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Effects of aerobic exercise and obesity phenotype on
abdominal fat reduction in response to weight loss

T Okura?*, Y Nakata'?, DJ Lee3, K Ohkawara® and K Tanaka®?

Graduate School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan; *Center for TARA (Tsukuba
Advanced Research Alliance), Tsukuba, Japan; 3Institute of Sports and Science, Kyung Hee University, Seoul, Korea; and
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OBJECTIVE: To test the effects on abdominal fat reduction of adding aerobic exercise training to a diet program and obesity
phenotype in response to weight loss.

DESIGN: A prospective clinical trial with a 14-week weight-loss intervention design.

SETTING AND PARTICIPANTS: In total, 209 overweight and obese women were assigned to four subgroups depending on
type of treatment and the subject’s obesity phenotype: diet alone (DA) with intra-abdominal fat (IF) obesity (=mean IF area),
diet plus exercise (DE) with IF obesity, DA with abdominal subcutaneous fat (ASF) obesity (<mean IF area) and DE with ASF
obesity. Abdominal fat areas were evaluated by CT scans, with values adjusted for selected variables.

RESULTS: Values were adjusted for age, menopausal status and change in body weight and total fat mass. The IF reductions
were significantly (P<0.0001) greater in subjects with IF obesity phenotype (—45.1cm?) compared to the ASF obesi?l
phenotype (-22.2 cm?). The ASF reductions were significantly (P<0.001) greater for subjects with ASF obesity (—~74.5 cm?)
compared to IF obesity (—55.5cm?). For IF obesity, the IF reduction was significantly (P<0.01) greater in the DE group
(—49.3 cm?) than in the DA group (—37.8cm?).

CONCLUSION: These results suggest that for individuals with IF obesity, the efficacy on reducing IF of adding aerobic exercise
training to a diet-alone weight-reduction program is more prominent (—49.3 cm?/—37.8 cm? = 1.3 times) compared with DA.
Moreover, abdominal fat reduction was found to be modified by obesity phenotype in response to weight loss.

International Journal of Obesity (2005) 29, 1259-1266. doi:10.1038/s}.ij0.0803013; published online 31 May 2005
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Introduction pressure and triglycerides as well as an increased incidence

Obesity is closely associated with some major health risk
factors,"”? and the prevalence of obesity continues to
increase in developed countries.® It is well known that
individuals with central (android-type) obesity are at greater
risk for coronary heart disease (CHD) and several metabolic
disorders.* Although waist circumference and waist-to-hip
ratio continue to be widely used anthropometric indices for
determining central fat obesity,™® intra-abdominal fat (IF)
measured by computerized tomography (CT) scans is also an
index for evaluating abdominal adiposity. The IF accumnula-
tion is strongly associated with metabolic disorders inde-
pendent of whole-body adiposity, including high blood
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of diabetes mellitus.”®

Since it is known that weight-loss treatment benefits the
health of obese individuals,®'? obese patients with risk
factors for CHD should be treated by an appropriate weight-
loss program. Unfortunately, losing weight through diet
alone (DA) includes a decline in fat-free mass during the
intervention period’? and induces an attenuation of fat
oxidation after the intervention period,”® which may
contribute to weight regain. To prevent regaining weight
after weight loss, therefore, it has been recommended that
obesity be treated with exercise training in addition to
reduced energy intake.'

It is unclear whether aerobic exercise training improves
total and abdominal obesity.!>® Several studies reported
that aerobic exercise training, for example, walking, stair
climbing, stationary cycling and aerobics, which were
prescribed for treating obesity, do not always play an
important role in weight loss.'”!® Some studies have
demonstrated that physical activity was associated with IF

176



Aerobic exercise and abdominal fat
T Okura et af

1260

reduction, 223 but others found no association.?*? In
addition, sample sizes of these studies were too small to
provide conclusive evidence that exercise training actually
reduces IF. A report from the National Institutes of Health
states that there is insufficient evidence to determine
whether an increase in physical activity is associated with
a corresponding reduction in abdominal obesity in a dose-
response manner.?® Nevertheless, Shimomura et al*’ have
found in rats that aerobic exercise training markedly reduced
acyl-CoA synthetase activity and mRNA levels of acyl-CoA
synthetase, lipoprotein lipase and GLUT-4 in mesenteric
(intra-abdominal) fat. Acyl-CoA synthetase is a key enzyme
for lipid accumulation in adipose tissue. Lipoprotein lipase
and GLUT-4 are known to be two main metabolic steps for
uptake of energy (lipid and glucose, respectively) to adipose
tissue. Hence, the study by Shimomura et al*’ may provide
evidence that there is a greater reduction in IF compared
with subcutaneous fat after exercise training.

