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Raquel Munhoz da Silveira Campos MSc, June Carnier MSc, Daniela Inoue MSc,

Claudia MO do Nascimento PhD, Lila M Oyama PhD, Lian Tock MD,
Sérgio Tufik MD PhD, and Ana R Dâmaso PhD

BACKGROUND: Recent studies have demonstrated a greater prevalence in exercise-induced bron-
chospasm (EIB) in obese adolescents. However, the role of pro-/anti-inflammatory adipokines and
the repercussions of obesity treatment on EIB need to be explored further. Therefore, the objective
of this study was to evaluate the role of pro-/anti-inflammatory adipokines on EIB in obese ado-
lescents evaluated after long-term interdisciplinary therapy. METHODS: Thirty-five post-pubertal
obese adolescents, including 20 non-EIB (body mass index [BMI] 36 � 5 kg/m2) and 15 EIB (BMI
36 � 5 kg/m2), were enrolled in this study. Body composition was measured by plethysmography,
using the BOD POD body composition system, and visceral fat was analyzed by ultrasound. Serum
levels of adiponectin and leptin were analyzed. EIB and lung function were evaluated according to
the American Thoracic Society criteria. Patients were recruited to a 1-year interdisciplinary inter-
vention of weight loss, consisting of medical, nutritional, exercise, and psychological components.
RESULTS: Anthropometrics and lung function variables improved significantly after the therapy
in both groups. Furthermore we observed a reduction in EIB occurrence in obese adolescents after
treatment. There was an increase in adiponectin levels and a reduction in leptin levels after the
therapy. In addition, a low FEV1 value was a risk factor associated with EIB occurrence at baseline,
and was correlated after treatment with changes in anthropometric and maximal O2 consumption
values as well as the adipokines profile. CONCLUSIONS: In the present study it was demonstrated
that 1 year of interdisciplinary therapy decreased EIB frequency in obese adolescents, paralleled by
an increase in lung function and improvement in pro-/anti-inflammatory adipokines. Key words:
obesity; adolescents; adipokines; bronchospasm; exercise-induced; treatment; interdisciplinary studies.
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Introduction

Obesity is a multi-factorial condition that leads to
social, psycho-social, and health problems.1 In 1997,
the World Health Organization declared obesity to be a
global epidemic condition.2 According to the last sur-
vey, approximately 49% of the adult Brazilian popula-
tion is currently obese or overweight. In addition, the prev-
alence of obesity in adolescents has more than doubled in
the last 20 years.3 The health risks associated with obesity
include effects on the respiratory system.4 The increase in
fat deposits has been associated with a reduction in lung
volume4,5 and exercise-induced bronchospasm (EIB).6-8

EIB is defined as a 15% reduction in FEV1 due to the
airway obstruction that occurs in association with exercise,
without regard to the presence of chronic asthma.9 Recent
studies have observed that the prevalence of EIB is greater
in obese non-asthmatics, compared to non-obese individ-
uals.6,7,10 Another study did not find any difference in EIB
prevalence between non-asthmatic obese and non-obese
boys.11

Collectively, these reports indicate that exercise tol-
erance may be lower, lung function may be compro-
mised, and inflammation was up-regulated in obese,
compared to lean, individuals.6-8,12 In this sense, previ-
ous studies observed a positive association between lep-
tin levels and airway hyper-responsiveness.13,14 On the
other hand, the adiponectin level has been shown to be
a protective factor for asthma.15 However, obese sub-
jects present hyperleptinemia and/or leptin resistance,
as well as hypoadiponectinemia.16,17 These physiologi-
cal changes may also be the mechanism linking increased fat
deposits with reported EIB.4 Moreover, the adiponectin/lep-
tin ratio has been used a biomarker for the inflammatory
process related to obesity; however, the role of these inter-
actions with EIB frequency has not been well explored.

