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Abstract

Recently, it has been hypothesized that leptin levels is increased during allergic reactions in the airway and may be a role
in asthma prevalence, but the mechanisms underlying this response are a matter of some debate. The objective of this
study was to evaluate the effect a stepwise incremental bicycle test on a bicycle erogometer on serum leptin in asthma
patients and to determine its changes role in response to exercise on respiratory functional in these patients. For this
purpose, twenty middle-aged males with moderate asthma participated in this study by accessible sampling. Pre and post
training blood samples and respiratory functional test were performed in order to measuring serum leptin and
spirometry parameters in all patients. Pre- to post training changes were determined by two-tailed t tests. The bivariate
associations between changes in leptin concentrations with respiratory function were examined with the Pearson rank
correlation analysis. No significant differences were found in serum leptin by cycling exercise with compared to baseline
(p = 0.05). Compared to pre-exercise, the spirometric marker levels as FEV1 and FVC increased significantly after cycling
exercise (p < 0.05). We found no evidence that changes in serum leptin were associated with changes in each spirometry
markers in response to exercise test (p = 0.05). Based these data, we can say, exercise for a session can not affect serum
leptin in asthma patients and the change in serum leptin by short-time exercise is not associated with respiratory

functional in these patents.
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Introduction

Leptin, a inflammation cytokine, produced mainly by
adipose tissue although production has been
demonstrated in other tissues, such as the fundus of
the stomach, skeletal muscle, liver, placenta (Baltaci
et al., 2003), heart (Green et al., 1995), in granulose
and cumulus oophorus cells in the human ovaries
(Cioffi et al., 1997), in human mammary gland
(Smith-Kirwin et al., 1998) and in gastric epithelium
(Buyse et al., 2004). In addition to its central action to
influence energy homeosetasis, leptin has diverse
effects in a number of peripherial tissues (Margetic et
al., 2002). The data of a recent study showed that the
median serum leptin concentrations of children
(especially boys) were significantly higher in those
with asthma than in healthy controls even though
there was no difference in BMI levels (Guler et al.,

2004).

Asthma is a chronic inflammatory disease with
pathological changes that occur in the lung such as
airway eosinophilia, mucus metaplasia and mucus
hypersecretion (Neveu et al., 2010). In these patients,
the inflammatory process is orchestrated and
regulated by a complex network of mutually
interacting cytokines and growth factors, secreted not
only by a range of inflammatory cells but also from
structural tissue components, including epithelial
cells, fibroblasts and smooth muscle cells (Settin et

al., 2008).

Recent observations suggest the presence of an
interaction between leptin and the inflammatory
system; however, there is no adequate knowledge
about the role of leptin in atopic states such as asthma
(Gurkan et al., 2004). Recent evidence has shown
higher serum levels of leptin in asthmatic children
than in healthy controls. Significant correlations with
serum leptin levels and BMI, FEV1 reversibility, and
serum total IgE were observed (Guler et al., 2003). A
number of studies have demonstrated that serum

leptin is increased during allergic reactions in the

airways and may play a role in asthma prevalence
(Shore et al., 2005). Although the physiopathological
mechanisms underlying these associations are largely

unknown.

The question is whether leptin reduction in patients
with asthma is associated with improvement in
respiratory responses. Although the effect of short or
long-term exercise on leptin levels and other
inflammatory cytokines in other diseases has been
studied repeatedly, and most of these studies report
decrease of serum leptin levels in response to exercise
(Zaccaria et al., 2002; Olive et al., 2001), some studies
have reported conflicting findings (Bouassida et al.,
2004; Sari et al., 2007). But, the effect of a single
session exercise on serum leptin levels in patients
with asthma is less obvious. Hence, the main aim of
this study is to determine the effects of one session
exercise as a no pharmacologic intervention on serum
leptin levels. Also, the relationship between the
changes of leptin and respiratory functional in
response to exercise test were determined in this

patients.