Our first aim in this study was to elucidate whether adding
aerobic exercise iraining to a dietary weight-reduction
program further reduces total and abdominal fat over DA
in a large sample size of overweight and obese Japanese
women. A review by Ross and Janssen'® found that in studies
reporting only minor reduction in IF in response to exercise
training, baseline IF values were lower compared to studies
reporting substantial reductions in IF. Therefore, we also
tested an assumption that obesity phenotype (large IF vs
small IF) may modify the reductions in IF and abdominal
subcutaneous fat (ASF) in response to weight loss.

Subjects and methods

Subjects

In total, 303 women were recruited through advertisements
in local newspapers. Through medical history and physical
examination, we excluded individuals who were nonobese
or nonoverweight (body mass index less than 25kg/m?),®
smoked, had concomitant renal, hepatic or cardiac disease,
or were being treated with drugs such as beta-blockers, which
could affect the variables of the study. In total, 225 women,
aged 21-66y, were chosen as subjects. To increase subjects’
adherence to the weight-reduction programs, the subjects’
personal lifestyle (occupations, daily schedules, etc) was
taken into account and they were placed in either a DA
group (n="73) or a diet plus exercise (DE) group (n=152).
Five subjects in the DA group and 11 in the DE group were
unable to complete the study successfully for personal
reasons. Consequently, 68 subjects in the DA group,
consisting of 17 postmenopausal and 51 premenopausal
women, and 141 subjects in the DE group, consisting of 46
postmenopausal and 95 premenopausal women were in-
cluded in the final analysis. The subjects were divided by
mean of IF area into two obesity phenotypes: IF obesity
(IF area >104.7cm? n=105) and ASF obesity (IF area
<104.7 cm?, n=104). Assays and measurements were carried
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out before and after the 14-week intervention period. The
aim and design of the study were explained to each subject
before they gave their written informed consent. This study
was approved by the Higashi Toride Hospital Review Board.

Anthropometric variables

Body weight was measured to the nearest 0.1kg using a
digital scale, height was measured to the nearest 0.1 cm using
a wall-mounted stadiometer, and BMI was calculated as
weight (kg) divided by height squared (m?).

Body composition by bioelectrical impedance analysis
Body composition, recorded as percentage fat mass, absolute
total fat mass (kg) and fat-free mass (kg), was assessed by a
bioelectrical impedance analysis at 50 kHz (8S-103, Sekisui,
Tokyo, Japan).?® Measurements were conducted with sub-
jects in the supine position after at least a 20-min rest.

Abdominal adipose tissue area by CT

The IF and ASF areas (cm?) were measured at the level of the
umbilicus (L4-L5) using CT scans (SCT-6800TX, Shimadzu,
Tokyo, Japan) performed on subjects in the supine position.
The IF and ASF areas were calculated using a computer
software program (FatScan, N2system, Osaka, Japan).3° The
intraclass correlation for repeated IF and ASF areas determi-
nations in our laboratory are 0.99.

