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Abstract

Background: Adiponectin is considered an important factor in the pathogenesis of cardiovascular and metabolic diseases,
due to its anti-atherogenic and anti-inflammatory properties. Few studies, however, have suggested the existence of a
direct association between adiponectin levels and cardiorespiratory fitness and physical activity levels.

Objective: To verify the influence of the nutritional status and cardiorespiratory fitness on plasma adiponectin levels in
adult men.

Methods: A total of 250 subjects, all in active duty in the Brazilian Army (BA), with a mean age of 42,6 + 4,8 years
volunteered to participate in the study. Plasma levels of adiponectin were measured, as well as body mass, height, waist
circumference (WC), fat percentage by hydrostatic weighing and VO, _ by ergospirometry. A questionnaire was used to
obtain the characteristics of the physical training performed by the individuals.

Results: The sample showed that 121 (48%) individuals were overweight and 36 (14%) were obese. Moreover, 66
individuals (27%) had a body fat percentage > 25% and 26,7% had a WC = 94 cm. Overweight and obese individuals
had significantly lower adiponectin levels than those with an adequate nutritional status. Individuals at the highest
tertile of VO, had higher adiponectin levels than the others. The adiponectin levels were positively correlated with the
total weekly physical training time and VO, _ and inversely correlated with body mass, BMI and WC. The correlation
between adiponectin levels and VO, _ did not remain significant after being adjusted for BMI and WC.
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Conclusion: Individuals with better cardiorespiratory fitness and normal nutritional status seem to present healthier

levels of adiponectin. (Arq Bras Cardiol. 2011; [online].ahead print, PP.0-0)
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Introduction

Recent advances in the biomedical sciences are continuously
modifying concepts regarding the role of different tissues and
organs in the physiology of the human body. In addition to its
classic function of storing energy, adipose tissue (AT) is now
recognized as an important and very active endocrine gland'.
According to Hauner?, AT produces and secretes a wide variety
of peptides and bioactive proteins, called adipocytokines,
especially adiponectin, which is a potent modulator of glucose
and lipid metabolism, as well as an indicator of metabolic
disorders®. This hormone is produced exclusively by the
adipocytes and differs from the others by its reduced plasma
concentration in obese subjects®.

Adiponectin is considered an important factor in the
pathogenesis of metabolic diseases® due to its anti-atherogenic,
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anti-diabetic and anti-inflammatory effects®. Subjects with
higher plasma concentrations of adiponectin have lower risk
for cardiovascular and metabolic diseases’.

It has been suggested that physical exercise, enhanced
physical fitness and obesity reduction are associated with
improvements in the metabolic state, although concentrations
of adiponectin have not changed after some experimental
studies®®. Although controversial, few studies'®'? have
suggested a direct relationship between the levels of
adiponectin and physical activity and, as pointed out by Bliiher
et al®, physical training appears to increase the number of
adiponectin receptors in subcutaneous fat. However, only
a few studies have associated adiponectin plasma levels
with objective measures of cardiorespiratory fitness. Thus,
the objective of this study was to verify the association of
anthropometric measurements, an estimation of nutritional
status, and cardiorespiratory fitness with adiponectin plasma
levels in subjects over 35 years of age.

Methods

The subjects for this study were recruited via printed flyers
in Military Organizations of the Brazilian Army (BA) in the city
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of Rio de Janeiro, Brazil. A total of 250 subjects, all in active
duty in the BA, volunteered to participate in the study.

On a pre-scheduled day the subjects came to the laboratory
in the morning (between 7:00-8:00 a.m.) having fasted for
12 hours. All procedures were explained in depth to the
subjects who signed an informed consent form before data
collection. One test tube of 4.5 ml of blood was drawn and
kept frozen until adiponectin levels were measured (ADIP -
enzyme immunoassay).

