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umented (6, 13, 17, 30, 32), with visceral fat often considered
the major culprit (3, 4, 12, 20, 22, 23). In addition, several
studies have also shown a significant relationship between
abdominal subcutaneous fat and metabolic risk factors (1, 8,
18 –20). It is important for interventions designed to reduce
abdominal obesity to monitor their effects on both visceral and
subcutaneous fat.
Controversy exists regarding the minimal and/or optimal
amount of exercise needed for health benefits. Interestingly,
despite the importance of centrally located body fat, there are
few if any prospective exercise training studies that compare
the effects of different amounts and intensities of exercise on
changes in parameters of central obesity. Studies of Targeted
Risk Reduction Interventions through Defined Exercise, a
randomized, controlled clinical trial, was prospectively designed to investigate, in an 8-mo training study, the separate
effects of the amount of exercise and exercise intensity on
cardiovascular risk factors in overweight men and women with
mild to moderate dyslipidemia. This report summarizes the
effects of exercise amount and intensity on visceral, subcutaneous, and total abdominal fat.
METHODS

THE PREVALENCE OF OVERWEIGHT and obesity is high and continues to rise, presenting ever-increasing challenges for individuals and health professionals. Overweight individuals are at
increased risk for cardiovascular disease, diabetes, and other
health disorders (2, 5, 14, 21, 24). The location of the excess
weight is of particular importance, because the strength of the
relation between central obesity and disease risk is well doc-

A complete description of the Studies of Targeted Risk Reduction
Interventions through Defined Exercise design, hypotheses, recruitment strategies, methods, and preliminary recruiting results are published elsewhere (16).
Subjects. Subjects (n ⫽ 330) from Durham, Greenville, and surrounding communities in North Carolina met inclusion criteria and
were randomized into the study. Sixty-eight percent (225) completed
the 8-mo study. Of the 225 completers, 78% (n ⫽ 175) had complete
pre- and poststudy computed tomography (CT) scan data, and the data
from these subjects were included in this analysis. There were no
differences in any variables measured between those in the subgroup
who had CT scans and those who did not have scans. Inclusion criteria
were 40 – 65 yr of age, sedentary (exercise ⬍2 times/wk), overweight
or mildly obese (body mass index of 25–35 kg/m2) with mild to
moderate lipid abnormalities [either low-density lipoprotein (LDL)
cholesterol of 130 –190 mg/dl or high-density lipoprotein (HDL)
cholesterol of ⬍40 mg/dl for men or ⬍45 mg/dl for women]. Women
were postmenopausal. Exclusion criteria were diabetes, hypertension,
other metabolic or musculoskeletal diseases, current use of or intent to
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STRRIDE: a randomized, controlled study of exercise intensity and
amount. J Appl Physiol 99: 1613–1618, 2005. First published July 7,
2005; doi:10.1152/japplphysiol.00124.2005.—Despite the importance
of randomized, dose-response studies for proper evaluation of effective clinical interventions, there have been no dose-response studies
on the effects of exercise amount on abdominal obesity, a major risk
factor for metabolic syndrome, diabetes, and cardiovascular disease.
One hundred seventy-five sedentary, overweight men and women
with mild to moderate dyslipidemia were randomly assigned to
participate for 6 mo in a control group or for ⬃8 mo in one of three
exercise groups: 1) low amount, moderate intensity, equivalent to
walking 12 miles/wk (19.2 km) at 40 –55% of peak oxygen consumption; 2) low amount, vigorous intensity, equivalent to jogging 12
miles/wk at 65– 80% of peak oxygen consumption; or 3) high amount,
vigorous intensity, equivalent to jogging 20 miles/wk (32.0 km).
Computed tomography scans were analyzed for abdominal fat. Controls gained visceral fat (8.6 ⫾ 17.2%; P ⫽ 0.001). The equivalent of
11 miles of exercise per week, at either intensity, prevented significant
accumulation of visceral fat. The highest amount of exercise resulted
in decreased visceral (⫺6.9 ⫾ 20.8%; P ⫽ 0.038) and subcutaneous
(⫺7.0 ⫾ 10.8%; P ⬍ 0.001) abdominal fat. Significant gains in
visceral fat over only 6 mo emphasize the high cost of continued
inactivity. A modest exercise program, consistent with recommendations from the Centers for Disease Control/American College of
Sports Medicine (CDC/ACSM), prevented significant increases in
visceral fat. Importantly, a modest increase over the CDC/ACSM
exercise recommendations resulted in significant decreases in visceral,
subcutaneous, and total abdominal fat without changes in caloric
intake.
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increased until the appropriate exercise prescription was obtained.
This initial ramping period was followed by 6 additional mo of
training at the appropriate exercise prescription.
Dietary evaluations and control of body weight. Nutrient intakes of
each subject were determined via 3-day food records and 24-h recalls,
before and after exercise training. To study the effects of exercise
alone and eliminate the confounding effects of major weight loss,
subjects were counseled not to diet or change their diet during this
study.
Body weight and CT measures. Height (to the nearest 0.64 cm) and
weight (to the nearest 0.1 kg) were measured in light clothing without
shoes on a digital electronic scale (Scale-Tronix 5005, Wheaton, IL).
All CT scans were performed on a General Electric CT/I (GE Medical
Systems, Milwaukee, WI). After a digital frontal scout radiograph of
the abdomen was obtained, a single 10-mm-thick axial section was
performed at the level of the L-4 pedicle. CT scans were analyzed
using Slice-O-matic software from TomoVision to determine surface
area of the visceral and subcutaneous abdominal compartments.
Statistical methods for repeated measures and correlations. Baseline descriptive statistics include means and standard deviations (see
Table 1). Paired t-tests (2-tailed) were used to determine whether a
change within any specific group was significant (see Table 2). To
determine whether there were significant differences between groups,
data were analyzed using one-way ANOVA (Statview Software, SAS
Institute, Cary, NC) (see Fig. 1). All ANOVA tests performed were
found to be significant. Therefore, a Fishers paired least-significant
difference post hoc test was performed to determine which groups
were significantly different from the others. P values of ⬍0.05 were
considered significant.
RESULTS

