
Available online at www.sciencedirect.com

Metabolism Clinical and Experimental 60 (2011) 186–194
www.metabolismjournal.com
Influence of acute aerobic exercise on adiponectin oligomer concentrations
in middle-aged abdominally obese men

Shigeharu Numaoa,⁎, Yasutomi Katayamab, Yoichi Hayashic, Tomoaki Matsuod, Kiyoji Tanakad
aFaculty of Sport Sciences, Waseda University, Tokorozawa, Saitama 359-1192, Japan

bFaculty of Education, Kogakkan University, Ise, Mie 516-8555, Japan
cFaculty of Engineering Education Center, Chiba Institute of Technology, Narashino, Chiba 275-0023, Japan

dGraduate School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Ibaraki 305-8577, Japan

Received 3 June 2009; accepted 9 December 2009
Abstract

Exercise intensity may induce changes in total adiponectin and adiponectin oligomer levels. However, the effects of acute aerobic exercise
on total adiponectin and adiponectin oligomers in middle-aged abdominally obese men remain unknown. The purpose of this study was to
investigate the influence of aerobic exercise intensity on changes in the concentrations of total adiponectin and adiponectin oligomers (high–
molecular weight [HMW] and middle– plus low–molecular weight [MLMW] adiponectin), and the endocrine mechanisms involved in
exercise-induced changes in adiponectin oligomer profiles in middle-aged abdominally obese men. Using a crossover design, 9 middle-aged
abdominally obese men (age, 54.1 ± 2.4 years; body mass index, 27.9 ± 0.6 kg/m2) underwent 2 trials that consisted of 60 minutes of
stationary cycle exercise at either moderate-intensity (ME) or high-intensity (HE) aerobic exercise (50% or 70% of peak oxygen uptake,
respectively). Blood samples were collected to measure the concentrations of adiponectin oligomers, hormones (catecholamines, insulin, and
growth hormone), metabolites (free fatty acid, glycerol, triglyceride, and glucose), and cytokines (interleukin-6 and tumor necrosis factor–α).
After exercise, plasma catecholamine concentrations were higher during HE than during ME (P b .05). Total adiponectin concentration
decreased at the end of HE (P b .05), but remained unchanged after ME. The HMW adiponectin concentration did not change at either
intensity, whereas the MLMW concentration decreased at the end of HE (P b .05). The ratio of HMW to total adiponectin concentration
increased significantly (P b .05), whereas the ratio of MLMW to total adiponectin concentration decreased significantly (P b .05), at the end
of HE. The percentage changes in epinephrine concentration from baseline to the end of exercise were correlated with the percentage changes
in total adiponectin concentration (r = −0.67, P b .05) and MLMW adiponectin concentration (r = −0.82, P b .05) from baseline to the end of
HE. Our results indicate that the change in total adiponectin was mainly due to a change in MLMW adiponectin concentration during high-
intensity exercise in middle-aged abdominally obese men. Epinephrine may partially regulate the decrease in total and MLMW adiponectin
concentrations during high-intensity exercise.
© 2011 Elsevier Inc. All rights reserved.
1. Introduction

Adiponectin is an adipokine consisting of 244 amino
acids that is produced and secreted by adipose tissue. It is
highly concentrated (3-30 μg/mL) in circulating blood in
humans [1]. The adiponectin concentration is inversely
related to metabolic disorders such as metabolic syndrome
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[2], myocardial infarction [3], dyslipidemia [2], and insulin
resistance [4,5]. Adiponectin in blood combines through its
collagen domain to form 3 major oligomers: trimer (low–
molecular weight [LMW]), hexamer (middle–molecular
weight [MMW]), and 12-18-mer (high–molecular weight
[HMW]) adiponectin [6,7]. High–molecular weight adipo-
nectin is believed to be the most biologically active form of
the 3 oligomers [6-8]. High–molecular weight adiponectin
exhibits the greatest binding activity to membrane fractions
and activates adenosine monophosphate (AMP)–activated
protein kinase most potently of the 3 oligomers in C2C12
myocytes [8]. In humans, several studies reported that the
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haracteristics of participants (n = 9)