Immediately thereafter, body mass (BM) and stature were
measured using a Filizola digital scale to the closest 50 g and
a Sanny wall mounted stadiometer with accuracy of 1 mm,
respectively. Body mass index (BMI) was calculated as BM
(kg) divided by squared stature (m) and used to established
the nutritional status as adequate (18.5 < BMI < 25 kg.m?),
overweight (25 < BMI < 30 kg.m?), and obesity (BMI = 30
kg.m?) according to WHO™. Waist circumference (WC) was
measured at the mid-point between the lower border of the
rib cage and the iliac crest. The WC cut-off point of 94 cm was
used to assess the increased risk of metabolic complications
associated with obesity'. These measures were followed by
hydrostatic weighing, when body density was obtained, and
percentage body fat (%BF) was calculated. Total body fat (TBF)
was computed (BM x %BF) and used in the analysis. After
underwater weighing, the subjects had breakfast and answered
a questionnaire about their physical training routines, followed
by a resting electrocardiogram and a maximal cardiopulmonary
treadmill exercise test (CPET). The total time spent on physical
training (PT), in minutes per week, was calculated by multiplying
the weekly frequency of physical activity by the average duration
of the sessions. The cut-off value of 150 min.wk" of physical
activity at moderate to high intensity was considered as the
minimum recommended amount of physical activity'.

A ramp protocol was used in the CPET which consisted of a
3 minute warm-up at a fast walking pace followed by running
flat on a treadmill (Inbrasport Super ATL - Porto Alegre - Brazil)
with constant increases in speed for 8 minutes, after which
the speed was kept constant and the grade was increased
until volitional exhaustion. All tests lasted between 8 and 12
minutes. Oxygen consumption and carbon dioxide production
were measured using a CPX-D metabolic cart (Medical
Graphics - St Paul Minnesota) during the CPET. Before the first
test of each day, the equipment was calibrated manually after
which it self-calibrated before each test. VO, was measured
at maximal effort defined as the inability to continue exercise
despite vigorous encouragement and confirmed by respiratory
exchange ratio (R) = 1.1, VE/VO, = 35, heart rate = 95% of
age-predicted maximum and respiratory rate = 30'°.

Statistical analysis included descriptive characteristics of the
subjects (average, standard deviation, maximum and minimum
values). Pearson correlation coefficients were calculated to
verify the association among variables. ANOVA was used to
test the significance of the main effect of cardiorespiratory
fitness (tertiles of VO, : < 36.43; 36.43-42.45 and > 42.45
ml O,.kg".min"") and nutritional status on the plasma levels of
adiponectin. The same analyses were performed controlling
for WC, VO, or both (ANCOVA). Tukey post hoc tests
were used to test the significance among means. Statistical
significance was set at a probability of 5%.

The biochemical measurements were conducted by the
NKB Medicina Diagnéstica (Rio de Janeiro, Brazil) and Roche
Diagnostica (Rio de Janeiro, Brazil).

All research procedures were approved by the Institutional
Review board of the Sergio Arouca National Public Health
School, Fundagdo Oswaldo Cruz and all subjects signed an
informed consent form.

Results

The average (+ sd) age of the subjects was 42.6 + 4.8
years with BMI of 26.5 = 3.8 kg.m™ and adiponectin serum
levels of 15.1 = 9.9 ug.ml" (Table 1). The sample included
121 overweight subjects (48%) and 36 were obese (14%).
A total of 66 subjects (27%) had %BF greater than 25% and
26.7% had waist circumference = 94 cm.

Overweight (13.9 = 8.88 ug.ml") and obese (12.0 = 7.5
ug.ml") subjects had significantly lower values of adiponectin
in comparison to subjects with adequate BMI (18.1£11.3
ug.ml"). These differences were maintained even when the
analysis was controlled by waist circumference, VO, or
both. Subjects in the lowest tertile of VO, _ had significantly
lower adiponectin level (Figure 1). SubJects with high %BF (=
25%) had significantly lower values of adiponectin (12.7 = 7.4

ug.ml7) than subjects with %BF < 15% (18.7 = 11.4 ug.ml").

Adiponectin serum levels showed a weak and positive
correlation with PT and VO, and an inverse correlation with
body mass, BMI, %BF, total body fat (TBF) and WC (Table 2).
The correlation between adiponectin and VO, _ (r = 0.07)
was not significant (p = 0.29) after controlling for BMI and WC.
The correlation with PT remained significant after controlling
for age, BMI and WC (r = 0.14). Subjects who engaged in at
least 150 min.wk' of moderate to high-intensity training had
higher levels of adiponectin (16.9 = 10.4 ug.ml"), compared
to those who did not reach this volume of training (14.3 +
10.1 ug.ml").