Assessment of CHD risk factors

Systolic and diastolic blood pressures were taken from the
left arm using a sphygmomanometer after the subjects rested
at least 20min in a sitting position. Cuff sizes were selected
based on upper arm girth and length. A blood sample of
approximately 10ml was drawn from each subject after an
overnight fast. Serum total cholesterol and triglycerides were
determined enzymatically, and fasting plasma glucose was
assayed by a glucose oxidase method. Serum high-density
lipoprotein-cholesterol was measured by the heparin-man-
ganese precipitation method. Five criteria for CHD risk
factors were defined: (1) systolic blood pressure
>140mmHg; (2) diastolic blood pressure >90mmHg; (3)
total cholesterol >5.70mmol/1 (220 mg/dl); (4) triglycerides
=1.70mmol/t (150mg/dl); (5) fasting plasma glucose
=7.00mmol/l (126 mg/dl). Frequencies and percentages of
subjects with high systolic blood pressure, diastolic blood
pressure, total cholesterol, triglycerides and fasting plasma
glucose were 75 (36%), 60 (29%), 95 (45%), 36 (17%) and 11
(5%), respectively.

Maximal oxygen uptake. Maximal oxygen uptake (VOzmay,
ml/kg/min) was determined during a graded exercise test
using a cycle ergometer (818E, Monark, Stockholm, Sweden).
Following a 2-min warm-up, the subject started with a



workload of 15 W, which was increased by 15 W each minute
until volitional exhaustion occurred, Pulmonary ventilation
and gas exchange were measured breath-by-breath with an
on-ine data acquisition system (Oxycon alpha System,
Mijnhardt, Breda, Netherlands).

Diet and exercise regimens

Dietary protocol. All subjects were instructed to take a well-
balanced supplemental food product (MicroDiet, Sunny-
Health, Nagano, Japan) every day. It was developed for very
low-energy diets (170kcal per pack) and is comprised of
protein, carbohydrates, fat, various amino acids, vitamins
and minerals. Two other meals per day were allowed
consisting an average of 240kcal of protein, 480kcal of
carbohydrate and 240kcal of fat. Subjects also kept daily
food diaries during the 14-week intervention period and
learned about proper daily nutrition through weekly lectures
and counseling by skilled dieticians. They were asked to
record the brand name and amounts (in grams) of every food
and beverage ingested with each meal. To calculate energy
intake (in kilocalories) and the amounts of each nutrient (fat,
protein, and carbohydrate in grams), data from 12 days (3
days/week: 2 weekdays and either Saturday or Sunday before
the intervention period; 9 days: 3 days/months for 3 months
during the intervention period) were randomly selected from
the food diaries. Skilled dieticians analyzed the data (Table 1).

Exercise protocol. In addition to restricting energy intake,
the subjects from the DE group performed a bench stepping
exercise 3 days/week for 45 min per session supervised in the
hospital by two or three physical trainers. The bench
stepping exercise is a combination exercise of low impact
aerobic dance and stepping with a step bench (10-20cm
high).3! The exercise started with basic steps for the first four
weeks and then progressed to combination of basic steps and
lunge steps for the next six weeks, and finally progressed to
more advanced lunge steps for the last four weeks. Subjects
were instructed to perform the aerobic dance at a level that
raised their heart rate to 70-85% of the corresponding heart
rate at their VOgmux. The target Borg's scale (ratings of
perceived exertion)3? ranged from 13 (fairly hard) to 17 (very
hard). The oxygen costs of the bench stepping exercise were

Table 1 Dietary intake per day of subjects

Diet alone (n=51) Diet plus exercise (n=70)

Pretreatment ~ Change Pretreatment Change

Mean+s.d. Mean+sd.  Meantsd.  Meants.d.
Energy, 8 (kcal) 19711405 —861+359 19654343 —874+400
Protein (g) 94+136 —-27+135 90+ 55 ~23+485
Fat (9) 59418 -22428 61116 ~30+19
Carbohydrate (g) 266+67  —~122169 274472 -133+73
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measured three times (at first, middle and last month)
during the study by the aforementioned metabolic measure-
ment system. Moreover, they were instructed to walk every
day around their houses for more than 30min per session.
The target exercise intensity was set at a level that raised
their heart rate to 40-50% of the corresponding heart rate at
their VOpmax, Or 9 (very light) to 11 (light) of the Borg's scale.
They were instructed how to measure their heart rates by
palpation while walking every week. At that time, portable
heart rate monitors monitored their heart rates. Hence, they
could check the validity of their heart rates by palpation.
They were asked to every day record the duration (min) and
intensity (heart rate and the Borg’s scale) of the walking each
session. According to subjects’ diary (body weight, heart rate
and walking time), energy expenditure while walking was
calculated every day each subject using below equation,?

