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Subcutaneous and visceral fat distribution and
daily physical activity: comparison between young
and middle aged women

T Abe, T Sakurai, J Kurata, Y Kawakami, T Fukunaga

Abstract
Objective-To examine the effects ofaging
and physical activity on distribution pat-
terns in subcutaneous and visceral fat.
Methods-Distributions of subcutaneous
fat mass at six segments (face and neck,
forearm, upper arm, trunk, thigh, and
lower leg) were determined by adipose tis-
sue thickness measurements by B mode
ultrasonogram and body surface areas.
Visceral fat mass was calculated by sub-
tracting subcutaneous fat mass from the
total fat mass determined hydrodensito-
metrically. Measurements were made on
young and middle aged, trained and
sedentary women (four groups).
Results-Per cent body fat was lower in
trained than in sedentary individuals,
both in the young and the middle aged
subjects. The distribution ofsubcutaneous
fat mass differed between sedentary and
trained women. Trained young women
had a reduced subcutaneous fat mass
compared to sedentary young subjects in
all segments except face and neck; the dis-
parity between middle aged sedentary and
trained women was limited to upper arm
and trunk (P < 0.01 each), with no signifi-
cant difference in face and neck, forearm,
and lower limb segments. Differences in
visceral fat mass between sedentary and
trained subjects were similar for young
and middle aged women (young, 2.5 v 3.7
kg; middle aged, 4.0 v 6.5 kg).
Conclusions-Women who exercise regu-
larly appear to accumulate less adipose
tissue, especially in upper arm and trunk
segments as they get older, with visceral
fat mass remaining lower than in seden-
tary individuals.
(Br7 Sports Med 1996;30:297-300)
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Aging is associated with changes in body com-
position. Cross sectional and longitudinal
studies on aging and body composition have
documented a decrease in fat-free mass due to

aging.'2 As body fat mass has shown to remain
unchanged or to increase slightly, the percent-
age of body fat usually tends to increase in
older individuals. The fat distribution pattern
of older individuals is characterised by the
accumulation of fat, especially in the abdomi-
nal region,3 which a number of studies have
associated with metabolic complications such
as glucose intolerance, hyperinsulinaemia,
non-insulin-dependent diabetes, hypertension,
and dyslipidaemia.i These metabolic changes
would contribute to augmented risk of cardio-
vascular diseases.
The increase in fat percentage with aging is

partly related to a decrease in physical activity.7
While many previous reports have focused on
body composition in older athletes,89 much is
still unknown about the fat distribution charac-
teristics. We thought it worthwhile, therefore,
to study the fat distribution patterns and body
composition of older individuals who exercise
regularly and compare them to those of
younger athletes.

In the present study we examined the effect
of regular exercise and aging on body composi-
tion and fat distribution, especially with regard
to the proportion of visceral and subcutaneous
fat. For this purpose, we compared young and
older women who exercised regularly to those
with very low physical activity levels.

Methods
Ninety six women were divided into four
groups. The sedentary groups consisted of 33
young and 24 premenopausal middle aged
women, and the endurance trained groups
consisted of 19 young and 20 premenopausal
middle aged women. The young women
ranged in age from 18 to 25 years and the mid-
dle aged women aged from 40 to 52 years. The
volunteers provided their written consent for
participation in the study. All the subjects were
healthy and were screened for chronic diseases
such as cardiovascular disease, hypertension,
diabetes, other endocrine disorders, and drugs.
The trained subjects exercised regularly for
one to two hours per day for three to six days
per week, doing aerobic exercise such as
running, cycling, or dancing. The sedentary
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Table 1 Physical characteristics of healthy young and middle aged women. Values are mean (SD)

Young Middle aged

Sedentary Trained Diff Sedentary Trained Diff 2 *2 ANOVA'

n 33 19 24 20
Age (years) 19.2 (0.8) 19.3 (1.0) 44.3 (3.4) 44.3 (3.0) Age, P<0.001
Height (cm) 160.2 (5.5) 159.6 (5.7) 155.3 (5.5) 153.9 (6.2) Age, P<0.001
Body mass (kg) 53.7 (4.5) 54.3 (6.3) 55.2 (6.4) 50.4 (4.2) t Interaction, P<0.05
Bodymassindex (kgm') 20.9 (1.1) 21.3 (1.6) 22.9 (2.6) 21.3 (1.2) * Age,P<0.01

