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Background: Exercise-induced bronchoconstriction (EIB), a form of bronchial hyperresponsiveness (BHR), is common in
children with asthma or obesity. Epidemiological studies have shown that asthma and obesity are increasing in parallel, but
obesity- and adipokine-related effects on inflammation and BHR have not yet been demonstrated in the human airway.

Objective: To address the relationship between leptin and adiponectin and EIB in children with asthma.
Methods: Eighty-five prepubertal children between the ages of 6 and 10 years were included in our study. They comprised

obese with asthma (n � 19), normal weight with asthma (n � 23), obese without asthma (n � 23), and healthy (n � 20). We
measured seum leptin and adiponectin levels. We also performed pulmonary function tests: baseline, postbronchodilator
inhalation, methacholine inhalation, and exercise. The area under the forced expiratory volume in 1 second (FEV1)–time curve
quantified the severity of EIB over a 20-minute period after exercise (AUC20).

Results: The obese children had significantly elevated levels of leptin and reduced levels of adiponectin. The maximum
decreases in %FEV1 and AUC20 after exercise were positively correlated with leptin levels and negatively with serum adiponectin
levels in children with asthma. The odds for having EIB were incrementally and significantly higher for children with higher
levels of serum leptin.

Conclusions: Levels of the adipocyte-derived hormones leptin and adiponectin are significantly correlated with BHR induced
by exercise challenge in children with asthma. Further studies are needed to elucidate whether the changes in leptin and
adiponectin levels bear a causal relationship to the EIB/BHR.

Ann Allergy Asthma Immunol. 2011;107:14–21.

INTRODUCTION
Exercise-induced bronchoconstriction (EIB) refers to a con-
dition in which vigorous physical exertion triggers acute
airway narrowing in individuals with heightened bronchial
hyperresponsiveness (BHR). Exercise-induced bronchocon-
striction occurs in approximately half of children with
asthma.1

Epidemiological studies have shown that the prevalence of
asthma is increasing concomitantly with obesity.2 Emerging
data suggest a link between asthma and obesity3 and indicate
that the mechanical, immunological, hormonal and inflam-
matory effects of obesity play a role in the development and
persistence of asthma.2,4–6 Adipose tissue releases a variety of
proinflammatory adipokines, including leptin, adiponectin,
interleukin (IL) 6, tumor necrosis factor alpha (TNF-�), plas-
minogen activator inhibitor 1, eotaxin, vascular endothelial
growth factor, and monocyte chemotactic protein (MCP)-1.3,7

Studies in mouse models8–11 have demonstrated that obesity

and adipokines enhance BHR, airway inflammation, and al-
lergic responses. However, obesity- and adipokine-related
effects on inflammation and BHR have not yet been demon-
strated in the human airway. The aim of this study was to
address the relationship between the adipocyte-derived hor-
mones leptin and adiponectin and EIB in children with
asthma.

METHODS

Subjects and Protocol
The subjects were recruited from the outpatient clinics in
Hanyang University Hospital, Korea. Study participants were
85 prepubertal children between the ages of 6 and 10 years
who were classified into one of the following groups: obese
subject with asthma (n � 19), normal-weight subject with
asthma (n � 23), obese subject without asthma (n � 23), and
healthy (n � 20). Age- and sex-specific body mass index
(BMI) percentiles were calculated based on raw height and
weight according to the current guidelines of the U.S. Centers
for Disease Control.12 Participants with a BMI below the 85th

percentile were categorized as “normal weight,” and those
with a BMI at or above the 95th percentile were categorized
as “obese.” Underweight individuals below the 5th percentile
were excluded from the categorical analysis.