Discussion

In general, the results of the present study agree with
the literature, which has shown that circulating levels of

Physical, physiological and biochemical profile of the
subjects

Mean sD Min Max
Age (years) 42.6 48 35.0 574
Body mass (kg) 82.0 13.8 53.8 142.0
Stature (cm) 175.7 6.5 162.1 192.8
BMI (kg.m?) 265 38 19.2 410
Body fat (%) 209 6.5 5.1 39.0
Waist circumference (cm) 90.9 9.9 68.3 128.0
Adiponectin (ug.ml) 15.1 9.9 20 56.0
VO, (ml O, kg™ min)* 38,1 73 17,9 62.1
PT (min.wk) 188.3 126.9 0.0 770

*n = 249. BMI - body mass index; PT - total physical training time.
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Figure 1 - Adiponectin levels (ug.mt') according to tertiles of cardiorespiratory fitness (VO

Pearson correlation coefficients (r) between adiponectin and physical and physiological variables (VO

* Significantly different from the third tertile (p < 0.05).
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time (PT) of the subjects
BM BMI ouBF TBF we Vo, . PT
(kg) (kg.m?) ° (kg) (cm) (ml.kg.min) (min)
Adiponectin r -0.224 -0.237 -0.180 -0.197 -0.226 0.192 0.178
(g.mF) P 0.000 0.000 0.005 0.002 0.001 0.002 0.006

p - probability value; BM - body mass; BMI - body mass index; %BF - percentage body fat; TBF - total body fat; WC - waist circumference; VO

PT - total physical training time.

adiponectin are higher in non-obese in comparison to
obese subjects and that adiponectin levels were negatively
correlated with anthropometric measures (BMI and WC),
even after adjusting for age and total body fat”'”. Kantartzis
etal'® did not find any difference in adiponectin levels among
overweight and obese subjects, even after controlling for
abdominal fat. In the current study, adiponectin was also
not different between overweight and obese subjects, but
subjects with adequate nutritional status had significantly
higher levels of adiponectin.

The inverse relationship between adiponectin and BMI
or %BF found in the present study agrees with several other
studies” "%, Gavrila et al'? suggested that obesity and central
fat distribution are independent negative predictors of
serum adiponectin and that adiponectin could represent a
link between core obesity and metabolic diseases, probably
due to the increase in the expression of TNF-a, which
reduces the expression of adiponectin and in vitro secretion
of adipocytes?®2'. Esposito et al*? found a 48% increase in
adiponectin levels after 2 years of a combined low-energy
Mediterranean diet and increased physical activity for 8 weeks
in women. After the intervention, the subjects presented lower

- cardiorespiratory fitness;
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BMI, %BF, body mass and WC and higher adiponectin serum
levels than the pre-intervention period.

According to Tsukinoki et al'?, subjects with adiponectin
levels < 4 ug.dl”" presented higher BMI than subjects with
levels above > 4 ug.dl"'. Men with BMI higher than 30 kg.m
2 and more than 25% of body fat were found to have lower
values of adiponectin that those with less BMI and %BF.
The change in body mass and body fat mass after training
was significantly and negatively correlated with changes in
adiponectin levels. Hulver et al® concluded that the body mass
loss after one year of gastric bypass surgery caused significant
decreases in BMI, fasting insulin and glucose and significant
increases in adiponectin levels. Moreover, a reduction in
subcutaneous adipose tissue (AT) mass alone, after abdominal
liposuction, does not lead to a similar decrease in low-grade
inflammation?, indicating that the visceral AT depot is more
closely associated with the inflammatory state in obesity than
the subcutaneous AT depot.

Although obese subjects have more body fat, they also
exhibit higher levels of pro-inflammatory cytokines IL-6
and TNF-a.. This can cause a reduction in the expression of
adiponectin mRNA and adiponectin release from adipocytes.
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Adiponectin and TNF-a inhibit each other. Adiponectin
expression is suppressed by IL-62. This may explain why obese
people have lower circulating levels of adiponectin.