Material and methods

Subjects

In this semi experimental study, twenty middle-aged

men (mean age 37.41, range 37-45 yr) with asthma

diagnosis participated in the study by accessible

Intensity
lifestyle

sampling. Illness Demographic

characteristics, habits (e.g. cigarette
smoking), physical activity, and medical history were
collected by self-report. All subjects with asthma had
moderate disease (intermittent or moderate persistent
in severity). Asthma severity was determined from
(FEVY),

hyperresponsiveness, and amount of medication

spirometric index degree of airway

prescribed.
Inclusion or exclusion criteria

All subjects were non-smokers. All participants had

not participated in regular exercise/diet programs for
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the preceding 6 months. Inclusion criteria for study
group were determined as existing asthma for at least
3 years. Participants had no evidence of coronary
artery disease; tobacco wuse; participation in
exercise/diet programs; or use of systemic steroids,
diabetes treatments, B-blockers, or thiazides. Subjects
with a history or clinical evidence of recent
myocardial infarction, congestive heart failure, active
liver or kidney disease, growth hormone deficiency or
excess, neuroendocrine tumor, anemia were excluded.
Subjects were asked to refrain from tea, coffee,
chocolates and caffeinated soft-drinks on 4 hours
before Spirometry. Informed consent was obtained
from each subject after full explanation of the

purpose, nature and risk of all procedures used.

Anthropometrical measurements

Anthropometric measurements (body height and
weight) were performed with the subjects wearing
light underwear and without shoes. Weight was
measured by an electronic balance and height by a
stadiometer. 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).

Spirometry test

Spirometry tests (Minispire model, Made in Italy)
were completed immediately before cycling test.
Subjects were asked to refrain from tea, coffee,
chocolates and caffeinated soft-drinks on 3 hours
before Spirometry. The subjects were advised to avoid
any physical activity or exercise 48 hours before the
exercise test. Subjects were instructed to take
maximum inspiration and blow into the pre-vent
pneumotach as rapidly, forcefully and completely as
possible for a minimum of 6 seconds, followed by full
and rapid inspiration to complete the flow volume
loop. The best of the three trials was considered for

data analysis. Calibration of spirometer and all testing

protocols were performed as outlined in the

instruction manual of the spirometer.

Exercise protocol and blood sampling
Then, all participants were completed a single bout
cycling exercise (Mullis et al., 1999) on cycle
erogometer (Tunturi, made in Finland). Spirometry
tests were repeated 30 Min after cycling test. Pre and
post training blood samples were taken in order to
measuring serum leptin. Serums were immediately
separated and stored at -80° until the assays were
performed. Serum leptin was determined by ELISA
method, using a Biovendor- Laboratorial kit made by
Czech. The

coefficient of variation and sensitivity of the method

Biovendor Company, Intra- assay

were 4.2% and 0.2 ng/mL, respectively.

Statistical analysis

Data were analyzed by computer using SPSS software
version 15.0. Kolmogorov-Smirnov test was used to
determine of normal status of the data. Pre- to post
training changes were determined by two-tailed t
tests. The bivariate associations between changes in
leptin concentrations with respiratory function were
examined with the Pearson rank correlation analysis.
P value of less than 0.05 was regarded as indicative of

a signigcant difference.

Results

In this study, we investigate the effect of single bout
cycling exercise on serum leptin in males with
moderate asthma. Subjects have body weight (89 + 9
kg), body mass index (29.08 + 3.14 kg/m2), height
(175 £ 9 cm) and abdominal circumference (98 + 10
cm). Data were expressed as individual values or the
mean + SD. Serum Leptin concentrations did not
change after cycling test when compared to baseline
levels .(7.01 £ 1.14 vs. 6.78 + 2.76, p = 0.05). FEV1
levels were significantly increased in response to
exercise when compared with baseline levels (78.02 +
7.14 vs 86.94 + 9.1, P = 0.021). FVC was also

increased in response to cycling test (89.7 + 7.12 vs
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08.58 + 4.22p = 0.032). We observed no significant
correlation between serum leptin levels with FEV1
after exercise test (p = 0.056, r = 0.21, Fig 1). Post
exercise serum leptin levels were also insignificant

with FVC (p = 0.311, r = 0.21, Fig. 2).
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Fig 1. The correlation pattern between serum leptin
and EEV1 in studied patients. This illustration
indicates no significant association between serum
leptin and EEV1in studied.