Baseline and exercise prescription data are presented in
Table 1. There were no differences at baseline between groups
for age, body mass index, caloric intake, or percentage of
calories from macronutrients. The number of women and men
was nearly equal in each group, and minorities made up 19.5%
of the subject population. The total amount of exercise time for
each group was approximately 3 h/wk for the low-amount/

Table 1. Baseline characteristics and exercise prescription
Variables

n
Age
BMI, kg/m2
Race
Caucasian
African American
Asian/Hispanic
Women/Men
Food intake, kcal/day
CHO, %
Fat, %
Protein, %
Exercise prescription
Intensity, % peak V̇O2)
Prescription amount, kcal䡠kg⫺1䡠wk⫺1*
Prescription time, min/wk
Adherence, %
Actual amount, miles/wk
Actual time, min/wk†
Frequency, sessions/wk

Control

Low Amount,
Moderate Intensity

Low Amount,
Vigorous Intensity

High Amount,
Vigorous Intensity

47
52.3 (7.65)
29.8 (3.0)

40
54.0 (5.5)
29.8 (3.2)

46
53.0 (7.0)
29.7 (3.1)

42
51.5 (5.3)
29.1 (2.4)

36
11
0
24/23
2,047 (536)
51.3 (9.5)
31.6 (8.4)
15.6 (3.7)

32
8
0
18/22
2,075 (584)
48.6 (7.7)
34.2 (5.7)
15.8 (4.3)

36
8
2
23/23
2,079 (668)
47.8 (10.0)
34.7 (7.0)
15.5 (2.7)

37
3
2
19/23
2,072 (495)
46.8 (9.5)
34.5 (7.7)
16.3 (4.9)

40–55
14
204 (43)
88.5 (13.6)
10.5
178 (37)
3.5 (0.6)

65–80
14
129 (29)
93.5 (10.1)
11.2
120 (27)
3.1 (0.5)

65–80
23
208 (37)
83.7 (15.1)
16.9
173 (41)
3.6 (0.8)

Total Group

175
52.7 (6.5)
29.6 (3.0)
137 (80.6%)
29 (17.1%)
4 (2.4%)
84/91
2,079 (596)
48.7 (9.3)
33.7 (7.4)
15.8 (3.9)

