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Abstract OBJECTIVE: Adiponectin, the most abundant protein secreted by white adipose
tissue, is known for its involvement in insulin resistance (HOMA-R). The purpose
of this investigation was to assess the effect of intense cycling training for six
months on plasma concentrations of adiponectin and leptin and HOMA-R.
METHODS: Eight trained males non professional cyclists participated in this study.
They completed two times maximal exercises separated by six months heavy
cycling training. Blood samples were obtained before exercise, at the end and after
30 and 60 minutes of recovery.

RESULTS: Before training, adiponectin concentrations were not significantly
altered after maximal exercise, but plasma leptin levels decreased significantly at
the end of exercise (-21.42%, p<0.01) and after 60 min of recovery (-21.18%,
p<0.05). After 6 months training, subjects exhibited a decreased in control leptin
concentrations (-44.91%, p<0.05) and in HOMA-R (-30.68%, p<0.05) and
showed delayed increase in adiponectin concentrations (after 30 min of recovery)
(14.10%, p<0.01).

CONCLUSIONS: Our results showed that adiponectin is sensitive to maximal
exercise when realised after intense training and that six months heavy cycling
training don't affect adiponectin concentrations, but decreases the synthesis of
leptin and HOMA-R and improves aerobic capacity. Furthermore, it appears that
after 6 months heavy chronic exercise adiponectin is not associated with aerobic
capacity and/or insulin resistance and/or body composition modifications.
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INTRODUCTION

Adipose tissue secretes multiple proteins known as adi-
pocytokines that modulate various biological functions
(Ronti et al. 2006). One of these adipocytokines is adi-
ponectin (Scherer et al. 1995) which is the most abun-
dant. Low circulating levels of adiponectin have been
implicated in the development of insulin resistance
(Yamamoto ef al. 2004) and associated disorders such
as obesity (Hara et al. 2003), dislipidemia (Saunders
et al. 2012), type 2 diabetes (Lindsay et al. 2002) and
cardiovascular diseases (Schulze et al. 2005). Adipo-
nectin plays also an important role in glucose and lipid
metabolism (Bouassida et al. 2010a). The response of
plasma adiponectin concentration to acute and chronic
exercise is limited and controversial (Bouassida et al.
2010b).

Further, evidence also suggests that an acute bout
of vigorous aerobic exercise may result in a significant
increase in plasma adiponectin levels in trained ath-
letes, although this increase is not apparent until 30
minutes after the cessation of exercise (Jurimae et al.
2005; Jirimie et al. 2006). In contrast, immediately fol-
lowing the cessation of exercise, adiponectin levels are
reported to be unchanged (Mansouri ef al. 2011; Pop et
al. 2010) or decreased (Numao et al. 2011; Gokbel et al.
2012).

Further, evidence also suggests that an acute bout of
aerobic exercise at a moderate intensity has little or no
impact on adiponectin levels in healthy, but untrained
populations (Bouassida et al. 2010b).

It has been established that endurance training
increases insulin sensitivity and causes improvements
in insulin sensitivity. However, there is still contro-
versy with regard to the effects of endurance training
on adiponectin. For example, different authors have
demonstrated no change (Plinta et al. 2011; Mansouri
et al. 2011) or an increase (Saunders et al. 2012; Kelly
et al. 2012) in adiponectin following different training
protocols.

The purpose of the present study was to examine the
effect of six months heavy cycling training on plasma
adiponectin, leptin and insulin sensitivity during acute
maximal exercise. We also sought to determine the
effect of training on adiponectin and insulin resistance
in trained cyclists subjects.

We hypothesized that adiponectin levels would be
significantly increased following the acute maximal
exercise after six months heavy cycling training. In this
context, we want to confirm the results of Jurimae et
al. who indicated a delayed increase (after 30 min) in
adiponectin concentration after heavy exercises per-
formed by trained rowers. We also hypothesized that
heavy chronic exercise would increase control adipo-
nectin levels and decrease control leptin concentrations
and insulin resistance.