There are multiple treatments for EIB, which can be
divided into pharmacologic and non-pharmacologic cate-
gories. Pharmacologic agents include short- and long-act-
ing �2 adrenoceptor agonists, anti-cholinergics, mast cell
stabilizing agents, inhaled corticosteroids, and leukotriene
receptor antagonists.18,19 Previous studies have demon-
strated the effectiveness of these medications for reducing
the occurrence of EIB.20,21 However, other studies have
demonstrated that there are some limitations of pharma-
cologic therapy, such as potential side effects, the effective-

ness of each medication, the frequency of administration, the
duration of action, bad taste, and tolerance level.21-24

Non-pharmacologic management includes physical con-
ditioning, incorporating a warm-up before and a cool-down
period after exercise, nasal breathing, avoidance of cold
weather or environmental allergens, and using a face mask
or other aid to warm and humidify inhaled air.19 Dietary
modifications may also play a role in EIB. In this manner,
Mickleborough et al25 demonstrated that dietary supple-
mentation with fish oil for 3 weeks reduced symptoms of
EIB in asthmatics, with less than a 10% fall in post-exer-
cise FEV1. Despite many studies being conducted to date,
there is no single agent that has been consistently shown to
prevent EIB; moreover, the majority of the studies were
with asthmatic patients.25-27 The goal of therapy is to allow
patients with EIB to participate in vigorous activity with-
out symptoms and difficulty.18 Although the level of evi-
dence is not high for several of the non-pharmacologic
therapies, most have little or no adverse effects.26,27

Therefore, non-pharmacologic treatment for EIB is an
area with many questions for continued research.18,19 In
fact, to our knowledge, no study has evaluated the obesity-
related inflammatory biomarkers and their influence on
EIB in obese adolescents. Thus, considering the relevance
of EIB in obesity and the importance of clinical strategies,
in this study we have explored the EIB frequency and the
associated risk factors in obese adolescents submitted to
long-term interdisciplinary therapy.

Methods

Population

After a sample size power calculation, a total of 55
(15–19 years old) obese adolescents were enrolled to par-
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QUICK LOOK

Current knowledge

Evidence suggests there is a greater prevalence of ex-
ercise-induced bronchospasm in obese adolescents.
However, the role of pro-/anti-inflammatory adipokines
and the repercussions of obesity treatment on exercise-
induced bronchospasm are not well described.

What this paper contributes to our knowledge

A 1-year interdisciplinary weight loss therapy combin-
ing exercise training with medical, nutritional, and psy-
chological therapies decreased exercise-induced bron-
chospasm frequency in obese adolescents, increased
lung function, and improved pro-/anti-inflammatory
adipokines.
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ticipate in the Interdisciplinary Obesity Program of the
Universidade Federal de São Paulo Escola Paulista de Me-
dicina (UNIFESP-EPM) (Fig. 1). The study occurred at
the Sleep Institute in the Centro de Estudos em Psicobio-
logia e Exercício - Grupo de Estudos da Obesidade (CEPE-
GEO) obesity interdisciplinary program, São Paulo, Bra-
zil. The data were obtained in 2008 and 2009, when lung
function was initially evaluated. The mean � SD age was
16 � 1.5 years. The mean � SD body mass index (BMI)
was 36 � 5 kg/m2. All participants were confirmed as
meeting the inclusion criteria of post-pubertal stage V
(based on the Tanner stages)28 and of obesity (BMI � 95th
percentile of the Centers for Disease Control reference
growth charts).29 Non-inclusion criteria were as follows:
metabolic, endocrine, or identified genetic diseases; viral
diseases; previous drug use; cardiac or pulmonary dis-
eases; and smoking.6

This study was performed in accordance with the prin-
ciples of the Declaration of Helsinki, and was formally
approved by the institutional ethics committee UNIFESP-
EPM (0135/04). Informed consent was obtained from all
subjects and/or their parents, and participation of the ad-
olescents and their families was voluntary.

Study Protocol and Medical Screening

The subjects were medically screened, and their puber-
tal stage and anthropometric measures were evaluated. For
all subjects, the procedures were scheduled for the same
time of day, to remove any influence of diurnal variation.
An endocrinologist recorded their health and clinical pa-
rameters monthly (see Fig. 1).

Anthropometric Measurements and Body
Composition

The subjects were weighed while wearing light clothing
and no shoes, on a Filizola scale, to the nearest 0.1 kg.
Height was measured to the nearest 0.5 cm, with a wall-
mounted stadiometer (Sanny ES 2030, American Medical
do Brazil, São Bernardo do Campo, Brazil). BMI was cal-
culated as body weight divided by height squared (wt/ht2).