Values are means (SD). BMI, body mass index; CHO, carbohydrate; V̇O2, O2 uptake. There were no significant baseline differences between groups.
*Prescription amount (14 and 23 kcal䡠kg⫺1䡠wk⫺1) are approximately calorically equivalent to 12 and 20 miles of walking or jogging per week for the low-dose
and high-dose groups, respectively. †Actual time ⫽ adherence ⫻ prescription time.
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diet, use of confounding medications, overt presence of coronary heart
disease, or unwillingness to be randomized to any group. The study
was approved by an Institutional Review Board. After written, informed consent was given, subjects were randomly assigned to one of
three 8-mo exercise groups (⬃2 mo of ramp-up and 6 mo of steadystate training) or a 6-mo control group. Individuals initially assigned
to the control group were promised to be randomized into an exercise
group at the end of the control period. However, only their control
data were used in any analyses. The research protocol was approved
by the institutional review boards at Duke University and East
Carolina University.
Exercise training protocols (dose, mode, and intensity). The exercise groups were 1) high amount/vigorous intensity (equivalent to
jogging 20 miles/wk), 2) low amount/vigorous intensity (equivalent to
jogging 12 miles/wk), and 3) low amount/moderate intensity (equivalent to walking 12 miles/wk). Details are published elsewhere (15,
16). The actual exercise prescription was to expend 14 kcal 䡠 kg body
wt⫺1 䡠 wk⫺1 for the two low-amount groups (26) and to expend 23
kcal 䡠 kg body wt⫺1 䡠 wk⫺1 for the high-amount group. Although the
amount of exercise is expressed in terms of walking or jogging a
certain distance to simplify the description of the exercise groups, the
main exercise modalities were treadmills and elliptical trainers, with
some use of cycle ergometers. Subjects could use any or all of these
modalities. The specific exercise intensities were 65– 80% of peak
oxygen consumption for the two vigorous-intensity groups and 40 –
55% of peak oxygen consumption for the moderate-intensity group.
The exercise capacity was determined via a graded maximal exercise
test with continuous measurement of oxygen consumption. The actual
work rate, correlating to the prescribed exercise intensity, was determined during a submaximal exercise test performed on a separate day
during the first 2–3 wk of exercise training.
Exercise training (verification, adherence, initial ramp period, and
training duration). All exercise sessions were verified by direct
supervision or by use of a heart rate monitor that provides recorded
data (Polar Electro, Woodbury, NY). Adherence was calculated
weekly as a percent, equal to the actual number of exercise minutes
completed each week at the appropriate intensity, divided by the total
number of minutes prescribed. There was an initial ramp period of 2–3
mo where exercise duration and exercise intensity were gradually
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Table 2. Baseline and change scores for visceral fat, subcutaneous abdominal fat, total abdominal fat, and body weight
Control
(n ⫽ 47)
Variable

Baseline

Visceral fat
Subcutaneous fat
Total abdominal
fat
Body weight, kg

165 (68)
313 (107)

%Change

Low Amount/Moderate Intensity
(n ⫽ 40)
P value

8.6 (17.2) 0.001*
1.1 (11.9) 0.53

Baseline

173 (72)
287 (103)

%Change

P value

1.7 (19.7) 0.58
⫺1.2 (11.8) 0.54

Low Amount/Vigorous Intensity
(n ⫽ 46)
Baseline

154 (55)
291 (97)

%Change

P value

2.5 (21.3) 0.43
3.1 (18.7) 0.27

High Amount/Vigorous Intensity
(n ⫽ 42)
Baseline

168 (64)
274 (78)

%Change

P value

⫺6.9 (20.8) 0.038*
⫺7.0 (10.8) 0.000*

477 (127) 3.9 (10.4) 0.015* 460 (132)
0.2 (10.6) 0.91
444 (114)
2.0 (15.5) 0.38
442 (102) ⫺6.8 (12.0) 0.001*
86.9 (14.2) 1.0 (2.7) 0.017* 88.0 (16.3) ⫺0.7 (2.1) 0.032* 85.0 (13.4) ⫺0.8 (2.3) 0.027* 85.7 (12.2) ⫺2.6 (3.3) 0.000*

Values are means (SD). There were no significant baseline differences between groups. Abdominal fat measures are from computed tomography in cm2.
*Significant change score (post compared with pre value, paired t-test, 2-tailed).

the CT-derived abdominal fat compartments and for body
weight. In the control group, visceral fat levels increased by
8.6%, which was statistically significant (P ⫽ 0.001). Visceral
fat levels did not change significantly in either of the lowamount exercise groups. The high-amount exercise group experienced an average decrease in visceral fat of 6.9%, which
was significant (P ⫽ 0.038). Only the high-amount exercise