METHODS
Participants

Eight healthy young males non professional cyclists
were enrolled into this study before the beginning of
the season (after one month and half holiday with no
training or dietary restrictions). Their physical charac-
teristics are shown in table 1. None of them smoked or
drank alcohol or was taking any medication. Informed
consent was obtained from all subjects and the study
protocol that was in accordance with the principles of
the Declaration of Helsinki 1975 (as revised in 1983).
The study has been approved by the Ethical Committee
of the University Hospital of Sousse, Tunisia.

Anthropometric measurements

Height was measured with a standing stadiometer and
recorded with a precision of 0.1 cm. Body mass, percent
body fat, fat mass and lean body mass were measured
using bioelectrical impedance analysis (BEURER, Ger-
many). Body mass index (BMI) was calculated using
the standard formula: body mass in kilograms divided
by height in meters squared (kg.m-2).

Experimental design

Participants performed an incremental exercise test to
exhaustion on a calibrated cycle ergometer (Ergoline,
Germany) to determine maximal oxygen consumption
(VOyma). The test consisted in a 5 min warm-up fol-
lowed by increments in power of one minute at 60 rpm
until exhaustion. The loads during warm-up and incre-
ments were individually adjusted by taking into account
the age, height and body mass of each subject (Wasser-
man et al. 1987). The analyzer was calibrated before the
rest with the gases of known concentration. Validation of
attainment of VO,,,,, satisfied two of the following four
criteria: 1) an oxygen uptake plateau despite increasing
exercise intensity, 2) respiratory exchange ratio >1.10,
3) maximal heart rate within 10 beats.min-1 of the age
predicted maximal values (Tanaka et al. 2001) and 4)
subject exhaustion.

Exercise sessions

These incremental exercises were carried out in Farhat
Hached Hopital laboratory. Each subject performed
them separated by a 6-months interval. A standardized
breakfast (398 kcal) (Food Processor, version 8.3) was
taken at 08:15 a.m. in the laboratory (the last meal taken
by the subjects was at around 8:00 p.m the day before
and no other food or drink was taken until breakfast)
just after the blood sampling (08:00 a.m.). The exercise
started at 09:00 a.m.

The experiment was designed as follows:

o Maximal Exercise 1 (MEx1): This exercise was
performed before the beginning of the prepara-
tion period.

o Maximal Exercise 2 (MEx2): This exercise was
performed after six months cycling training.
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Blood analysis

Blood samples were collected by venepuncture on 4
occasions: before the exercise control value (S1), at the
end (S2), after 30 min (S3) and 60 min (S4). The same
protocol was repeated after 6-months of heavy training.

The fasting blood samples (10 ml) were obtained
from the antecubital vein with the subject in the upright
position at 8:00 a.m. The plasma was separated and
frozen at —-80 °C for later analysis.

Plasma adiponectin concentration was measured by
immunoradiometric assay (Diagnostic Systems labora-
tories, USA intra-assay coefficient of variation (CV) was
2.6% and interassay CV was 3.7% ). Plasma leptin con-
centration was determined by an immunoradiometric
method (Immunotech, France, France, intra-assay CV
was 3.3% and interassay CV was 4.8%). Glucose was
measured using the hexokinase/glucose-6-phosphatase
dehydrogenase method with a commercial kit (Boeh-
ringer, Mannheim, Germany). Plasma insulin concen-
tration was estimated by a radioimmunoassay method
(Immunotech, France, intra-assay CV was 2.8% and
interassay CV was 5.3%). The insulin resistance index
from fasting plasma insulin and plasma glucose levels
was estimated using the homeostasis model assessment
for insulin resistance (HOMA-R) and was calculated as
described by Mathewes et al. (1985) {[fasting insulin
(wU/ml) x fasting glucose (mmol/L]/22.5}(23).

Hydration

To maintain optimal hydration, each subject drank
three times the amount of 200 ml of water every 30
min: just before, after 10 and 40 min recovery.