Body composition was measured by plethysmography
in a BOD POD body composition system (version 1.69,
Life Measurement Instruments, Concord, California).30

Visceral and subcutaneous fat were assessed by ultrasonog-
raphy, as previously described.31,32

Fig. 1. Study protocol diagram. BMI � body mass index. ECG � electrocardiogram. EIB � exercise-induced bronchospasm.
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Serum Analysis

Blood samples were collected at the out-patient clinic,
around 8:00 AM, after an overnight fast, by a skilled and
qualified technician. After collection, the blood was cen-
trifuged for 10 min at 5,000 revolutions/min and stored at
�70°C. The materials used for collection were disposable,
adequately labeled, and of recognized quality. Adiponec-
tin (Phoenix Pharmaceuticals, Belmont, California) and
leptin (Chemicon International, Millipore, Billerica, Mas-
sachusetts) levels were measured using commercially avail-
able enzyme-linked immunosorbent assay (ELISA) kits,
according to the manufacturers’ instructions.

Evaluation of Lung Function

Lung function was measured with a spirometer (Easy-
One model 2001, ndd Medizintechnik, Zürich, Switzer-
land), according to American Thoracic Society criteria.33

The highest of 3 technically appropriate measurements
was recorded. While the subjects were performing the ma-
neuver, volume-time and flow-volume curves were fol-
lowed on the screen. FVC (L), FEV1 (L), FEV1/FVC (%),
and peak expiratory flow (L/s) were measured, and pre-
dicted values were obtained.34

The diagnosis of asthma was made according to Amer-
ican Thoracic Society guidelines.33 Specifically, the pa-
tients who presented a 6-month or longer history of
recurrent chest symptoms, such as coughing, dyspnea,
and wheezing, that were relieved by bronchodilator treat-
ment, and whose spirometry demonstrated reversible
air-flow limitation were not included in the study. The
International Study of Asthma and Allergy in Child-
hood (ISAAC) questionnaire was used to assess asthma-
related symptoms.35

Exercise Challenge Test

A standardized exercise challenge test consisted of 8 min
on a treadmill, and was initiated at a speed of 1 km/h and
a 0% inclination, increasing 1.5 km/h and a 2.5% inclina-
tion after each 30-second period for 2 minutes, until the
subject achieved 6 km/h and a 10% level of inclination.
The challenge was conducted by having subjects run for
8 min while inhaling air through their mouths, at a work
load that increased the heart rate to 80% of the age-pre-
dicted maximum.36 During the days of testing, mean tem-
perature and relative humidity were 25 � 5°C and
41 � 10%, respectively. The study was conducted in the
afternoon (1:00–5:00 PM).

Spirometric measurements were made immediately be-
fore and at 2, 5, 10, 15, 20, 25, and 30 min after exercise.
To measure EIB, the maximal change in FEV1 was cal-
culated as:

��FEV1 at baseline � lowest FEV1 after exercise)/

FEV1 at baseline] � 100%

EIB diagnosis was defined as a 15% or greater reduc-
tion in FEV1 after exercise, compared to FEV1 at baseline.
As previously mentioned, the prior history of EIB was
evaluated by the ISSAC questionnaire.37

Research Design

A 1-year interdisciplinary weight loss therapy combined
exercise training with medical, nutritional, and psycholog-
ical therapies. The use of an interdisciplinary approach as
a criterion has been suggested by the World Health Orga-
nization.38 All measurements were performed at baseline
and after 6 months (short-term) and 1 year (long-term) of
therapy.