Fig. 1. Comparison of the effects of continued physical inactivity (controls) and 3 different exercise training programs on
mean changes (Chg) in visceral abdominal fat (A), subcutaneous abdominal fat (B), and total abdominal fat (C). Subjects in
the control group maintained their normal diet and level of
physical activity for 6 mo. In the exercise groups, the amount
and intensity of exercise were gradually increased to the
prescribed level over the course of 1–3 mo, after which time
exercise was maintained at the prescribed level of 6 mo.
Low-amount, moderate-intensity exercise represents the caloric equivalent of walking ⬃12 miles/wk at 40 –55% of peak
oxygen consumption; low-amount, vigorous-intensity exercise
represents the same amount of exercise at 65– 80% of peak
oxygen consumption. High-amount, vigorous-intensity exercise represents the caloric equivalent of jogging ⬃20 miles/wk
at 65– 80% of oxygen consumption. Values shown represent
means of individual change scores. Error bars represent standard errors.
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moderate-intensity and high-amount/vigorous-intensity groups
and was 2 h/wk for the low-amount/vigorous-intensity group.
Caloric intake, measured before and after exercise training, did
not change significantly (P ⬎ 0.20) in any exercise group or in
the control group (data not shown).
In Table 2, the results from paired t-tests on the change
scores for within-group comparisons are presented for each of
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Table 3. Correlations between change in abdominal fat and
change in variables of metabolic risk at baseline
Subcutaneous Abdominal
Fat

Visceral Fat

Variable

Correlation

P value

Correlation

P value

HDL size
LDL size
LDL particle no.
Triglyceride
Si

⫺0.18
⫺0.08
0.109
0.10
⫺0.11

0.025*
NS
NS
NS
NS

⫺0.15
⫺0.16
0.22
0.14
⫺0.19

0.057
0.052
0.006*
0.080
0.018*

HDL, high-density lipoprotein; LDL, low-density lipoprotein; NS, nonsignificant, P ⬎ 0.10; Si, insulin sensitivity as derived from minimal model
analysis of the frequently sampled intravenous glucose tolerance test. *Statistically significant.
J Appl Physiol • VOL

(P ⬍ 0.0001). All posttreatment correlations were essentially
the same as pretreatment variables (data not shown). Correlations between change in abdominal fat depots (both subcutaneous and visceral) and changes in the metabolic risk variables
also are shown in Table 3. The change in subcutaneous abdominal fat was significantly correlated only to the change in
HDL size (P ⬍ 0.05). The change in visceral fat was significantly related to change in LDL particle number and change in
insulin sensitivity index. Correlations between change in visceral fat and changes in the other metabolic variables (HDL
size, LDL size, and triglyceride) were just on the border of
statistical significance (P ⬍ 0.10 and ⬎0.05).
DISCUSSION