Discussion

The present study showed that a single bout cycling
exercise does not significant effect on serum leptin in
asthma patients. In other words, a session exercise for
short time has not anti-inflammatory effect on asthma
patients. Asthma is a chronic inflammatory disease
and in the last years obesity has also been catalogued
as a systemic inflammatory disease considering that
adipose tissue is an endocrine organ that produces
cytokines that can promote severity of asthma;
therefore generating interest in the investigators to
perform studies that can relate both conditions
(Goodpaster et al., 1999). A large body of evidence
suggests an increased risk of incident asthma with an
increase in body mass index (Pischon et al., 2006;

Izquierdo et al., 2001). Adipose tissue is an endocrine

organ that produces cytokines that can promote
severity of asthma; therefore generating interest in
the investigators to perform studies that can relate

both conditions (Hilda Segura et al., 2007).
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Fig 2. The correlation pattern between serum leptin
and FVC in studied patients. This illustration
indicates no significant association between serum

leptin and FVC in studied patients.

Animal experiments have evaluated the effects of
leptin on airway inflammation in response to both
allergic and nonallergic exposures and suggest that
airway inflammatory response is enhanced by both
endogenous and exogenous leptin (Beuther et al,
2006). In fact, leptin is released from fat cells and
other tissues, and may exacerbate airway
inflammation in asthma. It induces pulmonary
inflammation after ozone exposure in mice (Shore et
al., 2003) and augments Airway hyperresponsiveness
(AHR) in ovalbumin-sensitized mice (Shore et al.,
2005). Leptin induces cell proliferation in
hematopoietic cells (Huang et al., 2000) and human
umbilical vein endothelial cells (Park et al., 2001).
However, it is not clear whether leptin influences
Airway smooth muscle (ASM) proliferation and

cytokine production by ASM cells. But some study
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reported that leptin receptors also exist in human
lung tissue, and leptin may have stimulatory effects on
the proliferation of cells of a human cell line through
its specific leptin receptor (Tsuchiya et al., 1999). It
was reported that Leptin may provide a link between
inflammation and T-cell function in asthma (Guler et
al., 2004).

In recent years, generally, it has been demonstrated
that serum leptin concentrations are a predictive
factor for asthma in children, especially in boys,
independent of BMI (Guler et al., 2004). Additionally,
the finding of a recent study showed higher serum
leptin in children with asthma than none asthma
subjects (Guler et al., 2004). Despite this evidence,
little is known about the association between leptin
concentrations and asthma in adults and its response

to differ exercise in these patients.

Although, leptin response to exercise training in the
other diseases has been repeatedly studied, but the
effect of differ exercises particularly one session
exercise on serum leptin in asthma patients has not
been fully studied. In this area, another study showed
that 45 minutes walking reaching 60-80% of the
maximal heart rate did not determine a change in
the leptin level, but led to a decrease of the insulin
resistance (Yang et al.,, 2001). There is considerable
evidence that, decreases of leptin values may be
registered after prolonged physical exercise, over
60 minutes duration, which determines the
stimulation of free fatty acids release or after
exercise that generates an energy expenditure
higher than 800 kcal (Hgjbjerre et al., 2007). In
other words, most training studies which improve
fitness levels and affect body composition could
decrease leptin or the other inflammation cytokines
concentrations.

Despite these date, in trained rowers, it was
registered a leptin value decrease, immediately
minutes

after stopping maximal 30 physical

exercise (Yang et al., 2001). Also, this was decreased
in the case of middle-aged, sedentary subjects after 20
minutes of rapid running (Gao et al., 2007). Our study
finding showed no significant changes in serum leptin
follow cycling test when compared to pretest values.
The insignificant decrease in serum leptin in the
present study may be attributed to low energy
expenditure during exercise. Because, some previous
studies have also emphasized that a short-term
exercise would reduce or change levels of
inflammatory cytokines only when it take noticeable
energy consumption over 800 Kilocalories (Hgjbjerre
et al., 2007). It is also possible that the serum leptin
response to exercise protocol in the study is a delayed
response; not an acute response. So that, it was
reported a decline in leptin concentrations in trained
rowers 30 min after maximal rowing exercise (30
min) (Jurimae et al., 2). These finding was also
confirmed by some previous studies (Olive et al.,
2001). The question is whethooser leptin response to
acute exercise in asthma patients follows this pattern.
It must be noted that the absence of a control group
(Healthy individuals) is one of the main limitations of
this study. Hence, it is possible that baseline serum
leptin level in asthmatic patients studied is not very
much different from the normal levels in healthy
individuals. Because in some previous studies, no
significant differences in baseline serum leptin levels
between healthy subjects and patients with asthma
has been observed (Kim et al., 2008; Erel et al,
2007). The insignificant decrease in serum leptin
levels in response to exercise in the present study may
be attributed to moderate asthma of the patients.