Psychological Therapy

During 1 year of interdisciplinary therapy, the adoles-
cents received psychological orientation for one hour in a
weekly group session. A psychologist discussed body im-
age and eating disorders, as well as binge eating disorders,
and their signs, symptoms, and health consequences. The
psychologist also discussed the relationship between emo-
tions and food, as well as familial problems, in a group
setting. Individualized psychological therapy was recom-
mended when behavioral alterations were found, including
depression, anxiety symptoms, or poor dietary habits such
as bulimia, anorexia nervosa, and binge eating.39

Nutritional Therapy

Once a week for 1 year, the adolescents had nutritional
lessons regarding topics such as the food pyramid, food
record, weight loss diets, diet and light concepts, fat and
cholesterol, and eating disorders. Energy intake was set at
the levels recommended by the dietary reference for sub-
jects with low levels of physical activity of the same age
and sex.40 A 3-day dietary record was made for each ad-
olescent to help his/her parents. Portions were measured in
terms of familiar volumes and sizes. The nutritionist ex-
plained to the parents and the adolescents how to record
food consumption. These dietary data were transferred to
a computer by the same nutritionist, allowing for nutrient
composition analysis by a software program developed at
UNIFESP-EPM (Nutwin for Windows, version 1.5) based
on Western and local food tables.

Physical Therapy

An aerobic and resistance training regimen was per-
formed 3 times a week for 1 year. Each session included
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30 min of aerobic training plus 30 min of resistance train-
ing. The volunteers were instructed to invert the order of
the exercises at each training session; in one session, the
adolescent started the training session with aerobic exer-
cises, and in the subsequent session, the same adolescent
started with resistance training. Aerobic training consisted
of running on a motor-driven treadmill (model TR 9700HR,
Life Fitness, Schiller Park, Illinois) at the cardiac frequency
intensity of ventilatory threshold I (� 4 beats/min), which
was determined by the results of an initial oxygen uptake
test for aerobic exercise (cycle-ergometer and treadmill).
In addition, the maximal O2 consumption (V̇O2

max) values
were obtained from the oxygen uptake tests.

The physiologists controlled the cardiac frequency,
which was measured with a cardiometer at 5 min intervals
during all training sessions (FS1, Polar Electro, Kempele,
Finland). The exercise program was based on the Ameri-
can College of Sports Medicine recommendations.41 We
used exercises for the main muscle groups (bench press,
leg press, sit-ups, lat pull-down, hamstring curls, lower
back, military press, calf raises, arm curls, and triceps
pushdown), and the order of the exercises was strictly
followed by the group.

The first 2 weeks of resistance training were for adap-
tation to training and learning other movements (3 sets of
15–20 maximal repetitions). Following this adaptation pe-
riod, the training load was adjusted by increasing the weight
and intensity, and by decreasing the number of repetitions
to between 6–20 for each of the 3 sets. The following rest
intervals were allowed between series and exercises: 15–20
maximal repetitions � 45 seconds, 10–12 maximal repe-
titions � 1 min, and 6–8 maximal repetitions � 1.5 min.
The training loads were adjusted in each training session
and evaluated according to the increase in the strength of
the participants. Therefore, training was conducted with
maximal repetitions. During exercise therapy, the EIB sub-
jects were accompanied by a physical therapist who con-
trolled their symptoms.

Statistical Analysis

Statistical analyses were performed using software (Sta-
tistica, version 7.0 for Windows, StatSoft, Tulsa, Okla-
homa), and a sample size calculation was performed with
alpha equal to .05. The Gaussian distribution of variables
was verified with the Shapiro-Wilk W test, and variables
with normal distribution were expressed as the mean � SD,
whereas variables without normal distribution were ex-
pressed as median (minimum and maximum) in a descrip-
tive table. The variables that did not present a normal
distribution were leptin and adiponectin concentrations and
the adiponectin/leptin ratio; for these variables, non-para-
metric methods were used.

The comparisons between the measurements of the para-
metric variables before intervention and 6 months and 1 year
after intervention were determined by repeated measures
analysis of variance. The Wilcoxon signed-rank test and
Mann-Whitney U test were used to analyze the non-para-
metric variables.

Logistic regression analysis was used to ascertain the
risk factors to EIB occurrence at baseline. The analysis
was performed with all the subjects. The EIB diagnosis
was set as a dependent variable in different models. First,
the data were evaluated with a simple regression of the
independent variables (body mass, V̇O2

max, FEV1, adi-
ponectin levels, leptin levels, or adiponectin/leptin ratio),
whereas the EIB diagnosis was the dependent variable.
Then a multiple regression was performed, considering the
same variables as independent and the EIB diagnosis as
dependent, but this analysis was adjusted for age and sex.