Energy expenditure (kcal)=5.04 (kcal) x VOypax (ml/kg/
min) x percentage heart rate reserve during walking x body
weight (kg) x duration (min)/1000 ml.

Statistical analysis

Values are expressed as mean +standard deviations in tables
and as meandstandard errors in figures. Unpaired t-tests
were used to test difference in changes in variables between
the two treatment groups. The relationship between two
measurement variables was assessed by Pearson’s product
moment correlation. Correlation coefficients were compared
using a test based on z-transformed correlation coefficients.
Multiple regression analyses with the forward stepwise
method were performed to estimate the independent
contribution of age, treatment, pre- or postmenopausal
status, total fat mass change and baseline IF or ASF area to
the variations in changes in IF and ASF area. General linear
model analyses (repeated measure ANOVA with post hoc
tests) were used to test for differences in dependent variables
among four subgroups (DA and DE groups with IF obesity,
and DA and DE groups with ASF obesity) with selected
variables as covariates.

Analyses were performed on log-transformed values for the
variables that were not normally distributed. Probability
values below 0.05 were regarded as significant. The data were
analyzed with the Statistical Analysis System (SAS), version
8.2 (SAS Institute Inc, Cary, NC, USA).

Results

Attendance at the bench stepping exercise (40 sessions)
averaged 92% (range 83-100%) for the subjects from the DE
group. There were 55 subjects whose diaries were available
for calculating energy expenditure. The average VO, during
the bench stepping exercise was 19.5+4.7 ml/kg/min (first
month 17.3+2.6ml/kg/min, second month 19.8+3.1ml/
kg/min and last month 21.3+ 3.6 mi/kg/min), which corres-
ponded to 81.5+14.7% of VOymax (first month 72.4+9.8%,

1261
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Table 2 Anthropometric varlables, body composition, abdominal fat areas and CHD risk factors at pre- and post-treatments, and comparisons of changes in
variables between groups with diet alone and diet plus exercise

Intra-abdominal fat obesity Abdominal subcutaneous fat obesity
Diet alone (n=34) Diet plus exercise (n=71) Diet alone (n=34) Diet plus exercise (n=70)
Pretreatment  Change Pretreatment  Change Pretreatment  Change Pretreatment  Change

Mean+s.d.  Mean+s.d Meantsd.  Meantsd  Mean+sd. Meantsd Meantsd Mean+s.d.

Bodyweight (kg) 71.5+£88 -7.0%+2.4 71.7+81 -9.6%3.3*** 67.5+6.9 -7.9+3.6 67.0+6.9 ~7.9+2.7
Bodymass index (kg/m?) 29.443.2 -2.84+1.0 295429 -3.941.3%* 27.8+20 -3.1+1.5 27.2+21 -3.2+1.1
Percentage fat mass (%) 36.6+3.4 -3.6423 37.745.2 -5.943.6" 334435 -4.4425 33.843.6° 49+26
Total fat mass (kg) 26.14+3.8 -49+1.9 27.246.0 -7.3£3.2"** 227+40 -53%25 22,7440 -55+22
Fat-free mass (kg) 453+6.2 -2.1+£1.8 444446 -2.2423 448+41 27121 443+43 -25+1.5
VO3max (ml/kg/min) 250433 2.6+28 245441 5.2+4.2%* 26.2+4.2 3.043.5 27.5+4.6 - 5.1+4.5**
IF area (cm?) 148+41 ~37+19 135+27 -52428* 68+24 —23+17 69+21 2115
ASF area (cm?) 266+62 —44+132 289490 —-69440* 264149 67143 246164 —-70442
Systolic blood pressure (mmHg) 138115 -10+14 140419  -13+11 129418 ~104+11 129£18  -11+12
Diastolic blood pressure (mmHg) 86+10 ~449 85+ 11 —8£9* 8419 -9+8 81+11 -8+10
Total cholestro! (mmol/l) 59108 -0.5+08 5.8+0.8 -0.5+0.7 54407 -0.340.5 56+1.0 -05+0.8
Triglycerides (mmol/i) 1.440.7 -0.4+0.5 1.5+0.6 -0.6+0.5 1.1+0.5 -0.2+0.4 1.0+0.5 -0.3+0.4
Fasting plasma glucose (mmol/l)* 55+1.0 -03+0.8 59116 -0.7%1.1* 52+05 -0.3104 53408 -04+06
Number of CHD risk factors, number per person  2.0£1.0 ~1.1+0.9 1.6+1.2 -0.9+1.0 0.7+0.8 -0.340.9 09+1.1 -05+1.0