Despite a lack significant change in serum leptin in
our study, we observed increased FEV1 and FVC in
response to single bout cycling exercise in these
patients. These data suggest that one session exercise,
in the absence of improvement in systemic
inflammation, lead to improve in respiratory function
in asthma patients. In addition, we found no evidence
that changes in serum leptin were associated with

changes in each spirometry markers in response to
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exercise test. Our data are consistent with the
observation by Guler et colleagues that they did not
find any correlation between leptin levels and
spirometric parameters (Guler et al, 2003).
Accordance with the conclusions of some previous
studies, this result must be interpreted with caution,
because FEV1 is a lung volume index, which is a
function of height, a parameter that is also included in
the derivation of BMI (Guler et al., 2003). On in other
words, although FEV1 is considered a measure of
asthma severity, it is not consistently related to
inflammation or symptoms and is affected by multiple
factors. On the other hand, it is probably that lack a
significant relation between them to be due to low
number of participants who have participated in this
study. Despite the lack of effect on serum leptin levels,
it is likely that exercise affect airway resistance or
respiratory function by change in the other
inflammatory or anti-inflammatory cytokines. Further
studies are necessary to elucidate the significance of
concentration in asthma

serum leptin

pathophysiology.

Acknowledgment: Hereby, the authors wish to
acknowledge the Research Deputy of Islamic Azad
University and all participants in this study.

References

Baltaci AK, Ozyurek K, Mogulkoc R, Kurtoglu
E, Ozkan Y, Celik I. 2003. Effects of zinc
deficiency and supplementation on the glycogen
contents of liver and plasma lactate and leptin levels
of rats performing acute exercise. Biological Trace

Element Research 96, 227-236.

Beuther DA, Weiss ST, Sutherland ER.2006.
Obesity and asthma. Am J Respir Crit Care Med

174(2), 112-9.

Bouassida A, Zalleg D, Zaouali M. 2004. Effets
d’un exercice supra-maximal sur les concentrations de

la leptine plasmatique. Sci Sports 19, 136—8.

Buyse M, Aparicio T, Guilmeau S, Goiot H,
Sobhani I, Bado A. 2004. Paracrine actions of the
stomach-derived leptin. Medecine Sciences (Paris) 20,
183-188.

Cioffi JA, Van Blerkom J, Antczak M, Shafer A,
Wittmer S, Snodgrass HR. 1997. The expression
of leptin and its receptors in preovulatory human

follicles. Molecular Human Reproduction 3, 467-472.

Erel F, Gulec M, Kartal O, Caliskaner Z,
Ozturk S, Yaman H et al. 2007. Serum leptin
levels and lipid profiles in patients with allergic
rhinitis and mild asthma. Allergol Immunopathol
(Madr) 35(6), 232-8.

Gao S, Kinzig KP, Aja S, Scott KA, Keung W,
Kelly S et al. 2007. Leptin activates hypothalamic
acetyl-CoA carboxylase to inhibit food intake. Proc
Natl Acad Sci U S A 104(44), 17358-63.

Goodpaster BH, Kelley DE, Wing RR, Meier A,
Thaete FL. 1999. Effects of weight loss on regional
fat distribution and insulin sensitivity in obesity.

Diabetes 48, 839—847.

Green ED, Maffei M, Braden VV. 1995. The
human obese gene: RNA expression pattern and
mapping on the physical, cytogenetic and genetic of

chromosome 7. Genome Research 5, 5-12.

Guler N, Kirerleri E, Ones U , Salmayenli N,
Tamay Z. 2003. High serum leptin levels in

asthmatic children. J Allergy Clin Immunol 111, 268.

Guler N, Kirerleri E, Ones U. 2004. Leptin: does
it have any role in childhood asthma? J Allergy Clin
Immunoli14, 254—9.

