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Abstract  Circulating concentrations of adipocytokines,
such as leptin, tumor necrosis factor-α (TNF-α), and
plasminogen activator inhibitor-1 (PAI-1), vary with
exercise training, menopause, or regional variations in
adipose tissues.  In the present study, the relationships
between body fat distributions and some adipocytokines
w e r e  c o m p a r e d  i n  p r e m e n o p a u s a l  ( N = 9 )  a n d
postmenopausal women (N=9), before and after exercise
training.  The training for 10 weeks (that is, 3 days/week)
consisted of aqua exercise plus resistance exercise.  The
training reduced percent fat, body mass index, total fat
mass (TFM), subcutaneous fat mass (SFM), and plasma
levels of leptin and PAI-1 in both women.  Mean value of
plasma TNF-α tended to increase after training in both
w o m e n .   P l a s m a  l e p t i n  l e v e l s  w e r e  l o w e r  i n
postmenopausal  than in premenopausal  women,
independently of training.  In premenopausal women,
plasma leptin levels correlated well with either TFM or
SFM before and after training.  Regression analysis of
decreases in plasma leptin with a reduced amount of SFM
revealed that decreases in plasma leptin depended to a
greater extent on a loss of SFM.  In postmenopausal
women, no significant correlation was found between
leptin levels and any of the fat depots.  Plasma TNF-α
levels correlated well with visceral fat mass (VFM) in
premenopausal but not in postmenopausal women.
Changes in TNF-α levels after training correlated well
with reduced amount of VFM in premenopausal but not
in postmenopausal women.  Plasma PAI-1 levels were not
different between groups.  Moreover, no significant
correlation was found between PAI-1 levels and any of the
fat depots in both women.  Thus, in premenopausal but
not in postmenopausal women, changes in plasma
concentrations of leptin and TNF-α correlate well with
specific alterations in relative amount of SFM and VFM
after training, respectively.  However, no significant
relationship between PAI-1 and any of the fat depots was
found independently of either menopause or training.  J
Physiol Anthropol 21 (2): 105–113, 2002  http://
www.jstage.jst.go.jp/en/
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Introduction

It has been shown that adipocytes can secrete many
members of the cytokine family, such as leptin, tumor
necrosis factor-α (TNF-α), and interleukin-6, among other
cytokine signals, which influence peripheral fuel storage,
mobilization,  and combustion,  as well as  energy
homeostasis (Mohamed-Ali et al., 1998).  The bioactive
substances derived from adipose tissues are designated as
adipocytokines, and the higher blood concentrations of
adipocytokines have been suggested to induce disorders
related with obesity.  For example, TNF-α could cause
insulin resistance in skeletal muscles and adipocytes
( Ho tam is l i g i l  e t  a l . ,  1994) ,  a nd i t s  c i rc ula t in g
concentration is higher in non-insulin-dependent diabetic
mellitus (NIDDM) patients than in healthy subjects.
Plasminogen activator inhibitor-1 (PAI-1) can inhibit
plasminogen act ivator,  result ing in thrombosis .
Moreover, leptin has been known to inhibit appetite and
t o  i n c r e a s e  e n e r g y  e x p e n d i t u r e  b y  a c t i n g  o n
hypothalamus (Wolf, 1996), resulting in reduced weight
gain.  However, a higher circulating concentration of
leptin is observed in obese humans.  This suggests that
obese subjects have leptin resistance.

The adipocytokines have been shown to correlate well
with fat distribution (Van Gaal et al., 1999).  Leptin
correlates with body mass index and body fat, and
adiposity is usually a dominant determinant of leptin
(Considine et al., 1996; Lonnqvist et al., 1997).  A higher
105
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expression of leptin gene is observed in subcutaneous
adipocytes compared with visceral adipocytes (Hube et
al., 1996; Montague et al., 1998; Dusserre et al., 2000),
and leptin secretions from subcutaneous adipose tissue
are higher than those from visceral adipose tissue (Van
Harmelen et al., 1998).  Leptin has been suggested,
therefore, to be linked more with subcutaneous fat than
v i s c e r a l  f a t .   O n  t h e  o t h e r  h a n d ,  c i r c u l a t i n g
concentrations of TNF-α could be related to visceral fat
mass (Katsuki et al., 1998), and are higher in visceral fat
obese human compared with subcutaneous obese human
(Tsigos et al., 1999).  The expression of PAI-1 mRNA
seems also higher in visceral adipose tissue (Shimomura
et al. , 1996; Alessi et al., 1997), and a significant
correlation is observed between visceral fat mass and
blood PAI-1 levels (Giltay et al., 1998).  However, a recent
study shows the contradictory data that subcutaneous
adipose t issue has a greater secretion and gene
expression of PAI-1 (Eriksson et al., 2000).  Thus, a
relationship between fat distribution and blood PAI-1
levels is at present unclear.

Circulating concentrations of these adipocytokines
have been shown to vary with diet, exercise training,
gender, and menopause, etc.  For example, exercise
t r a in i n g  h a s  b e e n  s h o w n  t o  c h a n g e  t h e  b l o o d
concentrations of leptin (Christensen et al., 1998; Kohrt
et al., 1996; Hickey et al., 1997; Pasman et al., 1998;
Dirlewanger et al., 1999; Thong et al., 2000), PAI-1
(Schuit et al., 1997; Van den Burg et al., 1997; El-Sayed,
1996; Chandler et al., 1996; Svendsen et al., 1996), and
TNF-α (Nara et al., 1999; Moldoveanu et al., 2000; Horne
et al., 1997; Rall et al., 1996; Tsukui et al., 2000).  From
the literature, the general agreement accepted appears to
be that exercise training with weight-loss can reduce
leptin levels.  However, the reported effects on either
TNF-α or PAI-1 levels conflict.  Moreover, despite the fact
that circulating concentrations of these adipocytokines
are influenced by regional variations in adipose tissues, it
is also unclear whether changes in blood concentrations
of these adipocytokines could depend on specific changes
in relative amount of body fat in different anatomic
depots after exercise training.  To resolve this question, it
is needed to measure simultaneously at least two kinds of
adipocytokines, which are derived from different fat
depot; one such as leptin is linked dominantly with
subcutaneous fat and the other such as TNF-α dominantly
with visceral fat.  Then, each of the changes in these
adipocytokine levels should be compared with alterations
in relative amount of body fat in different anatomic
depots.  However, to our knowledge, there has not been
such a study.