ge (y) 54.1 ± 2.4
eight (cm) 167.6 ± 1.7
eight (kg) 78.7 ± 2.8
MI (kg/m2) 27.9 ± 0.6
aist circumference (cm) 97.3 ± 5.5
Fat (%) 32.3 ± 0.9
at mass (kg) 25.3 ± 0.9
ean tissue mass (kg) 51.2 ± 2.2
O2peak (mL/kg/min) 30.6 ± 1.7
OMA-IR 2.4 ± 0.3

alues arc means ± SE. HOMA-IR indicates homeostasis model assessment
f insulin resistance.
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blood HMW adiponectin concentration is a better predictor
for metabolic syndrome [9-11], insulin resistance [9,11], and
coronary artery disease [12] than the total adiponectin
concentration or LMW adiponectin. These findings suggest
that HMW adiponectin, rather than MMW and LMW
adiponectin, plays important roles in glucose and lipid
metabolism in skeletal muscle [8] and liver [6].

Aerobic exercise is recommended to prevent and
improve metabolic abnormalities [13]. Acute aerobic
exercise and chronic aerobic exercise improve glucose
and lipid metabolism [13]. Because adiponectin influences
glucose and lipid metabolism, acute aerobic exercise may
alter blood adiponectin concentration. Several studies have
investigated changes in blood adiponectin concentrations
during acute aerobic exercise. Jürimae et al [14] reported
that the plasma total adiponectin concentration decreased
significantly below the resting values after high-intensity
exercise (6000-m time trial using a rowing ergometer,
∼20 minutes' duration) in trained men. They also found
that the plasma total adiponectin concentration decreased
after acute high-intensity exercise (2000-m single sculling,
∼7 minutes) after 24-week training [15]. Nevertheless,
most studies have demonstrated that the plasma or serum
total adiponectin concentrations are unchanged during acute
aerobic exercise at various intensities (50% maximum
oxygen consumption [VO2max] to exhaustion) in healthy
individuals [16-21]. Adiponectin oligomer concentrations,
such as LMW, MMW, and HMW adiponectin concentra-
tion, do not change during acute aerobic exercise in healthy
individuals [19,21]. These studies suggest that acute aerobic
exercise, at various intensities, induces little change in the
concentration of total adiponectin and adiponectin oligo-
mers in healthy individuals.

To the best of our knowledge, little is known about the
effect of acute aerobic exercise on adiponectin concentra-
tions in overweight or obese individuals. Recently, Højbjerre
et al [20] found that the plasma adiponectin concentration
does not change in young overweight men during moderate-
intensity (55% VO2max) acute aerobic exercise; however,
they did not observe changes in the concentrations of
adiponectin oligomers. The effect of exercise intensity on the
concentration of adiponectin and its oligomers in overweight
or obese individuals is also unknown. Exercise intensity
affects the kinetics of hormones and metabolites [22,23]. In
particular, catecholamines, which increase with exercise
intensity, may inhibit adiponectin gene expression [24-28]
and secretion in adipose tissue [25-28]. Interleukin-6 (IL-6)
and tumor necrosis factor–α (TNFα) are also potent
inhibitors of adiponectin gene expression and secretion
[29,30] in adipose tissue. The concentration of IL-6 increases
during exercise; and the magnitude of the increase is related
to exercise intensity [31], whereas the changes in TNFα
concentration are relatively small [20,32]. For the reasons
outlined above, increased exercise intensity may decrease the
concentration of adiponectin and its oligomers during
aerobic exercise.
The purpose of this study was to investigate (a) the effect
of acute aerobic exercise on the concentrations of adipo-
nectin and its oligomer and (b) the association between
adiponectin concentrations, hormones, and metabolites
during moderate- and high-intensity aerobic exercise in
middle-aged abdominally obese men. We hypothesized that
changes in hormone and cytokine levels induced by
increasing exercise intensity would decrease the concentra-
tion of adiponectin and its oligomers during aerobic exercise.
2. Methods

