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ABSTRACT
Introduction: Children and adolescents who are overweight have a higher prevalence of exercise-
induced bronchospasm (EIB), as compared to eutrophics. Spirometry and peak flow meter are important
evaluation methods of lung function. However, the applicability of the peak expiratory flow (peak flow
meter) in the detection of EIB in children and adolescents who are overweight is not known, hence
the development of this research. Objectives: To evaluate and compare the onset of exercise-induced
bronchospasm (EIB) in children and adolescents non-asthmatic who are overweight, evaluated by
spirometry and the peak flow meter (PEF). Methods: The study included 39 volunteers above the 85th
percentile (OB) and 30 normal weight (EU), with the age of 8 to 15 years. The evaluation of lung function
before and after bronchial provocation test was performed by spirometry and peak flow meter, according
to the protocol of Del Rio-Navarro et al, (2000). The EIB was considered positive when the volunteer
showed a reduction > 10% of baseline FEV, or > 20% reduction in PEF 4, and/or PEF.. Results: The
detection of the BIE, the prevalence of obese group was 26% measured by peak flow meter (PEF,) and
23% for FEV,. The time of the BIE occurred with the first 15 minutes post-exercise in both parameters:
(PFEpr,) and FEV,. Conclusion: The obese volunteers presented similar time and prevalence of EIB, when
evaluated by both methods of pulmonary assessment. The easy handling and low cost from this method
created greater accessibility for the general population from the peak flow meter, which shows its
importance as part of an educational program in the initial diagnosis of EIB in large airway caliber.
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INTRODUCTION

Exercise-induced bronchospasm is assessed through the
behavior of the pulmonary function before and after exercise,
being characterized by significant decrease of the pulmonary
function®. Symptoms such as dyspnea, dry cough and clinical
signs as the presence of wheezing during or immediately after
an intense physical activity (PA) characterize the exercise-induced
bronchospasm (EIB)®.

The peak of expiratory flow represents the maximal flow
generated during a forced expiration, performed with maximum
intensity, starting from the total pulmonary capacity®.

EIB is diagnosed through reduction of 20% to 25% of post-exercise
PEF in asthmatic individuals®, athletes®and obese women the
reduction may reach up to 10% of the baseline value®. Studies observe
higher prevalence of EIB onset in children with weight excess”9.

Among the methods used to evaluate the pulmonary function,
spirometry has the aim to measure the expired air maximal quantity
and velocity; however, despite the high reliability, it presents
high technical complexity, since it requires good cognition and
understanding from the evaluated individual, besides being an
evaluation method of difficult access due to its high cost®?. The
FEV is a spirometric parameter of the beginning of the forced
expfration, expresses the emptying ofthe central air way; however,
it does not include the pulmonary volume in which the limitation
to the air flow in the current volume occurs®.
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On the other hand, the expiratory flow meter, also known as
peak-flow meter, is a non-invasive method, of easy application and
low cost which presents high correlation both to the FEV,and
other results obtained through the conventional spirometry
instrument®'9. The measurement of the expired flow peak
represents the maximum flow generated during a forced expiration
and has as aim to determine the asthma severity, diagnose exercise-
induced asthma and hyperesponsiveness of the air way, monitor
the treatment and detect worsening of pulmonary function”. The
peak flow meter application is not known in the detection of EIB in
non-asthmatic children and adolescents with weight excess, which
justifies the development of this research.

Thus, this study had the aim to evaluate and compare the
triggering of exercise-induced bronchospasm (EIB) in non-asthmatic
children and adolescents with weight excess, evaluated by spirometry
and the peak flow meter (PEF).

METHODS

The sample was composed of69 volunteers, the case group
was composed of 39 volunteers (non-asthmatic obese children and
adolescents), aged between eight and 15 years, recruited from the
Nutrition Sector of the Clinics Hospital of UFU (Federal University
of Uberlandia) in the period between e 2005 and 2007. The control
group was composed of 30 eutrophic children and adolescents
recruited from the social interaction of the case group.
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The exclusion criteria adopted were: presence of acute and
chronic pulmonary diseases, cardiopathies, diabetes, musculoskeletal
deformities, pain in lower limbs, use of steroid and non-steroid anti-
inflammatory medication, presence of symptomatology compatible
with viral infection scenario (cold, flu) in the last six weeks and
baseline pulmonary function proof (spirometry) with values of the
FEV,/FVCratio (forced expiratory volume at the first second of the
forced vital capacity) < 80% andof FEV,and PEF< 70% from the
expected value.

This study was previously approved by the Ethics in Research
Committee of the University Center of the Triangle (# 621616). The
parents and legal tutors were informed on the study’s aims and
subsequently were invited to sign the consent form.