Asthma was defined as the presence of symptoms with an
increase in FEV1 of 12% or more after bronchodilator treat-
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ment, or if less than 16.0 mg/mL of inhaled methacholine
induced a 20% decrease in FEV1 (PC20).13 An exercise bron-
choprovocation test was used for EIB diagnosis, which was
considered positive with a 15% or greater decrease in FEV1

after exercise.13 Classification of asthma severity was based
on the guidelines of the Global Initiative for Asthma, using an
algorithm including medication dosing, FEV1, medication
adherence, and symptom levels.14 Control participants were
age- and sex-matched healthy children who had no history of
wheezing, recurrent or chronic diseases, or infection during
the preceding 2 weeks. Exclusion criteria included acute
exacerbation of asthma within the previous 6 months and
parenchymal lung disease apparent on chest radiography
within 4 weeks. Participants were excluded if they had used
an inhaled corticosteroid, leukotriene modifier, long-acting
antihistamine, or long-acting �2-agonist in the 30 days before
the study, and those with an FEV1 below 70% of the predicted
value. In the groups without asthma, those with any likeli-
hood of atopy or subclinical airway disease were also ex-
cluded by the following criteria: exhaled nitric oxide (eNO)
of 30 parts per billion (ppb) or greater; positive skin prick test
(SPT) to 1 or more common allergen; or positive methacho-
line challenge for BHR.15

All study participants were initially submitted to anthro-
pometric measurements of height and weight made with
calibrated equipment. They were also examined for any
sign of puberty during the study visit. The SPT for com-
mon inhalant and food allergens, including Dermatopha-
goides farinae, Dermatophagoides pteronyssinus, cat dan-
der, dog dander, Alternaria alternata, cow milk, egg
white, peanut, wheat, and soybean (Allergopharma, Rein-
bek, Germany) together with negative (saline) and positive
(histamine) controls were performed. A positive response
was defined as a mean wheal diameter equal to or greater
than one half that of the positive control. Fasting blood
samples were stored at -70°C until determination of eosin-
ophil cationic protein (ECP), serum total and allergen-
specific immunoglobulin (Ig) E, cytokines, leptin, and
adiponectin. The eNO levels were measured by a physi-
cian. Spirometry, methacholine, and exercise challenge
tests were performed by a well-trained technician. All the
study procedures were approved by the Medical Ethics
Committee of Hanyang University Hospital, and all the
subjects gave written informed consent.

Spirometry and Methacholine Challenge
Spirometry and methacholine challenges were conducted in
accordance with American Thoracic Society standards.13 Spi-
rometry was performed with a Masterlab spirometer (Jaeger
Co., Freiburg, Germany).16 Bronchodilator response was cal-
culated as the percentage change in FEV1 from baseline 15
minutes after inhaling 0.2 mg salbutamol sulfate (Ventolin,
GlaxoSmithKline, Middlesex, United Kingdom) via a me-
tered dose inhaler. Methacholine challenges were performed

using a modified Chai procedure.16 o
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xercise Challenge
xercise challenges were conducted in accordance with
merican Thoracic Society standards.13 Exercise challenge

esting was performed by running with nose clipped on a
readmill (LE 200 CE, Jaeger Co.), using a standardized
rotocol. During the test, heart rate was continuously moni-
ored by a radiographic device (electronic electrocardiogram
onitor; BCI autocorr). The ambient temperature in the air-

onditioned laboratory was kept stable at 22°C, and the
umidity was stable between 40% and 50% on each day of
he study. Inspired air temperature and humidity were mea-
ured. The test started with running at low speed on the
readmill with an incline of 10%. The running speed of the
readmill was increased, raising the heart rate to approxi-
ately 85% of the predicted maximum ([220 � age] � 0.9).
his speed was maintained for a maximum of 6 minutes. Spi-

ometry was conducted 20 and 5 minutes before each exercise
hallenge and repeated 0, 3, 6, 10, 15, and 20 minutes after the
nd of exercise. The better of at least 2 FEV1 maneuvers within
% of each other was recorded at each time point. The area
nder the FEV1–time curve (expressed as the percent change
rom baseline values) over a 20-minute period after exercise
AUC20)17 was used as an index of the severity of EIB. The
UC20 values were calculated using the trapezoidal rule.

easurement of Serum Total and Allergen-Specific IgE,
nd Blood Eosinophil and Eosinophil
Cationic Protein. Serum total IgE, ECP, and specific IgE

gainst the same common allergens that were used for SPT were
easured with the Immuno-CAP system (Phadia AB, Uppsala,
weden). For this analysis, atopy was defined as the presence of
t least 1 positive allergen-specific IgE test result (IgE � 0.35
U/L) or SPT finding.