IF: intra-abdominal fat; ASF: abdominal subcutaneous fat; CHD: coronary heart disease. *P<0.05, **P<0.01, ***P<0.001: significantly different from diet alone
group, *Analyses were performed on log transformed values for the variables.

second month 82.9+10.3% and last month 89.11+11.2%). IF obesity ASF obesity
The frequency of walking was 5.6%1.4 day/week with an
average duration of 187 4130 min/week. The average heart
rate during walking was 115412 beats/min, which corres-
ponds to 46.5+4.4% of VOyyax. The mean energy expendi-
tures during the walking and the bench stepping exercise
were calculated as 849 +354 kcal/week and 1166+ 130kcal/
week, respectively.

No difference was observed in intakes of total energy,
proteins, fat and carbohydrates between the DA and DE
groups either at baseline or during weight loss (Table 1).
Table 2 shows subjects’ measurement variables at baseline,
and changes in the variables by treatment group and obesity
phenotype. We compared these changes between treatment
groups and obesity phenotype by considering the subjects as
four subgroups: IF obesity in DA group, IF obesity in DE
group, ASF obesity in DA group and ASF obesity in DE group. -8
For the IF obesity phenotype, decreases in body weight, body o
mass index, percentage fat mass and fat mass were signifi- Group with dict alone
cantly greater in the DE group than in the DA group L__] Group with diet plus exercise
(P<0.001). Abdominal fat areas (P<0.01), and diastolic
blood pressure and fasting plasma glucose (P<0.05) were

Change in total fat mass (kg)

Figure 1 Comparisons of fat mass change between groups with diet alone
and diet plus exercise. Values were adjusted for age, pre- or postmenopausal

also reduced to a much greater extent in the DE group than status, baseline total fat mass and change in body weight. IF=intra-
in the DA group. Furthermore, subjects in the DE group had abdominal fat, ASF =abdominal subcutaneous fat.
a larger increase in VOjymax than subjects in the DA group.
For the ASF obesity phenotype, no significant difference was No difference was found in reduction of total fat among
found between the two treatment groups with the exception the four subgroups (-5.3+0.3kg IF/DA, —6.0+0.2 kg IF/DE,
of VOzmax- —6.0+0.3kg ASF/DA and —6.110.2kg ASF/DE).

Figure 1 shows the comparison of fat mass change among We also compared changes in IF areas among the four
the four subgroups. Values were adjusted for age, meno- subgroups after adjusting for age, menopausal status, and
pausal status, baseline fat mass and change in body weight. changes in body weight and total fat mass (Figure 2). The IF
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reductions were significantly greater for subjects classified
with IF obesity in both the DA (-37.8+3.4 cm?, P<0.05)
and DE (-49.3+2.6cm? P<0.0001) groups compared
to subjects with ASF obesity (DA —24.043.6 cm® and DE
—21.3+2.5 cm?). Furthermore, for subjects with IF obesity,
reductions in the IF area were significantly (P<0.01) greater
in the DE group than in the DA group. On the other hand,
for subjects with ASF obesity, there was no difference in IF
area reduction between the DA and DE groups. We next
compared changes in ASF areas among the four subgroups
after adjusting for selected variables (Figure 3). There were
significantly greater reductions in the ASF area of subjects
with the ASF. obesity phenotype in both the DA
(~70.6+5.6cm?, P<0.05) and DE (-76.3+3.9cm?
P<0.001) groups, compared to subjects with the IF obesity

