforeinitial baseline testing.
Peak Vo, was attained when at least two of the following
three criteria were achieved: no increase in Vo, despite
further increases in treadmill grade, a heart rate at or above
age-predicted maximum (220 — age), and/or a respiratory
exchange ratio in excess of 1.0.

Magnetic Resonance Imaging (MRI)* and
Anthropometric Measurements

Whole-body (~45 equidistant images) MRI data were
obtained with a General Electric 1.5 Tesla magnet (Milwau-
kee, WI) using an established protocol described in detail
elsewhere (15,16). Once acquired, the MRI data were trans-
ferred to computer work stations for analysis using specially
designed computer software (Tomovision Inc., Montreal,

1 Nonstandard abbreviations: MRI, magnetic resonance imaging; OGTT, oral glucose tol-
erance test.
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QC, Canada), the procedures for which are described else-
where (15,17). For adipose tissue (fat) and skeletal muscle,
volume units (liters) were converted to mass units (kilo-
grams) by multiplying the volumes by the assumed constant
density for fat (0.92 kg/L) and fat-free skeletal muscle (1.04
kg/L) (18). Waist circumference measurements were ob-
tained at the level of the last rib.

Insulin Sensitivity and Glucose Tolerance

Subjects consumed a weight maintenance diet consisting
of at least 200 grams of carbohydrates for a minimum of 4
days before measurements of insulin sensitivity and were
asked to avoid strenuous physical activity for 3 days pre-
ceding the studies. Exercise group posttreatment data were
obtained 4 days after the last exercise session. Subjects
stayed in the hospital the night before the measurement of
insulin sensitivity. All studies were performed at 8 Am after
a 12- to 14-hour overnight fast. An antecubital vein was
catheterized for infusion of insulin and 20% glucose, and a
hand vein was cannulated in aretrograde fashion and placed
in a heating pad for sampling of arterialized blood. Insulin
was infused at a rate of 40 mU/m? per minute for 3 hours.
Plasma glucose was measured using an automated glucose
analyzer (YSI 2300 Glucose Analyzer; YSI, Yellow
Springs, OH) every 5 minutesin arterialized blood. Glucose
disposal rate was calculated using the average exogenous
glucose infusion rate during the final 30 minutes of eugly-
cemia.

A 2-hour, 75-gram oral glucose tolerance test (OGTT)
was administered the morning after an overnight fast pre-
and ~6 days posttreatment. Blood samples were collected
from an antecubital vein at —15, 0, 30, 60, 90, and 120
minutes. Glucose was measured using an automated glucose
analyzer (YSI 2300 Glucose Analyzer, YSI) and insulin
using a radioimmunoassay kit (Intermedico, Toronto, ON,
Canada). Areas under the glucose and insulin curves were
determined using a trapezoid model (19).
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Determination of Sample Size and Power

The power calculations were based on our prior observa-
tions in obese men (5), wherein the within-group SDs for
the relative changes in abdomina fat, viscera fat, and
insulin sensitivity were 5%, 7%, and 10%, respectively. For
afour-group comparison with 10 subjects or more per group
and « set at 0.008 (to control for multiple comparisons), we
had a power of >0.80 to detect a relative treatment differ-
ence of 8% for abdominal fat, 10% for viscera fat, and 16%
for insulin sensitivity. Statistical power was calculated us-
ing Sample Power version 1.00 (SPSS Inc., Chicago, IL).

Statistical Analyses

Data are presented as group means = SD unless other-
wise indicated. Only the data from subjects who completed
the study were analyzed. A one-way ANOVA was per-
formed to examine differences among the treatments before
intervention. A four- (group) by two- (time) way ANOVA
with repeated measures was used to evaluate main treatment
effects and interactions. A Bonferroni post hoc comparison
test was used to locate significant treatment differences
(interactions). Relationships between changes in fat depots
and anthropometric variables were determined using Pear-
son correlation coefficients. Statistical procedures were per-
formed using SPSS version 11.

Results

Adherence to the Diet and Exercise Programs

Attendance at the exercise sessions averaged 96% (range
76% to 100%) for both exercise groups. The average dura-
tion (exercise without weight loss vs. exercise weight |oss,
63 vs. 64 minutes), intensity (82% vs. 80% of predicted
maximum heart rate), and energy expenditure per exercise
session (517 * 58 vs. 524 + 52 kcal) were not different
among exercise groups (p > 0.1). Cardiorespiratory fitness
improved within the exercise groups to a similar extent
(23% vs. 24%) in comparison with controls (p < 0.001) but
did not change within the diet weight loss group (p > 0.2)
(Table 3).