In obese individuals, plasma adiponectin levels were lower
although adipose tissue is the only tissue in its synthesis,
suggesting a negative feedback in its production brought on by
the development of obesity. So, body weight reduction would
result in an at least transient loss of inhibition and, therefore,
an elevation in plasma adiponectin. Nadler et al** showed
by microarray that the expression of adipogenic genes was
suppressed by the development of obesity in mice, suggesting
the existence of a feedback inhibitory pathway. In ob/ob obese
mice, the expression of adipoQ was down-regulated. The fact
that the steady state mRNA of adipoQ decreased in ob/ob mice
compared with those of wild type indicates that the level of
regulation is related, in part, to the transcript or mRNA stability.
Moreover, the steady state mRNA of adiponectin in adipose
tissue seems to be reduced in obese humans?’. However,
the biological mechanisms that modulate the expression of
adiponectin during reduction weight need further studies to
be better understood.

Although the literature is still inconsistent in relation to
the acute and chronic effects of aerobic training and the role
of the intensity of exercise on adiponectin levels?, St-Pierre
et al'" suggested a positive correlation between adiponectin
and physical activity. Kraemer et al** have suggested that the
effect was more frequently observed with vigorous physical
activity. However, Bliiher et al'® and Oberbach et al*® have
shown significant increases in adiponectin levels in obese and
insulin-resistant subjects who exercised moderately. It has
been estimated®' that vigorous aerobic exercise (80 to 90% of
maximal heart rate) can represent an increase in adiponectin
levels of 0.9 ug.ml", while moderately intense exercise can
lead to an increase of 0.7 ug.ml™.

Exercise increases the release of interleukin-6 from active
muscles, which can in turn suppress other pro-inflammatory
markers, such as TNF-o. and may be associated with the increase
in the adiponectin levels®. Effects of resistance training include
an up-regulation of GLUT4 expression, chronic activation
of AMPK, facilitation of insulin signal transduction, as well
as increases in the expression of several proteins involved
in glucose and lipid utilization and their turnover may be
associated with adiponectin. Moreover, exercise training could
modulate cytokine production at the levels of gene expression,
protein ligand and receptor binding®.

Esposito et al*> and Hulver et al® suggest that physical
exercise alone is not enough to increase adiponectin levels.
They concluded that some body mass loss is necessary to
increase adiponectin levels in sedentary individuals or those
with physical activity patterns. After 6 weeks of aerobic
training 5 times per week, Yatagai et al** found no change
in adiponectin levels. The changes in VO, _, %BF and TBF
after training were not associated with changes in adiponectin
levels, contrary to the findings of Bruun et al** that showed
increases of about 29% in circulating adiponectin levels after
15 weeks of hypocaloric diet plus exercise in severely obese
men, which was associated with reduction in BMI and WC
and increase in VO
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Kim et al*® showed an increase of 10% in the adiponectin
levels after training (supervised jump roping) five times per
week, 40 min per day for 6 weeks in obese Korean youths.
Adiponectin levels increased by 81% after strenuous exercise
during 2 weeks (skiing expedition in the Swedish mountains),
but returned to baseline values after 6 weeks in 20 males®.
After 24 months of physical training (cycling, = three times
per week, = 45 min per session at 50-65% of VO, ) in adults
with predisposition to metabolic syndrome, Ring-Dimitriou
et al*® found that an improvement of 4.7 ml O,.kg".min"'
in VO, was associated with an increase of 1.6 ug.ml"
in adiponectin levels in males. After one year of training,
adiponectin levels significantly increased in men (1.7 ug.ml™),
but no change was found in VO, ., BMI and %BF in obese
men. In the present study, VO, _ was directly (but weakly)
associated with serum adiponectin levels. Subjects with the
highest VO, had significantly higher values of adiponectin
in accordance with data from Kumagai et al*® who also found
a direct association between adiponectin levels and VO, .