2.1. Participants

Nine untrained (no regular exercise training), middle-
aged, abdominally obese men (age, 54.1 ± 2.4 years)
participated in this study (Table 1). Abdominal obesity was
defined as body mass index (BMI) greater than 25 kg/m2 and
waist circumference greater than 85 cm according to the
criteria used in Japan [33]. The participants had no history of
any metabolic and cardiovascular diseases, but 3 participants
were suspected of showing insulin resistance (homeostasis
model of assessment for insulin resistance was N2.5). None of
the participants were smokers, and all refrained from taking
any medications or supplements known to affect metabolism.
Their body mass was stable (b3-kg change in body mass) for
at least 2 months. The purpose, design, and risks of the study
were explained to each participant; and each participant
provided written informed consent. The study conformed to
the principles outlined in the Helsinki Declaration and was
approved by the Graduate School of Comprehensive Human
Sciences Review Board at the University of Tsukuba.

2.2. Preliminary measurements

Participants initially performed an incremental exercise
test to exhaustion on a cycle ergometer (818E; Monark,
Stockholm, Sweden) to determine peak oxygen uptake
(VO2peak). During the test, gas exchange (oxygen uptake
and carbon dioxide production) was measured by indirect
calorimetry (Oxycon α; Mijnhardt, Bunnik, Netherlands);
and heart rate (HR) was monitored by electrocardiography
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(Dyna Scope; Fukuda Denshi, Tokyo, Japan). Peak oxygen
uptake was determined according to methods described by
Tanaka et al [34].

2.3. Body composition

Height and body mass were measured using a wall-
mounted stadiometer and a digital scale, respectively. Body
mass index was calculated as body mass (in kilograms)
divided by height squared (in square meters). Waist
circumference was measured at the level of the umbilicus
using a nonelastic tape to the nearest 0.1 cm.

Whole-body fat mass and lean tissue mass were measured
by dual-energy x-ray absorptiometry (Lunar DPX-L densi-
tometer; Lunar, Madison, WI) [35].

2.4. Activity and diet before exercise

All participants were instructed to maintain their usual
daily dietary and physical activity patterns during the entire
study. Participants were instructed to refrain from transient
strenuous physical activity for at least 3 days before each
trial. On the day before each trial, they kept a food diary and
consumed the same meal before each exercise trial.

2.5. Experimental design

Each participant performed 2 trials: a moderate-intensity
aerobic exercise trial (ME) and a high-intensity aerobic
exercise trial (HE), separated by at least 1 week. The ME and
HE consisted of 60 minutes of aerobic exercise at an
intensity of 50% or 70% VO2peak, respectively. During each
trial, gas exchange was measured continuously to estimate
total energy expenditure and fat oxidation based on oxygen
uptake, carbon dioxide production, and respiratory exchange
ratio (RER). Blood samples were collected at rest, 30
minutes, and 60 minutes of exercise to evaluate concentra-
tions of plasma epinephrine, norepinephrine, glucose, serum
total and HMW adiponectin, insulin, growth hormone, free
fatty acids (FFA), glycerol, triglycerides, IL-6, and TNFα.

2.6. Experimental protocol

The ME and HE were performed in a random order. After
an overnight fast for at least 12 hours, participants arrived at
the laboratory at the University of Tsukuba at 8:00 AM. After
resting for 30 minutes, a resting blood sample (14 mL per
sample) was taken. Each trial started at 8:30 AM for all
participants. For ME and HE, participants performed cycling
exercise for 60 minutes with a workload corresponding to
50% and 70% VO2peak, respectively. Gas exchange was
measured during both trials using indirect calorimetry. Fat
oxidation rates were calculated from RER [36]. Energy
expenditure and substrate oxidation were calculated every
10 minutes. Total energy expenditure and substrate oxidation
were defined as the sum of energy expenditure and substrate
utilization, respectively. Gas analyzers were calibrated
before each trial. Heart rate was monitored continuously
during the trials and recorded every 5 minutes. Blood
samples were collected from each participant before
exercise, 30 minutes after starting exercise, and immediately
after completing exercise.