IF obesity ASF obesity
0 T -
<o
E -20 -
g
a
B
£
& —40
§ N
]
L
-60

Il | Group with DA (diet alone)
l_——_‘ Group with DE (diet plus exercise)

Figure 2 Comparisons of IF areas between groups with diet alone and diet
plus exercise. Values were adjusted for age, pre- or postmenopausal status and
changes in body weight and total fat mass. IF=intra-abdominal fat,
ASF =abdominal subcutaneous fat. *P<0.01, ¥P<0.0001: significant differ-
ence from DE group with IF obesity. 1P<0.005: significant difference from DA
group with IF obesity,

Table 3 Results of multiple regression analysis
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@

phenotype (DA —53.7+5.3cm? and DE -56.3+4.0cm?).
However, there was no difference in the reduction of the ASF
area between the DA and DE groups.

We quantified the independent contributions to the
variances in the IF and ASF areas (Table 3). For the IF
obesity phenotype, the reduction in IF area had a signi-
ficant relationship to baseline IF area (P <0.0001), treatment
(P=0.0001) and pre- or postmenopausal status (P =0.0024),
and the reduction in ASF area was significantly related only
to total fat mass rduction (P<0.0001). For the ASF obesity
phenotype, reduction in IF area was related to baseline IF
area (P<0.0001) and total fat mass reduction (P=0.0018),
and the reduction in ASF area had a relationship to total
fat mass reduction (P<0.0001) and baseline ASF area
(P=0.023).

IF obesity ASF obesity
. =20 -
E
=1 -
g
g -60 L =
& *§ *§
g -80 |
NS NS
-100
1 Group with DA (diet alone)

Ej Group with DE (diet plus exercise)

Figure 3 Comparisons of ASF areas between groups with diet alone and diet
plus exercise. Values were adjusted for age, pre- or postmenopausal status,
baseline ASF area and changes in body weight and total fat mass. IF =intra-
abdominal fat, ASF=abdominal subcutaneous fat. *P<0.001: significant
difference from DE group with ASF obesity. 5P<0.05: significant difference
from DA group with ASF obesity.

Intra-abdominal fat obesity

Abdominal subcutaneous fat obesity

Dependent variable Independent variable Beta F value P-value Model R? (%) Dependent variable Independent variable Beta F value P-value Model R? (%)

AlF area Baseline IF area 037 181 <0.0001 14.7
Treatment -17.9 16.2 0.0001 26.2
Menstruation -13.1 9.7 0.0024 325
AASF area Atotal fat mass 6.0 409 <0.0001 28.0

AlF area Baseline IF area 0.39 55.1 <0.0001 35.5
Atotal fat mass 1.7 103 0.0018 41.6
AASF area Atotal fat mass 9.8 544 <0.0001 35.2

Baseline ASFarea 0.13 5.3 0.023 38.5

IF: intra-abdominal fat; ASF: abdominal subcutaneous fat. A: reduction. Treatment: 1 =diet alone; 2=diet plus exercise; menstruation 0= postmenopause,

1 = premenopause.
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Figure 4 Relationships of fat mass change with changes in IF area and SF
area. IF = intra-abdominal fat, ASF = abdominal subcutaneous fat.

Figure 4 shows the relationships between total fat mass
change and changes in IF area and ASF area. The correlation
coefficient between changes in ASF area and total fat mass
(r=0.52, P<0.0001) was significantly larger than that
between changes in IF area and total fat mass (r=0.24,
P<0.01).

Discussion

Subjects with IF obesity had greater reductions in IF areas
compared to subjects with ASF obesity (Figure 2), suggesting
that obesity phenotype modifies IF reduction in response to
weight loss. Obesity phenotype also modified ASF reduction
in response to weight loss, Moreover, our data revealed that
for individuals with IF obesity, the efficacy of adding aerobic
exercise on reducing IF is more prominent (-49.3 cm?/
—37.8cm?=1.3 times) compared with DA.