In relation to the acute effect of exercise, a study by Jirimae
et al* have not found changes in the levels of adiponectin
immediately after aerobic exercises lasting approximately 1 hour
in healthy subjects. However, adiponectin levels were altered in
the highly-trained athletes after high intensity exercise involving
several muscular groups and significantly increased above the
resting value after the first 30 min of recovery*.

Recent advances in adiponectin biochemistry have
indicated that adiponectin receptor expression also increases
after exercise training. AdipoR2 mRNA expression in both
visceral and subcutaneous fat is positively associated with
circulating adiponectin levels, but negatively associated with
obesity even after adjusting for fat mass'®. Four weeks of
intensive physical training resulted in increases in skeletal
muscle AdipoR1/R2 mRNA expression. The same intervention
led to increases in AdipoR1 and AdipoR2 mRNA expression
in subcutaneous fat and it was significantly and positively
correlated with the increases of AdipoR2 in skeletal muscle'.

Despite the increase in VO, and decreases in body mass,
BMI, fat mass and WC, Polak et al* showed no significant
difference in adiponectin levels after 12 weeks of aerobic
training. The authors speculated that the maintenance of
mRNA levels for adiponectin in subcutaneous adipose tissue
would be the reason for these findings. Adiponectin can
activate AMP-activated protein kinase and increase fatty acid
oxidation in skeletal muscle. While total AMP-activated protein
kinase activity is related to muscle mass, it can be postulated
that athletes who use greater muscle mass during exercise
need more adiponectin in order to regulate metabolic fluxes.

In conclusion, although the association between adiponectin
levels and %BF and BMI was weak, this is in accordance with
some studies. It seems that the increase in adiponectin levels
is not caused by exercise itself, but is modulated by changes
in body composition. However, it is still necessary to clarify
how much of body fat reduction is necessary for adiponectin
levels to increase. Conversely, although the results suggest
that having adequate body mass carries the most benefit, it
is important to promote physical activity for the dual benefits
of maintaining healthier BMI and cardiorespiratory fitness.



Martinez et al

Overweight and VO, on adiponectin levels

2max

Contributors

EC Martinez and LA Anjos planned the research and
conducted data analyses. EC Martinez and MSR Fortes
supervised field data collection. EC Martinez wrote the first
draft of the paper, which was revised and approved by the
other authors.

References

1. Havel PJ. Control of energy homeostasis and insulin action by adipocyte
hormones: leptin, acylation stimulating protein, and adiponectin. Curr Opin
Lipidol. 2002;13(1):51-9.

2. Hauner H. The new concept of adipose tissue function. Physiol Behav.
2004;83(4):653-8.

3. TrujilloME, Scherer PE. Adiponectin-journey froman adipocyte secretory protein
to biomarker of the metabolic syndrome. J Intern Med. 2005;257(2):167-75.

4. Haluzik M, Parizkova J, Haluzik MM. Adiponectin and its role in the
obesity-induced insulin resistance and related complications. Physiol Res.
2004;53(2):123-9.

5. Ukkola O, Santaniemi M. Adiponectin: a link between excess adiposity and
associated comorbidities? ] Mol Med. 2002;80(11):696-702.

6. Kershaw EE, Flier ]JS. Adipose tissue as an endocrine organ. J Clin Endocrinol
Metab. 2004;89(6):2548-56.

7. Rothenbacher D, Brenner H, Mérz W, Koenig W. Adiponectin, risk of coronary
heart disease and correlations with cardiovascular risk markers. Eur Heart ).
2005;26(16):1640-6.

8. Hulver MW, Zheng D, Tanner CJ, Houmard JA, Kraus WE, Slentz CA, et al.
Adiponectin is not altered with exercise training despite enhanced insulin
action. Am J Physiol Endocrinol Metab. 2002;283(4):E861-5.

9. Yang WS, Chuang LM. Human genetics of adiponectin in the metabolic
syndrome. ] Mol Med. 2006;84(2):112-21.

10. Blither M, Bullen JW Jr, Lee JH, Kralisch S, Fasshauer M, Kléting N, et
al. Circulating adiponectin and expression of adiponectina receptors in
human skeletal muscle: associations with metabolic parameters and insulin
resistance and regulation by physical training. J Clin Endocrinol Metab.
2006;91(6):2310-6.