Interaction, P<0.05
Body fat (%) 25.7 (3.3) 17.8 (2.9) t 29.6 (3.7) 22.9 (3.4) t Age, Training, P<0.001
Total fat mass (kg) 13.8 (2.0) 9.8 (2.3) t 16.5 (3.5) 11.6 (2.3) t Age, Training, P<0.001
Fat-free mass (kg) 39.9 (4.0) 44.5 (4.7) t 38.7 (3.9) 38.8 (3.2) Age, Training, P<0.01

Interaction, P<0.01

Diff, within-group differences: *P<0.05, t P<0.01.
' A 2 * 2 analysis of variance (ANOVA) was performed with age and training status as factors.

subjects engaged in exercise less than 60
minutes per day on two days per week.

DETERMINATION OF TOTAL BODY FAT MASS
Body density was measured by the hydrostatic
weighing technique as described previously.'0
Pulmonary residual volume was measured
using the oxygen dilution method of Rahn et
al." The mean of three measurements was
used in the calculation of body fat percentage
from body density, using Siri's equation."2
Total body fat mass was obtained by multiply-
ing body fat percentage by body weight.

DETERMINATION OF SUBCUTANEOUS AND
VISCERAL FAT MASS
Total mass of subcutaneous fat was calculated
as the sum of subcutaneous fat mass of each of
the body segments. This was estimated from
the surface area and mean thickness of subcu-
taneous adipose tissue layers at (1) face and
neck, (2) upper arm, (3) forearm, (4) thigh, (5)
lower leg, and (6) trunk." The whole body sur-
face was sectioned into nine areas after
Shintani. 14 Scalp, hand, and foot segments
were excluded from subcutaneous fat mass
calculations because subcutaneous fat was too
sparse at these sites.

Several sites were selected from each seg-
ment (except the forearm), covering the
anterior and posterior areas, and the mean adi-
pose tissue thicknesses of these sites repre-
sented the adipose tissue thickness of each seg-
ment. Six sites (juxta-umbilical, subscapular,
suprailiac, mid-axillary, anterior chest, and
sternum) were selected for measurement of the
trunk, due to large variation of adipose tissue
thickness over the trunk. Sites were precisely
located and marked with a surgical pen before
measurement. The measurements were made
on the right side of each subject while she was
standing upright. The 15 sites selected from
the six body segments and the anatomical
landmarks used to identify these sites in a
reproducible manner were as described by Abe
et al.'5

Ultrasonographic evaluation of subcutane-
ous adipose tissue (including skin) was per-
formed using a real time linear electronic scan-
ner (SSD-500, Aloka). Precision and linearity
of the-image reconstruction have been con-
firmed elsewhere.6 17 The scanning head, with
the water soluble transmission gel which
provided acoustic contact without depression

of the skin surface, was placed perpendicular to
the tissue interface under the marked site. Dis-
tortion of tissues due to excess compression
was eliminated by observing that no movement
of tissues occurred in a real time ultrasonic
image. Subcutaneous adipose tissue was meas-
ured directly from the screen using electronic
calipers positioned at the skin and adipose
tissue-muscle interfaces.'0 Dermis thickness
was excluded according to Tan et al.'8 Body
surface area was calculated using the equation
of Nakamura"':
Body surface area (m') = 70.98 x (body

mass)0`5 x (height)0.725
The density of fat was taken as 900 (kg

m'3).'0 The proportion of fat in adipose tissue
was considered to be 0.80 according to Baker'
and Garrow.22

Visceral fat mass was calculated as the
difference between total fat mass (total body
fat mass) and subcutaneous fat mass (subcuta-
neous fat mass). We confirmed that the devia-
tion in duplicate visceral fat mass and subcuta-
neous fat mass measurements was 2.5% and
5.0%, respectively.

STATISTICAL ANALYSES
Means and standard deviations were calculated
using standard statistical procedures. Statisti-
cal comparisons were made by a two way
analysis of variance (ANOVA: factor 1 = aging,
factor 2 = training status). The designated level
of statistical significance was P < 0.05.

