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Abstract
The purpose of this study was to determine what effect aerobic and resistance exercise training has
on gain of visceral fat during the year following weight loss. After being randomly assigned to
aerobic training, resistance training, or no exercise training, 45 European-American and 52
African-American women lost 12.3±2.5 kg on a 800 kcal/day diet. Computed tomography was
used to measure abdominal subcutaneous and visceral adipose tissue while total fat and regional
fat (leg, arm, and trunk) were measured by Dual Energy X-Ray Absorptiometry after weight loss
and one year following the weight loss. Since not all the subjects adhered to the 2 time/week 40
minutes/day exercise training during the one year follow-up, subjects were divided into five
groups for analysis; aerobic adherers, aerobic non-adherers, resistance adherers, resistance non-
adherers and no exercise. No significant differences were observed between the aerobic training
and resistance training adherers for any variable. However, the aerobic (3.1 kg) and resistance (3.9
kg) exercise adherers gained less weight than any of the other 3 groups (all more than 6.2 kg). In
addition, the two exercise adherence groups did not significantly increase visceral fat (< 0.8%) as
compared with the 38% increase for the two non-adhering exercise groups and the 25% for the
non-exercise group. In conclusion, as little as 80 minutes/week aerobic or resistance training had
modest positive effects on preventing weight regain following a diet induced weight loss. More
importantly, both aerobic and resistance training prevented regain of potentially harmful visceral
fat.
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Introduction
It is well accepted that obesity, especially visceral obesity, is independently related to an
atherogenic blood lipid profile, increased blood pressure and reduced insulin sensitivity
(1,2,3,4). In addition, in a large epidemiological study, Tricia et al (5) have recently shown
that obesity is independently related to incidence of cardiovascular disease during 20 years
of follow-up in the Nurse’s Health Study. Studies have reported that weight gain is
associated with increased risk of colon cancer (6) breast cancer (7) clinical diabetes (8,9),
and cardiovascular disease even if the gain occurred in relatively lean women, under BMI of
25 kg/m2 (10). Therefore, factors that may influence weight gain have important
implications.

Direct Correspondance: Gary R. Hunter, Rm 201 Education Building, University of Alabama at Birmingham, Birmingham, Alabama
35294-1250, 205 934-8338, ghunter@uab.edu.

NIH Public Access
Author Manuscript
Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 2.

Published in final edited form as:
Obesity (Silver Spring). 2010 April ; 18(4): 690–695. doi:10.1038/oby.2009.316.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



High physical activity is strongly associated with little or no weight regain over one year
(11,12). This is particularly the case when physical activity levels are equivalent to 60 or
more minutes/day of moderate intensity exercise, e.g. walking at 3 mph or equivalent energy
expenditures from higher intensity exercise (13,14,15,16), (17). Exercise training studies
have not shown a consistent training effect on long-term weight maintenance, presumably
because of poor adherence or insufficient training induced energy expenditure in some of the
studies (16).

Few, if any, studies have compared the effects of resistance and aerobic training on long-
term weight regain. After an 11 week diet induced weight loss of 9 kg, Ballor et al (18)
reported that both resistance training and aerobic training conserved both weight loss and fat
mass loss over 12 weeks in older presumably European American (EA) adults (average age
61 years). In another study, also with presumably EA subjects, Weinstock et al (reference)
evaluated the effects of dietary restriction with either aerobic or resistance training with
dietary resistance alone. No difference was found between the three groups for weight loss
during the first 16 weeks of the study, and for a small subset of 22 subjects for weight regain
96 weeks after beginning the study (19). Despite obesity being a major problem for African
Americans (AA), especially AA women, we know of no studies that have evaluated the
effects of aerobic and resistance training on long term weight loss maintenance in AAs.

Since visceral adipose tissue is more strongly related to cardiovascular disease and diabetes
risk than overall obesity (1,4,20,21,22,23) it is particularly important to know what impact
exercise training has on distribution of fat. Exercise training typically results in a loss of
adipose tissue, especially from the viscera (24,25,26,27). However, studies comparing
weight loss from diet restriction with weight loss from exercise have not shown a consistent
pattern, with some showing a proportionally larger loss from the viscera with exercise
training compared to diet (28) and others not (29). To our knowledge no one has attempted
to determine whether exercise is associated with a smaller proportional regain in visceral fat
one year following weight loss. Therefore, the purpose of this paper is to compare the effects
of aerobic, resistance, and no training on weight and fat distribution one-year following a
diet induced weight loss of approximately 12 kg in AA and EA premenopausal women.

