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Background

Endurance athletes (EA) with lung disease and allergic inflammation have worse
performance.

Purpose

To examine whether pharmacological treatment can reduce airway disorders such as
exercise-induced bronchoconstriction (EIB) and allergic inflammatory response (AIR) in
EA.

Study Design

Prospective, controlled clinical trial

Methods

EA who were marathon runners underwent eucapnic voluntary hyperventilation (EVH)
for screening assessment. EA who fulfilled the criteria for an EIB+ after an EVH were
included in the treatment group (EIB+; n=13), and those who did not were included in the
control group (CON; n=18). The athletes were assessed before and 30 days after the
intervention. Outcomes included cardiopulmonary exercise testing, lung function,
allergic symptoms (allergic questionnaire for athletes [AQUA®©]), AIR (T helper [Th]-1,
Th2, and Th17 lymphocytes in cell cultures), inflammatory mediator expression, salivary
immunoglobulin (Ig)A, blood cortisol, blood IgE levels, and airway inflammation (fraction
exhaled nitric oxide [FeNO]). Both groups were advised to keep the same training routine,
and only the EIB+ received pharmacological treatment with inhaled corticosteroids
(400-800 mcg/day) and long-acting bronchodilators (12 mcg/day). The CON and EIB+
groups underwent the same assessments after the intervention and were compared pre-
and post-intervention, and effect sizes were calculated.

Results

EIB+ (males, age 28.1+7.4 years, BMI 20.3%1.0 kg/m2) CON (males, age 29.8+6.5 years,
BMI 20.5%1.6 kg/m2) participated. At baseline, the 02 peak, lung function, allergic
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symptoms, IgE, IgA, FeNO levels, and AIR were not significancly different between
groups (p>0.05). After pharmacological treatment, only the EIB+ group showed a
decrease in EIB (p<0.001) and an increase in VO2peak compared to baseline (p<0.05).
However, no difference was observed in the expression of inflammatory mediators

(p>0.05).

Conclusion

Pharmacological treatment reduces EIB and increases the aerobic perforance/fitness in
endurance athletes. These benefits occur without modification of the AIR.

Level of Evidence

Level II- Prospective Comparative Study

INTRODUCTION

Exercise-induced bronchoconstriction (EIB) is character-
ized by transient narrowing of the airways during or after
exercise that commonly occurs in subjects with asthma or
in some athletes with ventilatory disorders.! The preva-
lence of EIB is higher in elite athletes, especially those
who practice endurance sports.2 However, the occurrence
of EIB depends on several factors, including allergic pre-
disposition, training environment, and exercise intensity.3
In addition, elite athletes who sustain high ventilation lev-
els (above 150 1/min) for prolonged periods are more vul-
nerable to the induction of EIB.4 The risk of EIB increases
in atopic subjects with asthma; however, no difference in
performance has been observed between atopic and non-
atopic endurance athletes.4

Elite endurance athletes (EAs) are regularly exposed to
excessive aerobic training loads, which improves the car-
diorespiratory system and reduces the risk of developing
diseases such as cancer, obesity, and diabetes; however, it
may be harmful to their health.5 Furthermore, evidence has
demonstrated that elite athletes can develop overtraining
syndrome, a response to excessive training that can affect
different systems, including the immune and respiratory
tract, and induce muscle injuries, EIB, and reduced perfor-
mance caused by excessive training or lack of rest.®

The prevalence of EIB in the general population varies
from 5% to 20%, and is higher in elite athletes, with a
prevalence between 30% and 70%. In EIB athletes exhibit
an abnormal airway response to intense exercise exposure,
which decreases their performance.” Extreme ventilation
can cause airway epithelial injuries, releasing inflammatory
mediators, such as IFN-y and IL-4 in the airways, that are
associated with EIB in EAs.8 Furthermore, a recent study
showed that marathon runners present increased levels of
inflammatory mediators, such as IL-8 and IL-10, after com-
peting, which can modulate the allergic response and EIB
appearance.’ The Global Initiative for Asthma (GINA)!0
recommends using inhaled corticosteroid (ICS) associated
with formoterol to reduce EIB for all people with asthma di-
agnosis symptoms. The World Anti-Doping Agency (WADA)
does not consider pharmacological treatment as doping for
athletes with asthma or with other ventilatory disorders.
However, despite all the changes induced by training in
elite athletes, the effect of proper pharmacological treat-
ment to lessen EIB and the allergic inflammatory response

(AIR) remains poorly understood. Although previous stud-
ies have suggested using long-acting beta-agonists
(LABAs)!! or inhaled corticosteroids (ICSs) as treatments
for EIB,12 a treatment using both medications has not been
utilized in elite EAs. In the present study, The authors
hypothesized that pharmacological treatment (ICS+LABA)
could reduce EIB levels and change the AIR and perfor-
mance in athletes after individualized pharmacological
treatment. Therefore, the aim was to examine whether
pharmacological treatment can reduce airway disorders
such as exercise-induced bronchoconstriction (EIB) and al-
lergic inflammatory response (AIR) in EA.