Exercise training
The training program comprised 3 periods:

o Preparatory period (3 months):

The objective for this period is built a good basic fit-
ness level at least 500 km for 5 days/week. The inten-
sity of the exercise is done at 55-60 VO,,... (which
corresponds with 60-65% of the heart rate reserve
(HRR)). The HRR describes the difference between
the maximum heart rate (HRmax) and resting heart
rate. HRR=HR ., - HR .. The training heart rate
can now be calculated: Training HR=(%intensity x
HRR) + Resting HR. The HRmax was controlled
by a Sport-tester device (Vantage NV, Polar Electro,
Kempele, Finland). The mileage of the long ride
increases gradually by no more than 10-12% per
week.

o Transition or Competition preparation phase period
(2 months):
For this period, the cyclists performed 5days/week
with an intensity above 80% HRmax
Monday: 2 hours with intervals, of which 45 minutes
high intensity
Tuesday: recovery day, rest

Adiponectin is altered only after maximal exercise

Wednesday: 2 hours: 3x20 min endurance + 8x
sprint (6 sec work and 3 min active pause)
Thursday: 11/2-2 hours with intervals, of which 40
minutes high intensity

Friday: day off

Saturday: 1 % hours: 3x20 min endurance + 6x
sprint (8 sec work and 2 min active pause)

Sunday: up to 4 hours: 45 min combination of high
intensity and fartlek.

o Competition period (1 month):
At the competition phase of training is marked
by intensity 85-88% HRmax. The cyclists trained
3 days/week.
Monday: 2-3 hours with intervals, of which 30 min-
utes high intensity and 30 minutes endurance.
Tuesday: day off
Wednesday: 2-3 hours with intervals, of which
30 minutes high intensity and 30 minutes endurance.
Thursday: day off
Friday: up to 4 hours: 45 minutes combination of
high intensity and fartlek.
Saturday: day off
Sunday: competition

Statistical analysis

Mean + standard deviation (SD) were calculated for all
variables. Friedman two-way analysis was performed,
relating exercises (MEx1 and MEx2) and time of sam-
pling (S1 to S4). When this analysis revealed significant
differences a Wilcoxon paired test was used to iden-
tify significant changes between S1 and S2 to S4 and a
Mann-Whitney test for unpaired data was used to locate
where significant differences existed between MExI
and MEx2. Correlation between adiponectin, leptin,
insulin, BMI, body weight, percent body fat, body fat
mass, lean body mass, VO, PAP and HOMA-R was
performed using the Spearman method. p<0.05 was
considered statistically significant.

RESULTS

Subject characteristics

Physical characteristics of the subjects before and
after 6 months training are presented in Table 1. After
the intervention, body mass, BMI, fat mass and per-
cent body fat were significantly decreased (p<0.05).
Whereas, VO, and PAP increased significantly by
11.25% (p<0.05) and by 6.58% (p<0.05), respectively.

Hormonal and metabolic modifications

Before training, adiponectin concentrations were not
significantly altered after maximal exercise, whereas
plasma leptin concentrations decreased significantly at
the end of exercise (-21.42%, p<0.01) and after 60 min
of recovery (-21.18%, p<0.05) (Table 2, Figures 1 and
2). After 6 months training, subjects exhibited a delayed
increase in adiponectin concentrations (after 30 min of
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Tab. 1. Physical characteristics of subjects.

Before After 6 months

Age (Yr) 20.7+4.8

Height (cm) 1.79+0.06

Body mass (kg) 66.9+6.37 65.3+5.8*

BMI kg/m? 20.7+13 19.9+1.1%
Body Fat (%) 7.8+14 7.5+1.0%
Body fat mass (kg) 53413 49+1.0%

Lean body mass (kg) 31117 32.3+43.1
V10yay (Ml/kg/min) 64.0+5.9 72.1+8.8*

PAP (w) 399+23.70 425+31.19*

Data are means (£SD). VOZmaX: Maximal oxygen consumption; PAP:
Peak Aerobic Power. *P<0.05 Before vs after 6 months.

Table 2. Mean + SD changes in plasma adiponectin, leptin and
insulin concentrations and in HOMA-R before and after the two
maximal exercises realised before and after 6 months cycling
training.