Gurkan F, Atamer Y, Ece A, Kocyigit Y, Tuzun
H, Mete N. 2004. Serum leptin levels in asthmatic

32 | Mojtaba et al.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Beuther%20DA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Weiss%20ST%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sutherland%20ER%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Erel%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gulec%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kartal%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Caliskaner%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ozturk%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yaman%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=Gao%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17956983
http://www.ncbi.nlm.nih.gov/pubmed?term=Kinzig%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=17956983
http://www.ncbi.nlm.nih.gov/pubmed?term=Aja%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17956983
http://www.ncbi.nlm.nih.gov/pubmed?term=Scott%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=17956983
http://www.ncbi.nlm.nih.gov/pubmed?term=Keung%20W%5BAuthor%5D&cauthor=true&cauthor_uid=17956983
http://www.ncbi.nlm.nih.gov/pubmed?term=Kelly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17956983
http://www.ncbi.nlm.nih.gov/pubmed/17956983##
http://www.ncbi.nlm.nih.gov/pubmed/17956983##
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gurkan%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Atamer%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ece%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kocyigit%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tuzun%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tuzun%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mete%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract

children treated with an inhaled corticosteroid. Ann

Allergy Asthma Immunol 93(3), 277-80.

Hilda Segura N, Hernandez L, Velazquez C,
Rodriguez J, Murillo E. 2007. Asthma and
obesity: related inflammatory diseases. Rev Alerg Mex
54(1), 24-8.

Hgjbjerre L, Rosenzweig M, Dela F, Bruun JM,
Stallknecht B. 2007. Acute exercise increases
adipose tissue interstitial adiponectin concentration
in healthy overweight and lean subjects. Eur J

Endocrinol. 157(5), 613-23.

Huang L, Li C. 2000. Leptin: a multifunctional

hormone. Cell Res 10, 81-92.

Izquierdo M, Hiakkinen K, Ibafiez . 2001. Effects
of strength training on muscle power and serum
hormones in middle-aged and older men. J Appl

Physiol 90, 1497-1507.

Jurimae J, Jurimae T.2005. Leptin responses to
short term exercise in college level male rowers. Br J

Sports Med 39, 6—9.

Kim KW, Shin YH, Lee KE, Kim ES, Sohn MH,
Kim KE. 2008. Relationship between adipokines
and manifestations of childhood asthma. Pediatr

Allergy Immunol. [Epub ahead of print].

Margetic S, Gazzo;a GG, Pegg RA. 2002. Leptin:
A review of its peripheral action and interactions. Int.

J. Obes. Relat. Metab. Disord. 26, 1407-1433.

Mullis R, Campbell IT, Wearden AJ, Morriss
RK, Pearson DJ. 1999. Prediction of peak oxygen
uptake in chronic fatigue syndrome. British Journal of
Sports Medicine 33(5), 352-6.

Neveu WA, Allard JL, Raymond DM, Bourassa
LM, Burns SM, Bunn JY et al. 2010. Elevation of

IL-6 in the allergic asthmatic airway is independent of

inflammation but associates with loss of central

airway function. Respir Res. 8 11, 28.

Olive JL, Miller GD. 2001.Differential effects of
maximal- and moderate-intensity runs on plasma

leptin in healthy trained subjects. Nutrition 17, 365—9.

Park HY, Kwon HM, Lim HJ, Hong BK, Lee
JY, Park BE, et al. 2001. Potential role of leptin in
induces endothelial cell

angiogenesis:  leptin

proliferation and expression of matrix
metalloproteinases in vivo and in vitro. Exp Mol Med

33, 95-102.

Pischon T, Rimm EB. 2006. Adiponectin: a
promising marker for cardiovascular disease. Clin

Chem 52, 797-799.

Sari R, Balci MK, Balci N. 2007. Acute effect of
exercise on plasma leptin level and insulin resistance
in obese women with stable caloric intake. Endocr Res

32,9-17.

Settin A, Zedan M, Farag M, Ezz El Regal M,
Osman E. 2008. Gene polymorphisms of IL-6(-174)
G/C and IL-1Ra VNTR in asthmatic children. Indian J
Pediatr 75(10), 1019-23.

Shore SA, Rivera-Sanchez YM, Schwartzman
IN, Johnston RA. 2003. Responses to ozone are

increased in obese mice. J Appl Physiol 95, 938-45.

Shore SA, Schwartzman IN, Mellema MS,
Flynt L, Imrich A, Johnston RA. 2005. Effect of
leptin on allergic airway responses in mice. J Allergy

Clin Immunol 115(1), 103-9.