easurement of Biomarkers
erum leptin, adiponectin, IL-6, and TNF-� were measured
ith kits (R&D Systems, Inc., Minneapolis, Minnesota) ac-

ording to the manufacturer’s protocols. Each sample was
ssayed in triplicate. The lowest limits of detection were 7.8
g/mL for leptin and TNF-�, 0.246 pg/mL for adiponectin,
nd 1.6 pg/mL for IL-6.

xhaled NO
xhaled NO was measured with a portable nitric oxide ana-

yzer (NIOX MINO, Aerocrine, Solna, Sweden) that pro-
ided measurements at a 50 mL/s exhalation flow rate ex-
ressed in ppb.18 Determinations made with the device were
n clinically acceptable agreement with measurements pro-
ided by a stationary analyzer according to the guidelines of
he American Thoracic Society.19

tatistical Analysis
ata analysis was conducted using SPSS software (version
6.0, SPSS Inc., Chicago, Illinois). Variables measured on a
ontinuous scale were summarized as mean � standard de-
iation. Because of their asymmetric distributions, the levels

f cytokines, serum total IgE, PB eosinophil, ECP, and eNO
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were reported as interquartile ranges. Comparisons of numer-
ical variables between the 4 study groups categorized by either
BMI percentile or diagnosis were evaluated by Kruskal-Wallis
tests. Post hoc pairwise comparisons were performed with Tam-
hane tests to determine differences between groups. Compari-
sons of categorical variables were evaluated by �2 tests or
Fisher’s exact test. Spearman correlation coefficients were used
to assess the associations between pairs of variables measured
on a continuous scale. To adjust for BMI, correlations between
serum leptin/adiponectin levels and the maximum decreases in
FEV1 and AUC20 were evaluated by partial correlation analysis.
Logistic regression models were analyzed to investigate the
associations of leptin and adiponectin with EIB.

RESULTS

Characteristics of Study Subjects
The demographic data for the 85 subjects are shown in Table
1. Of the 42 subjects with asthma, 7 had mild intermittent

Table 1. Characteristics of the Study Subjectsf

Subjects with

Obese
(n � 19)

Age (years) 9.0 (7.0–10.0)
BMI (kg/m2) 23.0 � 3.1b,g

Sex (% male) 68.4
Clinical features

Prior ICS use (%) 47.4
Allergic rhinitis (%) 42.1
Atopy (%) 84.2

Baseline
FEV1 (pred %) 88.2 � 12.1g,h

FVC (pred %) 98.2 � 11.6
FEV1/FVC ratio 82.1 � 7.7g

FEF25-75 (pred %) 68.3 � 23.2e

Postbronchodilator
�FEV1 (pred %) 11.2 � 5.3g,h

�FVC (pred %) 2.7 � 8.0
�FEV1/FVC ratio 8.0 � 5.0g,h

�FEF25-75 (pred%) 33.1 � 17.1g,h

Postexercise
EIB (%) 63.2g,h

Maximum decrease in FEV1 21.6 (14.2–36.8)e

AUC20 (percentage change � min) 432.8 (291.4–719.8)e 2
PC20 (mg/mL) 6.9 (2.4–12.5)

Abbreviations: BMI, body mass index; ICS, inhaled corticosteroid; NA
ative concentration of methacholine inducing a 20% fall in FEV1; pre
Data are presented as absolute numbers, mean � standard deviatio
a Kruskal-Wallis test.
b �2 test.
c Fisher exact test.
d Mann-Whitney U test.
e Post hoc pairwise comparisons are Tamhane tests.
f P � .05 versus normal weight subjects with asthma.
g P � .05 versus healthy.

h P � .05 versus obese subjects without asthma.