Blood sampling
cv 0 min 30 min 60 min
S1 S2 S3 S4
Before 7414320 7.54+3.19  8.14+£3.21  7.57+3.73
Adiponectin
/ml
W iter 5534212 5542210 6314£2.00% 5444213
6 months
Before 8.26+4.85 6.49+4.59** 754+4.87 6.51+4.35**
Leptin
ng/ml
After 4554254+ 509+3.01 436+1.75 4.34+2.17
6 months
Before 10.26+5.34  4.86%+1.13*  6.19+£5.79  4.05+2.52%
Insulin
pU/ml
Ater 11044718 6444273% 4712260% 23740.90%
6 months
Before 0.88+0.22
HOMA-R A
er
6 months 0.61£0.16+

HOMA-R: Homeostasis model assessment for insulin resistance; S:
Sampling point; CV: Control value. *p<0.05; **p<0.01 CV vs other
samplings. +p<0.05 Before vs after 6 months.

recovery) (14.10%, p<0.01) and decreased control leptin
concentrations (-44.91%, p<0.05) (Table 2, Figure 1, 2).
HOMA-R was significantly reduced by 30.68%, p<0.05
following the 6 months cycling training.

Correlations

At rest, adiponectin levels during the second maximal
exercise was only related to rest insulin concentrations
(r=0.89, p<0.05).

Before

After 6 months
40
FE

30

20

Relative changes in adiponectin (%)

=20

82 s3 54

0 30 60 min

Fig. 1. Relative changes in serum levels of adiponectin before
and after 6 months cycling training. Data are presented as
percentage changes in relation to baseline values. **p<0.01 vs
baseline.

Before
After 6 months

Relative changes in leptin (%)
a

20
-30
-40
=50 Fx *%
+
-60
s2 S3 sS4
0 30 60 min

Fig. 2. Relative changes in serum levels of leptin before and after
6 months cycling training. Data are presented as percentage
changes in relation to baseline values. **p<0.01 vs baseline.
#p<0.05 before vs after 6 months training.

Basal adiponectin concentration was not related
(p>0.05) to body mass (r=-0.56 MEx1; r=0.11 MEx2),
BMI (r=-0.30 MExI1; r=-0.07), percent body fat (r=-
0.38 MZEx1; r=-0.02 MEx2), fat mass (r=-0.36 MEx1;
r=-0.04 MEx2), lean body mass (r=0.57 MEx1; r=0.02
MEx2), VO, (r=—-0.14 MEx1; r=-0.46 MEx2), PAP
(r=-0.14 MEx1; r=-0.59 MEx2), insulin (r=-0.29
MEx1), leptin (r=-0.15 MEx1; r=-0.29 MEx2), or
HOMA-R (r=0.50 MEx1; r=0.73 MEx2) values.
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DISCUSSION

The main findings of the present study were that: Before
training, we failed to demonstrate significant changes in
adiponectin concentrations after maximal exercise but,
we showed a decrease in leptin concentrations. After
6 months training, we indicated a delayed increase in
adiponectin concentrations after maximal exercise, a
lower HOMA-R and control leptin concentrations and
an increased aerobic capacity.

Adiponectin response to acute and chronic exercise

Our results support our first hypothesis and suggest
that an acute bout of maximal exercise when realised by
trained cyclists results in a significant delayed increase
in plasma adiponectin levels.

Thus, we are the third study that shows a delayed
increase (after 30 min) in adiponectin concentra-
tion after intense exercises performed by trained ath-
letes. Indeed, trained rowers experienced a significant
increase in adiponectin levels 30 min post 6.5 km
rowing exercise at individual anaerobic threshold
(Jurimée et al. 2006) and post maximal 6 km rowing
(Jurimde et al. 2005). These authors attributed the
delayed increase in adiponectin concentrations to the
effects of short-term strenuous exercises realized when
all major muscle parts are involved, such as rowing in
highly trained subjects. Kelly et al. (2012) and Saunders
et al. (2012) indicated also an increase in adiponectin
concentrations after seven consecutive days of vigor-
ous exercise in obese adults and after both acute and
short-term aerobic exercise result in abdominally obese
men, respectively. On the other hand, plasma adiponec-
tin remained unchanged after 1) long-term moderate
aerobic exercise in young female handball and bas-
ketball players (Magkos et al. 2010), 2) high intensity
resistance exercise performed by trained and untrained
subjects (Mansouri et al. 2011) and 3) single bout of
moderate-intensity endurance exercise in healthy men
and women (Magkos et al. 2010).