Gender differences and menopause also affect
circulating concentrations of leptin; leptin levels are
higher in female than in male (Van Gaal et al., 1999;
Mavri et al., 1999), and are lower in postmenopausal
women than in premenopausal women (Gower et al.,
2000; Rosenbaum et al., 1996).  Although the exact
mechanism behind ei ther  gender -dependent  or
menopause-dependent differences in leptin levels
remains unclear, menopause-induced estrogen deficiency
(Tchermof and Despres, 2000) has been cited as one of
the potential factors explaining these differences because
of a positive effect of estrogens on leptin regulation
(Machinal et al., 1999; Van Gaal et al., 1999; Rosenbaum
et al., 1996; Van den Burg et al., 1997).  However, as
indicated above, regional variations in adipose tissues
and adiposity are also dominant determinants of leptin
and other adipocytokines.  It is important, therefore, to
examine whether menopause-related differences in
circulating leptin and/or possibly other adipocytokine
levels are due to specific differences in relative amount of
regional body fat depots.  However, there are limited data
concerning this problem.  Moreover, it also remains
unknown whether in postmenopausal women and
premenopausal women, exercise training-induced
changes in the levels of adipocytokines are dependent on
alterations in relative amount of regional body fat depots.

It is important to resolve the above questions in order to
strengthen the recommendation for exercise training in
the treatment of disorders related with obesity.  In this
study, therefore, we measured simultaneously plasma
levels of three kinds of adipocytokines, leptin, TNF-α and
PAI-1, before and after exercise training in both
postmenopausal women and premenopausal women, who
have no metabolic disease.  Then, the relationship
between each of the changes in these adipocytokine
levels and alterations in relative amount of body fat in
d i f f e r e n t  a n a t o m i c  de p o t s  w a s  c o m p a r e d  i n
premenopausal women and postmenopausal women.

Methods

Subjects
Premenopausal (41 ± 5 yr, N=9) and postmenopausal

female volunteers (54 ± 4 yr, N=9) participated in this
study.  None of subjects were smoking, or had diabetes,
hyperlipidemia and hypertension.  No subjects had taken
oral contraceptive and hormone replacement therapy.

The investigation was performed in accordance with
principles outlined in the Code of Ethics of the World
Medical Association (declaration of Helsinki, 1984, and
Declaration of Tokyo, 1975).  All subjects received a clear
explanation of the study, including risks and benefits of
participation.  Written informed consent was obtained
from all subjects.

Training protocol
The exercise performed consisted of aqua exercise (2

times a week) plus resistance exercise (one time a week)
for 10 weeks.  The aqua exercise was performed at 60% of
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heart rate max (HRmax) for 60 min.  Heart rate during
exercise was recorded by heart rate monitor (Polar
electro co. ltd.).  Maximal oxygen uptake (VO2max) was
measured using breath-by-breath method according to
Bruce’s treadmill protocol.  One repetition maximum
(RM) was measured on 2 exercises of leg press and bench
press in minimum one kg.  Resistance training consisted
of 8 exercises (bench press, leg press, leg extension, leg
curl, pullover, biceps curl, triceps extension, and sit up).
Intensity was according to American College of Sports
Medicine Position Stand (1998), and performed one set of
8–12 RM.

Dietary control
Three-day dietary questionnaires (two weekdays and

one weekend day) were recorded before training and
during the final week of training in both premenopausal
and postmenopausal women to monitor their caloric
intake.  Subjects were instructed not to change their
lifestyle and daily food intake.  Total energy intake per
day before exercise training did not differ with that at the
end of the training: 1736 ± 258 and 1756 ± 294 kcal/day
in premenopausal women, respectively; 1716 ± 256 and
1740 ±  244 kcal/day in postmenopausal  women,
respectively.

Body composition
Measurements were scaled 0.1 kg for body weight and

0.1 cm for height.  Body mass index (BMI) was calculated
as body weight (kg) divided by height (m2).  Percent fat
(%fat) and total fat mass (TFM) was measured by Bod-Pod
with swimsuit and bathing cap according to the method of
Dempster and Aitkens (1995).  Subcutaneous fat mass
(SFM) was measured by the method of Abe et al. (1997).
Visceral fat mass (VFM) was calculated as the difference
between TFM and SFM.

Blood samples and analysis
Blood samples was collected from antecubital vein in

Table 1  Effect of exercise training on the physica
free mass, total fat mass, subcutaneous fat mas

Premenopause

Before training After

Height (cm) 156.7 ± 3.9
Body Weight (kg)   62.6 ± 6.3 59.
BMI (kg/m2)   25.5 ± 2.3 24.
Percent fat   36.2 ± 4.1 33.
FFM (kg)   39.8 ± 3.3 39.
TFM (kg)   22.8 ± 4.6 19.
SFM (kg)   14.3 ± 2.4 11.
VFM (kg)     8.5 ± 2.8   8.

Data are expressed as mean ± SD.  BMI, body mass i
subcutaneous fat mass; VFM, visceral fat mass.  *P<0
the early morning after an overnight fast at their
follicular phase.  Blood samples were separated to serum
and plasma, and samples were stored at –80°C until
measurement.  Leptin (human leptin ELISA kit; JIMRO),
TNF-α  (human TNF α  immunoassay kit; BioSource
International) and PAI-1 (TintElize PAI-1; Biopool
INTERNATIONAL) were measured in plasma in duplicate
us ing  commercia l ly  ava i lab le  k i t s  ind icated  in
parenthesis.   Serum insulin concentrations were
measured in duplicate using a modification of a double
antibody radioimmunoassay.  Glucose and free fatty acids
(FFA) were measured in duplicate using commercially
available kits (WAKO co., ltd.)