16
sthma (3 obese and 4 normal-weight), 14 had mild persistent
sthma (7 obese and 7 normal-weight), and 21 had moderate
sthma (10 obese and 11 normal-weight) according to the
lobal Initiative for Asthma guidelines. No significant differ-

nces were seen in asthma severity between the obese and
ormal-weight subjects with asthma. Mean values of age,
eight, and sex distribution did not differ significantly among the
study groups, and no significant differences were seen in rates

f atopy, allergic rhinitis, or prior use of inhaled corticosteroids
etween the obese and normal-weight subjects with asthma.

ulmonary Function, BHR to Methacholine or Exercise,
nd Severity of EIB
he parameters of pulmonary function in the study subjects
re shown in Table 1. Baseline values of FEV1, FEV1/forced
ital capacity (FVC), and forced expiratory flow between
5% and 75% (FEF25-75) in the obese subject with asthma and
bese subject without asthma groups were lower than in the

a Subjects without asthma

P a
al weight
� 23)

Obese
(n � 23)

Normal weight
(n � 20)

.9–9.3) 9.5 (7.8–10.0) 9.0 (8.1–10.0) .561
� 2.1 23.3 � 3.8g 16.8 � 1.9 �.0001
9.6 56.5 55.0 .663c

3.5 NA NA .801d

3.5 NA NA .929d

2.6 NA NA .267d

� 12.4g 94.5 � 16.0g 104.7 � 11.8 .001
� 9.2 95.4 � 9.8 97.5 � 12.4 .384
� 6.5g 85.6 � 11.6g 92.0 � 5.3 �.001
� 27.2g 81.1 � 31.9g 92.5 � 15.0 .043

� 5.9g 3.4 � 6.2 1.9 � 4.4 �.001
� 7.1 2.8 � 5.7 2.2 � 3.4 .655
� 5.7g 3.4 � 5.3 3.8 � 4.9 .008
� 20.8g 7.9 � 7.2 5.1 � 8.7 �.001

43.5g 13.0 10.0 .232
1.0–22.8)g 9.1 (6.1–11.0) 6.0 (3.3-8.2) �.0001
62.2–387.6)g 71.8 (56.8–102.0) 39.8 (27.1–59.5) .018
.3–7.7) NA NA .412§

pplicable; EIB, exercise-induced bronchoconstriction; PC20, provoc-
redicted %.
edian (interquartile range).
asthm

Norm
(n

8.0 (6
16.9

6

4
4
8

88.6
97.7
85.4
74.0

11.7
2.3
6.5

33.7

15.0 (1
26.4 (1
4.8 (3

, not a
d %, p
n, or m
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healthy controls. The obese subjects with asthma differed
significantly from the obese subjects without asthma in FEV1

and FEF25-75 and from the normal-weight subjects with
asthma in FEF25-75. The bronchodilator response of the sub-
jects with asthma was significantly greater than that of the
subjects without asthma, as were the EIB frequencies and
maximum decrease in FEV1 after exercise. No further signif-
icant differences in EIB frequencies were found between the
obese subjects with asthma and normal-weight subjects with
asthma. In group comparisons, the maximum decrease in
FEV1 after exercise was significantly greater in the obese
subjects with asthma than in the normal weight subjects with
asthma (Fig 1), and the same was true of the EIB severity
indicator, AUC20 (Table 1). However, after adjusting for both

Figure 1. The percentage of maximum decrease in FEV1 after exercise in
the obese subjects with asthma (n � 19) and those of normal weight subjects
with asthma (n � 23), obese subjects without asthma (n � 23), and healthy
controls (n � 20). The horizontal lines in the dot plots represent median and
interquartile ranges.

Table 2. Biomarkers in the Peripheral Blood and eNO of the Study S

Subjects with asthma

Obese (n � 19) Normal weight (

Leptin (ng/mL) 14.14 � 7.35c,e 4.51 � 2.6
Adiponectin (�g/mL) 5.10 � 3.35c,e 10.83 � 5.4
IL-6 (pg/mL) 5.26 (3.46–6.85) 5.26 (2.93–7.8
TNF-� (pg/mL) 6.36 (4.13–8.41) 7.29 (4.71–9.0
Total IgE (IU/mL) 352.0 (150.3–547.9)d,e 219.0 (214.6–5
PB eosinophil (/mL) 412.7 � 50.5d,e 383.9 � 293
ECP (ng/mL) 32.9 (16.3–52.7)d,e 29.1 (15.0–12
eNO (ppb) 19.0 (14.75–35.0)d,e 19.0 (13.5–26

Data are presented as mean � standard deviation, or median (interq
a Kruskal-Wallis test.
b Post hoc pairwise comparisons are Tamhane tests.
c P � .05 versus normal weight subjects with asthmna.
d P � .05 versus obese subjects without asthma.

e P � .05 versus healthy.