In contrast to our second hypothesis, we didn't dem-
onstrate an increase in control adiponectin levels after
the training in spite of the small modifications in body
composition and aerobic capacity. Our results are in
good agreement with previous exercise training stud-
ies showing no change in basal adiponectin levels after
12 weeks endurance or resistance training despite an
improvement of maximal oxygen consumption and a
significant decrease in body fat percentage (Ahmadi-
zad et al. 2007). Several studies have shown that smaller
decreases in the BMI do not result in any significant
changes in adiponectin concentrations (Ryan et al.
2003; Mousavinasab et al. 2005). On the other hand,
there are some reports indicating that considerable
weight loss produces a significant increase in adipo-
nectin levels (Yang et al. 2002 ; Esposito et al. 2003).
Therefore, we presume that we did not observe any
significant changes in adiponectin levels in our study

Adiponectin is altered only after maximal exercise

because the weight loss produced by exercise training
was too subtle.

Potential mechanisms

Although insulin levels have been suggested to play a
role in acute changes in adiponectin levels (Fasshauer
et al. 2002 ; Jirimde et al. 2005), it seem unlikely to
explain the increase in adiponectin observed in the
present study. In the present study, adiponectin levels
were elevated above baseline only after 30 min recov-
ery, while insulin levels were reduced in all time points
for both exercises (immediately following exercises).
This suggests that changes in insulin levels are not the
primary mediator of the observed change in adiponec-
tin levels. The mechanisms linking adiponectin to insu-
lin are less unclear and further studies are necessary to
clarify why in certain case adiponectin remains stable
in spite of hypoinsulinemia. Further studies are needed
to determine the mechanisms which intervene in the
regulation of the synthesis and the release of adiponec-
tin after the exercise and why this response is delayed.

Insulin resistance and adiponectin

In the present study, 6 months of heavy cycling training
improved insulin resistance by 30.68% (p<0.05). The
relationship between adiponectin, insulin resistance and
chronic exercise seems complicated and three models
exist: 1) like our results, adiponectinemia stable and
decreased insulin resistance (Ahmadizad et al. 2007),
2) hyperadiponectinemia and stable insulin resistance
(Mujumdar et al. 2011) and 3) hyperadiponectinemia
and decreased insulin resistance (Moghadasi et al.
2012). Several mechanisms have been proposed to be
responsible for the increases in insulin sensitivity after
exercise training (Ebeling et al. 1993; Dela et al. 1994).
These include increased post-receptor insulin signal-
ling (Dela et al. 1993), increased glucose transporter
protein and mRNA (Dela et al. 1994), increased activ-
ity of glycogen syntheses and hexokinase (Ebeling et al.
1993) and increased muscle glucose delivery.

Leptin response to acute and chronic exercise

Another interesting finding of this study was that
plasma leptin was significantly decreased at the end of
the first exercise (-21.42%, p<0.01) and after 60 min of
recovery (-21.18%, p<0.05).

Leptin concentrations significantly decreased fol-
lowing 1) 20 min at 80% of peak aerobic power (PAP)
in overweight males(Bouassida et al. 2010a), 2) 6.5 km
rowing at the individual anaerobic threshold in college
level male rowers (Jarimae et al. 2007) and 3) 90-min
rowing at 70-75% of VO, in trained rowers (Des-
gorces et al. 2004). On the other hand, Bouassida et al.
(2010a); Kyriazis et al. (2007) and Olive & Miller (2001)
showed that leptin concentrations were not altered after
respectively, 20 min at 60% of PAP in overweight males,
60 min at 60% of VO,,,,. in obese men and 1 hour at
60% of VO, in trained subjects.
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The decrease in leptin concentrations after the first
maximal exercise can be explained by the total work
output that was done during this exercise was beyond
the threshold reduction in energy availability that must
be reached to alter the leptin concentration (Bouassida
et al. 2010a). But, the same energy expenditure was done
during the second exercise after which we didn’t found
reduction in leptin. We speculate that lower control
leptin concentration observed after training prevent us
to note decline in leptin.

Following this study, we pointed out that inter-
estingly, after 6 months trained subjects exhibited
decreased control leptin concentrations (—44.91%,
p<0.05) with decreased body weight, BMI and body fat
mass.