Sexual maturation was assessed according to the Tannercriteria.
Asthma was diagnosed using the questionnaire by the International
Study of Asthma and Allergies in Childhood-ISAAC"3'), considering
questions 1 and 2 for confirmation of the asthma diagnosis.

Evaluation of the pulmonary function and the bronchial
challenge test

Pulmonary function was assessed with a portable spirometer
EasyOne® model 2001 (Zurich, Switzerland), according to
recommendations by the ATS. The bronchial challenge test by
exercise was performed in a room with temperature range
between 22-25°C and air relative humidity below 50%. Prior to
the bronchial challenge test, the volunteers rested for 15 minutes,
being informed on the research procedures.

Subsequently, the nasal clip was put on the volunteers when
they were told to perform a forced maximal expiration and one
forced maximal inspiration following it. The flow-volume curves
were observed during the test performance, being the best value
of three reproducible forced expiration maneuvers selected. The
FEV, (L) parameter was assessed. The predicted values according
to Knudson reference determined according to age, race, gender,
weight and height were considered. Evaluation of the pulmonary
function was performed pre-exercise to obtain a baseline value
and two. 10, 15, 20, 25, 30 and 60 minutes after exercise, in periods
similar to the ones used by Del Rio,Navarroet al.”). The test was
considered positive when the volunteer presented FEV, > 10%
reduction and/or PEF; (peak of expiratory flow evaluated by
spirometry) > 20% of its baseline value until 60 minutes post-
exercise and/or clinical criteria such as: cyanosis, arrhythmia or
thoracic pain. The test was performed on a treadmill on which
initial velocity was 1km/h and 0% of total inclination, increasing
1.5km/h and 2,5% of inclination at every 30 seconds for two
minutes until reaching 6km/h and 10% of total inclination. When
the volunteers’ inclination reached the submaximal cardiac
frequency (220 - age* 0.65), they should continue for four extra
minutes, with the same workload.

The volunteers returned to the laboratory in 48 hours and
performed the bronchial challenge test once again when the
PEF(L/min) parameter was used and evaluated by the peak flow
meter Health scan® Personal Best (PEFpq,) instrument. The expected
values were considered according to the reference table(,
Likewise, the evaluation of the pulmonary function was performed
pre-exercise to obtain a baseline value and two, 10, 15, 20, 25,
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30 and 60 minutes after the exercise. The test was considered
positive when the volunteer presented reduction of PEF> 20%
than its baseline vale until 60 minutes post-exercise on treadmill®.

STATISTICAL ANALYSIS

Normality of the collected data was verified using the Kolmogorov
Smirnov test through the SPSS software, version 13.0. Significance
level of 5% (p < 0.05) was considered in all tests. The prevalence
variables were assessed by the independence chi-square test.
Comparative analysis of the anthropometric variables, spirometric
variables obtained in the pulmonary function test and age, between
groups was performed through the ttest for non-paired samples.
The FEV,, obtained values and pre and post-test PEF of intergroup
bronchial challenge test of the volunteers, were compared with
the application of the analysis of variance (two-way ANOVA) and
the Tukey post hoc test.

RESULTS

EIB prevalence when the FEV,criterion was adopted was of 62%
in the case group versus 13% in the control group (p < 0.05) (figure 1).
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Figure 1. Prevalence of EIB evaluated by the FEV,between groups.*p < 0.05.

When the prevalence of EIB was evaluated in the obese group,
23% (10 volunteers) triggered it by the FEV,, 26% (11 volunteers)
triggered it by the PFEqq, (figure 2).

Concerning the EIB triggering time, it is observed that when the
FEV,parameter and PEF,, is evaluated, there was higher prevalence
of EIB in the first 15 minutes post-exercise (figure 3).

In the intergroup analysis (EU and OB), statistically significant
difference has not been found between the predicted values of
baseline FEV,. However, our overweight volunteers presented lower
baseline PFE values evaluated by spirometry (PEF) (table 1).
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Figure 2. EIB prevalence in the obese group (n = 39). *p < 0.05, comparing FEV,
forced expiratory flow on the first second and PEF,,, peak expiratory flow measured
by the peak flow meter.
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Figure 3. Most prevalent times of the EIB triggering by the different adopted criteria.
FEV,, forced expiratory volume on the first second; PEF s s, expiratory flow between
25-75% of the FVG; PEF,y,, peak of expiratory flow by the peak flow meter* p < 0.05,
comparing the three parameters.

Table 1. Spirometric variables of the baseline pulmonary function testof both groups

Characteristics N E=U3 0 NZB”
FVCpredicted (%) 94 +12 97 + 16
FEV,predicted (%) 99 + 13 98 + 14

FEV,/FVC (%) 1037 100£9

FVC, forced vital capacity; FEV,, forced expired volume on the first secondPEF, peak expiratory flow. Values presented
in MA £ SD. *p < 0.05.