VOLUME 107, JULY, 2011
eptin and adiponectin, neither variable differed significantly
etween the 2 groups.

erum Levels of Adipokines, ECP, IgE, and eNO
iomarker levels are shown in Table 2. Serum leptin levels
ere significantly higher in both obese subjects with asthma

nd obese subjects without asthma than in their normal-
eight counterparts, and leptin levels were positively corre-

ated with BMI (r � 0.770, P � .001). In contrast, serum
diponectin was significantly lower in the obese subjects than
n their normal-weight counterparts and was negatively cor-
elated with BMI (r � �0.627, P � .001). No statistically
ignificant differences were seen in serum leptin and adi-
onectin levels between the obese subjects with asthma and
bese subjects without asthma, and no significant differences
n IL-6 and TNF-� levels were seen between the four study
roups. The subjects with asthma differed significantly from
he subjects without asthma in serum levels of ECP and total
gE and eNO levels. No significant differences were found in
hese variables between the obese subjects with asthma and
ormal-weight subjects with asthma, or between the obese
ubjects without asthma and healthy controls.

ssociations between Leptin and Adiponectin Levels and
ung Functions, AHR to Methacholine, eNO, and Markers
f Atopy
s shown in Table 3, FEF25-75 levels were positively corre-

ated with serum adiponectin levels (r � 0.325, P � .048).
either serum leptin levels nor serum adiponectin levels were

orrelated with methacholine PC20 levels in the subjects with
sthma, and no significant correlations were found between
erum leptin and adiponectin levels, eNO, and markers of atopy.
ssociation between Leptin and Adiponectin and Severity
f EIB
s shown in Figures 2 and 3, after adjusting for BMI, serum

eptin levels were positively correlated with maximum de-
reases in FEV1 after exercise (r � 0.432, P � .006) and

b

Subjects without asthma
Pa

) Obese (n � 23) Normal weight (n � 20)

12.64 � 8.67e 4.81 � 3.64 �.0001
7.28 � 3.82e 12.53 � 5.02 �.0001

5.09 (3.14–7.85) 4.71 (3.62-6.50) .985
6.98 (3.44–13.39) 6.48 (4.41–16.24) 0.953
70.9 (34.4–79.6) 35.2 (12.6–62.4) �.0001

107.5 � 18.9 143.8 � 50.7 .005
11.1 (4.8–21.1) 5.2 (5.1–12.3) �.0001
13.0 (10.0–19.0) 11.0 (8.0–13.0) �.0001

range).
ubjects

n � 23

1
2
7)
4)
68.7)e

.3e,

3.3)e

.0)e

uartile
17



D
W
m
t
s
B

f
i
T
c
o
a
t
c
s
m
b
w
r
m

e
a
c
t
i
h

AUC20 (r � 0.486, P � .002) in the subjects with asthma.
After adjusting for BMI, serum adiponectin levels were neg-
atively correlated with maximum decreases in FEV1 after
exercise (r � �0.314, P � .046) and AUC20 (r � �0.433,
P � .024). The odds for having EIB were incrementally
higher for children with higher levels of serum leptin (Table
4). In the groups without asthma, neither serum leptin levels
nor adiponectin levels were correlated with the maximum
decrease in FEV1 after exercise and AUC20 after adjusting for
BMI.

Figure 2. Relationships between serum leptin and maximum decrease in FEV
(AUC ) in children with asthma. Serum leptin levels were significantly related

Table 3. Partial Correlation Coefficients in the Study Subjects

Serum leptin
(ng/mL)

Serum
adiponectin

(�g/mL)

Ra P Ra P

FEV1 (pred %) �0.021 .312 �0.100 .579
FVC (pred %) �0.111 .537 0.066 .714
FEV1/FVC ratio �0.099 .584 0.330 .060
FEF25-75 (pred %) �0.104 .564 0.325 .048
Methacholine PC20 (mg/mL)b �0.031 .906 0.224 .377
Exhaled nitric oxide (ppb) 0.109 .548 �0.063 .826
Total IgE (IU/mL) 0.277 .119 �0.295 .244
PB eosinophil (/mL) 0.060 .742 �0.244 .171
ECP (ng/mL) 0.028 .878 �0.170 .106

a Spearman correlation coefficients. Analysis is adjusted for BMI.
b Methacholine PC20 (mg/mL) are not applicable for children without
asthma.
20

coefficient adjusted for BMI, P � .006) and B, the severity of EIB (AUC20) (r � 0.48