The important relationships between disease risk and central
obesity in general and visceral obesity in particular are well
described (2– 4, 6, 12, 13, 17, 20, 22, 23, 30, 32). In this study,
we present data from the first prospective, randomized, controlled study on the effects of different amounts of exercise on
visceral, subcutaneous, and total abdominal fat. The data support several key findings. First, in sedentary, overweight adults
assigned to the control group, a relatively short period of
continued physical inactivity resulted in a sizeable and significant increase in visceral abdominal fat. This finding emphasizes the high cost of continuing to choose a sedentary lifestyle
for overweight, middle-aged adults. A second key finding was
that in both low-amount groups, no significant increase in
visceral fat was observed, suggesting that this amount of
exercise was adequate for preventing the deterioration seen in
the inactive controls. This is an important observation, because
this amount of exercise is similar to that recommended by the
Center for Disease Control/American College Sports Medicine
(27) and because the importance of prevention (14, 21) is
highlighted by the high rate of weight-loss recidivism. Until we
are able prevent weight regain after short-term dieting success,
a greater emphasis toward prevention should be a major goal in
the US (14, 21). Third, the observation that the high amount of
exercise (approximately equivalent to 17 miles/wk of vigorous
exercise) not only prevented increases in visceral fat but
actually resulted in sizable and significant decreases in visceral
fat, as well as in subcutaneous and total abdominal fat, suggests
an exercise prescription for reversing metabolic disease. That
this amount of exercise can reverse metabolic disease is supported by the present data and by previously published findings
from this cohort that showed improvements in lipids and
lipoproteins (15), insulin sensitivity (10), and body mass and
fat mass loss (31).
Taken together, the data suggest a clear dose-response relationship between exercise amount and changes in visceral fat.
Our interpretation of the data as indicating a dose-response
relationship between exercise amount (in kcal䡠kg body
wt⫺1 䡠wk⫺1) is based on two points. First, there are multiple
possible responses that can be characterized as a dose-response
relationship, as illustrated by Haskell (9). All fulfill the basic
concept that, with greater amounts of exercise, greater biological benefits accrue. With some health benefits, the response
relationship might be curvilinear, whereas with others the
response may be linear. Second, if we fit a linear curve to the
mean visceral fat response (as seen in Fig. 1A) vs. the mean
exercise dose for each group (calculated as amount of exercise
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group had any change in subcutaneous abdominal fat amount,
which decreased in this group by 7.0% (P ⬍ 0.001). The
significant increase in total abdominal fat in the controls
reflects the increase in visceral fat. Neither low-amount exercise group experienced significant change in subcutaneous or
total abdominal fat. Body weight increased significantly in the
control group (0.88 kg) and decreased significantly in all
exercise groups (0.60 in both low-amount groups and 2.31 kg
in the high-amount group) in a dose-response manner, i.e.,
greater weight loss with greater amounts of exercise (in kcal
expended䡠 kg⫺1 䡠wk⫺1). For the purposes of defining doseresponse effects, both dose and amount refer to the number of
kilocalories expended via exercise per kilogram of body weight
per week. Exercise intensity did not appear to have any effect
on body weight or any of the abdominal fat compartments, as
both low-amount groups experienced similar responses.
In Fig. 1, comparisons between the four groups illustrate the
effects of continued physical inactivity (controls) and different
amounts and intensities of exercise training on visceral, subcutaneous, and total abdominal fat. In Fig. 1A, the effect of
exercise amount on visceral fat reveals a dose-response relationship, where the control group gained visceral fat relative to
all three exercise groups (albeit, the low-amount/moderateintensity group was at the margin of statistical significance,
compared with the controls). And the high-amount group lost
more visceral fat than the low-dose groups, although these
differences did not quite achieve statistical significance (P ⬎
0.07 and ⬍0.09). In Fig. 1B, the data show that little or no
change in subcutaneous abdominal fat for the controls and both
low-dose exercise groups, whereas the high-amount exercise
group lost a significant amount of subcutaneous abdominal fat
compared with the other three groups. Figure 3C illustrates the
additive effects of both the subcutaneous and visceral changes
where the high-amount exercise group lost significantly more
total abdominal fat compared with the other three groups.
When gender was added to the ANOVA model, no significant
gender effects were observed (P ⬎ 0.20).
The correlations between abdominal fat depots (subcutaneous and visceral abdominal fat) and variables of metabolic risk
(lipid and carbohydrate variables) are shown in Table 3. Both
pretreatment (baseline) correlations and change score correlations are shown. Baseline subcutaneous abdominal fat was not
significantly related to any baseline metabolic risk variable,
whereas baseline visceral fat was highly significantly related to
all baseline metabolic risk variables tested (and presented)
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although the relations are significant (for LDL particle number
and insulin sensitivity) or just on the border of statistical
significance. Although Jansen et al. (12) reported baseline
correlations ranging from 0.32 to 0.51 (all P ⬍ 0.05), they
found no significant correlations between change in visceral fat
levels and change in metabolic variables after weight loss from
diet only or diet plus exercise.
It is important to remember that most if not all of the data
linking visceral fat with metabolic variables are associative,
not causative. There is much controversy as to whether visceral
fat is a major health culprit or simply a marker of obesityrelated health problems (30). Ravussin and Smith make a
compelling case that failure to develop adequate fat cell mass
in the face of excess energy intake may be the primary culprit,
which then leads to ectopic fat deposition and in this way link
visceral fat and adiposity to disease (28a). Either way, it seems