Results
The physical characteristics of the subjects are
shown in table 1.

PERCENTAGE OF BODY FAT AND FAT-FREE MASS

Body fat percentage was higher in middle aged
women than in young women by 3.9% and
5. 1% for sedentary and active subjects, respec-
tively. The young and middle aged sedentary
women had more body fat than their active
counterparts by 7.9% and 6.7%. In young sub-
jects, fat-free mass was significantly greater in
active than in sedentary women (F = 14.30, P
< 0.01); however, no significant difference in
fat-free mass was observed between active and
sedentary middle aged women (F = 0.01, P >
0.05).
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Fat distribution and physical activity

Table 2 Subcutaneous and visceral fat mass distributions in young and middle aged women. Values are mean (SD).

Young Middle aged

Sedentary Trained Diff Sedentary Trained Diff 2 *2 ANOVA'

Subcutaneous fat mass (kg)
Face and neck 0.29 (0.05) 0.26 (0.05) 0.32 (0.07) 0.26 (0.05) t Training, P<0.01
Forearm 0.40 (0.08) 0.33 (0.08) t 0.33 (0.09) 0.28 (0.07) Age, Training, P<0.001
Upper arm 0.90 (0.20) 0.64 (0.15) t 0.83 (0.22) 0.66 (0.12) t Training, P<0.001
Trunk 3.67 (0.99) 2.45 (0.90) t 4.20 (1.46) 2.75 (0.75) t Training, P<0.001
Thigh 3.89 (0.82) 2.78 (0.59) t 3.45 (1.21) 2.89 (0.53) Training, P<0.001
Lower leg 1.01 (0.20) 0.76 (0.12) t 0.82 (0.22) 0.73 (0.13) Age, Training, P<0.01
Total 10.13 (1.81) 7.22 (1.64) t 9.97 (2.73) 7.57 (1.26) t Training, P<0.001
Visceral fat mass (kg) 3.66 (1.17) 2.53 (1.23) t 6.49 (1.42) 4.01 (1.46) t Age, Training, P<0.001

Interaction, p<0.05

Diff, within-group differences; t P<0.01.
1 A 2 * 2 analysis of variance (ANOVA) was performed with age and training status as factors.

VISCERAL FAT MASS AND SUBCUTANEOUS FAT

DISTRIBUTION
Visceral fat mass was greater in trained and
sedentary middle aged women than in young
women of both groups (young: F = 10.90, P <
0.01; middle aged: F = 32.59, P < 0.01).
Trained groups of young and middle aged
women had less visceral fat than the sedentary
group by 1.2 kg and 2.5 kg, respectively, which
indicates that the higher level of activity signifi-
cantly affects visceral fat mass percentage in
both young and middle aged women. Percent-
ages ofvisceral fat mass with respect to total fat

An Middle aged women

mass of active young, sedentary young, active
middle aged, and sedentary middle aged
women were 25.8 %, 26.5 %, 34.6 %, and 39.5
%, respectively.

Active women had significantly lower subcu-
taneous fat mass than sedentary women in
both age groups (young: F = 33.18, P < 0.01;
middle aged: F = 13.08, P < 0.01). Compari-
son of subcutaneous fat distribution revealed
lower values in all areas for the active women
than the sedentary subjects except for the face
and neck. On the other hand, in middle aged
women significant differences between active
and sedentary subjects were noted only in face
and neck, upper arm, and trunk segments.
The distributions of subcutaneous and

Subcutaneous fat mass | visceral fat mass in the four subject groups are
shown in table 2.