Irwin et al®* reported that an increase in duration (min/
week) of physical activity had a significant association with
the reduction of total fat, and a review by Ross and Janssen'¢
suggested that an increase (>1500kcal/week) in physical
activity for a short period (<16 week) was associated with
a reduction in total fat mass in a dose-response manner.
Our study period was 14 weeks and the estimated energy
expenditure during exercise was about 2000 kcal/week,
which met the above criteria for reducing body fat. For the
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IF obesity phenotype (Table 2), reduction in total fat mass
was greater in the DE group than in the DA group, which was
attributable to the fact that weight loss was greater in the DE
group than in the DA group. These results may simply reflect
the difference between the negative energy balance of the
two treatment groups for the IF obesity phenotype (DA
—6069 kcal/week and DE 8084 kcal/week), and the signifi-
cant difference in total fat mass change between the DA and
DE groups did disappear when adjusted for the selected
variables including body weight change (Figure 1). This
means that total fat reduction per unit of negative energy
balance by diet was equivalent to that by exercise training.
That is, efficacy of exercise training on total fat reduction
was equivalent to that of diet. Therefore, our data suggest
that, with a strictly supervised weight loss program, exercise
training could have a positive effect on reducing total fat and
body weight.

Ross and Janssen!® pointed out that baseline IF levels
(obesity phenotype) may be associated with IF reduction in
response to exercise training. Despres et al®> found no
significant reduction in IF area during a 14-month exercise
training program with weight loss (3.7 kg) in obese women
having an initial mean IF area of 124.7 cm?, Schwartz et al*
reported that young men, whose initial mean IF area was
66.3cm?, had a slight reduction (-11.5cm? in IF area
during a 6-month endurance training program without
weight loss, but older men, whose initial mean IF area was
144.5.cm?, had a large reduction (—35.5 cm?). Mourier ef al*
also found that patients with NIDDM (mean IF area
156.1 cm?) had a significant reduction (~75.4 cm?) in IF area
during a 2-month endurance training program without
weight loss. These studies seem to support Ross’s assertion
that obesity phenotype may be related to IF reduction
secondary to exercise. Interestingly, our data (Figure 2) also
indicate that reductions in IF areas were greater for the IF
obesity phenotype (baseline levels of mean IF areas were DA
148 cm® and DE 135 cm?), particularly in the DE group, than
for the ASF obesity phenotype (DA 68 cm? and DE 69 cm?). In
addition, our data also revealed that obesity phenotype
modifies ASF reduction in response to weight loss; however,
no significant difference was observed in baseline ASF areas
between IF obesity (DA 266 cm? and DE 289 cm?) and ASF
obesity (DA 264 cm? and DE 246 cm?). Since reductions in
total abdominal fat areas were similar among the subgroups
with the exception of IF obesity in the DE group, the IF
reductions and ASF reductions may be compensating each
other, It is still unclear whether a threshold exists below
which the IF and ASF mobilization in the weight loss
response is markedly reduced.

There is insufficient evidence to determine whether an
increase in physical activity is associated with a correspon-
ding reduction in abdominal obesity in a dose-response
manner.?8 According to a review by Ross and Janssen,*® only
six studies, including three randomized, controlled stu-
dies?%2124 and three nonrandomized studies,?%232% consi-
dered effects of exercise training on abdominal fat area



measured by computed tomography scan or magnetic
resonance imaging. From these studies, Ross and Janssen
concluded that, although physical activity was associated
with a reduction in IF area, it is not possible to establish a
dose-response relationship.'® However, sample sizes of these
previous studies might be too small to provide conclusive
evidence that exercise training actually reduces IF, In the
present study, sample size required to observe a significant
difference in IF area and ASF area between the groups with
the DA and DE of the IF obesity was calculated when a
significance level of 0.05 («) and 80% of the power () of the
test were used. The sample sizes were 68 and 57 for IF area
and ASF area, respectively, which are less than our sample
size (sum total number of IF obesity =105). This suggests
that these differences between the groups with the DA and
DE were statistically relevant in the IF obesity. Therefore, it is
hardly for our results to be concomitant with a type I error.
Therefore, our data may provide evidence that efficacy of
exercise training for reducing IF may exceed by 1.3 times
that of DA only for subjects with the IF obesity phenotype;
the specific effect of exercise was modified by obesity
phenotype.