Statistical analysis
Data are expressed as mean ± SD.  Statistical analyses

were performed with use of SAS statistical package.
Within-group differences were made with a one-way
ANOVA; comparison between groups was assessed by
two-way repeated measures ANOVA.  Correlation
coeff ic ients  were obtained by Spearman’s  rank
correlation.  Statistical significance was accepted at
p<0.05.

Results

Profiles of body composition and blood samples
Table 1 shows body composition data on subjects

participated in this study.  Fat free mass (FFM), SFM and
BMI were significantly larger in premenopausal than in
postmenopausal women.  However, %fat and VFM were
not significantly different between premenopausal
women and postmenopausal women.  Exercise training
significantly reduced BMI, %fat, TFM, and SFM in both
groups.  On the other hand, there were interindividual
differences in changes in VFM after exercise training in
both women.  In premenopausal women, six of the
subjects showed decreases, whereas one subject showed
no change and two a little increases in VFM after exercise

l characteristics, body mass index, percent fat, fat
s and visceral fat mass

Postmenopause

 training Before training After training

158.0 ± 3.8
5 ± 6.2*   57.0 ± 4.0† 55.2 ± 3.8†

2 ± 2.1*   22.8 ± 1.4† 22.1 ± 1.3†*
2 ± 4.5*   35.4 ± 4.1 33.2 ± 5.9*
6 ± 3.3   36.8 ± 2.6† 36.7 ± 2.8
9 ± 4.3*   20.2 ± 3.2 18.4 ± 4.1*
9 ± 2.3*   11.3 ± 2.5†   9.6 ± 2.2*
0 ± 2.6     8.9 ± 1.7   8.8 ± 2.4

ndex; FFM, fat free mass; TFM, total fat mass; SFM,
.05 vs. before training; †P<0.05 vs. premenopause.
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training.  In postmenopausal women, five of the subjects
showed decreases, whereas one subject showed no
change and three of the subjects a little increases in VFM
after exercise training.  Exercise training significantly
decreased body weight in premenopausal women.  In
postmenopausal women, body weight tended to decrease,
but it did not reach statistical significance.

As shown in Table 2, VO2max tended to increase (0.8–
1.7 ml/kg/min) in both groups, but it did not reach
statistical significance.  On the other hand, exercise
training significantly increased bench press (one RM) in
both groups.  One RM of leg press was significantly
increased after exercise training in premenopausal
women, but not in postmenopausal women.  Thus, the
intensity of exercise training used in this study was very
mild.

Plasma levels of  adipocytokines, insulin, and
several biochemical parameters

As shown in Table 3, plasma leptin levels were
significantly lower in postmenopausal women than in
premenopausal women, before and after exercise
training.  Plasma leptin levels were significantly reduced
after exercise training in both women.  Mean value of
plasma TNF-α tended to be lower in postmenopausal
women than in premenopausal women.  Mean value of
plasma TNF-α tended to increase after exercise training
in premenopausal women (P=0.068).  However, there
were wide interindividual differences in TNF-α response
to exercise training, with six of the subjects showing large
increases, whereas two of the subjects showed no change
and one decreases in plasma TNF-α after exercise
training.  In postmenopausal women, three of the subjects
showed large increases, whereas four of the subjects
showed no change and two of the subjects decrease in
plasma TNF-α after exercise training.  Plasma PAI-1 levels
were not different between premenopausal women and
postmenopausal women, before and after exercise
training.  Plasma PAI-1 levels decreased after exercise
training in both groups, but no statistical difference was
observed between groups.

We next examined the ratio of adipocytokines/TFM,
b ec a u se  c i r cu l at ing  l ev e l s  o f  l ep t in  a nd  o th er
adipocytokines are considered to depend on TFM.  The
r at io  o f  lep t in/TFM was  s igni f i cant ly  lowe r  in

Table 2  Effect of exercise training on maximum ox

Premenopause

Before training After

VO2max (ml/kg/min) 31.6 ± 5.6 32.
Leg press (kg) 82.6 ± 17.2 93.
Bench press (kg) 20.3 ± 3.7 23.

Data are expressed as mean ± SD.  VO2 max, maxim
postmenopausal women than in premenopausal women
before exercise training.  The ratio of leptin/TFM
significantly decreased after exercise training in both
women.  The ratio of leptin/TFM after exercise training
w a s  l o w e r  i n  p o s t m e n o p a u s a l  w o m e n  t h a n  i n
premenopausal women.  Mean value of the ratio of TNF-
α/TFM was also lower in postmenopausal women, before
and after exercise training.  However, the ratio of PAI-1/
TFM was not different between premenopausal and
postmenopausal women before exercise training.  The
ratio of PAI-1/TFM significantly decreased in both groups
after exercise training, but no difference between groups
was found.

Serum insulin and glucose concentrations were not
different in both groups (Table 3), and those were not
influenced by exercise training.  However, exercise
training significantly decreased plasma FFA in both
groups.  Because it is well established that insulin and
FFA can influence on plasma leptin levels, we performed
multiple regression analysis including other parameters,
such as insulin, FFA, glucose, and body fat distributions
in both women.  However, no statistical significant
correlation was found between plasma leptin levels and
any of the parameters (results not shown).

Relation with fat distributions
Table 4 shows effect of exercise training on correlation

coefficients between adipocytokines and relative amount
o f  b o d y  f a t  i n  d i f f e r e n t  a n a t o m i c  d e p o t s .   I n
premenopausal women, plasma leptin levels correlated
well with either TFM or SFM before exercise training.
Similar correlations were also found after exercise
training.  No significant correlation was found between
plasma leptin levels and VFM before exercise training.
However, a significant correlation was found after
exercise training.  Plasma TNF-α levels correlated well
with VFM both before and after exercise training.  Plasma
PAI-1 levels did not correlate with any of the fat depots
both before and after exercise training.

