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Abstract

Background: Exercise-induced bronchospasm (EIB) is frequent in asthmatic athletes and, although less
prevalent, also occurs in non-asthmatic ones. Breathing warm-humid air reduces this phenomenon.

Objective: To evaluate EIB prevalence in semi-professional soccer athletes from a tropical humid region.

Methods: We included athletes from a soccer team from the city of Recife-Brazil. A history of asthma or
respiratory symptoms after exercise, demographic data and baseline FEV1 measurements were obtained.
Thereafter, each athlete performed a standardized free field running to achieve 85% to 95% of the maximum
calculated heart rate for the last 6 minutes of a total running time of 8 to 10 minutes. FEV1 was measured again at 5,
10, 15 and 30 minutes after exercise and EIB was defined as a reduction ≥ 10% from basal values in two
consecutive time points. Results: Fifty-four male athletes aged between 13 and 21 years were evaluated. All denied

exercise associated respiratory symptoms. Mean temperature and air humidity were 30.2°C ± 2.7°C and 82.1% ±
2.9%, respectively. EIB was found in two (7%) athletes (with a fall in FEV1 from baseline of 23.3% and 22.6%), none
with history of asthma symptoms. Two other athletes had a history of asthma symptoms in childhood but no
decrease in FEV1. Conclusion: The studied population of semi-professional soccer athletes with no exercise
associated respiratory complaints showed a low BIE prevalence (7%). It may be necessary to perform the challenge
with the athlete breathing dry air in those that also play in more dry and cold climates.
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Introduction
Exercise-induced bronchospasm (EIB) is the transitory narrowing

of lower respiratory airways which occurs during, or more often, after
vigorous physical activity [1,2]. It is found in high proportion of
asthmatic children and adolescents and among asthmatic athletes EIB
is diagnosed in up to 90% of them, varying with the adopted diagnostic
protocol, exercise intensity and breathing air conditions [3-5].
Depending on sport modality and the diagnostic protocol adopted, the
prevalence of EIB in non-asthmatic elite athletes varies from 8% to
50% [6-8].

Self-reported respiratory symptoms after strenuous exercise is a
common complaint in athletes but are deemed as non-reliable for EIB
diagnosis [9,10]. In elite athletes the lack of adequate EIB recognition
and prevention could impair maximal physical performance [11] and it
is recommended that those who report respiratory symptoms should
perform objective diagnostic tests to guide a correct diagnosis, a more
appropriate training schedule and the pharmacological prevention
[12].

Inherent personal factors such as atopy, allergic rhinitis and asthma,
as well as ambient air conditions such as low temperature and relative
humidity, can directly influence EIB triggering [13]. In asthmatic
adolescents it has been shown that EIB prevalence drops by half after
free running tests carried out in the summer when compared to winter
in countries with well-defined climatic seasons [14].

Soccer is extensively played all over the world by amateurs, semi-
professionals or professionals athletes. In spite the fact that soccer is an
Olympic sport and its World Cup has the largest world’s sports
audience, limited information is found in the literature regarding the
prevalence of EIB in professional or semi-professional soccer players
[3,12,15-17]. The objective of this research was to prospectively screen
a sample of semi-professional athletes of a soccer team from Recife - a
Brazilian city characterized by a tropical humid climate for the
prevalence of EIB using a field running protocol.

Materials and Methods
Participants were semi-professional athletes from the lower division

of a professional Brazilian soccer team - Clube Nautico Capibaribe -
located at the city of Recife, an estuarine city located on the northeast
Brazilian coast (-08°04’03”S, 34°55’00”W) that has temperatures
ranging between 23°C and 32°C and a relative air humidity oscillating
between 70% and 85%, with small changes along the year. The athletes
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had physical and technical training sessions from Monday through
Friday, at least three hours each day. The exclusion criteria were the
reporting of recent symptoms of respiratory infection (less than three
months), forced expiratory volume in one second (FEV1) below 80%
of predicted, and inability to adequately perform an acceptable forced
expiratory maneuver. The study was approved by the institutional
ethics committee on human research and all individuals who
participated in the study signed an informed consent form. The
diagnosis of asthma compatible symptoms was done using the
International Study of Asthma and Allergies in Childhood (ISAAC)
questionnaire translated and validated for Brazil [18], which was
administered to each of the athletes separately. The medical records of
each participant were also reviewed.