2.7. Blood sampling

Blood samples were collected in an 8-mL tube contain-
ing thrombin and a heparin-neutralizing agent, a 7-mL tube
containing EDTA-Na2, and a 2-mL tube containing EDTA-
Na2, heparin-Na, and sodium fluoride. All tubes were
centrifuged, and plasma and serum were stored at −80°C
until analysis. These samples were analyzed to determine
concentrations of serum total adiponectin, HMW adipo-
nectin, FFA, glycerol, insulin, growth hormone, triglycer-
ides, IL-6, and TNFα concentrations, and plasma
epinephrine, norepinephrine, and glucose concentration.
Hemoglobin and hematocrit values were measured to assess
plasma volume changes [37].

2.8. Blood analysis

Plasma epinephrine and norepinephrine were quantified
by high-performance liquid chromatography (Tosoh, Tokyo,
Japan) (epinephrine—assay sensitivity, 54.6 mol/L; inter-
assay coefficient of variation [CV], b5.3%; intraassay CV,
b1.0%; norepinephrine—assay sensitivity, 0.06 nmol/L;
interassay CV, b5.3%; intraassay CV, b0.3%). The serum
insulin concentration was measured by an electrochemilu-
minescence immunoassay (Roche Diagnostics, Tokyo,
Japan) (assay sensitivity, 1.2 pmol/L; interassay CV,
b2.8%; intraassay CV, b1.3%). The serum growth hormone
concentration was measured with an immunoradiometric
assay (SRL, Tokyo, Japan) (assay sensitivity, 1.2 μg/mL;
interassay CV, b5.9%; intraassay CV, b5.6%). The serum
FFA concentration was analyzed by an enzymatic colori-
metric method (Wako Pure Chemical Industries, Osaka,
Japan) (assay sensitivity, 0.01 mmol/L; interassay CV,
b1.3%; intraassay CV, b0.4%). The serum glycerol
concentration was analyzed by an enzymatic colorimetric
method (Wako Pure Chemical Industries) (interassay CV,
b5.0%; intraassay CV, b5.0%). The serum triglyceride
concentration was analyzed by an enzymatic colorimetric
method with a glycerol blank sample (Kyowa Medex,
Tokyo, Japan) (assay sensitivity, 0.01 mmol/L; interassay
CV, b2.3%; intraassay CV, b0.8%). The plasma glucose
concentration was analyzed using a glucose oxidase–
immobilized membrane–oxygen electrode (Wako Pure
Chemical Industries) (assay sensitivity, 0.1 mmol/L; inter-
assay CV, b0.7%; intraassay CV, b0.3%). The serum IL-6
and TNFα concentrations were measured by enzyme-linked
immunosorbent assays (R&D systems, Minneapolis, MN)
(IL-6—assay sensitivity, 0.7 pg/mL; interassay CV, b6.4%;
intraassay CV, b4.2%; TNFα—assay sensitivity, 0.5 pg/mL;
interassay CV, b7.4%; intraassay CV, b5.2%). The total and
HMW adiponectin concentrations were measured by en-
zyme-linked immunosorbent assay (Sekisui Medical, Tokyo,
Japan) (assay sensitivity, 0.038 ng/mL; interassay CV,
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lood hormone and metabolite concentrations (n = 9) and TNFα and IL-6
= 6) concentration during aerobic exercise

Rest 30 min 60 min

pinephrine
(pmol/L)

ME 273.0 ± 61.7 357.9 ± 86.9 509.6 ± 146.7
HE 266.9 ± 36.9 606.6 ± 73.4⁎,† 1146.6 ± 269.8⁎,†

orepinephrine
(nmol/L)