Several previous studies established that leptin con-
centrations were lower after 2 weeks of high-volume
training in trained rowers (Rdmson et al. 2012) and after
3 months aerobic training in preparation for the match
season (Plinta et al. 2011). These declines in circulating
leptin levels occur without body weight changes. Simi-
lar to our results, Huskoren et al. (2010) suggested that
8 weeks military training altered leptin and BMI. On
the other hand, Ara et al. (2006) reported that 6 weeks
resistance training did not effect leptin concentrations.

We suggest that weight and body fat loss com-
bined with improved insulin sensitivity noted after
6-months of training cycling decreases control leptin
concentrations.

The present study has several strengths and limita-
tions which warrant mention. As mentioned previously,
the present analysis focused only on adiponectin, leptin
and insulin concentrations, rather than looking at con-
centrations of specific hormones that can modulate adi-
ponectin concentrations such as interleukin-6, tumor
necrosis factor and catecholamine (Chen et al. 2011;
Schulpis et al. 2005). The current study also focused
exclusively on a relatively trained group of non profes-
sional cyclists, and thus our findings may not translate
to other individuals with ages or phenotypes different
from those of participants in the current sample.

In conclusion, our results showed that adiponectin
is sensitive to maximal exercise when realised after
intense training and that six months heavy cycling
training don’t affect adiponectin concentrations, but
decreases leptin and HOMA-R and improves aerobic
capacity. Furthermore, it appears that after 6 months
heavy chronic exercise adiponectin is not associated
with aerobic capacity and/or insulin resistance and/or
body composition modifications.

ACKNOWLEDGEMENTS

The author would like to thank all the subjects who
participated in this study, The federation of cyclist, the
staff of the Physiology Department, Faculté de Méde-
cine Ibn el Jazzar, 4002 Sousse, Tunisia and the staff of
the Biochemistry Department, Hopital Farhat Hached,

4002 Sousse, Tunisia. This work was supported by the
“Ministere de 'Enseignement Supérieur, de la recherche
Scientifique et de la Technologie, Tunisia”.

REFERENCES

1 Ahmadizad S, Haghighi AH, Hamedinia MR (2007). Effects of
resistance versus endurance training on serum adiponectin and
insulin resistance index. Eur J Endocrinol. 157(5): 625-631.

2 Aral, Perez-Gomez J, Vicente-Rodriguez G, Chavarren J, Dorado
C, Calbet JA (2006). Serum free testosterone, leptin and solu-
ble leptin receptor changes in a 6-week strength-training pro-
gramme. Br J Nutr. 96(6): 1053-1059.

3 Bouassida A, Chamari K, Zaouali M, Feki Y, Zbidi A, Tabka Z
(2010a). Review on leptin and adiponectin responses and adap-
tations to acute and chronic exercise. Br J Sports Med. 44(9):
620-630.

4 Bouassida A, Lakhdar N, Benaissa N, Mejri S, Zaouali M, Zbidi A et
al (2010b). Adiponectin responses to acute moderate and heavy
exercises in overweight middle aged subjects. J Sports Med Phys
Fitness. 50(3): 330-335.

5 ChenL, HeT, Han, Sheng JZ, Jin S, Jin MW (2011). Pentameth-
ylquercetin improves adiponectin expression in differentiated
3T3-L1 cells via a mechanism that implicates PPARy together
with TNF-a and IL-6. Molecules. 16(7): 5754-5768.

6 Dela F, Handberg A, Mikines KJ, Vinten J, Galbo H (1993). GLUT4
and insulin receptor binding and kinase activity in trained
human muscle. Journal of Physiology. 469: 615-624.

7 DelaF, PlougT, Handberg A, Petersen LN, Larsen JJ, Mikines KJ et
al (1994). Physical training increases muscle GLUT4 protein and
mMRNA in patients with NIDDM. Diabetes. 43: 862-865.

8 Desgorces FD, Chennaoui M, Gomez-Merino D, Drogou C, Bon-
neau D, Guezennec CY (2004). Leptin, catecholamines and free
fatty acids related to reduced recovery delays after training. Eur J
Appl Physiol. 93(1-2): 153-158.

9 Ebeling P, Bourey R, Koranyi L, Tuominen JA, Groop LC, Henriks-
son J et al (1993). Mechanism of enhanced insulin sensitivity in
athletes: increased blood flow, muscle glucose transport protein
(Glut4) concentration, and glycogen synthase activity. Journal of
Clinical Investigation. 92: 1623-1631.