The reason as to why this effect was found only with IF
obesity is unclear, but it may be partly explained by the data
in Figure 4. This figure indicates that, although the reduction
in ASF area is strongly associated with reduction in total fat
and corresponds to a negative energy balance, the reduction
in IF area is also associated with other factors, one of which
may be an increase in physical activity through exercise
training, Shimomura et al?” found that plasma lipid intake
and triglyceride synthesis in rats were reduced to a lesser
extent in IF tissue than in ASF tissue in response to
endurance training, resulting in a more prominent reduction
of IF compared to ASF. Riechman et al*® also reported that an
association between daily physical activity and IF reduction
was more prominent than the association between daily
physical activity and ASF reduction. As we mentioned,
however, detailed mechanisms that the specific exercise
effect was modified by obesity phenotype is still unclear. To
demonstrate the specific efficacy of exercise training, further,
strictly controlled studies on associations between exercise
training and IF reduction looking at obesity phenotype are
needed.

There are some limitations of this study. First, there was a
wide age range of subjects (21-66y) including both pre- and
postmenopausal women. Menopausal status and estrogen
levels may independently influence total and abdominal fat
accumulation. Second, activity of daily living with the
exception of exercise training was not controlled. Hence,
precise total energy balance could not be calculated. These
factors might partly preciude our definitive conclusions,
Third, to increase subject adherence to the weight loss
programs during the intervention period, subjects were not
randomized to the treatments. However, no difference was
found in any variables between the DA and DE groups at
baseline, which is independent of obesity phenotype (see

Aerobic exercise and abdominal fat
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Table 2). This suggests there was little, if any, influence on
the measurement variables by assigning rather than rando-
mizing subjects.

In conclusion, aerobic exercise training in conjunction to
a controlled diet can have positive effects on reducing both
total and abdominal fat under a strictly supervised weight
loss program, and for both obesity phenotype, reductions in
IF area and ASF area were positively associated with baseline
values. That is, obesity phenotype modifies abdominal fat
reduction in response to weight loss. Moreover, our data
raises the possibility that for individuals with IF obesity,
adding aerobic exercise training to a dietary weight-reduc-
tion program further (1.3 times) reduces IF compared with
DA even if weight reductions would be identical in both two
treatments (DA vs DE).
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&) /TUET % v 7 SR REEIE] X100,

P9ETH 2 WITAEFT & AW TEN U SREREERE OB L BRI OFR

Spearman TEEAFREC ElRREC
RERE mERL IANVE TR g 5% EFER

TRE LR {E
IARNLE— 0.996 — 1.044 1.043 - 1.045
VAAVA | 0.996 0.963 1.000 0.999 — 1.001
i 0.980 0.963 0.994 0.991 — 0.996
R 0.994 0.974 1.070 1.068 — 1.071
FEV A 0.966 0.924 0.914 0.911 — 0.917
HY A 0.994 0.985 1.003 1.001 — 1.004
ANV T A 0.982 0.971 0.982 0.979 — 0.985
IS 0.988 0.951 1.055 1.053 — 1.057
% 0.965 0.934 0.840 0.838 — 0.843
RIEHYE 0.962 0.917 0.912 0.909 — 0.915
vVF )= 0.948 0.949 0.974 0.967 — 0.982
Hayy 0.934 0.927 1.239 1.229 - 1.249
LF ) — VLB 0.935 0.927 1.101 1.093 — 1.109
¥4 v B, 0.976 0.941 0.942 0.939 — 0.945
vy 3B, 0.978 0.954 0.949 0.946 — 0.951
FATVY 0.976 0.943 1.104 1.100 — 1.108
¥z C 0.982 0.977 0.961 0.957 - 0.965

a Spearman ORI FERLL, A VF—FHEL T RTORERT p<0.0001 OFELRHEEB A SN,
PR % 0 IR L - BRI L 5 5RE

B3 L000 L L OSEBEZE I = AV F— (1.043), Rkt
W1 (1.068), VA (1.001), V> (1.053), HuF v
(1.229), v¥F/—n¥E (1.093), +4 7 ¥~ (1.100)
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