15
° o RELATION BETWEEN TOTAL FAT MASS AND

r= 0.93 (P< 0.01) ° VISCERAL FAT MASS AND SUBCUTANEOUS FAT

MASS

10 0 The figure illustrates the relations between

r= 0.81 (P <O.01) > total fat mass, visceral fat mass, and subcutane-
*3 3 ° 3 ° ous fat mass in young and middle aged women.

r= 0.70 (P< 0.01) In young women, significant positive correla-
5 _-_3 tions were observed between total fat mass v

r= 0.86 (P < 0.01) Visceral fat mass visceral fat mass, and between total fat mass v

subcutaneous fat mass. The regression lines of
trained and sedentary young women were

0 k 5 10 15 20 25 30similar. In middle aged women, significant0 5 10 15 20 25 30 positive correlations were also observed, but
20 Young women the regression lines for active and sedentary

subjects did not coincide (that is, the sedentary
subjects with greater fat mass had greater sub-

Subcutaneous fat mass
cutaneous fat mass, while trained subjects who

15 t f had less body fat mass tended to have a smaller
0 percentage of visceral fat mass).

r=0.82 (P<0.01) 0

0

r = 0.85 (P< 0.01)

Do

10 15

03
r= 0.47 (P< 0.01

20
Total fat mass

Figure 1 Relations between total body fat mass, visceralfat mass, and subcutaneous fal
mass in young and middle aged women. Filled circles (subcutaneous fat mass) and squat
(visceral fat mass), trained women; empty circles (subcutaneous fat mass) and squares

(visceralfat mass), sedentary women.

Discussion
The procedure used to measure subcutaneous

JI and visceral fat mass is understood theoreti-
cally; however, it has yet to be determined
whether it reflects the actual body fat mass. We
previously studied the relation between body
fat mass measured by magnetic resonance

< imaging and by the estimate used in this paper
25 in young women subjects.'5 The results showed

a high correlation (r = 0.90) for subcutaneous
adipose tissue area of the abdominal segment v

tre estimated subcutaneous fat mass, and a signifi-
s cant correlation of r = 0.78 for the visceral adi-

pose tissue area v estimated visceral fat mass.
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Therefore, we believe that the estimation
method of determining subcutaneous fat mass
and visceral fat mass in our experiment is
appropriately accurate for our purposes.
Our results show that exercising regularly

decreases the body fat percentage of both
young and middle aged women. However,
middle aged women who exercised regularly
clearly had a higher percentage ofbody fat than
young women on similar exercise regimens.
While it is known that aging increases body fat,
the results suggest that physical exercise cannot
fully suppress the increase in fat that results
from aging. Kohrt et aP' conducted a compara-
tive study (of young and middle aged men and
women, both active and sedentary) and
reported that regular exercise suppressed the
increase in body fat caused by aging. They also
found that mature athletes had higher percent-
ages of body fat than young athletes. Similar
results have been reported by other research-
ers.8 24

The fact that the visceral fat mass of seden-
tary middle aged women was 77% higher than
that of sedentary young women confirms the
increase in body fat caused by aging. The
proportion of visceral fat mass with respect to
total fat mass was 26.5% in young women and
39.3% in middle aged women. Borkan et alP
also noted the increase in visceral fat mass
caused by aging. Our study showed that both
young and middle aged women could decrease
their visceral fat mass by maintaining a regular
exercise regimen. While the visceral fat mass
ratio of active young women was 25.8%, simi-
lar to that in sedentary young women, in active
middle aged women the ratio was 34.6%,
which is considerably lower than in sedentary
middle aged women. These results are shows
in the figure, which gives the relations between
total fat mass and visceral fat mass in young
and middle aged women. Very few studies have
been conducted on the effects of exercise on
visceral fat mass,25 and to our knowledge no
studies have taken the effects of aging into con-
sideration.
The active young women in our study had

much lower subcutaneous fat mass in all
segments than the sedentary young women.
Between the middle aged groups, the only dif-
ferences noted were in the upper arm and
trunk sections. There was no significant differ-
ence in the lower body segments among the
middle aged women. Despres et alf6 reported
that after 20 weeks of physical training skinfold
thickness of the trunk decreased by 22%. The
limb segments decreased by 12%, compara-
tively less than the trunk. Other studies also
concluded that trunk fat mass responded to
physical exercise by decreasing faster than the
limb segment fat mass. All these results
confirm our findings.

In conclusion, physical conditioning was
effective both in young and middle aged
women in reducing subcutaneous fat in the

upper body, and in reducing visceral fat. Fat
accumulation in the abdominal section has
been shown to be closely related to the risk fac-
tors for arteriosclerosis. Physical exercise,
especially in middle aged women, would
contribute significantly to lowering these risk
factors through reduction of fat in the upper
body regions.
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