Analysis of the daily dietary intake records indicated that
the relative fat intake (percentage) was not different among
groups (p > 0.1; Table 2). This observation was reinforced
by a computer analysis of the diet records for weeks 4 and
10 (Table 2). In comparison with the baseline period, daily
caloric intake decreased within the diet weight loss group
(~400 kcal/d, p < 0.05), did not change within the exercise
weight loss group (p > 0.1), and increased within the
exercise without weight loss group (~400 kcal/d, p < 0.05).

Weight Loss and Anthropometric Variables

Body weight did not change within the control and ex-
ercise without weight loss groups (Table 3). The average
weight loss in the diet weight loss and exercise weight loss

groups was not different (p > 0.05; Table 4) and repre-
sented ~6.5% of initial body weight. The reduction in waist
circumference within the weight loss groups was greater in
comparison with controls (p < 0.001) but not different from
each other (p > 0.05; Table 4). The reduction in waist
circumference within the exercise weight stable group was
greater in comparison with controls (p < 0.001), less than
the exercise weight loss group, but not different from the
diet weight loss group (p > 0.1; Table 3).

Total Fat and Skeletal Muscle

In comparison with controls, a significant reduction (p <
0.001) in total fat was observed within both weight loss
groups; however, the average reduction in total fat was
greater (p < 0.001) in the exercise weight loss [—2.6 kg
(95% confidence interval, 1.4 to 3.9)] than the diet weight
loss group (Figure 2; Table 4). The reduction in total fat
within the exercise without weight loss group was greater in
comparison with controls (p < 0.001), less than the exercise
weight loss group, but not different from the diet weight loss
group (p > 0.1; Figure 2). Reduction in total fat was related
to weight loss in both the diet weight loss (r = 0.59, p =
0.02) and exercise weight loss (r = 0.52, p = 0.03) groups.
However, these variables were not related in the exercise
without weight loss group (p > 0.9).

I'n comparison with controls, skeletal muscle mass did not
change within any of the treatment groups (p > 0.05).
However, the increase in skeletal muscle within the exercise
without weight loss group was different from the lossin the
diet weight loss group (p < 0.008; Table 3).

Abdominal Fat

The average reduction in total abdominal fat (abdominal
subcutaneous and visceral combined) and abdominal sub-
cutaneous fat within the exercise weight loss group was
greater (p < 0.001) than within all other groups (Figure 3).
The reduction in total abdominal and abdominal subcutane-
ous fat within the diet weight loss and exercise without
weight loss groups was different from controls (p < 0.008)
but not different from each other (p > 0.1; Figure 3). In
comparison with the controls, significant (p < 0.001) re-
ductions were observed for visceral fat within all treatment
groups, but these changes were not different from each other
(p > 0.1; Figure 3). Collapsed across al groups (n = 54),
changes in abdominal fat mass (r = 0.57) and visceral fat
mass (r = 0.47) were significantly (p < 0.001) related to the
corresponding change in waist circumference.

Insulin Sensitivity and Glucose Tolerance

Plasma glucose and insulin values during the last 30
minutes of the clamp studies pre- and posttreatment were
not different within or among groups (p > 0.05; data not
shown). Glucose disposal improved significantly within the
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Table 4. Comparison of change scores between the diet and exercise weight loss groups

95%
Diet weight loss* Exercise weight loss* Confidence
(n = 15) (n=17) Difference intervals
Anthropometric
Weight (kg) -52+12 -61+12 1.0 0.2to1.9
Waist circumference (cm) —41+24 —65+ 26 2.3 05t04.1
MRI
Total fat (kg) -41=x15 -6.7*+19 2.671 14t039
Total subcutaneous fat (kg) -32*13 -53=*19 2.1f1 09t034
Abdominal fat (kg) -09=*=0.6 -17=+07 0.8t 0.3t0o1.3
Abdominal subcutaneous fat (kg) -04 =05 11+04 0.6t 0.3t01.0
Visceral fat (kg) -05+04 —-0.7+05 0.2 —0.1t00.5
Skeletal muscle (kg) -05+10 03+ 13 -05 —-1.4t004
Metabolic
Fasting glucose (mg/dL) —-46+ 144 -58+ 132 1.2 —-8.7t011.2
Fasting insulin (pM) —10.5+ 26.6 —278 = 3.7 17.6 —-59t041.2
OGTT glucose area (mMM/2 hours) -04+29 —-13+52 0.8 —23t04.0
OGTT insulin area (pM/2 hours) —85 + 519 —501 = 504 416 39to 792
Glucose disposal (mg/kg muscle per minute) 32+ 36 6.8+ 6.7 -37 —7.8t00.5
Maximal oxygen uptake (L/min) —-0.6 0.2 05*+03 —0.5t —0.7t0 —0.3

* Data are presented as means *= SD.