Smith-Kirwin SM, O'Connor DM, De Johnston
J, Lancey ED, Hassink SG, Funanage VL. 1998.
Leptin expression in human mammary epithelial cells
and breast milk. The
Endocrinology & Metabolism 83, 1810-1813.

Journal of clinical

33 | Mojtaba et al.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hilda%20Segura%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hern%C3%A1ndez%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vel%C3%A1zquez%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rodr%C3%ADguez%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Murillo%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=H%C3%B8jbjerre%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17984241
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosenzweig%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17984241
http://www.ncbi.nlm.nih.gov/pubmed?term=Dela%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17984241
http://www.ncbi.nlm.nih.gov/pubmed?term=Bruun%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17984241
http://www.ncbi.nlm.nih.gov/pubmed?term=Stallknecht%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17984241
http://www.ncbi.nlm.nih.gov/pubmed/17984241##
http://www.ncbi.nlm.nih.gov/pubmed/17984241##
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Jurimae%2BJ%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Jurimae%2BT%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kim%20KW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shin%20YH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lee%20KE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kim%20ES%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sohn%20MH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kim%20KE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Pediatr%20Allergy%20Immunol.');
javascript:AL_get(this,%20'jour',%20'Pediatr%20Allergy%20Immunol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mullis%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Campbell%20IT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wearden%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Morriss%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Morriss%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pearson%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
http://www.google.com/url?sa=t&rct=j&q=br%20j%20sports%20med&source=web&cd=1&ved=0CE8QFjAA&url=http%3A%2F%2Fbjsm.bmj.com%2F&ei=Hqi2T8WMHoqAOojH7JUK&usg=AFQjCNFFOLGY7bcQga9xk3wZUiFQbTB0xg
http://www.google.com/url?sa=t&rct=j&q=br%20j%20sports%20med&source=web&cd=1&ved=0CE8QFjAA&url=http%3A%2F%2Fbjsm.bmj.com%2F&ei=Hqi2T8WMHoqAOojH7JUK&usg=AFQjCNFFOLGY7bcQga9xk3wZUiFQbTB0xg
http://www.ncbi.nlm.nih.gov/pubmed?term=Neveu%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=20205953
http://www.ncbi.nlm.nih.gov/pubmed?term=Allard%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=20205953
http://www.ncbi.nlm.nih.gov/pubmed?term=Raymond%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=20205953
http://www.ncbi.nlm.nih.gov/pubmed?term=Bourassa%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=20205953
http://www.ncbi.nlm.nih.gov/pubmed?term=Bourassa%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=20205953
http://www.ncbi.nlm.nih.gov/pubmed?term=Burns%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=20205953
http://www.ncbi.nlm.nih.gov/pubmed?term=Bunn%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=20205953
http://www.ncbi.nlm.nih.gov/pubmed/20205953##
http://www.ncbi.nlm.nih.gov/pubmed?term=Settin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18810365
http://www.ncbi.nlm.nih.gov/pubmed?term=Zedan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18810365
http://www.ncbi.nlm.nih.gov/pubmed?term=Farag%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18810365
http://www.ncbi.nlm.nih.gov/pubmed?term=Ezz%20El%20Regal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18810365
http://www.ncbi.nlm.nih.gov/pubmed?term=Osman%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18810365
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shore%20SA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schwartzman%20IN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mellema%20MS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Flynt%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Imrich%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Johnston%20RA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract

Tsuchiya T, Shimizu H, Horie T, Mori M. 1999.

Expression of leptin receptor in lung: leptin as a Zaccaria M, Ermolao A, Roi GS. 2002. Leptin

growth factor. Eur J Pharmacol 365, 273-9. reduction after endurance races differing in duration
and energy expenditure. Eur J Appl Physiol 87, 108—

Yang WS, Lee WJ, Funahashi T, Tanaka S, 11.

Matsuzawa Y, Chao CLet al. 2001. Weight

reduction increases plasma levels of an adipose-

derived anti-inflammatory protein, adiponectin. J

Clin Endocrinol Metab 86(8), 3815-9.

34 | Mojtaba et al.


http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=11502817
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=11502817
http://www.ncbi.nlm.nih.gov/pubmed?term=Funahashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11502817
http://www.ncbi.nlm.nih.gov/pubmed?term=Tanaka%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11502817
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuzawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11502817
http://www.ncbi.nlm.nih.gov/pubmed?term=Chao%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=11502817