Furthermore, a simple linear regression was used, con-
sidering FEV1 as the dependent variable and leptin levels
or BMI as independent variables to investigate if the FEV1

values had underlying associations with leptin levels and
BMI values at baseline.

We assessed the correlation between delta values of EIB
associated risk factors and lung function (� � the differ-
ence of values between 6 months or 1 year and baseline).
The Pearson correlation coefficients were calculated to
assess possible relationships between normally distributed
variables, and Spearman correlation coefficients were used
for non-parametric variables.

In addition, the Grubb test was used to detect outliers in
the data, using software (GraphPad Prism, version 5.0 for
Windows, GraphPad, San Diego, California). The results
were considered statistically significant at the level of
P 	 .05.

Results

At the beginning of the therapy, 55 obese adolescents
were enrolled in the program. However, 35 subjects com-
pleted 1 year of therapy with more than 75% of treatment
sessions. It is important to note that there were no differ-
ences for all variables between those who completed the
therapy and the last known data from those who did not.
The main reasons for dropping out in our study were fi-
nancial and family problems, followed by school and job
opportunities (see Fig. 1).

At baseline we did not find significant differences in
age and BMI between the groups, after the studied popu-
lation was paired by these variables according to sex. Fur-
thermore, there were no statistically significant differences
between sexes in both groups for all variables (data not
shown).

One of the most important findings of the present study
was that a reduction in EIB prevalence from 43% (no. � 15)
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to 13% (no. � 2) and 0% was shown, respectively, for
short- and long-term therapy in all analyzed obese sub-
jects.

According to EIB diagnosis at baseline, the volunteers
were divided into 2 groups: non-EIB group (no. � 20) and
EIB group (no. � 15) (Table 1). When the groups were
compared, statistical differences between analyzed vari-
ables in all the times of evaluation were not observed. In
both groups a significant reduction in all anthropometric
variables was observed.

Furthermore, after therapy, lung function improved (see
Table 1) and was paralleled by a reduction in the percent-
age of fall in FEV1 and FEV1/FVC values after the exer-
cise bronchoprovocation test in the EIB group (Fig. 2).
Moreover, the volunteers of the EIB group did not present
previous history of EIB evaluated by the ISAAC question-
naire, and did not receive medication to control symptoms
of EIB (data not shown).

Logistic regression analysis showed that low values of
FEV1 were a risk factor associated with the EIB diagnosis
at baseline. The adjustments for age and sex did not change
this association substantially (Table 2). Furthermore, a sim-
ple linear regression was performed considering FEV1 as
the dependent variable and leptin levels or BMI as inde-
pendent variables to investigate if the lower FEV1 had
underlying associations with leptin levels and BMI values

at baseline; however, these variables were not predictors
of FEV1 values (data not shown).

Another finding from the present investigation was that
the adiponectin/leptin ratio (see Table 1) and the adiponec-
tin concentration increased significantly (Fig. 3), while the
leptin levels decreased significantly after therapy, in both
groups (Fig. 4), although the state of hyperleptinemia was
maintained in the EIB group.

Another important result was that changes in lung func-
tion were negatively correlated with changes in anthropo-
metric variables and leptin levels in both groups. On the
other hand, positive correlations were observed among
changes in lung function and adiponectin levels and V̇O2

max
in both groups (Table 3). Nevertheless, the EIB group did
not have a significant increase in V̇O2

max (see Table 1).

Discussion

In the present study, interdisciplinary therapy promoted
a great control of the EIB occurrence in all subjects, par-
alleled by an increase in lung function and improvement in
pro-/anti-inflammatory adipokines profile. Furthermore,
we observed that low FEV1 values were a risk factor as-
sociated with EIB diagnosis at baseline.