In postmenopausal women, no significant correlation
was observed between plasma leptin levels and any of the
fat depots, before and after exercise training.  Neither
plasma TNF-α levels nor plasma PAI-1 levels correlated
with any of the fat depots, before and after exercise
training.  Thus, in postmenopausal women, any of the

ygen uptake, leg press and bench press

Postmenopause

 training Before training After training

3 ± 6.9 31.9 ± 5.5 33.6 ± 5.6
6 ± 17.0* 84.3 ± 9.4 86.2 ± 10.1
4 ± 4.5* 19.1 ± 2.6 21.1 ± 2.1*

um oxygen uptake.  *P<0.05 vs. before training.
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adipocytokines determined in this study did not correlate
significantly with the relative amount of body fat in
different anatomical depots.  This phenomenon was
found independently of exercise training.

Table 5 shows the correlation coefficients between
c h a n ge s  i n  f a t  de p o t s  a nd  a l t e r a t i o n s  i n  e a c h
adipocytokines determined in this study after exercise
training.  In premenopausal women, decreases in plasma
leptin levels correlated well with reduced amount of SFM.
Interestingly, although there were wide interindividual
differences in TNF-α response to exercise training,
increases in plasma TNF-α levels correlated well with
reduced amount of VFM.  Thus, plasma TNF-α levels
increased in proportion to decreases in VFM.  Decreases
in plasma PAI-1 levels did not correlated with changes in
any of the fat depots.

However, in postmenopausal women, decreases in
plasma leptin levels did not correlate with changes in any
of the fat depots.  Changes in neither plasma TNF-α levels
nor plasma PAI-1 levels correlated with those in any of

Table 3  Effects of exercise training on plasma levels
serum insulin, plasma levels of several adipo
adipocytokine/TFM

Premenopaus

Before training Aft

Leptin (ng/ml) 20.1 ± 4.9 13
TNF-α (pg/ml) 49.5 ± 44.8 63
PAI-1 (ng/ml) 23.5 ± 12.4 14
Leptin/TFM (ng/ml/kg) 0.88 ± 0.15 0.
TNF-α /TFM (pg/ml/kg) 3.01 ± 2.28 6.
PAI-1 /TFM (ng/ml/kg) 1.14 ± 0.25 0.
Insulin (µU/ml) 7.7 ± 3.1 6
Glucose (mg/dl) 72.6 ± 11.4 76
Free fatty acids (mEq/L) 0.43 ± 0.20 0.

Data are expressed as mean ± SD.  TFM, total fat mass
menopause.

Table 4  Correlation of coefficient between se
TNF-α and PAI-1)

Before training

TFM VFM

Premenopause
   Leptin 0.744* 0.484
   TNF-α 0.589 0.708*
   PAI-1 0.071 0.032

Postmenopause
   Leptin 0.588 0.389
   TNF-α 0.047 0.168
   PAI-1 –0.058 0.012

Values are correlation coefficients.  Correlatio
rank correlation.  FFM, fat free mass; TFM, 
VFM, visceral fat mass.  *P<0.05.
 of several substrates (glucose and free fatty acids),
cytokines (leptin, TNF-α, PAI-1) and the ratio of

e Postmenopause

er training Before training After training

.1 ± 5.8* 14.2 ± 6.8† 9.1 ± 4.2†*

.8 ± 72.4 17.0 ± 26.6 32.6 ± 70.2

.9 ± 4.0* 23.4 ± 11.4 13.8 ± 6.3*
68 ± 0.26* 0.68 ± 0.21† 0.49 ± 0.21†*
69 ± 8.13 0.87 ± 1.28† 1.51 ± 3.32†

83 ± 0.24* 1.18 ± 0.64 0.79 ± 0.19*
.7 ± 1.5 6.6 ± 2.5 5.9 ± 2.2
.0 ± 8.9 82.3 ± 3.7 84.3 ± 3.8

24 ± 0.05* 0.42 ± 0.15 0.23 ± 0.12*

.  *P<0.05 or less vs. before training, †P<0.05 vs. pre-

gmental fat mass and adipocytokines (leptin,

After training

SFM TFM VFM SFM

0.822* 0.633* 0.716* 0.622*
0.262 0.327 0.688* 0.202
0.090 0.163 0.074 0.204

0.490 0.417 0.297 0.446
–0.054 0.096 0.17 –0.007
–0.083 –0.129 –0.088 –0.144

n coefficients were obtained by Spearman’s
total fat mass; SFM, subcutaneous fat mass;

Table 5  Correlation of coefficient between decreases
i n  s e g m en t a l  f a t  m a s s  a n d  de c r ea s es  i n
adipocytokines (leptin, TNF-α and PAI-1)

∆TFM ∆VFM ∆SFM

Premenopause
   ∆Leptin 0.509 0.225 0.683*
   ∆TNF-α –0.539 –0.816* 0.145
   ∆PAI-1 0.285 0.247 0.200

Postmenopause
   ∆Leptin –0.434 –0.407 –0.254
   ∆TNF-α 0.292 0.215 0.304
   ∆PAI-1 –0.424 –0.389 –0.268

Values are correlation coefficients.  Delta (∆) refers to
decrease due to exercise training.  Correlation coeffi-
cients were obtained by Spearman’s rank correlation.
FFM, fat free mass; TFM, total fat mass; SFM, subcuta-
neous fat mass; VFM, visceral fat mass.  *P<0.05.
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the fat depots.