Research Methods and Procedures
Subjects

The study group was comprised of 208 healthy premenopausal women, with BMI between
27 and 30 kg/m2. Age ranged from 21 to 46 years. All subjects were non-smokers, of overall
good health, and had normal menstrual cycles. Normal glucose tolerance was documented
by 2-hour post-prandial blood glucose levels after an oral glucose load. None of the subjects
used oral contraceptives at the time of enrollment into the study or medications known to
affect body composition. The Institutional Review Board for Human Subjects-approved
informed consent was obtained prior to participation in the study in compliance with the
Department of Health and Human Services Regulations for Protection of Human Research
Subjects.

Study Design
Subjects were randomly assigned to 3 different weight loss groups: diet and aerobic
exercise, diet and resistance exercise, and diet only. All food was furnished during the
weight loss and consisted of 800 kcal/day that was 20–22% fat, 18–22% protein, and 58–
62% carbohydrate. Subjects picked up food at the General Clinical Research Center (GCRC)
twice weekly and were instructed to remain on the 800 kcal/day diet until a BMI of less than
25 kg/m2 was reached. Time needed to reach the goal of a 25 kg/m2 BMI was variable with
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a mean of 154±61 days. However, no differences between the exercise groups was found (p
= 0.2). Subjects were evaluated two times, once after losing an average of 12.3±2.5 kg (121
subjects reached the target BMI, defined as baseline) and once one year following the
weight loss (97 subjects returned for the 1 year post weight loss evaluation). During the one
year following weight loss subjects were given instructions on a balanced diet that focused
on low density food intake according to EatRight Weight Management Program principles
(30). Data presented in this paper is for the 97 subjects (52 AA and 45 EA) that we have
data one-year following weight loss. Prior to evaluations subjects were maintained in
weight-stable state for 4 weeks. During those 4 weeks, body weight measurements were
made at visits to the General Clinical Research Center (GCRC) 3 days/wk for the first 2
weeks, and 5 days/wk for the last 2 weeks. During the final 2 weeks, all meals were
provided through the GCRC Research Kitchen to ensure weight stability of less than 1%
variation from initial weight and to maintain daily macronutrient intake within the range of
20–22% of energy as fat, 18–22% as protein, and 58–62% as carbohydrate. Subjects were
then admitted to the GCRC for 4 days, during the follicular phase of the menstrual cycle,
and underwent assessment of body composition/fat distribution. After all assessments were
completed subjects were discharged from the GCRC.

Those subjects assigned to exercise groups were scheduled to train three times each week
during weight loss and two times each week during the one year following weight loss. All
exercise training was done in an exercise training facility devoted entirely to research and
was supervised by exercise physiology study personnel. Subjects that were assigned to
exercise groups were required to exercise train during weight loss to remain in the study.
However, after weight loss adherence to exercise training was only strongly encouraged but
not required for study participation. There was considerable variation in exercise adherence
for the year that followed weight loss. Subjects assigned to exercise were thus divided into
adherers (adherence to 60% or more of the scheduled exercise sessions) and non-adherers
(adherence to less than 60% of the scheduled exercise sessions). Sixty % adherence was
selected as a cut-point for adherence for two reasons. First it is accepted that one-day per
week training maintains aerobic (31) and strength fitness (32) and some studies even show
that it is sufficient to increase fitness (33,34). Adherence of 60% would mean that the
subjects would train a minimum of at least 1.2 days/wk. Second 15 of the 39 individuals in
the two exercise groups had adherence levels between 60 and 69%, making it necessary to
select 60% as a minimum to have sufficient sample size in the adherence groups.
Comparisons between five groups (aerobic adherers, aerobic non-adherers, resistance
adherers, resistance non-adherers, and no exercise) were done in all statistical evaluations.

Body Composition
Regional and whole body lean and fat tissue were determined with the use of dual-energy X-
ray absorptiometry (GE Medical Systems Lunar., Madison Wisconsin). The scans were
analyzed with the use of ADULT software, LUNAR DPX-L Version 1.35.

Abdominal adipose tissue
Cross-sectional area of intra-abdominal adipose tissue (IAAT), deep subcutaneous adipose
tissue (DSAT), and superficial subcutaneous adipose tissue (SSAT) was determined by CT
with the use of a HiLight/HTD Advantage scanner (General Electric Co, Milwaukee) set at
120 kVp (peak kilovoltlage) and 40 mA. Subjects were examined in the supine position with
their arms stretched above their heads, taking a 5-mm scan for 2 s at approximately the level
of the fourth and fifth lumbar vertebrae. With the use of procedures established by Kvist et
al (35), the attenuation range for adipose tissue was − 30 to − 190 Hounsfield units. Cross
sections of adipose tissue were determined by using a computerized fat tissue-highlighting
technique. Tissue cross-sections between − 30 and − 190 Hounsfield units in the respective
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areas were considered to be IAAT. The fascia superficialis was used to delineate the SSAT
from the DSAT as described by Smith et al (36). Both intra- and inter-observer test-retest
reliability for IAAT, DSAT, and SSAT had an r value of 0.99 with a CV of < 2% for re-
evaluation of 20 scans.