In this context, pharmacologic and non-pharmacologic
methods can be used in the management of EIB.19 Pro-

Table 1. Anthropometric Variables, Body Composition, Visceral and Subcutaneous Fat, and Lung Function Variables Measured at Baseline and
After Interdisciplinary Therapy in Obese Adolescents Classified by Diagnosis (n � 35)

Non-EIB (no. � 20) EIB (no. � 15)

Baseline 6 Months � 1 Year � Baseline 6 Months � 1 Year �

Female, % 58 82
Age, y 17 � 1.6 16 � 1.0
Height, cm 1.7 � 0.1 1.7 � 0.1 0 1.7 � 0.1 0 1.7 � 0.0 1.7 � 0.0 0 1.7 � 0.0 0
Body mass, kg 102 � 13 94 � 11* –9 � 4 89 � 10†‡ –13 � 7 99 � 18 93 � 16* –6 � 4 90 � 16† –9 � 6
BMI, kg/m2 36 � 5 32 � 4* –3 � 1 30 � 4†‡ –5 � 3 36 � 5 33 � 5* –3 � 1.3 32 � 5† –4 � 2.1
Body fat, % 45 � 6 39 � 8* –6 � 3 36 � 9†‡ –9 � 5 48 � 6 42 � 6* –6 � 4 41 � 5† –7 � 5
Fat-free mass, % 56 � 6 61 � 8* 6 � 3 64 � 9†‡ 9 � 5 53 � 5 58 � 6* 10 � 15 59 � 5† 11 � 16
Visceral fat, cm 4.4 � 1.1 3.3 � 1.0* –1.1 � 0.8 2.7 � 0.9†‡ –1.7 � 0.9 3.8 � 0.9 3.2 � 1.0* –0.6 � 1.3 2 � 0.7†‡ –1.7 � 1.0
Subcutaneous fat, cm 4.0 � 0.9 3.2 � 0.9* –0.9 � 1.0 3.1 � 0.5† –1.0 � 0.7 4.0 � 1.1 3.3 � 0.6 –0.7 � 0.8 3.0 � 0.7† –0.9 � 1.1
FVC, % 99 � 9 105 � 10 6 � 10 118 � 12†‡ 19 � 9 92 � 9 99 � 11* 7 � 9 114 � 13†‡ 22 � 12
FEV1, % 91 � 7 102 � 7* 11 � 8 115 � 9†‡ 25 � 10 85 � 3 96 � 9* 11 � 9 112 � 9†‡ 28 � 10
FEV1/FVC, % 97 � 8 100 � 5 3 � 7 100 � 7 3 � 6 97 � 8 98 � 10 1 � 6 102 � 7 5 � 9
PEF, % 95 � 14 105 � 15* 10 � 11 113 � 12†‡ 14 � 29 90 � 6 101 � 14* 12 � 15 102 � 13† 13 � 14
V̇O2

max, mL/kg/min 16 � 2 19 � 3 2 � 4 22 � 7† 6 � 7 15 � 5 16 � 5 1 � 1.7 18 � 6 2 � 2
Adiponectin/leptin ratio,

median (range)
0.1

(0.0–6.3)
0.2

(0.1–3.0)*
0.05

(–3.9 to 2.7)
0.5

(0.1–4.3)†
0.16

(–3.0 to 4.0)
0.1

(0.1–0.3)
0.3

(0.1–0.7)*
0.1

(0.0–0.5)
0.2

(0.1–0.5)†‡
0.0

(0.0–0.3)

Values are mean � SD.
* Baseline vs 6 months P � .01.
† Baseline vs 1 year P � 	 .001.
‡ 6 months vs 1 year P � .01.
EIB � exercise-induced bronchospasm
BMI � body mass index
PEF � peak expiratory flow
V̇O2max � maximal O2 consumption
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posed options for non-pharmacologic management include
physical conditioning, nasal breathing, incorporating a
warm-up before and a cool-down period after exercise,
avoidance of cold weather or environmental allergens, and
using a face mask or other aid to warm and humidify
inhaled air.18,19 Recent results also suggests that dietary
modifications may play a role in controlling EIB in asth-
matics.25 However, to our knowledge, this is the first study
that has evaluated the effect of an interdisciplinary therapy
of 1 year on EIB frequency and possible mechanisms in-
volved in this change, such as inflammatory factors (lep-
tin, adiponectin and adiponectin/leptin ratio) in non-asth-
matic obese adolescents.