Discussion

The present study shows that in premenopausal
women, exercise training reduced plasma levels of leptin
and PAI-1.  The decreases in plasma leptin correlated well
with reduced amount of SFM after exercise training, but
those in PAI-1 did not correlate with changes in any of the
fat depots.  Although there were wide interindividual
differences in TNF-α response to exercise training,
increases in plasma TNF-α levels highly correlated with
decreased amount of VFM after exercise training.  On the
other hand, in postmenopausal women, no significant
correlation was found between plasma leptin levels and
any of the fat depots.  Neither TNF-α nor PAI-1 levels also
correlated with any of the fat depots.  These phenomena
in postmenopausal women were found independently of
exercise training.

Evidence has accumulated that the expression of leptin
gene is higher in subcutaneous adipocytes than in
visceral adipocytes (Hube et al., 1996; Montague et al.,
1998; Dusserre et al., 2000; Van Harmelen et al., 1998),
and therefore  lept in  could  be l inked more with
subcutaneous fat than visceral fat.  In accordance with
t h i s ,  i n  p r e m e n o p a u s a l  w o m e n  b u t  n o t  i n
postmenopausal women, plasma leptin levels correlated
well  wi th SFM.  Moreover ,  plasma lept in  levels
significantly decreased after exercise training with the
wide interindividual differences in leptin response to
exercise training (0.8 to 12.9 ng/ml), but a highly
correlation was found between decreases in plasma leptin
levels and reduced amount of SFM.  These findings
strongly suggest that decreases in plasma leptin depend
to a greater extent on the loss of SFM.  This similar
phenomenon is also observed after diet or exercise
training with loss of body weight (Rissanen et al., 1999;
Thong et al., 2000).

Compared with premenopausal women, plasma leptin
levels and the ratio of leptin/TFM were significantly
lower in postmenopausal women.  These phenomena
were found independently of exercise training.  A likely
explanation for this difference observed in the study is
e i t he r  a  l o w e r  b o dy  w e ig h t  o r  a  l o w e r  B M I  in
postmenopausal women compared with premenopausal
women.  Indeed, plasma leptin levels would be affected by
the changes in body weight and BMI.  However, in
postmenopausal  women,  plasma levels  of  leptin
correlated with neither BMI (r=0.423, before exercise
training; r=0.157, after training) nor body weight
(r=0.097,  before exercise training; r=0.012, after
training).  Moreover, no significant correlation was
observed between plasma leptin levels and any of the fat
depots.  These results serve the interference that BMI,
body weight, fat mass and fat distributions are not
suf f ic ient  to  account  for  lower  lept in  level s  in
postmenopausal women.  In this regard, some factors,
such as aging (Moller et al., 1998), estrogens (Machinal et
al., 1999; Van Gaal et al., 1999; Rosenbaum et al., 1996;
V a n  d e n  B u r g  e t  a l . ,  1 9 9 7 ) ,  a n d r o g e n s  a n d
dehydroepiandrosterone (DHEA) (Van Gaal et al., 1999;
Rosenbaum et al., 1996; Machinal et al., 1999; Isidori et
al., 2000), have been suggested to account for the
different levels of plasma leptin between premenopausal
women and postmenopausal women.  Androgens have a
negative effect and estrogens a positive effect on leptin
expression in rat adipocytes from various fat depots
(Machinal et al., 1999).  In human adipocytes, though no
direct evidence has been obtained, sex steroids have been
suggested to regulate leptin productions (Van Gaal et al.,
1999; Van den Burg et al., 1997).

In both women, the ratio of leptin/TFM significantly
decreased after exercise training.  This result suggests
that in premenopausal women, decreased response of
leptin to exercise training is also regulated by some
factors in addition to changes in SFM, whereas in
postmenopausal women, decreased response of leptin to
exercise training is regulated by some other factors rather
than changes in fat mass.  Firstly, it is considered that
insulin and some metabolic parameters (glucose, NEFA)
can influence plasma leptin levels.   However, no
statistical significant correlation was found between
plasma leptin levels and any of the metabolic parameters
including insulin.  Rosenbaum et al. (1996) have shown
the similar finding that no significant correlation was
found between circulating concentrations of leptin and
f a s t i n g  s e r u m  i n s u l i n  c o n c e n t r a t i o n s  i n  b o t h
premenopausal and postmenopausal women.  Again, it is
tempting to speculate that sex steroids are to participate
in this phenomenon.  Indeed, in premenopausal women,
physical activity has been shown to decrease circulating
concentrations of estradiol (Verkasalo et al., 2001),
w h e r e a s  J o h n s o n  e t  a l .  ( 1 9 9 7 )  s h o w  t h a t  i n
postmenopausal women, exercise increases DHEA and
DHEA sulfate, which are the sources of testosterone in
women.

Thong et al. (2000) show that a positive correlation
between plasma leptin and VFM was observed after
exercise training, but not before exercise training.  We
also found a clear correlation between plasma leptin
levels and VFM after exercise training in premenopausal
women.  These resul ts  suggest  that  v isceral  fa t
contributes in part to regulation of plasma leptin.  Indeed,
visceral adipose tissue has also been shown to have gene
expressions and productions of leptin (Masuzaki et al.,
1995; Arner, 2001).  However, in the present study, no
significant correlation could be found between decrease
in plasma leptin and reduced amount of VFM, suggesting
that the capacity of visceral adipocytes to secrete leptin is
not influenced by exercise training performed in the
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study.  Thus, as suggested by some studies (Masuzaki et
al., 1995; Thong et al., 2000), it is likely that visceral
adipose tissue is not an important contributor to the long-
term regulation of leptin secretion.

In premenopausal women, plasma TNF-α  levels
correlated well with VFM.  Moreover, although the wide
interindividual differences were found in TNF-α response
to exercise training, a clear relationship was found
between reduced amount of VFM and increases in plasma
TNF-α after exercise training.  These findings indicate
that TNF-α depends on VFM and suggest that exercise
training increases TNF-α secretions from visceral adipose
tissue in premenopausal women.  In rat mesenteric
adipose tissue, exercise training has been shown to
increase both TNF-α proteins (5-fold) and its mRNA level
(1.4-fold) (Nara et al., 1999).  We have also observed that
exercise training (treadmill running for 9 wks) increases
remarkably the in vitro secreting rate of TNF-α and the
expressions of TNF-α  receptors in rat epididymal
adipocytes (Ito et al., 2002).  Thus, although the species
differences must be considered, exercise training could
enhance the ability of visceral adipose tissue to secrete
TNF-α in premenopausal women.