1

-

. St-Pierre DH, Faraj M, Karelis AD, Conus F, Henry JF, St-Onge M, etal. Lifestyle
behaviours and components of energy balance as independent predictors
of ghrelin and adiponectin in young non-obese women. Diabetes Metab.
2006;32(2):131-9.

N
N

. Tsukinoki R, Morimoto K, Nakayama K. Association between lifestyle factors
and plasma adiponectin levels in Japanese men. Lipids Health Dis. 2005;4:27.

13. Bliiher M, Williams CJ, KI6ting N, Hsi A, Ruschke K, Oberbach A, etal. Gene
expression of adiponectin receptors in human visceral and subcutaneous
adipose tissue is related to insulin resistance and metabolic parameters and is
altered in response to physical training. Diabetes Care. 2007;30(12):3110-5.

14. WHO. Obesity: preventing and managing the global epidemic, report of
a WHO consultation. Geneva: World Health Organization 2000. (WHO
Technical Report Series 894).

1

v

. Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK.
American College of Sports Medicine. American College of Sports Medicine
Position Stand. Appropriate physical activity intervention strategies for
weight loss and prevention of weight regain for adults. Med Sci Sports Exerc.
2009;41(2):459-71.

1

(=]

. McGuire DK, Levine BD, Williamson JW, Snell PG, Blomqvist CG, Saltin
B, et al. A 30-year follow-up of the Dallas Bed Rest and Training Study:
I. Effect of age on the cardiovascular response to exercise. Circulation.
2001;104(12):1350-7.

1

~

. Baratta R, Amato S, Degano C, Farina MG, Patane G, Vigneri R, et al.
Adiponectin relationship with lipid metabolism is independent of body fat

Acknowledgements

The biochemical measurements were conducted by the

NKB Medicina Diagnéstica (Rio de Janeiro, Brazil) and Roche
Diagnéstica (Rio de Janeiro, Brazil). L. A. Anjos received
a research productivity grant from the Brazilian National
Research Council (CNPq, Proc. 311801/06-4).

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

mass: evidence from both cross-sectional and intervention studies. J Clin
Endocrinol Metab. 2004;89(6):2665-71.

Kantartzis K, Rittig K, Balletshofer B, Machann J, Schick F, Porubska K; etal. The
relationships of plasma adiponectin with a favorable lipid profile, decreased
inflammation, and less ectopic fat accumulation depend on adiposity. Clin
Chem. 2006;52(10):1934-42.

Gavrila A, Chan JL, Yiannakouris N, Kontogianni M, Miller LC, Orlova C,
etal. Serum adiponectin levels are inversely associated with overall and
central fat distribution but are not directly regulated by acute fasting or leptin
administration in humans: cross-sectional and interventional studies. J Clin
Endocrinol Metab. 2003; 88(10):4823-31.

Kappes A, Loffler G. Influences of ionomycin, dibutyryl-cycloAMP and
tumour necrosis factor-alpha on intracellular amount and secretion of
apM1 in differentiating primary human preadipocytes. Horm Metab Res.
2000;32(11-12):548-54.

Maeda N, Takahashi M, Funahashi T, Kihara S, Nishizawa H, Kishida K, et
al. PPARgamma ligands increase expression and plasma concentrations of
adiponectin, an adipose-derived protein. Diabetes. 2001;50(9):2094-9.

Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M, Marfella R, et al.
Effect of weight loss and lifestyle changes on vascular inflammatory markers
in obese women: arandomized trial. JAMA. 2003;289(14):1799-804.

Vilarrasa N, Vendrell J, Maravall J, Broch M, Estepa A, Megia A, et al.
Distribution and determinants of adiponectin, resistin and ghrelin
in a randomly selected healthy population. Clin Endocrinol (Oxf).
2005;63(3):329-35.

Klein'S, Fontana L, Young VL, Coggan AR, Kilo C, Patterson BW, etal. Absence
of an effect of liposuction on insulin action and risk factors for coronary heart
disease. N Engl ] Med. 2004;350(25):2549-57.

Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, et al.
Adiponectin, an adipocyte-derived plasma protein, inhibits endothelial
NF-kappaB signaling through a cAMP-dependent pathway. Circulation.
2000;102(11):1296-301.

Nadler ST, Stoehr JP, Schueler KL, Tanimoto G, Yandell BS, Attie AD. The
expression of adipogenic genes is decreased in obesity and diabetes mellitus.
Proc Natl Acad Sci USA. 2000;97(21):11371-6.

Hu E, Liang P, Spiegelman BM. AdipoQ is a novel adipocyte-specific gene
dysregulated in obesity. ) Biol Chem. 1996;271(18):10697-703.

Ring-Dimitriou S, Paulweber B, von Duvillard SP, Stadlmann M, LeMura LM,
Lang], et al. The effect of physical activity and physical fitness on plasma
adiponectin in adults with predisposition to metabolic syndrome. Eur J Appl
Physiol. 2006;98(5):472-81.

Kraemer RR, Aboudehen KS, Carruth AK, Durand RT, Acevedo EO, Hebert
EP, et al. Adiponectin responses to continuous and progressively intense
intermittent exercise. Med Sci Sports Exerc. 2003;35(8):1320-5.

Oberbach A, Tonjes A, KI6ting N, Fasshauer M, Kratzsch J, Busse MW, et
al. Effect of a 4 week physical training program on plasma concentrations
of inflammatory markers in patients with abnormal glucose tolerance. Eur J
Endocrinol. 2006;154(4):577-85.

Marcell TJ, McAuley KA, Traustadottir T, Reaven PD. Exercise training is
not associated with improved levels of C-reactive protein or adiponectin.
Metabolism. 2005;54(4):533-41.



Martinez et al
Overweight and VO, on adiponectin levels

3

N

33.

34.

35.

36.

. Levinger |, Goodman C, Peake J, Garnham A, Hare DL, Jerums G, et al.

Inflammation, hepatic enzymes and resistance training in individuals with
metabolic risk factors. Diabet Med. 2009;26(3):220-7.

Hawley JA , Lessard SJ . Exercise training-induced improvements in insulin
action. Acta Physiol (Oxf). 2008;192:127-35.

Yatagai T, Nishida Y, Nagasaka S, Nakamura T, Tokuyama K, Shindo M, et al.
Relationship between exercise training-induced increase in insulin sensitivity
and adiponectinemia in healthy men. Endocr ). 2003;50(2):233-8.

Bruun JM, Helge JW, Richelsen B, Stallknecht B. Diet and exercise reduce
low-grade inflammation and macrophage infiltration in adipose tissue but not
in skeletal muscle in severely obese subjects. AmJ Physiol Endocrinol Metab.
2006;290(5):E961-7.

Kim ES, Im JA, Kim KC, Park JH, Suh SH, Kang ES, et al. Improved insulin
sensitivity and adiponectin level after exercise training in obese Korean youth.
Obesity. 2007;15(12):3023-30.

37.

38.

39.

40.

Eriksson M, Johnson O, Boman K, Hallmans G, Hellsten G, Nilsson TK,
etal. Improved fibrinolytic activity during exercise may be an effect of
the adipocyte-derived hormones leptin and adiponectin. Thromb Res.
2008;122(5):701-8.

Kumagai S, Kishimoto H, Masatakasuwa, Zou B, Harukasasaki The leptin
to adiponectin ratio is a good biomarker for the prevalence of metabolic
syndrome, dependent on visceral fat accumulation and endurance fitness
in obese patients with diabetes mellitus. Metab Syndr Relat Disord.
2005;3(2):85-94.

Jirimde ), Purge P, Jurimae T. Adiponectin is altered after maximal exercise in
highly trained male rowers. Eur ] Appl Physiol. 2005;93(4):502-5.

Polak]J, Klimcakova E, Moro C, Viguerie N, Berlan M, Hejnova J, et al. Effect of
aerobic training on plasma levels and subcutaneous abdominal adipose tissue
gene expression of adiponectin, leptin, interleukin 6, and tumor necrosis
factor alpha in obese women. Metabolism. 2006;55(10):1375-81.