Obesity negatively affects the respiratory and other sys-
tems in many ways, and previous studies have demon-
strated that increased body weight has been associated
with bronchial hyper-responsiveness in obese patients,42

confirming the importance of attenuating the inflamma-
tory process related to obesity and respiratory conditions.
Nevertheless, studies assessing EIB frequency in non-asth-

matic obese children and adolescents have found conflict-
ing results.6,7,10,11

In the present investigation, we observed that 1 year of
interdisciplinary therapy decreased EIB frequency; this fact
was evidenced by the proportional change in FEV1 and
FEV1/FVC after exercise in the EIB group (see Fig. 2).
This is a relevant finding, considering that some studies
have demonstrated that non-asthmatic obese individuals
have a greater EIB frequency, compared to lean individ-

Fig. 2. Percentage of decrease in FEV1 and FEV1/FVC values after bronchoprovocation test in the exercise-induced bronchospasm group.
* P � .02 between baseline and short-term therapy. † P � .01 between baseline and long-term therapy.

Table 2. Logistic Regression Analysis of the Relationship Between
EIB and Its Possible Associated Risk Factors at Baseline

Crude Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)*

Body mass 0.98 (0.93–1.03) 0.99 (0.94–1.05)
FEV1 % 0.76 (0.61–0.94) 0.71 (0.53–0.94)
V̇O2

max 0.91 (0.71–1.18) 0.98 (0.75–1.31)
Adiponectin levels 1.08 (0.85–1.37) 0.95 (0.09–10.2)
Leptin levels 1.03 (0.98–1.08) 0.99 (0.93–1.08)
Adiponectin/leptin ratio 0.26 (0.04–17.7) 0.95 (0.08–10,2)

* Analyses are adjusted only for age and sex.
EIB � exercise-induced bronchospasm
V̇O2max � maximal O2 consumption

Fig. 3. The adiponectin levels measured at baseline and after
6 months and 1 year of interdisciplinary therapy in both groups.
* Baseline versus 1 year of therapy P � 	 .05.
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uals.6,7 Furthermore, this condition can be a restriction to
the practice of physical exercise and consequently contrib-
utes to sedentarism,43 as well to a vicious cycle between
causes and consequences linking obesity and respiratory
diseases.44

The sedentary state of obese individuals further com-
plicates matters by putting an added strain on the respira-
tory system: their decreased V̇O2

max causes this system to
work much harder for an equivalent level of physical ac-
tivity, even at low levels.43 It should also be considered
that the ventilatory reserves in the obese are limited by
their ability to support the increased muscle oxygen re-
quirements during exercise, because the lungs do not in-
crease in size commensurate with the subject’s added
weight.45

In our study, differences in the V̇O2
max values were not

found between the groups. However, after therapy, the
improvement in FEV1 was correlated with the change in
V̇O2

max. This result was expected because there was an
improvement in lung function after therapy, and conse-
quently in the ventilatory reserve, with an increase in
V̇O2

max values (Table 4).45 Furthermore, exercise programs
involving aerobic activity have demonstrated a benefit in
cardiorespiratory fitness, and consequently in the exercise
tolerance and EIB frequency in asthmatics.26,27

The decrease in EIB frequency was followed by im-
provements in lung function (see Table 1), in agreement
with previous studies.46,47 This increase in FEV1 and FEV1/
FVC may reflect the enhancement in lung volumes, a well-
known effect of weight loss in obese patients,46-48 suggest-
ing an important role of an integrated clinical approach to
control of chronic diseases.38

Moreover, one of the most important findings in this
study was that a low FEV1 value was a risk factor asso-
ciated with EIB at baseline, when adjusted for age and sex.
There are some disagreements on the role of the pre-chal-
lenge FEV1 in the association between obesity and airway
hyper-responsiveness. Whereas in some studies FEV1 re-
mained unchanged or increased in obese individuals,49,50

others demonstrated that increased body fat or fat distri-
bution impaired mechanical ventilation, with reduced ven-
tilatory function and small tidal volumes, with low smooth
airway stretch.50,51 Reduced smooth muscle stretch results
in a “latch phase” with less actin-myosin cycling increas-
ing airway hyper-responsiveness.13

In addition, the lung volume is a major determinant of
the bronchoconstrictor response. Thus, changes in lung
volume act to alter the forces of interdependence between
airways and parenchyma that oppose airway smooth mus-
cle contraction.52 Therefore, we suppose that this is the
main mechanism for EIB occurrence in our study.