ME 2.3 ± 0.3 4.7 ± 0.5† 5.6 ± 0.5†

HE 2.7 ± 0.3 8.8 ± 1.0⁎,† 12.1 ± 1.5⁎,†

sulin
(pmol/L)

ME 57.2 ± 7.0 43.9 ± 5.6† 45.0 ± 5.1†

HE 62.1 ± 7.7 43.1 ± 6.2† 40.0 ± 4.71
rowth hormone
(μg/L)

ME 2.7 ± 1.7 5.7 ± 2.1† 5.8 ± 1.4†

HE 3.5 ± 1.9 8.6 ± 2.7† 9.3 ± 1.8†

FA
(mmol/L)

ME 0.8 ± 0.1 1.6 ± 0.1† 1.9 ± 0.2†

HE 0.6 ± 0.1 2.2 ± 0.5⁎,† 2.5 ± 0.4⁎,†

lycerol
(mmol/L)

ME 1.2 ± 0.2 6.6 ± 1.2† 7.4 ± 1.3†

HE 1.1 ± 0.1 9.9 ± 2.1⁎,† 11.0 ± 2.0⁎,†

riglycerides
(mmol/L)

ME 1.4 ± 0.3 1.0 ± 0.3 1.0 ± 0.3
HE 1.9 ± 0.6 1.4 ± 0.5 1.2 ± 0.5

lucose
(mmol/L)

ME 5.6 ± 0.2 5.2 ± 0.3 5.1 ± 0.3
HE 5.4 ± 0.1 5.0 ± 0.2 5.1 ± 0.2

NFα
(pg/mL)

ME 9.3 ± 8.6 4.3 ± 3.1 3.0 ± 1.9
HE 4.2 ± 1.2 3.3 ± 1.2 3.0 ± 1.1

-6
(pg/mL)

ME 5.4 ± 4.1 1.7 ± 0.4 3.0 ± 1.1
HE 1.6 ± 0.9 1.6 ± 0.4 2.8 ± 0.5

lasma volume
change (%)

ME 0.28 ± 0.08 −0.66 ± 0.12
HE 0.09 ± 0.11 −0.50 ± 0.10

alues are means ± SE.
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b6.0%; intraassay CV, b6.0%) [38]. The middle– plus low–
molecular weight (MLMW) adiponectin concentration was
calculated as the difference between concentrations of total
adiponectin and HWM adiponectin.

2.9. Statistical analysis

All data are expressed as mean ± SE. To compare changes
in hormones, metabolites, IL-6, TNFα, and total, HMW, and
MLMW adiponectin concentrations between trials over time,
2-way repeated-measures analysis of variance was used with
trial and time as factors. Where appropriate, Tukey honestly
significant difference post hoc test was performed to
determine specific significant differences over time within
trials. To compare the differences in exercise intensity, RER
and energy expenditure during aerobic exercise were
compared between ME and HE using paired t tests.
Spearman correlation coefficients were used to determine
the associations between change in concentrations of
adiponectin and its oligomers, and change in concentrations
of hormones, metabolites, and cytokines. There were no
significant differences in plasma volume changes between
ME and HE, and the measurement values are not adjusted.
Statistical significance was set at a confidence level of .05.
⁎ Significantly different from ME at the time (P b .05).
† Significantly different from rest at the same intensity (P b .05).
3. Results

3.1. Exercise intensity and energy expenditure

Mean HR during ME and HE was 107 ± 5 and 128 ± 3
beats per minute, respectively (Table 2), representing 63% ±
3% and 76% ± 1% of the maximum HR. Mean relative
exercise intensity (percentage VO2peak) during ME and HE
was 50% ± 1% and 69% ± 2%, respectively. Total energy
expenditure and fat oxidation estimated by gas exchange
were 1529 ± 139 and 761 ± 77 kJ during ME and 2117 ± 136
and 633 ± 108 kJ during HE, respectively.