Aerobic training
Aerobic training entailed continuous walking/jogging on a treadmill, commencing with a
warm-up of 3 minutes and 3–5 minutes of stretching. During the first week of training, the
subjects performed 20 minutes of continuous exercise at 67% maximum heart rate. Each
week after the 1st week, duration and intensity increased so that by the beginning of the 8th
week subjects exercised continuously at 80% of maximum HR for 40 minutes. Subjects
were encouraged to increase intensity (either speed or grade) when average exercise heart
rate was consistently below 80% of maximum heart rate during both the weight loss and 1-
yr weight maintenance phases. After the exercise session, subjects cooled down for 3–5
minutes with gradually decreasing exercise intensity.

Resistance training
After a warm-up on the treadmill or bike ergometer for 5 minutes and 3–5 minutes of
stretching, subjects performed the following exercises: squats, leg extension, leg curl, elbow
flexion, triceps extension, lateral pull-down, bench press, military press, lower back
extension, and bent leg sit-ups. One set of 10 repetitions was performed during the first 4
weeks, after which two sets of 10 repetitions were performed for each exercise with 2
minutes rest between sets. The training was progressive with intensity based on 80% of the
maximum weight that an individual lifted one time (1RM). Strength was evaluated every 3
weeks and adjustments in training resistance were made based on the most current 1RM in
both the weight loss and 1-yr weight maintenance phases.

In both the aerobic and resistance exercise groups subjects were expected to train 3 days/wk
during the weight loss and 2 days/wk during the 1-yr weight maintenance phase.

Statistics
A two (time) by two (race) by five (group) analysis of variance (ANOVA) was run on the
primary variables of interest, weight, percent fat, IAAT, SAAT, and leg fat. No significant
time by race or time by group by race interactions were found for any of the variables,
indicating that the AA and EA women were responding similarly to the exercise
interventions. Therefore, the analysis was collapsed to a two (time) by five (group) ANOVA
with repeated measures on time for all variables except age and exercise adherence in which
a one-way ANOVA was run for the five group categories. Changes in the ratio between
IAAT and leg fat (IAAT/leg fat) across the one-year follow-up were calculated. The
dependent variable IAAT/leg fat was evaluated in a one-way ANOVA, with independent
variable adherence consisting of: 1) combined aerobic and resistance exercise adherers; 2)
combined aerobic and resistance exercise non-adherers; and 3) no exercisers. T-tests with
bonferroni corrections were run to compare post hoc analyses of interest.

Results
No significant time by race or time by group by race interactions were found for any of the
variables indicating that the AA and EA women were responding similarly to the exercise
interventions. Therefore, the analyses are collapsed into a two (time) by group analyses. No
group effects were found for any variable of interest in the study with the exception of arm
fat and adherence with the aerobic and resistance adherence exercise groups adhering
similarly (82 and 79% respectively) and the aerobic and resistance non-adherence exercise
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groups adhering similarly (18 and 22 % respectively, Table 1). The significant time effect
indicated that weight, BMI, and % fat and waist increased significantly during the one-year
of follow-up (Table 1). There was also a significant time × group interaction for each of
these variables with post hoc tests showing the exercise adherence groups (both aerobic and
resistance) increased less than the combined non-adherence and no exercise groups. No
difference was found between the aerobic and resistance adherence groups.

A significant time effect and time by group interaction were found for IAAT and DSAT
(Table 2). Post hoc analyses indicated that the diet only control group significantly increased
IAAT, DSAT, SSAT, while the aerobic nonadherers significantly increased IAAT and
DSAT. The aerobic adherers significantly increased DSAT. No other significant changes in
computed tomography adipose tissue measures were found.

Arm fat, leg fat and trunk fat all had a significant time and time by group interaction (Table
3). Post hoc analysis showed that all groups increased fat mass in all three fat depots. A
significant difference in change in fat mass was found between the aerobic non adherers and
aerobic adherers for both arm fat and leg fat. No other significant differences in fat mass
change were found. Figure 1 contains the changes in the ratio between IAAT and leg fat
(IAAT/leg fat) across the one-year follow-up. The two adherence groups (aerobic and
resistance) and the two non-adherence groups are combined in this analysis. The combined
adherence groups decreased the IAAT/leg fat ratio significantly (P less than 0.01) whereas
the combined non-adherers and no exercise groups did not significantly change.