To better explore the other mechanisms involved in EIB
occurrence in obese adolescents, a regression analysis was
performed to investigate the role of leptin concentrations
and adiposity measures on FEV1 values; however, these
variables were not predictors of low FEV1 values at base-
line (data not shown). This aspect needs to be investigated
in future research with a larger cohort.

Moreover, after treatment, we showed that FEV1 values
were negatively correlated with changes in leptin concen-
tration. Nevertheless, after 1 year of therapy, the EIB group
did not normalize the leptin values, remaining in a state of
hyperleptinemia. Altogether, these findings suggest the dif-
ficulty in controlling both the neuroendocrine regulation
of energy balance and the inflammatory process linking
obesity and respiratory alterations.

Since its discovery, leptin has been known to play an
important role in energy balance control.53 In addition,
studies have observed an important function: up-regula-
tion of inflammatory immune responses. This finding may
provide a common pathogenesis mechanism, which con-
tributes to the majority of complications of obesity.54 Lep-
tin’s action on inflammation leads to an inflammatory state
in obese subjects.55

A previous study demonstrated that leptin was nega-
tively correlated with lung function variables.14 Further-
more, leptin infusion in mice was associated with airway
hyper-responsiveness.13 Human studies have demonstrated
that high leptin concentration was associated with increased

Fig. 4. The leptin levels measured at baseline and after 6 months
and 1 year of interdisciplinary therapy in both groups. * Baseline
versus 1 year of therapy P � 	 .05.
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prevalence of asthma and a trend for wheezing in asth-
matics.56,57 A recent study showed that the pro-inflamma-
tory effects of obesity on the airway are probably not due
to a direct effect of leptin on airway smooth muscle. In this
sense, another mechanism proposed is that the leptin ef-
fects are a result of proliferation inhibition on human air-
way smooth muscle.14 Therefore, the main effects of leptin
in this process are on airway inflammation and lung de-
velopment.13,14,56,57

The reports are scarcer on the link between obesity-
associated EIB and adiponectin, which is an obesity-re-
lated biomarker. Studies associating adipokines and asthma
have documented a protective effect of high adiponectin
concentration, although only in asthmatics patients.15,58

Thus, one finding from this study is that the improve-
ment in FEV1values was positively correlated with changes
in adiponectin concentration in non-asthmatic obese ado-
lescents. The primary metabolic effects of adiponectin are
on glucose regulation and fatty acid metabolism, but it also
has an anti-inflammatory effect.59,60 Thus, the decreased
adiponectin concentrations commonly observed in the
obese, including adolescents, could contribute to the de-
velopment of airway hyper-responsiveness.17 The signifi-
cant increment in adiponectin and in adiponectin/leptin
ratio after treatment can suggest a better control of sub-
clinical inflammation related to obesity in these patients.

Taken together, this study demonstrated that interdisci-
plinary therapy promoted an improvement in lung function
and anti-inflammatory profile, as well as a reduction in
adiposity measures; however, the EIB group remained with
higher leptin levels and did not improve their V̇O2

max
values. These findings reinforce the importance of the prac-
tice of non-pharmacologic therapy for the treatment of the
common conditions related to obesity and respiratory al-
terations in non-asthmatic obese adolescents.

The lack of a control group represents a limitation of the
present study. However, it should be mentioned that the
original objective was to assess the effects of long-term
interdisciplinary therapy on EIB frequency and inflamma-
tory risk factors associated in obese adolescents. Further
investigation including a control group and long-term fol-
low-up are needed.

Conclusions

This study demonstrated a decrease in EIB frequency,
paralleled by an increase in lung function and an improve-
ment in the pro-/anti-inflammatory profile among obese
adolescents. Additionally, this kind of treatment effectively
ameliorates the hormonal profile and obesity in adoles-
cents.
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