Temperature and relative air humidity were recorded before exercise
(TEMP Int/Ext, Cotronic Technology Ltd, Hong Kong, China), and
anthropometric measurements were taken using a calibrated scale
(model 111 class III, Balmak, São Paulo, Brazil) and a portable
stadiometer (American Medical do Brasil, São Paulo). Spirometric
parameters were measured according to the international criteria of
standardization and acceptability of tests [19], employing a daily
calibrated spirometer (WinDxTM Revelation, Creative BioMedics –
San Clemente, CA, USA).

Physical exercise test was done by free field running in a 10 × 20
meters rectangle previously marked with cones in the soccer field. Two
co-workers were placed at two corners in diagonal position to
stimulate the athletes to maintain or change the rhythm to keep the
target heart rate. The test duration was 8 to 10 minutes with a
progressive speed increase for warm-up on the first two minutes and in
the last six minutes to maintain the heart rate between 85 to 95% of
maximum calculated [20].

Spirometry was conducted in duplicate before and 5, 10, 15 and 30
minutes after the run and the best FEV1 recorded at each time point.
The test was considered positive if a fall in FEV1 of ≥ 10% was
observed over two consecutive time points compared with baseline
and the biggest chosen for analysis [20]. The predicted values were
those for Brazilians [21].

Results
Fifty-four male athletes were evaluated between the months of April

to June – the most humid of the year. Subjects’ characteristics such as
age, anthropometric measures, and mean baseline predicted FEV1 are
presented in Table 1. Only two athletes reported having asthma in
childhood but no actual respiratory symptoms, while the others denied
any respiratory symptom or asthma diagnosis. No athlete was excluded
on the basis of the exclusion criteria.

Age range n(%) Height (m) Weight (Kg) Baseline FEV1*

(Mean + SD) (Mean + SD) (Mean + SD)

13 to 15 years 18 (33%) 1.70 ± 0.09 60.77 ± 12.29 105.99 ± 12.67

16 to 18 years 30 (55%) 1.73 ± 0.07 66.56 ± 8.55 102.96 ± 9.88

19 to 21 years 6 (11%) 1.85 ± 0.06 73.83 ± 4.16 95.43 ± 5.06

*Percentage of predicted

Table 1: Characteristics of the studied sample.

Tests were performed between 2 and 4 pm under 30.2°C ± 2.7°C
mean temperature and a relative air humidity of 82.1% ± 2.9% (~24 g
of water /liter of air). Mean achieved heart rate was 89.5 ± 4.7% of the
maximum calculated.

After running, two athletes (15 and 17 years old) showed fall in
FEV1 in two measured time points compared to basal values (7%), the
maximum fall were of 23.3% and 22.6% respectively, none of them
complained of exercise related respiratory symptoms or had a
diagnostic history of asthma.

Discussion
Our results showed a low prevalence of EIB (7%) among 54 soccer

players with no exercise related respiratory complaints in a tropical
and humid climate city submitted to a standardized field-based
running.

Guidelines recommend exercise intensity to reach and keep heart
rate between 85% and 90% of maximum calculated [20]. All the
studied athletes reached at least 85% of maximum calculated heart rate
during the last six minutes of running. The adopted spirometry
acceptability criteria [19] and the stricter diagnostic criteria of a fall of
>10% at two consecutive time points [20] minimized bias as a possible
cause for the observed results. Furthermore, the challenge stimulus for
EIB diagnosis that utilize exercise in the field, similar to the athlete’s
sport activity, are considered valid and even more efficient than those
done in the laboratory with controlled environment temperature and
humidity [8]. It is possible that if the exercise challenges were done
with athletes breathing dry air this prevalence would be higher.

The prevalence of respiratory symptom among elite athletes is high
[22] and exercises of long duration with high loads, requiring high
ventilation levels, are those that most often cause EIB [23-25]. It is
believed that the mechanism responsible for EIB is airway periciliary
fluid dehydration due to hyperventilation that leads to mediators
release by airway epithelial and mast cells [26]. Environmental
conditions such as low temperature and relative humidity, together
with increased breathing rates and exposure to irritants, as well as
aeroallergens and suspended air pollutants, strongly contribute to EIB
triggering in athletes [27]. It is also relevant that even in non-asthmatic
athletes the aggression caused by these repeated and prolonged stimuli
–especially chlorine in swimming pools - result in an increase in the
number of bronchial mucosa inflammatory cells (especially
neutrophils and/or eosinophils) and in bronchial hyperresponsiveness
[28]. Discontinuation of the physical activities leads to the reduction or
gradual disappearance of these phenomena [29]. The presence of
asthma or atopy potentiates all those factors [8].