T Significant treatment differences (diet vs. exercise) for change scores (p < 0.008).

exercise weight loss group (7.2 mg/kg skeletal muscle per
minute) in comparison with the controls (p < 0.001; Table
3). In comparison with controls, glucose disposal within the
diet weight loss and exercise without weight loss groups did
not change (p > 0.05).

In comparison with controls, no treatment effects (p >
0.2) were observed for either fasting glucose or OGTT
values (Table 3). However, the change in OGTT-insulin

area within the exercise weight loss group was greater (p <
0.008) in comparison with the control group. Insulin area
did not change within the diet weight loss and exercise
without weight loss groups (p > 0.1).

Discussion
Our findings demonstrated that in comparison with diet-
induced weight loss, equivalent exercise-induced weight

Total Fat (%)
8 ] -]

Relative Reduction in
L4,

JIL

EWL EwWWwW

0

3

Reduction in Total Fat (kg)
o,

J['L

DWL EWL EwWW

o

Figure 2: Reduction in total fat after a 14week treatment period. The asterisks indlcate agreater reduction in total fat in comparison with
the control group. The daggers indicate a greater reduction in total fat in comparison with the diet weight loss and exercise without weight
loss groups. Data are expressed as means = SD. C, control group; DWL, diet weight loss group; EWL, exercise weight loss group; EWW,

exercise without weight loss group.

OBESITY RESEARCH Vol. 12 No. 5 May 2004 795



Reduction in Obesity with Diet or Exercise, Ross et al.
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Figure 3: Reduction in total abdominal, subcutaneous, and viscera fat after a 14-week treatment period. The asterisks indicate a greater
reduction in comparison with the control group. The daggersindicate a greater reduction in comparison with the diet weight |oss and exercise
without weight loss groups. Data are expressed as means + SD. C, control group; DWL, diet weight loss group; EWL, exercise weight loss

group; EWW, exercise without weight loss group.

loss was associated with a greater reduction in total fat,
abdominal fat, and improvement in cardiorespiratory fit-
ness. We also observed that exercise without weight loss
was associated with substantial reductions in total and ab-
dominal fat. These are novel observations and provide
strong support for the recommendation that daily exercise
with or without corresponding weight 1oss be recognized as
effective strategies for obesity reduction in obese women.
Furthermore, they highlight the importance of waist circum-
ference as atool to determine the benefits of obesity reduc-
tion and strongly suggest that BMI alone may mask the
positive effects of exercise as a strategy for the treatment of
obesity.

Absent from the literature are randomized, controlled
studies that compare the efficacy of diet- and exercise-
induced weight loss on obesity reduction in women. Al-
though several nonrandomized exercise studies have in-
cluded women, few prescribed an exercise program for
which one would expect meaningful weight loss (6). Re-
cently Irwin et al. (20) reported that a 12-month exercise
program was associated with statistically significant reduc-
tions in total and abdominal obesity in comparison with
controlsin older women. In that study, an ~7% reduction in
visceral (intra-abdominal) fat was observed as a conse-
guence of an ~2-kg reduction in body weight. In compar-
ison, we observed an ~30% reduction in visceral fat in
response to an ~6-kg weight loss. Together, these observa-
tions are consistent with the finding here that within both
weight loss groups, a dose-response relationship existed
between weight loss and total fat.

Our finding that exercise is associated with a substantial
reduction in total (18%; Figure 2) and abdominal (20%) fat
in nondieting (e.g., no caloric restriction) women who ex-
ercise for ~60 min/d is consistent with Slentz et al. (21),
who recently reported that in overweight and obese nondi-
eting men and women, exercise performed for ~45 minutes,
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4 diwk was associated with a marked reduction in both total
and abdominal (waist circumference) obesity. These find-
ings confirm those previously reported from similar well-
controlled trials (5,22) and suggest that daily exercise with-
out caloric restriction for 45 to 60 minutes at ~65% to 80%
of maximal heart rate is associated with substantial reduc-
tions in obesity independent of gender. However, these
findings are countered by Donnelly et al. (23), who per-
formed a well-designed, rigorously controlled investigation
and reported that overweight and obese women were resis-
tant to weight lossin response to exercise performed 5 d/wk
wherein the women expended ~440 kcal/session. In that
study, doubly labeled water measurements performed on
one-half the women (N = 7) suggested that they were in a
negative energy balance of ~200 kcal/d. The resistance to
weight lossis, thus, a perplexing finding for which we have
no explanation. Clearly, there is a need for further studies
that will shed light on the contradictory findings.