Discussion
Following a 12 kg weight loss, adherence to either moderate volume (about 80 minutes/
week) aerobic or resistance training resulted in reduced one-year weight regain (3.1 kg
aerobic and 3.9 kg resistance versus 6.4 kg for the no exercise group). Perhaps more
important, the aerobic and resistance training prevented visceral fat (IAAT) regain, despite
modest weight regains, while the group that did not participate in exercise training increased
visceral fat 25%. This was the case for both AA and EA women, suggesting that the exercise
intervention was equally affective for both races. The adhering exercisers did regain body
fat in other regions, however, such as an increase of about 18% in leg fat. These results not
only are supportive of the concept that moderate volumes of exercise training are beneficial
for decreasing weight regain following weight loss, but supportive of the concept that
exercise training might direct energy storage during fat regain to depots other than the
viscera.

It is important to point out that the smaller weight regain and prevention of visceral fat gain
was achieved with a small volume of exercise training, only 80 minutes/week. Since other
studies have reported that much longer training durations of more than 60 minutes/day are
necessary to prevent weight regain (11,12,13,14,15,16,17) it is not too surprising that weight
regain was not totally prevented in this study. It is very encouraging, however, that this
relatively small volume of exercise was sufficient to prevent visceral fat gain.

No consensus has been reached concerning the effects of exercise training on fat
distribution. Both aerobic and resistance exercise training are associated with loss of body
fat, particularly visceral fat suggesting either type of exercise training may result in
proportionately small amounts of fat stored in the viscera (24,25,26,26,27). Since diet
induced weight loss is also associated with a disproportionately large visceral fat loss, it is
possible that caloric deficit will create similar visceral fat losses whether the restriction is
induced by diet or exercise. For example, a 10% weight loss is typically associated with a 30
to 35% visceral fat loss following diet induced weight loss (37). In one of the few studies

Hunter et al. Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2010 August 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



comparing exercise and diet induced weight loss, Ross et al (29) showed similar visceral fat
losses between diet and exercise interventions. However, others have found over two times
more visceral fat loss for exercise induced weight loss when weight loss is matched between
exercise and diet induction (28). In addition, detrained athletes increase waist circumference
despite decreasing body weight (38) suggesting an increase in visceral fat as the athletes
detrained. Although not conclusive, these studies, as well as the present study, suggest that
exercise training may be beneficial in prevention of visceral obesity.

Although there was no increase in visceral adipose tissue in those who adhered to exercise,
fat in other depots did increase. Prevention of visceral adipose tissue gain is important since
visceral adipose tissue is more strongly related to cardiovascular disease and diabetes risk
than fat in other depots (1,4,20,21,22,23). In fact, multiple regression modeling shows that
independent of visceral fat, leg fat is typically associated with improved blood lipid profile
and insulin sensitivity (4,1). Although this could be interpreted to mean that leg fat is
protective, other interpretations are possible. For example, it is possible that the same factors
that may cause an individual to preferentially partition fat in the legs may be responsible for
improving risk. No definitive interpretation of these correlational findings are available at
this time, however, it is clear that leg fat does little to increase cardiovascular and diabetes
risk. Therefore, from a health risk standpoint repartitioning of fat away from the viscera by
exercise training would be considered beneficial.

No significant differences were observed between those subjects who were assigned to
exercise training but adhered poorly to the training and those subjects who were assigned to
the no exercise group. This was not too surprising since adherence for the nonadhering
exercisers was about 20 % of the twice weekly scheduled exercise sessions.

Little is known concerning potential mechanisms for exercise training success in preventing
visceral fat regain, despite weight regains. One possibility would be that the exercise
training prevented body fat regains despite modest weight regain. However, percent body fat
increased even among the exercise adherers in our study (3.4 % and 4.4 % for the aerobic
and resistance adherence groups). Despite this increase in percent body fat the two
adherence exercise groups did not significantly increase visceral fat (mean of 1.6 % for the
aerobic group and 0 % for the resistance group). Another plausible explanation, considering
our results that suggest a repartitioning of fat gain, would be that the hormonal milieu
changed so that it favored storage of fat in periphery rather than the viscera. Cortisol (39),
exogenous androgens (40), and dopamine (41) may increase storage of fat in the viscera
while growth hormone (39) may have a negative effect on storage of fat in the viscera in
women. Exercise training has well established effects on a number of hormones including
decreasing cortisol (42) and increasing growth hormone (43), (44). More research is needed
to confirm any potential positive effects exercise training may have on fat distribution and to
explore potential mechanisms by which exercise might achieve in repartitioning fat
distribution.