Studies have investigated the prevalence of EIB in athletes without
known history of asthma. In a sample of 212 athletes of different sports
in a training facility who had no prior asthma diagnosis, 20 (9%)
showed >10% fall in FEV1 from basal values after eucapnic voluntary
hyperventilation (EVH) [30]. Among 198 British Olympic athletes
submitted to EVH test who did not have a previous diagnosis of
asthma or bronchial hyperresponsiveness, Dickinson and colleagues
[31] demonstrated a FEV1 reduction > 10% from basal in 29% of them.
The lower EIB prevalence observed in our sample (7%) may be related
to temperature and humidity conditions of breathed air in Recife-
Brazil. It is possible that if exposed to drier and/or colder air
temperatures a greater proportion of those athletes would have an EIB
diagnosis.
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Soccer is a sport that imposes a high aerobic load demanding that,
particularly close to competitions, the athletes reach their best physical
conditioning that requires an increase in extent and intensity of
trainings. During a professional soccer game some athletes run as
much as 10 to 15 km. Few studies were found in the literature that have
evaluated the presence of EIB in participant of this sport, despite the
difficulties with the terms soccer and football to designate the sport as
understood by FIFA (Féderatión Internationale de Football
Association). SØdal [32] found a prevalence of 35% for bronchial
hyperresponsiveness in soccer players of a national female team in
Norway. In Iranian children who played soccer, Ziaee et al. [17] noted
an EIB prevalence of 6%, but the challenge was made through a game
of soccer lasting 15 minutes, which could have been insufficient to
reach the exercise load considered adequate [20]. Other investigators
found an EIB prevalence of 11% among soccer playing children aged 8
to 13 years without previous asthma diagnosis [33,34].

In Tehran, Iran, a prevalence of 6% in non-asthmatic athletes was
found in 100 adult players from a soccer team [16]. The temperature
conditions were similar to ours, but relative humidity was lower,
between 18 and 51%. The diagnostic criterion of EIB was a 15%
reduction in FEV1, which could have also underestimated the
prevalence. The type of physical activity used for provocation was not
specified in that study.

Until 2010 regulatory anti-doping agencies required that asthma or
EIB among athletes should be proven by objective methods before
requesting authorization for the use of preventive medication. WADA
(World Anti-doping Agency) new list of allowed medications permits
the use of albuterol and salmeterol since 2010 and formoterol since
2013 without clinical confirmation, requiring a notification only.
Inhaled corticoids are also allowed [35].

It is necessary to emphasize that the diagnosis of EIB in athletes
with exercise associated respiratory symptoms or a diagnosis of asthma
should be made by an objective test. Ansley et al. [12] showed that of
the 65 English professional soccer players diagnosed as asthmatics that
they evaluated, 57 made regular use of medication to prevent EIB and,
despite reporting complaints of respiratory symptoms during exercise,
only 31 had a positive response after the bronchoprovocation by EVH
and/or inhalation of mannitol, and the symptoms were not predictors
of bronchial responsiveness to the bronchial provocation tests [12].

Although it may seem intuitive that EIB could impair athletic
performance, especially in elite athletes, this by no means is a settled
question [11]. The two patients that showed a fall in FEV1 of more
than 20% from baseline had no respiratory complaints or reported any
trouble in doing their training physical activities. Some sports
organizations have established EIB screening programs for all of their
internationally competitive athletes but this is far from being a
consensus [35]. On the other hand, it is clear that individuals with
exercise associated respiratory complaints and/or a clinical diagnosis
of asthma that are engaged in competitive sportive activities should be
evaluated for EIB [3,8,9,12,15,20,24,35].

Conclusion
It is odd that so few studies are reported in the literature on

diagnosis and prevention of EIB among soccer athletes. As this is the
world’s most widespread and popular sport that is held outdoors, more
studies are needed to evaluate EIB prevalence among soccer players, its
association with respiratory complaints, asthma, allergic and non-

allergic rhinitis, the influence of different climate conditions and
prevention.
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