A novel finding in this study was that exercise without
weight loss was associated with substantial reductions in
total (7%), abdominal (10%), and visceral (18%) fat. In fact,
these values were not different from those observed in the
diet weight loss group in response to a 6% (5.2 kg) reduc-
tion in body weight. The pronounced reduction in abdomi-
nal adiposity in response to exercise is consistent with
previous studies wherein moderate-intensity exercise in
women is associated with a significant increase in lipolysis
in abdominal subcutaneous adipose tissue in comparison
with femoral adipose tissue (9,24). Combined with the
observation that abdominal obesity conveys the greatest
health risk (3,10—-13) and that increased cardiovascular fit-
ness is associated with a reduction in morbidity and mor-
tality independent of BMI (25,26), our findings provide
compelling evidence that exercise without weight loss
should be recognized as a useful strategy for reducing
obesity and related comorbidity. Furthermore, the finding



Reduction in Obesity with Diet or Exercise, Ross et al.

that waist circumference decreased in the exercise without
weight loss group without a corresponding reduction in
BMI underscores the importance of waist circumference as
a tool to determine the benefits of obesity reduction and
strongly suggests that BMI aone may mask the positive
effects of exercise as a strategy for reducing obesity. The
challenge to practitioners will be to educate participants
regarding the benefits of exercise without weight loss as a
strategy for obesity reduction. Indeed, it is likely that many
now consider a program of obesity reduction without weight
loss to be a failure and, thus, discontinue participation.

Given that weight loss reverses the insulin resistance that
is characteristic of obesity (27—29), we were surprised that
insulin sensitivity did not improve within the diet weight
loss group. In comparison, a 32% reduction in insulin re-
sistance was observed within the exercise weight |oss group.
A reduction of this magnitude is particularly impressive
given that insulin sensitivity was measured 4 days after the
last exercise session. Accordingly, it is likely that the im-
provement in insulin sensitivity within the exercise weight
loss group could be explained in large measure by the
greater reduction in both total and abdominal adiposity and
not by the residual effects of the last exercise session
(30,31). This notion is consistent with our finding that
insulin sensitivity did not improve within the exercise with-
out weight loss group.

Limitations of this study warrant mention. Because many
of the volunteers chose not to participate after group assign-
ment, we were unable to perform an intent-to-treat analysis
and, thus, cannot make unequivocal statements regarding
causation. However, because those who did not participate
were not different (age, BMI, waist circumference) in com-
parison with those who completed the study, and given that
the mechanism by which diet or exercise induces weight
loss is understood, it seems reasonable to infer an etiologic
relation. In addition, the small number of participants may
have underpowered the study, and we may have been unable
to detect true differences among groups. Additional studies
with larger cohorts are required to confirm our findings.

In summary, the findings of this study indicated that in
comparison with diet-induced weight loss, equivalent exer-
cise-induced weight loss was associated with a greater re-
duction in total fat, abdominal fat, and improvement in
cardiorespiratory fitness. These observations paralleled
those previously observed in response to a similar study
with obese men (5). Together, they support the recommen-
dation that exercise with or without weight loss be recog-
nized as a useful strategy for reducing total and abdominal
obesity, preserving skeletal muscle mass, and improving
cardiorespiratory fitness in obese men and women. This
recommendation is reinforced by the knowledge that 60
minutes of daily exercise is associated with improvements
in the maintenance of weight loss long term (32). These
observations provide the basis for an improved therapeutic

strategy for the treatment of obesity, the reduction in health
risk, and the management of cardiovascular disease, find-
ings that are directly relevant for the one in three American
women who are obese (2). Although the recommendation to
progress to 60 minutes of continuous exercise may present
a challenge to some obese individuals who perceive contin-
uous exercise as a barrier to participation, evidence suggest-
ing that shorter, intermittent bouts of exercise result in
weight loss that is not different from longer exercise ses-
sions is encouraging (33) and should be considered when
prescribing exercise to adults seeking weight loss.
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