In contrast to this study, Tsukui et al. (2000) show that
plasma TNF-α levels decreased in healthy women after
regular walking and/or swimming exercise of middle
intensity.  Moreover, exercise training has been shown to
decrease significantly plasma TNF-α levels in NIDDM
patients with obesity, but not in NIDDM patients without
obesity (Katsuki et al., 1998).  Although the reason for the
discrepancies between these studies and this study is at
present  unclear ,  we a lso  found that  one  of  the
premenopausal women and two of the postmenopausal
women showed decreases in plasma TNF-α levels after
exercise training.

The ratio of TNF-α/TFM was lower in postmenopausal
women than in premenopausal women.  Moreover, no
significant relationship was observed between TNF-α and
body fat distributions in postmenopausal women.  This
phenomenon was found independently of exercise
training.  No clear relationship was also found between
changes in amount of VFM and alterations in plasma TNF-
α after exercise training.  Thus, as in the case of leptin,
the synthesis and secretion of TNF-α after menopause
might also be influenced by aging and/or sex steroid
hormones.

Some studies suggest that plasma PAI-1 is derived from
visceral adipose tissue (Giltay et al., 1998; Janand-
Delenne et al., 1998), and that plasma PAI-1 levels have
been shown to be closely associated with visceral adipose
area in men rather than women (Shimomura et al., 1996).
In sharp contrast, Eriksson et al. (2000) show that
subcutaneous adipose tissue has a greater secretion and
gene expression of PAI-1.  Thus, although the exact
source(s) of PAI-1 is unclear, adipose tissue has been
shown to secrete PAI-1.  However, the present study
shows that there was no significant correlation between
plasma PAI-1 levels and any of the fat distributions in
both women.  This was found independently of exercise
training.  Kockx et al. (1999) also show a similar finding
that in both men and women, diet-induced weight loss is
accompanied without a significant correlation between
plasma PAI-1 levels and some fat area (subcutaneous and
visceral).  Moreover, plasma PAI-1 levels and the ratio of
PAI-1/TFM were not different between premenopausal
women and postmenopausal women.  Taken together,
neither body fat distributions nor menopause could play
a crucial role in the regulation of plasma PAI-1 levels.  The
decrease in plasma PAI-1 levels observed after exercise
training might be associated with possible decreases in
PAI-1  secret ions from some other cel ls ,  such as
hepatocyte and/or endothelial cells which can secrete
PAI-1 in vitro (Alessi et al., 1988; Stiko-Rahm et al.,
1990), than adipocytes.  Chandler et al. (1996) show that
exercise training could decrease PAI-1 secretion from
both hepatic and endothelial tissue.

In summary, in premenopausal women, plasma leptin
levels correlated well with either TFM or SFM before and
after exercise training, and a regression analysis of
decreases in plasma leptin with reduced amount of SFM
after exercise training reveals that decreases in plasma
leptin depend to a greater extent on a loss of SFM.
Plasma TNF-α  levels correlated well with VFM in
premenopausal women, and changes in TNF-α levels
correlated well with reduced amount of VFM after
exercise training.  In postmenopausal women, plasma
l e p t i n  a n d  T N F - α  l e v e l s  w e r e  l o w e r  t h a n  i n
premenopausal women, but neither leptin nor TNF-α
correlates significantly with relative amount of body fat
in different anatomical depots, independently of exercise
t r a i n i n g .   I n  c o n t r a s t  t o  t h e s e  t w o  k i n d s  o f
adipocytokines, plasma PAI-1 levels were not different
between groups, and no significant correlation was found
between PAI-1 levels and any of the fat depots in both
women.  These phenomena were found independently of
training.  Thus, the data serve the interference that in
p r e m e n o p a u s a l  w o m e n ,  c h a n g e s  i n  p l a s m a
concentrations of leptin and TNF-α correlate well with
specific alterations in relative amount of SFM and VFM
after exercise training, respect ively,  but that in
postmenopausal women, fat distributions are not
sufficient to account for changes in both leptin and TNF-
α  l eve l s .   On  the  o ther  h and ,  ne i ther  bo dy  fa t
distributions nor menopause could play a crucial role in
the regulation of plasma PAI-1 levels.

Acknowledgment  This study was supported partly by a
Grant-in-Aid for Scientific Research (C) from Japan
Society for the Promotion of Science, and partly a special
research grant from Tokyo Metropolitan University.



Training and Leptin, TNF-α, and PAI-1112
References

Abe T, Kawakami Y, Sugita M, Fukunaga T (1997)
Relat ionship between t ra ining frequency and
subcutaneous and visceral fat in women. Med Sci
Sports Exerc 29: 1549–1553

Alessi MC, Juhan-Vague I, Kooistra T, Declerck PJ, Collen
D (198 8)  Insu l in  s t imula tes  the  synthes is  o f
plasminogen activator inhibitor 1 by the human
hepatocellular cell line Hep G2. Thromb Haemost 60:
491–494

Alessi MC, Peiretti F, Morange P, Henry M, Nalbone G,
Juhan-Vague I (1997) Production of plasminogen
activator inhibitor 1 by human adipose tissue: possible
link between visceral fat accumulation and vascular
disease. Diabetes 46: 860–867

American College of Sports Medicine Position Stand
(1998) The recommended quantity and quality of
e x e r c i s e  f o r  d e v e l o p i n g  a n d  m a i n t a i n i n g
cardiorespiratory and muscular fitness, and flexibility
in healthy adults. Med Sci Sports Exerc 30: 975–991