In conclusion, as little as 80 minutes/week aerobic or resistance training had modest positive
effects on preventing weight regain following a diet induced weight loss. More importantly,
though, both aerobic and resistance training prevented regain of potentially harmful visceral
fat.
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Figure 1.
Change in IAAT (visceral fat) to leg fat ratio. Results show that the ratio decreased for the
exercise adherers (aerobic and resistance combined) favoring distribution away from the
potentially harmful viscera (p < 0.01) but did not change significantly for the no exercise
and non adherence groups. Change in IAAT to leg fat ratio for the exercise adherers was
significantly different from the changes in IAAT to leg fat ratio for the no exercise and non
adherence groups (both p<0.01). No significant difference in IAAT to leg fat ratio was
found between the no exercise and non adherence groups (p > 0.50).
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Table 2

CT derived abdominal adipose tissue.

IAAT (cm2) DSAT (cm2) SSAT (cm2)

Aerobic
Adherers
N=15

Baseline
Follow-up
Change

48.0±17.7
48.8±20.1
0.8 cm2 1.6 %

65.7±29.4 a
101.0±46.4
35.3 cm2 53.7 %

129.4±64.5
142.1±32.9
22.7 cm2 17.5 %

Aerobic
Non-adherers
N=13

Baseline
Follow-up
Change

46.9±19.5 a
72.4±26.8
25.5 cm2 54.4 %

84.7±27.4 a
140.4±51.4
55.7 cm2 a 65.8 %

142.5±46.0
188.4±71.1
45.9 cm2 32.2 %

Resistance
Adherers
N=18

Baseline
Follow-up
Change

43.7±14.4
43.3±15.5
− 0.4 cm2 0.0%

82.3±35.0
89.4±35.0
7.1 cm2 8.6 %

132.0±41.7
146.1±47.1
14.1 cm2 9.9 %

Resistance
Non-adherers
N=11

Baseline
Follow-up
Change

47.4±27.6
57.8±28.0
10.4 cm2 21.9 %

74.5±30.2
100.3±39.0
25.8 cm2 34.6 %

127.0±42.5
150.8±41.2
23.8 cm2 18.7 %

No Exercise
N=26

Baseline
Follow-up
Change

50.0±20.8 a
62.4±28.2
12.4 cm2 24.8 %

79.4±34.4 a
114.2±51.5
34.8 cm2 43.8 %

127.8±43.6 a
158.9±47.7
31.1 cm2 24.3 %

P T < 0.01
G = 0.23
TxG <0.01

T < 0.01
G = 0.14
TxG < 0.02

T = 0.12
G = 0.27
TxG = 0.23

a
Significant difference between baseline and follow-up
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Table 3

DXA derived regional body fat.

Arm Fat (kg) Leg Fat (kg) Trunk Fat (kg)

Aerobic
Adherers

Baseline
Follow-up
Change

1.9±0.4
2.1±0.6
0.2 kg 10.5 %

8.7±1.8
10.3±2.4
1.6 kg 18.4 %

9.9±1.5
11.6±2.7
1.7 kg 17.2 %

Aerobic
Non-adherers

Baseline
Follow-up
Change

2.2±0.4 a
2.9±0.7
0.7 kg 31.8 %

9.6±2.5 a
12.6±3.7
3.0 kg 31.3 %

9.4±1.8
12.8±2.8
3.4 kg 36.3 %

Resistance
Adherers

Baseline
Follow-up
Change

2.1±0.4
2.4±0.7
0.3 kg 14.3 %

9.6±2.4
11.4±2.4
1.8 kg 19.0 %

10.1±2.4
12.1±2.7
2.0 kg 19.8 %

Resistance
Non-adherers

Baseline
Follow-up
Change

2.1±0.5
2.7±0.7
0.6 kg 28.6 %

9.1±2.2
11.7±2.9
2.6 kg 29.9 %

9.3±2.3
12.3±3.1
3.0 kg 32.0 %

No Exercise Baseline
Follow-up
Change

2.0±0.5
2.5±0.7
0.5kg 25.0 %

8.7±1.9
10.9±2.3
2.2 kg 25.3 %

10.0±2.5
13.2±3.6
3.2 kg 32.0 %

P T < 0.01
G < 0.05
TxG< 0.01

T < 0.01
G = 0.14
TxG < 0.05

T < 0.02
G = 0.64
TxG < 0.03

Baseline to follow-up changes in fat mass all significantly different from zero.

a
Significantly different from aerobic adherers
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