clear that visceral fat, whether causative or simply a more
specific marker of disease risk than general obesity, is an
important health parameter.
Major strengths of this study include 1) the randomized,
controlled design; 2) the dose-response testing; 3) the direct
verification of time and intensity and, therefore, exposure for
nearly all exercise training sessions; 4) the carefully defined
and controlled exercise amounts and intensities; 5) a significant
proportion of women and minorities in the study population; 6)
an exercise stimulus that is identical for men and women
(defined by kilocalories of energy expenditure per kilogram of
body weight per week rather than the same number of minutes
per week) that allows for better comparisons of exercise effects
between genders; and finally 7) a large number of subjects in
each group yielding good statistical power to detect important
exercise exposure effects. One important limitation should be
noted. Due to practical reasons, we could not compare the
effects of a training regimen with high weekly exercise amount
at the lower intensity. We believed that the large amount of
time necessary for a high-amount/moderate-intensity group (up
to 8 h/wk for low fitness subjects) coupled with the fact that
volunteer participants had to be willing to be randomly assigned to any group, would seriously limit recruiting ability
and thus generalizability of the findings. Instead, our study was
designed to look at the effects of exercise amount separately
(by looking at the 2 groups that exercised at the same intensity
but completed different amounts of total exercise) and exercise
intensity separately (by comparing the 2 low-amount exercise
groups that exercised at different intensities).
In conclusion, continued physical inactivity in a sedentary
middle-aged overweight population led to significant gains in
visceral abdominal fat over a relatively short period of time (6
mo). This finding emphasizes the high cost of continued
physical inactivity for sedentary, overweight adults. Even a
relatively modest exercise program, consistent with the activity
recommendations from Centers for Disease Control and American College of Sports Medicine prevented significant increases in visceral abdominal fat. In view of the high rate of
recidivism with weight-loss programs, the importance of prevention cannot be overemphasized. However, a modest increase in weekly caloric expenditure over Centers for Disease
Control and American College of Sports Medicine recommendations resulted in significant decreases in visceral, subcutaneous, and total abdominal fat without significant changes in
caloric intake. Both the detrimental effects seen in the inactive
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prescribed times adherence), we observe a relationship with a
r2 of 0.96. Fitting a best-fit curvilinear “trend line” results in a
r2 of 0.99. Although in our study all intergroup comparisons
were not significantly different, a higher powered study might
have found a difference. Although analysis of variance revealed a highly significant group effect, there were no significant gender effects (P ⬎ 0.20) or group ⫻ gender interactions
(P ⬎ 0.20).
The importance of visceral fat and its associations with risk
factors for coronary heart disease and Type 2 diabetes have
been well established. Although overall obesity is clearly
related to increased risk for these diseases, the greater importance of the location of adipose tissue is illustrated by the
finding that, compared with total body fat, visceral fat is a
significantly higher correlate of insulin response to a glucose
challenge, fasting triglycerides, both systolic and diastolic
blood pressure, and for HDL-to-total cholesterol ratio. In fact,
visceral fat explains approximately twice the amount of variance in these variables compared with total body fat (13, 28).
Our data support these observations. In a recent study comparing lean insulin-sensitive subjects to lean insulin-resistant subjects and obese insulin-resistant subjects, the data revealed that
differences in visceral fat explain much of the atherogenic
lipoprotein profile that is associated with obesity and insulin
resistance (23). Whether visceral obesity is a major contributor
to disease risk or simply a covariate of other causative factors
is controversial (7, 30). Either way, the consistent, significant
associations between visceral fat and risk factors for coronary
heart disease and Type 2 diabetes suggests that it is, at the very
least, a good marker of increased risk for these diseases.
Despite its importance, there are few randomized, controlled
studies of the effects of exercise on visceral fat. In a 12-wk
study in overweight men, Ross et al. (29) reported that an
exercise program designed to increase energy expenditure by
700 kcal/day for 12 wk resulted in a weight loss of 7.5 kg and
a decrease in visceral fat of 52 cm2 (reported as the crosssectional area of fat on a single CT scan), corresponding to a
decrease of 6.9 cm2 visceral fat per kilogram of weight loss.
The men in their diet-only group (700 kcal deficit) had a
similar decrease of 5.9 cm2 per kilogram of weight loss. In the
present study, the men in the high-amount exercise group
experienced a reduction of 5.6 cm2 per kilogram of weight loss.
Irwin et al. (11) studied the effects of a 12-mo exercise
program in overweight postmenopausal women and found a
decrease of 8.5 cm2 of visceral fat and 1.3 kg of body weight,
corresponding to a ratio of 6.5 cm2 per kilogram of weight
change. In the high-amount exercise group from the present
study, the women lost 6.9 cm2 of visceral fat per kilogram of
body weight.
In cross-sectional studies, visceral fat is often found to be
significantly correlated with metabolic risk factors. Statistically
significant correlation coefficients ranging from 0.30 to 0.60
are often reported for the relation between visceral fat and
numerous lipid and carbohydrate risk factors in these studies
(12, 22, 25). Our cross-sectional data reveal similar magnitude
coefficients when baseline metabolic risk variables are correlated to baseline visceral fat (P ⬍ 0.0001; coefficients range
from 0.27 to 0.44 for the variables reported in Table 3; data not
shown). However, as can be seen in Table 3, when we correlate
change in visceral fat levels with change in these metabolic
variables, the magnitude of the coefficients is much lower,
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control group and the beneficial effects of the high-amount
exercise were observed in men and women.
REFERENCES