18
ISCUSSION
e have shown that levels of the adipocyte-derived hor-
ones leptin and adiponectin were higher and lower, respec-

ively, in obese subjects with asthma than in normal-weight
ubjects with asthma, and were significantly correlated with
HR induced by exercise challenge.
Some studies have concluded that obesity is a risk factor

or BHR to methacholine,20,21 but others have reported no
ncrease in BHR to methacholine with increasing BMI.22,23

he studies that used exercise challenge to examine BHR
onsistently showed that EIB was significantly higher in
bese subjects with asthma than in nonobese subjects with
sthma,24–27 and the current results agree with the findings of
hose studies. Exercise challenge causes airway smooth mus-
le contraction via one or more intermediate mechanisms,
uch as local and central neuronal reflexes and release of
ediators such as leukotrienes, prostaglandins, and histamine

y inflammatory cells, resulting in airway inflammation,28

hereas methacholine acts directly on airway smooth muscle
eceptors, causing constriction independent of airway inflam-
ation.
Exercise causes asthma attacks because of loss of water by

vaporation from the surface of the airways when the inspired
ir is exposed to body conditions.29 This loss of water in-
reases airway osmolarity, which initiates activation of epi-
helial and mast cells and release of inflammatory mediators
n the airways and thus bronchoconstriction.30–33 Mito et al34

ave reported increased mast cell numbers in the tracheal

exercise, and area under the FEV1 curve over the first 20 minutes after exercise
, postexercise maximum decrease in FEV1 (r � 0.432, r � partial correlation
1 after
to the A
6, r � partial correlation coefficient adjusted for BMI, P � .002).
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AUC20)
mucosa of obese mice sensitized by OVA. Expression of
5-lipoxygenase activating protein is substantially increased in
the adipose tissue of obese mice.35 This could lead to the
synthesis and release of large amounts of leukotrienes from
activated mast cells and ultimately enhance airway respon-
siveness. Johnston et al10 have demonstrated that obese mice
sensitized with ovalbumin have greater ovalbumin-induced
increases in airway responsiveness than lean mice. These
changes occurred in the absence of any effects on T helper
cell 2 (Th2) cytokine production and despite reduced eosino-
philic inflammation, suggesting that the modality of allergen-
induced BHR in these obese mice is unlikely to involve
augmented Th2-type inflammation. Instead, an increased role
for mast cells or leukotrienes may exist in this situation.5,10 In
this context, Peters-Golden et al36 recently reported a more
beneficial effect of the leukotriene antagonist montelukast in
obese than lean individuals with asthma.

Shore et al9 observed that leptin treatment augmented al-
lergen-induced BHR but did not affect eosinophil influx or

Figure 3. Relationships between serum adiponectin and maximum decrease
exercise (AUC20) in asthmatic children. Serum adiponectin levels were significan
correlation coefficient adjusted for BMI, P � .046) and B, the severity of EIB (

Table 4. Prediction of Exercise-Induced Bronchoconstriction

Odds ratio 95% CI P

Sex 1.3 0.434–4.137 .612
Age 0.6 0.414–0.967 .115
BMI 0.9 0.687–1.138 .340
Leptin 1.2 1.027–1.335 .019
Adiponectin 0.9 0.789–1.035 .142
dAnalysis is adjusted for age, sex, BMI, and adipokines.

VOLUME 107, JULY, 2011
h2 cytokine expression in a mouse model, suggesting that
eptin is capable of augmenting BHR through a mechanism
ndependent of Th2 inflammation. They also showed in mice
hat administration of adiponectin resulted in almost complete
uppression of allergen-induced BHR, airway inflammation,
nd Th2 cytokine expression in the lung.37 Taildeman et al38

ecently demonstrated expression of leptin receptors in mast
ells of human lung tissue, which suggests that leptin has
aracrine or autocrine immunomodulatory effects on mast
ells. Mast cell activation is a feature of EIB.30–33 This sup-
orts the idea that the high leptin levels in the obese subjects
ith asthma during exercise challenge were responsible for

ncreasing mast cell activation and BHR in the current study,
lthough further work is necessary to clarify this.