3.2. Plasma hormone responses

Significant trial × time interactions were found for
changes in plasma epinephrine and norepinephrine (P b
.05) (Table 3). The plasma epinephrine concentration
Table 2
The relative intensity, RER, and energy expenditure during aerobic exercise
(n = 9)

ME HE

VO2peak (%) 50 ± 1 69 ± 2⁎

HR (beat/min) 107 ± 5 128 ± 3⁎

Maximal HR (%) 63 ± 3 76 ± 1⁎

RER 0.84 ± 0.01 0.91 ± 0.01⁎

Total EE (kJ) 1529 ± 139 2117 ± 136⁎

Fat oxidation (kJ) 761 ± 77 633 ± 108⁎

Fat oxidation (%) 52 ± 5 30 ± 4⁎

Values are means ± SE. EE indicates energy expenditure.
⁎ Significantly different from ME (P b .05).
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increased significantly from rest to 30 and 60 minutes
during HE (P b .05). The plasma epinephrine concentration
at 30 and 60 minutes was higher during HE than during ME
(P b .05). The plasma norepinephrine concentration
increased during ME and HE (P b .05) and was
significantly higher at 30 and 60 minutes during HE than
during ME (P b .05). The serum insulin concentration
decreased significantly during ME and HE (P b .05). No
significant trial × time interaction was found for changes in
serum insulin concentration. The serum growth hormone
increased significantly during HE (P b .05).

3.3. Blood metabolite responses

There were significant trial × time interactions for
changes in serum FFA and glycerol concentrations (P b
.05) (Table 3). The serum FFA and glycerol concentrations
increased during both trials (P b .05), but were higher after
HE than after ME (P b .05). There was no significant trial ×
time interaction for changes in the plasma glucose
concentration. The serum triglyceride concentration tended
to decrease with both ME and HE, but no significant trial ×
time interaction was evident.

3.4. Adiponectin responses

Serum total, HMW, and MLMW adiponectin concentra-
tion responses are shown in Figs. 1 and 2. Significant trial ×
time interactions were observed for changes in serum total
andMLMW adiponectin concentrations (P b .05), but not for



Fig. 1. Changes in total (A), HMW) (B), and MLMW (C) adiponectin
concentrations during ME and HE. There was a significant trial × time
interaction for the total and MLMW adiponectin concentrations (P b .05).
No significant trial × time interactions were found for the HMW adiponectin
concentration (P N .05). ⁎Significantly different between rest and 60 minutes
in HE (P b .05). Values are means ± SE.

Fig. 2. Changes in the ratio of HMW (A) and MLMW (B) to total
adiponectin concentration after ME and HE. Significant trial × time
interactions were found for the ratios of HMW and MLMW to total
adiponectin concentration (P N .05). ⁎Significantly different between rest
and 60 minutes in HE (P b .05). Values are means ± SE.
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the serum HMW adiponectin concentration. The total and
MLMW adiponectin concentrations were lower at 60
minutes than during rest and at 30 minutes during HE (P b
.05), but did not change during ME. The HMW adiponectin
concentration remained unchanged during ME and HE
(Fig. 1). The ratio of HMW to total adiponectin concentra-
tion increased and the ratio of MLMW to total adiponectin
concentration decreased significantly during HE (Fig. 2).

3.5. Cytokines (IL-6 and TNFα) responses

IL-6 and TNFα results for 3 participants were excluded
because of measurement errors. No significant trial × time
interactions were found for changes in serum IL-6 and TNFα
concentrations, and there were no changes in serum IL-6 or
TNFα concentrations during ME and HE (Table 3).