DISCUSSION

Obesity is considered a chronic disease and directly or indirectly
related to some other pathological situations which contribute
to morbimortality such as cardiovascular, osteomuscular and
neoplastic diseases!'®, as well as alterations of the respiratory
system in its volume and pulmonary capacities"'®, The buildup
of adipose tissue is deleterious to the ventilatory function in children
of both genders!'®2%, Obesity directly affects the mechanics of the
respiratory system changing the pulmonary volume, the airway
caliber and the strength of the respiratory muscles®.

Although alterations in the pulmonary function are found in
adults, especially in severe obesity®), in children the mechanical
load of the fat deposition positively affects the pulmonary growth,
which induces reduction of pulmonary function®?. Our overweight
volunteers presented lower baseline PEF; values, which is according
to the findings by Ulgeret al®.

The bronchial challenge test is performed through a maximal
exertion, being an exercise of high intensity and short duration,
between six and eight minutes, which allows that the heart rate
(HR) is increased up to 80% of the maximum for the age, through
treadmill or cycle ergometer??. In our study the Del Rio-Navarro et
al” protocol which monitors the submaximal heart rate through
the formula: (220 - age * 0.65) was used. The protocol on treadmill
was due to the higher metabolic demand when compared to the
cycle ergometer, since it generates higher cardiac and ventilator
stress, being useful in the evaluation of the exercise-induced
bronchoconstriction®. It is worth mentioning that four volunteers
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o four sample interrupted the test for having interpreted the load
imposed as maximal effort due to the discomfort caused by the
peripheral muscular fatigue.

Among the evaluation methods of the pulmonary function,
spirometry has the aim to measure the maximal quantity and
velocity of expired air, and despite its high reliability it is a clinical
evaluation method of difficult access due to its high cost®?. On
the other hand, the expired flow meter, also known as peak-flow
meter, is a non-invasive method of easy application and low cost®'9,

In the EIB detection, 26% of our volunteers of the obese group
had EIB triggering evaluated by the peak flow meter. The PEF is
an effort-dependent expiratory parameter which reflects the big
airways caliber and can be used with an indirect index of the
expiratory strength®.

Since the EIB prevalence by the PEF,is similar to the one found
by the FEV, (23%) in the obese group, our findings demonstrate
the importance of this instrument as intrinsic part of an educational
program as an alternative of initial diagnosis for EIB in airways of
big caliber; however, the PEF,, should not completely substitute
the traditional spirometry, but can help in the early detection of
airway obstruction®?,

When the EIB triggering times are assessed by the FEV,and
PEF.q, parameters, higher prevalence in the first 15 minutes after
exercise is observed. We believe that the EIB triggering time is
related to the size of the airways affected, being the FEV,and PEF
more directly related to the central airways®“?7),

The EIB causes are not well-evidenced?®, but there are currently
hypotheses which explain the EIB triggering.

In obese individuals, the hyper responsiveness to exercise may
be explained by three hypotheses. The first one is supported by
the differences in anatomy of the lungs and airways, due to the
possible effect in the compromising of the pulmonary growth, and
consequently, in reducing the pulmonary function by the deposition
of adipose tissue in the thoracic and abdominal regions®

In the second hypothesis, the increase of adipose tissue in the
abdominal and thoracic region causes reduction of the functional
residual capacity"®? which directly acts on the straight muscle
of the airways which excessively shortens. The fact that obese
individuals breathe ore rapidly and superficially, predisposes them
to increase of airway responsiveness and is justified by the fact that
the pulmonary is the greatest determinant of the airway diameter®??.

The third hypothesis is that obesity is related to a chronic
inflammatory process, in which systemic inflammation characterized
by increase of the circulation of leucocytes and increase of the
cytokines, cytokines receptors, chemokines and proteins of acute
phase concentrations released by the adipose tissue occurs. It
is particularly interesting that obesity increases the TNFa seric
concentration, which when connecting to the receptors placed in
the straight muscles of the airways, promotes bronchoconstriction.
In addition to these factors, there are others which when altering
their concentrations may affect the airways function leading to
their hyper responsiveness, which include: leptin, adiponectin and
PAI-1182930 It is believed that in obese individuals an association
between these hypotheses possibly occurs, which predisposes
them to more remarkable EIB triggering.
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CONCLUSION

Important results to the clinical practice of the professionals
from the health field are present in this study, such as the use of
the peak flow meter as an important instrument in the detection
and initial diagnosis of EIB in central airways, in order to provide a
suitable evaluation and previous guidance about physical exercise
practice for obese children and adolescents, besides enabling the
investigation of possible associated factors such as respiratory
discomfort and dropout from physical activity programs.

Possibly, distinct etiologies are related to the EIB; this fact
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