J Appl Physiol • VOL

99 • OCTOBER 2005 •

www.jap.org

Downloaded from http://jap.physiology.org/ by 10.220.33.4 on February 20, 2017

1. Abate N, Garg A, Peshock R, Stray-Gundersen J, and Grundy S.
Relationships of generalized and regional adiposity to insulin sensitivity in
men. J Clin Invest 96: 88 –98, 1995.
2. Caterson I, Hubbard V, Bray G, Grunstein R, Hansen B, Hong Y,
Labarthe D, Seidell JC, and Smith S. Prevention conference VII.
Obesity, a worldwide epidemic related to heart disease and stroke group
III: worldwide comorbidities of obesity. Circulation 110: 476 – 483, 2004.
3. Couillard C, Bergeron N, Pascot A, Almeras N, Bergeron J, Tremblay
A, Prud’homme D, and Despres JP. Evidence for impaired lipolysis in
abdominally obese men: postprandial study of apolipoprotein B-48- and
B-100-containing lipoproteins. Am J Clin Nutr 76: 311–318, 2002.
4. Despres JP, Coillard C, Gagnon J, Bergeron J, Leon A, Rao D,
Skinner J, Wilmore J, and Bouchard C. Race, visceral adipose tissue,
plasma lipids, and lipoprotein lipase activity in men and women (HERITAGE). Arterioscler Thromb Vasc Biol 20: 1932–1938, 2000.
5. Eckel R, York D, Rossner S, Hubbard V, Caterson I, Sachiko T,
Hayman L, Mullis R, and Blair S. Prevention conference VII. Obesity,
a worldwide epidemic related to heart disease and stroke, executive
summary. Circulation 110: 2968 –2975, 2004.
6. Folsom A, Kushi L, Anderson K, Mink P, Olson J, Hong C, Sellers T,
Lazovich D, and Prineas R. Associations of general and abdominal
obesity with multiple health outcomes in older women. Arch Intern Med
160: 2117–2128, 2000.
7. Frayn K. Visceral fat and insulin resistance— causative or correlative?
Br J Nutr 83: 71–77, 2000.
8. Goodpaster B, Thaete F, Simoneau J, and Kelley D. Subcutaneous
abdominal fat and thigh muscle composition predict insulin sensitivity
independently of visceral fat. Diabetes 46: 1579 –1585, 1997.
9. Haskell W. What to look for in assessing responsiveness to exercise in a
health context. Med Sci Sports Exerc 33: S454 –S458, 2001.
10. Houmard J, Tanner C, Slentz C, Duscha B, McCartney J, and Kraus
W. Effect of the volume and intensity of exercise training on insulin
sensitivity. J Appl Physiol 96: 101–106, 2004.
11. Irwin ML, Yasui Y, Ulrich CM, Bowen D, Schwartz RS, Yukawa M,
Aiello E, Potter JD, and McTiernan A. Effect of exercise on total and
intra-abdominal body fat in postmenopausal women: a randomized controlled trial. JAMA 289: 323–330, 2003.
12. Janssen I, Fortier A, Hudson R, and Ross R. Effects of energyrestrictive diet with or without exercise on abdominal fat, intermuscular
fat, and metabolic risk factors in obese women. Diabetes Care 25:
431– 438, 2002.
13. Kissebah AH and Krakower GR. Regional adiposity and morbidity.
Physiol Rev 74: 761– 811, 1994.
14. Klein S, Burke L, Bray G, Blair S, Allison D, Pi-Sunyer X, Hong Y,
and Eckel R. Clinical implications of obesity with specific focus on
cardiovascular disease. A statement for professionals from the American
Heart Association on nutrition, physical activity, and metabolism. Circulation 110: 2952–2967, 2004.
15. Kraus W, Houmard J, Duscha B, Knetgzer K, Wharton M, McCartney J, Bales C, Henes S, Samsa G, Otvos J, Kulkarni K, and Slentz C.
Exercise training amount and intensity effects on plasma lipoproteins: a
randomized, controlled trial. NEJM 347: 1483–1492, 2002.
16. Kraus W, Torgan C, Duscha B, Norris J, Brown S, Cobb F, Bales C,
Annex B, Samsa G, Houmard J, and Slentz C. Studies of a targeted risk
reduction intervention through defined exercise (STRRIDE). Med Sci
Sports Exerc 33: 1774 –1784, 2001.