3.6. Association between adiponectin and hormones,
metabolites, and cytokines

During HE, the percentage changes of the total adipo-
nectin and MLMW adiponectin concentrations were nega-
tively correlated with the percentage changes in epinephrine
concentration from rest to 60 min (r = −0.67, P b .05 and r =
−0.81, P b .05, respectively; Fig. 3). The percentage changes
of the total adiponectin and MLMW adiponectin concentra-
tions were not correlated with the percentage changes of
other hormones or cytokines from rest to 30 minutes or from



Fig. 3. Spearman correlation coefficients between changes in epinephrine,
norepinephrine, and insulin concentration and change in total (black bar),
HMW (gray bar), and MLMW (white bar) concentrations (A, 60-minute
value − 30-minute value; B, 60-minute value − rest value). ⁎P b .05. Values
are means ± SE.
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rest to 60 minutes. During ME, the percentage changes in
total adiponectin or oligomer concentrations were not
correlated with the percentage changes of any hormones,
metabolites, or cytokines.
4. Discussion

The main finding of this study was that the total
adiponectin concentration decreased during acute high-
intensity aerobic exercise, but not during moderate-intensity
aerobic exercise, in middle-aged abdominally obese men.
The changes in total adiponectin concentration during high-
intensity aerobic exercise were mainly due to changes in the
MLMW adiponectin concentration. Differences in the
responses of total adiponectin and MLMW adiponectin
concentrations between exercise intensities may be due to
differences in epinephrine concentration.

Our findings are in agreement with some previous
studies [14,15], but contradict studies that reported
unchanged plasma or serum concentrations of total
adiponectin during acute aerobic exercise at intensities
(50% VO2max to exhaustion) in healthy young men [16-21]
and overweight young men [20]. However, the reason for
these discrepancies remains unclear. Differences in age,
fitness levels, and obesity phenotype may explain the
contrasting results because these factors influence metab-
olism during exercise [39-42].

Adiponectin oligomer profiles do not change during
moderate- to high-intensity aerobic exercise in healthy
young men [19,21]. The present study is the first to
investigate changes in adiponectin oligomers during
moderate- and high-intensity aerobic exercise in middle-
aged abdominally obese men. Several studies have
demonstrated that HMW adiponectin is the more active
form in liver and skeletal muscles compared with MMW
and LMW adiponectin [6-8], suggesting that HMW
adiponectin improves glucose and lipid metabolism after
exercise; however, acute aerobic exercise did not affect the
concentration of HMW adiponectin in the present study.
This finding is in agreement with our previous study [21]
and another study involving young men [19]. Accordingly,
our data suggest that acute aerobic exercise does not affect
the production or secretion of HMW adiponectin, and that
the blood HMW adiponectin concentration may not affect
glucose or lipid metabolism during acute exercise in middle-
aged abdominally obese men.

The contribution of a decrease in total adiponectin
accompanied by a selective decrease in MLMW adiponectin
to metabolic disorders in obesity is currently not clear
because LMW and MMW adiponectin has relatively weak
effects on the liver and skeletal muscles [6-8]. However,
O'Leary et al [43] recently found that the ratio of HMW to
total adiponectin increased, with no change in absolute
HMW adiponectin concentration, during 12 weeks of
supervised aerobic exercise (60 minutes at 80%-85%
maximum HR) without a reduction in caloric intake. The
observed increase in the ratio was due to a reduction in the
percentage change of the MMW adiponectin concentration.
The authors also observed that the glucose disposal rate
improved during the intervention. They proposed that a
reduction in MMW adiponectin may lead to reduced
competition between HMW and LMW adiponectin for
binding to the adiponectin receptor. Their findings suggest
that fluctuations in the levels of MMW adiponectin
oligomers indirectly reinforce the function of HMW
adiponectin and lead to improvements in metabolic dis-
orders. In addition, this observation seems to be supported by
our finding that the ratio of HMW to total adiponectin
increased accompanied by decreasing concentrations of
MLMW adiponectin during high-intensity aerobic exercise
in an obese population.