Arner P (2001) Regional differences in production by
human adipose tissue. Biochem Soc Trans 29: 72–75

Chandler WL, Schwartz RS, Stratton JR, Vitiello MV
(1996) Effects of endurance training on the circadian
rhythm of fibrinolysis in men and women. Med Sci
Sports Exerc 28: 647–655

Christensen JO, Svendsen OL, Hassager C, Christiansen C
(1998) Leptin in overweight postmenopausal women:
no relationship with metabolic syndrome X or effect of
exercise in addition to diet. Int J Obes 22: 195–199

Dempster P, Aitkens S (1995) A new air displacement
method for the determination of  human body
composition. Med Sci Sports Exerc 27: 1692–1697

Dirlewanger M, Di Vetta V, Giusti V, Schneiter P, Jequier
E, Tappy L (1999) Effect of moderate physical activity
on plasma leptin concentration in humans. Eur J Appl
Physiol 79: 331–335

Dusserre E, Moulin P, Vidal H (2000) Differences in
mRNA expression of the proteins secreted by the
adipocytes in human subcutaneous and visceral
adipose tissues. Biochim Biophys Acta 1500: 88–96

El-Sayed MS (1996) Effects of high and low intensity
aerobic conditioning programs on blood fibrinolysis
and lipid profile.  Blood Coagul Fibrinolysis 7: 484–490

Eriksson P, Van Harmelen V, Hoffstedt J, Lundquist P,
Vidal H, Stemme V, Hamsten A, Arner P, Reynisdottir S
(2000) Regional variation in plasminogen activator
inhibitor-1 expression in adipose tissue from obese
individuals. Thromb Haemost 83: 545–548

Giltay EJ, Elbers JM, Gooren LJ, Emeis JJ, Kooistra T,
Asscheman H, Stehouwer CD (1998) Visceral fat
accumulation is an important determinant of PAI-1
levels in young, nonobese men and women: modulation
by cross-sex hormone administration. Arterioscler
Thromb Vasc Biol 18: 1716–1722
Gower BA, Nagy TR, Goran MI, Smith A, Kent E (2000)

Leptin in postmenopausal  women: influence of
hormone therapy, insulin, and fat distribution. J Clin
Endocrinol Metab 85: 1770–1775

Hickey MS, Houmard JA, Considine RV, Tyndall GL,
Midgette JB, Gavigan KE, Weidner ML, McCammon MR,
Israel RG, Caro JF (1997) Gender-dependent effects of
exercise training on serum leptin levels in humans. Am
J Physiol Endocrinol Metab 272: E562–E566

Horne L, Bell G, Fisher B, Warren S, Janowska-Wieczorek
A (1997) Interaction between cortisol and tumour
necrosis factor with concurrent resistance and
endurance training. Clin J Sport Med 7: 247–251

Hotamisligil GS, Murray DL, Choy LN, Spiegelman BM
(1994) Tumor necrosis factor α inhibits signaling from the
insulin receptor. Proc Natl Acad Sci USA 91: 4854–4858

Hube F, Lietz U, Igel M, Jensen PB, Tornqvist H, Joost HG,
Hauner H (1996) Difference in leptin mRNA levels
between omental and subcutaneous abdominal adipose
tissue from obese humans. Horm Metab Res 28: 690–693

Isidori AM, Strollo F, More M, Caprio M, Aversa A, Moretti
C, Frajese G, Riondino G, Fabbri A (2000) Leptin and
aging: correlation with endocrine changes in male and
female healthy adult populations of different body
weights. J Clin Endocrinol Metab 85: 1954–1962

Ito Y, Nomura S, Ueda H, Sakurai T, Kizaki T, Ohno H,
Izawa T (2002) Exercise training increases membrane
bound form of tumor necrosis factor-α receptors with
decreases in the secretion of soluble forms of receptors
in rat adipocytes. Life Sci (in press)

Janand-Delenne B, Chagnaud C, Raccah D, Alessi MC,
Juhan-Vague I, Vague P (1998) Visceral fat as a main
determinant of plasminogen activator inhibitor 1 level
in women. Int J Obes 22: 312–317

Johnson LG, Kraemer RR, Haltom R, Kraemer GR, Gaines
HE,  Castracane VD (1997) Effects  of  estrogen
replacement therapy on dehydroepiandrosterone,
dehydroepiandrosterone sulfate, and cortisol responses
to exercise in postmenopausal women. Fertil Steril 68:
836–843

Katsuki A, Sumida Y, Murashima S, Murata K, Takarada Y,
Ito K, Fujii M, Tsuchihashi K, Goto H,Nakatani K, Yano
Y (1998) Serum levels of tumor necrosis factor-α are
increased in obese patients with non-insulin-dependent
diabetes mellitus. J Clin Endocrinol Metab 83: 859–862

Kockx M, Leenen R, Seidell J, Princen HM, Kooistra T
(1999) Relationship between visceral fat and PAI-1 in
overweight men and women before and after weight
loss. Thromb Haemost 82: 1490–1496

Kohrt WM, Landt M, Birge SJ Jr (1996) Serum leptin
levels are reduced in response to exercise training, but
not hormone replacement therapy, in older women. J
Clin Endocrinol Metab 81: 3980–3985

Machinal F, Dieudonne MN, Leneveu MC, Pecquery R,



113Hayase, H et al.
Giudicelli Y (1999) In vivo and in vitro ob gene
expression and leptin secretion in rat adipocytes:
evidence for a regional specific regulation by sex
steroid hormones. Endocrinology 140: 1567–1574

Masuzaki H, Ogawa Y, Isse N, Satoh N, Okazaki T,
Shigenoto M, Mori K, Tamura N, Hosoda K, Yoshimasa
Y, Jingami H, Kawada T, Nakao K (1995) Human obese
gene expression. Adipocyte-specific expression and
regional differences in adipose tissue. Diabetes 44: 855–
858