17. Lemieux I, Pascot A, Coillard C, Lamarche B, Tchernof A, Almeras
N, Bergeron J, Gaudet D, Tremblay A, Prud’homme D, Nadeau A,
and Despres JP. Hypertriglyceridemic waist—a marker of the atherogenic metabolic triad (hyperinsulinemia; hyperapolipoprotein B; small,
dense LDL) in men? Circulation 102: 179 –184, 2000.
18. Martin M and Jensen M. Effects of body fat distribution on regional
lipolysis in obesity. J Clin Invest 88: 609 – 613, 1991.
19. Misra A, Garg A, Abate N, Peshock R, Stray-Gundersen J, and
Grundy S. Relationship of anterior and posterior subcutaneous abdominal
fat to insulin sensitivity in nondiabetic men. Obes Res 5: 93–99, 1997.
20. Miyazaki Y, Glass L, Triplitt C, ZWajcberg E, Mandarino L, and
Defronzo R. Abdominal fat distribution and peripheral and hepatic insulin
resistence in Type 2 diabetes mellitus. Am J Physiol Endocrinol Metab
283: E1135–E1143, 2002.
21. Mullis R, Blair S, Arrone L, Bier D, Denke M, Dietz W, Donato K,
Drewnowski A, French S, Howard B, Robinson T, Swinburn B, and
Weschsler H. Prevention conference VII. Obesity, a worldwide epidemic
related to heart disease and stroke. Group IV: prevention/treatment.
Circulation 110: 484 – 488, 2004.
22. Nguyen-Duy TB, Nichaman M, Church T, Blair S, and Ross R.
Visceral fat and liver fat are independent predictors of metabolic risk
factors in men. Am J Physiol Endocrinol Metab 284: E1065–E1071, 2003.
23. Nieves DJ, Cnopp M, Retzlaff B, Walden CE, Brunzell JD, Knopp
RH, and Kahn SE. The atherogenic lipoprotein profile associated with
obesity and insulin resistance is largely attributable to intra-abdominal fat.
Diabetes 52: 172–179, 2003.
24. NIH. Clinical guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults: the evidence report. Obes Res 6, Suppl
2: 51–209, 1998.
25. Pascot A, Lemieux S, Lemieux I, Prud’homme D, Tremblay A,
Bouchard C, Nadeau A, Couillard C, Tchernof A, Bergeron J, and
Despres JP. Age-related increase in visceral adipose tissue and body fat
and the metabolic risk profile of premenopausal women. Diabetes Care
22: 1471–1478, 1999.
26. Passmore J. Human energy expenditure. Physiol Rev 35: 801– 808, 1955.
27. Pate R, Pratt M, Blair S, Haskell W, Macera C, Bouchard C, Buchard
C, Buchner D, Ettinger W, Heath G, and King A. Physical activity and
public health. A recommendation from the Centers for Disease Control
and Prevention and the American College of Sports Medicine. JAMA 273:
402– 407, 1995.
28. Peiris AN, Sothmann MS, Hoffmann RG, Hennes MI, Wilson CR,
Gustafson AB, and Kissebah A. Adiposity, fat distribution, and cardiovascular risk. Ann Intern Med 110: 867– 872, 1989.
28a.Ravussin E and Smith SR. Increased fat intake, impaired fat oxidation,
and failure of fat cell proliferation result in ectopic fat storage, insulin
resistance, and Type 2 diabetes mellitus. Ann NY Acad Sci 967: 363–378,
2002.
29. Ross R, Dagnone D, Jones PJH, Smith H, Paddags A, Hudson R, and
Janssen I. Reduction in obesity and related comorbid conditions after
diet-induced weight loss or exercise-induced weight loss in men. Ann
Intern Med 133: 92–103, 2000.
30. Seidell JC and Bouchard C. Visceral fat in relation to health: is it a major
culprit or simply an innocent bystander? Int J Obes 21: 626 – 631, 1997.
31. Slentz C, Duscha B, Johnson J, Ketchum K, Aiken L, Samsa G,
Houmard J, Bales C, and Kraus W. Effects of the amount of exercise on
body weight, body composition, and measures of central obesity.
STRRIDE—a randomized controlled study. Arch Intern Med 164: 31–39,
2004.
32. Van Pelt R, Evans E, Schechtman K, Ehsani A, and Kohrt W.
Contributions of total and regional fat mass to risk for cardiovascular
disease in older women. Am J Physiol Endocrinol Metab 282: E1023–
E1028, 2002.