Postexercise FEV1 decreased markedly in both the obese
ubjects with asthma and normal-weight subjects with
sthma, although the obese subjects without asthma, who had
igher leptin and lower adiponectin levels, did not show
ignificant exercise-induced BHR. Because BHR to exoge-
ous stimuli is a characteristic feature of asthma39 and we
xcluded individuals with positive methacholine challenge
or BHR from the groups without asthma, the obese subjects
ithout asthma might not show EIB. These findings suggest

hat leptin levels are associated with exercise-induced BHR in
synergistic manner in asthmatic subjects but not in subjects

hat are only obese. Leptin levels might play a role in aug-
enting exercise-induced BHR in subjects with asthma, as

1 after exercise, and area under the FEV1 curve over the first 20 minutes after
ted to the A, postexercise maximum decrease in FEV1 (r � �0.314, r � partial
(r � �0.433, r � partial correlation coefficient adjusted for BMI, P � .024).
in FEV
tly rela
emonstrated in the Shore’s study in mice9.
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Data on pulmonary function in obese adults have been well
reported, whereas data from similar studies in the pediatric
population are limited and conflicting. We documented lower
baseline values of FEV1, FEV1/FVC, and FEF25-75 in the
obese subjects with asthma and obese subjects without
asthma than in the healthy controls. Similar data were ob-
tained by Spathopoulos et al,40 who demonstrated in a large
cohort of prepubertal children with obesity or asthma that
pulmonary function was characterized by reductions in FEV1,
FVC, FEF25–75, and FEV1/FVC. We found no further signif-
icant differences in FEV1, FVC, or FEV1/FVC ratio between
the obese subjects with asthma and normal-weight subjects
with asthma, except for FEF25–75. This outcome is similar to
that of a very recent study that reported no relationship
between BMI in subjects with asthma and spirometry find-
ings in a large prospective disease management trial.41 Only
asthma patients were included in that study. In our study, no
significant differences were found in bronchodilator re-
sponses between the obese subjects without asthma and
healthy controls. In agreement with our data, Bibi et al42

demonstrated in a large population of prepubertal children
that bronchodilation could not be induced by salbutamol
inhalation in obese subjects without asthma. No significant
differences were seen in bronchodilator responses between
the obese subjects with asthma and normal-weight subjects
with asthma in the current study.

Tumor necrosis factor alpha and IL-6 are the two best-
studied cytokines associated with obesity, and they have
consistently been found to be elevated in the sera or adipose
tissue, or both, of obese subjects.43 However, we found no
significant differences in IL-6 and TNF-� levels between the
four study groups. Exhaled nitric oxide has been the nonin-
vasive biomarker most widely used for evaluating airway
inflammation in asthma.44,45 In our study, eNO levels were
elevated in the subjects with asthma, but we observed no
difference in eNO level in obese versus normal-weight asth-
matics and no significant correlations between serum leptin
and adiponectin levels and eNO.

Many unresolved questions persist about the mechanisms
involved in EIB in asthmatic airways. One limitation of our
study was the small sample size. Nevertheless, our study
design had strengths. As far as we are aware, this is the first
controlled observational study designed to explore the rela-
tionship between the adipokines and BHR with exercise. We
found that levels of serum leptin and adiponectin were sig-
nificantly correlated with BHR induced by exercise chal-
lenge. The finding of the study of Shore in mice9 that leptin
treatment augmented allergen-induced BHR raises the possi-
bility that the changes in leptin and adiponectin levels are
causative of EIB/BHR, although we did not ourselves obtain
any direct evidence for a cause-and-effect relationship. Fur-
ther studies are warranted to see whether leptin and adiponec-
tin augment and inhibit, respectively, bronchial epithelial cell
activation, mast cell activation, and inflammatory mediators
release during exercise-induced bronchoconstriction in asth-

matics. If such a relationship is demonstrated, treating EIB/
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HR with agents inhibiting leptin and others enhancing adi-
onectin may be possible.
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