10 Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M, Marfella
R et al (2003). Effect of weight loss and lifestyle changes on vas-
cular inflammatory markers in obese women: a randomized trial.
JAMA. 289(14): 1799-1804.

11 Fasshauer M, Klein J, Neumann S, Eszlinger M, Paschke R (2002).
Hormonal regulation of adiponectin gene expression in 3T3-L1
adipocytes. Biochem Biophys Res Commun. 290(3): 1084-1089.

12 Gokbel H, Okudan N, Giil I, Belviranli M, Gergerlioglu HS, Basaral
MK (2012). Effects of repeated bouts of supramaximal exer-
cise on plasma adiponectin, interleukin-6, and tumor necrosis
factor-a levels in sedentary men. J Strength Cond Res. 26(6):
1675-1679.

13 Hara T, Fujiwara H, Shoji T, Mimura T, Nakao H, Fujimoto S (2003).
Decreased plasma adiponectin levels in young obese males. J
Atheroscler Thromb. 10(4): 234-238.

14 Huskonen A, Lappalainen J, Tanskanen M, Oksala N, Kyréldinen
H, Atalay M (2010). Genetic variations of leptin and leptin recep-
tor are associated with body composition changes in response to
physical training. Cell Biochem Funct. 28(4): 306-312.

15 Jirimde J, Purge P, Jirimde T (2005). Adiponectin is altered
after maximal exercise in highly trained male rowers. Eur J Appl
Physiol. 93(4): 502-505.

16 Jiriméde J, Purge P, Jirimde T (2007). Effect of prolonged training
period on plasma adiponectin in elite male rowers. Horm Metab
Res.39(7): 519-523.

17 Jurimée J, Hofmann P, Jirimde T, Maestu J, Purge P, Wonisch M
et al (2006). Plasma adiponectin response to sculling exercise at
individual anaerobic threshold in college level male rowers. Int J
Sports Med. 27: 272-277.

Copyright © 2013 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



18 Kelly KR, Blaszczak A, Haas JM, Patrick-Melin A, Fealy CE, Solo-
mon TP et al (2012). A 7-d exercise program increases high-
molecular weight adiponectin in obese adults. Med Sci Sports
Exerc. 44(1): 69-74.

19 Kyriazis GA, Caplan JD, Lowndes J, Carpenter RL, Dennis KE, Sivo
SA et al (2007).Moderate exercise-induced energy expenditure
does not alter leptin levels in sedentary obese men. Clin J Sport
Med. 17(1): 49-51.

20 Lindsay RS, FunahashiT, Hanson RL, Matsuzawa Y, Tanaka S, Tata-

ranni PA et al (2002). Adiponectin and development of type 2 dia-

betes in the Pima Indian population. Lancet. 360(9326): 57-58.

Magkos F, Mohammed BS, Mittendorfer B (2010). Enhanced insu-

lin sensitivity after acute exercise is not associated with changes

in high-molecular weight adiponectin concentration in plasma.

Eur J Endocrinol. 162(1): 61-66.

22 Mansouri M, Keshtkar A, Hasani-Ranjbar S, Soleymani Far
E, Tabatabaei-Malazy O, Omidfar K et al (2011). The impact of
one session resistance exercise on plasma adiponectin and RBP4
concentration in trained and untrained healthy young men.
Endocr J. 58(10): 861-868.

23 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC (1985). Homeostasis model assessment: insulin resis-
tance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia. 28(7): 412-419.

24 Moghadasi M, Mohebbi H, Rahmani-Nia F, Hassan-Nia S, Noroozi
H, Pirooznia N (2012). High-intensity endurance train-
ing improves adiponectin mRNA and plasma concentrations. Eur
J Appl Physiol. 112(4): 1207-1214.

25 Mousavinasab F, Téhtinen T, Jokelainen J, Koskela P, Vanhala
M, Oikarinen J et al (2005). Lack of increase of serum adipo-
nectin concentrations with a moderate weight loss during six
months on a high-caloric diet in military service among a young
male Finnish population. Endocrine. 26(1): 65-69.