Mavri A, Stegnar M, Krebs M, Sentocnik JT, Geiger M,
Binder BR (1999) Impact of adipose tissue on plasma
plasminogen activator inhibitor-1 in dieting obese
women. Arterioscler Thromb Vasc Biol 19: 1582–1587

Mohamed-Ali V, Pinkney JH, Coppack SW (1998) Adipose
tissue as an endocrine and paracrine organ. Int J Obes
22: 1145–1158

Moller, N, O’brien P, Nair KS (1998) Disruption of the
relationship between fat content and leptin levels with
aging in humans. J Clin Endocrinol Metab 83: 931–934

Montague CT, Prins JB, Sanders L, Zhang J, Sewter CP,
Digby J, Byrne CD, O’Rahilly S (1998) Depot-related
gene expression in human subcutaneous and omental
adipocytes. Diabetes 47: 1384–1391

Nara M, Kanda T, Tsukui S, Inukai T, Shimomura Y, Inoue
S, Kobayashi I (1999) Running exercise increases
tumor necrosis factor-α secreting from mesenteric fat
in insulin-resistant rats. Life Sci 65: 237–244

Pasman WJ, Westerterp-Plantenga MS, Saris WH (1998)
The effect of exercise training on leptin levels in obese
males. Am J Physiol Endocrinol Metab 274: E280–E296

Rall LC, Roubenoff R, Cannon JG, Abad LW, Dinarello CA,
Meydani SN (1996) Effects of progressive resistance
training on immune response in aging and chronic
inflammation. Med Sci Sports Exerc 28: 1356–1365

Rissanen P, Makimattila S, Vehmas T, Taavitsainen M,
Rissanen A (1999) Effect of weight loss and regional fat
distribution on plasma leptin concentration in obese
women. Int J Obes 23: 645–649

Rosenbaum M, Nicolson M, Hirsch J, Heymsfield SB,
Gallagher D, Chu F, Leibel RL (1996) Effects of gender,
body composi t ion,  and menopause  on p lasma
concentrations of leptin. J Clin Endocrinol Metab 81:
3424–3427

Ryan AS, Pratley RE, Elahi D, Goldberg AP (2000)
Changes in plasma leptin and insulin action with
resistive training in postmenopausal women. Int J Obes
24: 27–32

Schuit AJ, Schouten EG, Kluft C, de Maat M, Menheere
PP, Kok FJ (1997) Effect of strenuous exercise on
fibrinogen and fibrinolysis in healthy elderly men and
women. Thromb Haemost 78:845–851

Shimomura I, Funahashi T, Takahashi M, Maeda K,
Kotani K, Nakamura T, Yamashita S, Miura M, Fukuda
Y, Takemura K, Tokunaga K, Matsuzawa Y (1996)
Enhanced expression of PAI-1 in visceral fat: possible
contributor to vascular disease in obesity. Nat Med 2:
800–803

Stiko-Rahm A, Wiman B, Hamsten A, Nilsson J (1990)
Secretion of plasminogen activator inhibitor-1 from
cultured human umbilical vein endothelial cells is
i n d u c e d  b y  v e r y  l o w  d e n s i t y  l i p o p r o t e i n .
Arteriosclerosis 10: 1067–1073

Svendsen OL, Hassager C, Christiansen C, Nielsen JD,
Winther K (1996) Plasminogen activator inhibitor-1,
tissue-type plasminogen activator, and fibrinogen:
Effect of dieting with or without exercise in overweight
postmenopausal women. Arterioscler Thromb Vasc Biol
16: 381–385

Tchernof A, Despres JP (2000) Sex steroid hormones, sex
hormone-binding globulin, and obesity in men and
women. Horm Metab Res 32: 526–536

Thong FSL, Hudson R, Ross R, Janssen I, Graham TE
(2000) Plasma leptin in moderately obese men:
independent effects of weight loss and aerobic exercise.
Am J Physiol Endocrinol Metab 279: E307–E313

Tsigos C, Kyrou I, Chala E, Tsapogas P, Stavridis JC,
Raptis SA, Katsilambros N (1999) Circulating tumor
necrosis factor α concentrations are higher in abdominal
versus peripheral obesity. Metabolism 48: 1332–1335

Tsukui S, Kanda T, Nara M, Nishino M, Kondo T,
Kobayashi I (2000) Moderate-intensity regular exercise
decreases serum tumor necrosis factor-α and HbA1c
levels in healthy women. Int J Obes 24: 1207–1211

Van Gaal LF, Wauters MA, Mertens IL, Considine RV, De
Leeuw IH (1999) Clinical endocrinology of human
leptin. Int J Obes 23, Suppl 1: 29–36

Van Harmelen V, Reynisdottir S, Eriksson P, Thorne A,
Hoffstedt J,  Lonnqvist F, Arner P (1998) Leptin
secretion from subcutaneous and visceral adipose
tissue in women. Diabetes 47: 913–917 

Van den Burg PJ, Hospers JE, van Vliet M, Mosterd WL,
Bouma BN, Huisveld IA (1997) Effect of endurance
training and seasonal fluctuation on coagulation and
fibrinolysis in young sedentary men. J Appl Physiol 82:
613–620

Verkasalo PK, Thomas HV, Appleby PN, Davey GK, Key TJ
(2001) Circulating levels of sex hormones and their
relation to risk factors for breast cancer: a cross-sectional
study in 1092 pre- and postmenopausal women (United
Kingdom). Cancer Causes Control 12: 47–59

Wolf G (1996) Leptin: the weight-reducing plasma protein
encoded by the obese gene. Nutr Rev 54: 91–93

Received: June 29, 2001
Accepted: January 17, 2002
Correspondence to: Tetsuya Izawa, Department of
Kinesiology,  Graduate School  of  Science,  Tokyo
Metropolitan University, Hachioji, Tokyo 192-0397, Japan
e-mail: izawa@comp.metro-u.ac.jp