The synthesis and secretion of adiponectin are partly
controlled by several hormones, including insulin and
catecholamines. Insulin may decrease adiponectin messen-
ger RNA expression and protein secretion [44-46]. In
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humans, the concentration of adiponectin decreases during
hyperinsulinemic-euglycemic clamps [45,46]. However, in
this study, the serum insulin concentration was similar with
both exercise intensities; and the change in insulin
concentration was not correlated with changes in adiponectin
concentration. Therefore, the changes in total and MLMW
adiponectin cannot be due to changes in insulin concentra-
tions during HE. In contrast, the plasma concentrations of
epinephrine and norepinephrine were higher during HE than
during ME. Furthermore, the changes in epinephrine
concentration were negatively correlated with the total and
MLMW adiponectin concentrations, suggesting that epi-
nephrine inhibits the release of total and MLMW adiponectin
during HE. Previous studies have reported that increased β-
adrenergic activation down-regulates adiponectin messenger
RNA, protein synthesis, and secretion in cell lines [44], in
animals [25-28], and in human adipose tissue in vitro [25]
and that the down-regulation of adiponectin secretion may be
induced by an increase in cyclic AMP as a second messenger
in the lipolytic cascade in adipocytes [25]. Therefore, it is
possible that the marked increase in cyclic AMP in adipose
tissue due to an increase in circulating catecholamine
concentration during HE attenuates MMW or LMW
adiponectin secretion from adipocytes.

Proinflammatory cytokines also affect adiponectin levels.
IL-6 [30] and TNFα [29] interfere with adiponectin
production and secretion. In particular, IL-6 increases during
acute exercise [17,20,32] in proportion to exercise intensity
[31]. In the present study, the concentrations of IL-6 and
TNFα remained unchanged and were similar in both exercise
intensities. Therefore, it seems unlikely that IL-6 and TNFα
can account for the differences in adiponectin oligomer
concentrations between the 2 exercise intensities.

There are several limitations to this study. First, this study
was not a controlled trial; and the influence of circadian
rhythms cannot be entirely excluded. The circulating
concentration of adiponectin shows ultradian pulsatility
and diurnal variation [47-49], although the adiponectin
concentration remains stable during daytime (8:00 AM to
8:00 PM). Similarly, the plasma concentration of catechola-
mines also shows circadian rhythms [50,51]. In particular,
epinephrine reaches a peak level in the morning at around
8:00 AM [50]; and the relative change from the peak to the
trough is 53% [51]. The change in epinephrine concentration
during ME was within this range, whereas the change during
HE clearly exceeds this range. Therefore, the observed
changes in adiponectin and epinephrine concentration cannot
be explained only by the ultradian pulsatility or diurnal
variation in adiponectin or epinephrine. Nevertheless,
studies based on a controlled trial design are required to
further investigate our findings. Second, the participants in
our study were sedentary, middle-aged, abdominally obese
men. Our findings do not apply to other individuals such as
healthy young or old men and women, obese women, or
populations with abnormal metabolism. Finally, the total
adiponectin and adiponectin oligomer concentrations were
measured at 3 points during aerobic exercise. If sampling
was performed more frequently, the continuous time course
of changes in adiponectin, hormones, cytokines, and
metabolites during aerobic exercise could be determined.
In addition, the decreased adiponectin concentration might
recover above baseline levels after exercise [14]; conse-
quently, it is unclear whether the concentration of adipo-
nectin oligomers changed after exercise in our study.
Measurement of blood adiponectin concentrations after
exercise would provide greater insight into the responses
of adiponectin to exercise.

In conclusion, the results of our study demonstrate that
high-intensity aerobic exercise altered total and MLMW
adiponectin concentrations in middle-aged abdominally
obese men. These findings suggest that the MLMW
adiponectin concentration, rather than the HMW adiponectin
concentration, is influenced by changes in epinephrine
concentration during exercise in middle-aged abdominally
obese men. Additional studies are needed to determine
whether changes in adiponectin oligomer concentrations
influence metabolism after acute exercise and chronic
exercise training.
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