26 Mujumdar PP, Duerksen-Hughes PJ, Firek AF, Hessinger DA
(2011). Long-term, progressive, aerobic training increases adi-
ponectin in middle-aged, overweight, untrained males and
females. Scand J Clin Lab Invest. 71(2): 101-107.

27 Numao S, Katayama Y, Hayashi Y, Matsuo T, Tanaka K (2011).
Influence of acute aerobic exercise on adiponectin oligomer
concentrations in middle-aged abdominally obese men. Metab-
olism. 60(2): 186-194.

28 Olive JL & Miller GD (2001). Differential effects of maximal- and
moderate-intensity runs on plasma leptin in healthy trained
subjects. Nutrition. 17(5): 365-369.

29 Plinta R, Olszanecka-Glinianowicz M, Drosdzol-Cop A, Chudek
J, Skrzypulec-Plinta V (2011). The effect of three-month pre-
season preparatory period and short-term exercise on plasma
leptin, adiponectin, visfatin and ghrelin levels in young female
handball and basketball players.) Endocrinol Invest. 35(6):
595-601.

2

—_

Adiponectin is altered only after maximal exercise

30 Pop D, Bodisz G, Petrovai D, Borz B, Zdrenghea V, Zdrenghea D
(2010). The effect of very short duration acute physical exer-
cise upon adiponectin and leptin in overweight subjects. Rom J
Intern Med. 48(1): 39-45.

31 Rdmson R, Jirimde J, Jirimde T, M3estu J (2012). The effect of
4-week training period on plasma neuropeptide Y, leptin and
ghrelin responses in male rowers. Eur J Appl Physiol. 112(5):
1873-1880.

32 Ronti T, Lupattelli G, Mannarino E. (2006). The endocrine func-
tion of adipose tissue: an update. Clin Endocrinol. 64: 355-365.

33 Ryan AS, Nicklas BJ, Berman DM, Elahi D (2003). Adiponec-
tin levels do not change with moderate dietary induced weight
loss and exercise in obese postmenopausal women. Int J Obes
Relat Metab Disord. 27(9): 1066-1071.

34 Saltiel AR & Kahn CR (2001). Insulin signalling and the regulation
of glucose and lipid metabolism. Nature. 414(6865): 799-806.

35 Saunders TJ, Palombella A, McGuire KA, Janiszewski PM, Després
JP, Ross R (2012). Acute exercise increases adiponectin levels in
abdominally obese men. J Nutr Metab. 2012: 148729.

36 Scherer PE,Williams S, Fogliano M, Baldini G, Lodish HF (1995).
A novel serum protein similar to C14, produced exclusively in
adipocytes. Journal of Biological Chemistry. 270: 26746-26749.

37 Schulpis KH, Papassotiriou |, Tsakiris S, Vounatsou M, Chrousos
GP (2005). Increased plasma adiponectin concentrations in
poorly controlled patients with phenylketonuria normalize with
a strict diet: evidence for catecholamine-mediatedadiponec-
tin regulation and a complex effect of phenylketonuria diet on
atherogenesis risk factors. Metabolism. 54(10): 1350-1355.

38 Schulze MB, Shai |, Rimm EB, Li T, Rifai N, Hu FB (2005). Adiponec-
tin and future coronary heart disease events among men with
type 2. Diabetes. 54(2): 534-539.

39 Tanaka H, Monahan KD, Seals DR. (2001). Age-predicted maximal
heart rate revisited. J Am Coll Cardiol. 37(1): 153-156.

40 Wasserman K, Hansen JE, Sue DY, Whipp BJ (1987). Principles of
exercise testing and interpretation. Lea & Febiger, Philadelphia
p.73.

41 Yamamoto Y, Hirose H, Saito I, Nishikai K, Saruta T (2004). Adi-
ponectin, an adipocyte-derived protein, predicts future insulin
resistance: two-year follow-up study in Japanese population. J
Clin Endocrinol Metab. 89(1): 87-90.

42 Yang WS, Lee WJ, Funahashi T, Tanaka S, Matsuzawa Y, Chao CL
et al (2002). Weight reduction increases plasma levels of an
adipose-derived anti-inflammatory protein, adiponectin. J Clin
Endocrinol Metab. 86(8): 3815-3819.

Neuroendocrinology Letters Vol.34 No.3 2013 « Article available online: http://node.nel.edu

235




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