MATERIALS AND METHODS TRIAL

DESIGN & PARTICIPANTS

Elite EAs with ventilatory disorders, but no history of
asthma were included in this interventional study. The in-
clusion criteria were as follows: males between 18 and 40
years old who compete at the elite level according to previ-
ously defined criteria.! Briefly, the performance criteria for
elite endurance athletes were the ability to run 10 km in
<33 min, a half-marathon in <1 hr and 10 min, a marathon
in <2 hr and 30 min, or an Olympic triathlon in <2 hr and
5 min.!3 The study was approved by Ethics Committee of
the Clinical Hospital of the University of Sao Paulo (number
32476014.6.0000.0065), which was carried out according to
the Declaration of Helsinki.

STUDY DESIGN

The EA were not under current medical treatment and did
not exhibit any symptoms, and before the study, there was
no medical or clinical record of respiratory disease. They
were assessed during two hospital visits before the inter-
vention and 30 days after the intervention for the final as-
sessment. All the athletes underwent lung function and eu-
capnic voluntary hyperventilation (EVH) testing. The FEV,
was measured immediately after the challenge and at five,
10, 15, and 20 minutes after EVH. Allergic symptoms were
assessed (Allergic Questionnaire for Athletes [AQUA®]) at
their first visit. On their second visit, they were subjected to
cardiopulmonary exercise testing (CPET), and blood sam-
ples were collected to assess the AIR (T helper [Th]1, Th2,
and Th17 cell culture), inflammatory mediators (interleukin
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[IL]-6, IL-1b, IL-8, Macrophage inflammatory protein [MIP],
Interferon-gamma inducible protein-10 [IP-10], monocyte
chemoattractant protein-1 [MCP-1], Regulated upon acti-
vation normal T cell expressed and presumably secreted
[RANTES]), and blood cortisol and IgE levels. Finally, saliva
was collected (for IgA), and breath exhalation was per-
formed to assess airway inflammation (fraction of exhaled
nitric oxide [FeNO]). All hospital visits occurred in the
morning between 07:00 and 09:00. Athletes presenting a
negative response or no airway ventilation changes after
to EVH were included in the control group (n = 18) (CON),
while those presenting a positive response (drop in forced
expiratory volume in the first second [FEV1] >10%) were in-
cluded in the treatment group (n=13). Due to the type and
design of the study and proposed intervention, no athlete
was blinded. Those who were monitored received guidance
from a specialist sports doctor.

INTERVENTION

The pharmacological treatment was implemented for the
first time to EAs and included individual doses of ICSs and
LABAs. As the main criterion for inclusion in the EIB+/CON
group athletes should present with exercise-induced bron-
choconstriction (EIB) after an EVH test, as previously
shown.!4 Only if necessary, as a secondary criterion, the
specific IgE levels higher than 0.35 KUA was considered.!3
Also, only if necessary, the third criterion was used by the
allergic or respiratory symptoms based on AQUA® ques-
tionnaire scores!S although it is subjective and not specific/
objective like IgE. Participants who did not meet any of the
three criteria for inclusion in the EIB+ group were allocated
to the CON group and did not receive any treatment.

PHARMACOLOGICAL TREATMENT

The pharmacological treatment carried out by a respiratory
physician and in accordance with the Global Initiative for
Asthma (GINA).! Athletes of the EIB+ group underwent a
medical consultation before the beginning of the pharma-
cological treatment, which lasted 30 days. Briefly, individ-
ually, athletes with mild EIB (>10% and <25% with a slight
drop in FEV1) were prescribed ICS (budesonide) daily as-
sociated with inhaled long-acting [3,-agonist (LABA; for-
moterol fumarate dihydrate). Those with moderate EIB
(225% and <50% with a slight drop in FEV1) were prescribed
higher doses of ICS and LABA 400-800 micrograms (mcg)
and a short-acting [3,-agonist 12 mcg per day. Finally, ath-
letes with severe EIB (>50% with a slight drop in FEV1)
also received montelukast daily. EIB classification was per-
formed as previously described!®; details are provided in
the supplementary material. All medicines were prescribed
according to GINA1O and allergic rhinitis and their impact
on asthma.17.18 In addition, the doses of every medication
were performed according to the WADA guidelines.!® The
CON did not receive any medication or intervention and
underwent the same initial and final evaluations.

ASSESSMENT

Details of lung function, EVH, CPET, allergic history
(AQUA) and other evaluations are provided in the Supple-
mental Digital Content.

DATA ANALYSIS

Both the CON and EIB+ groups underwent the same assess-
ments after the intervention and were compared pre- and
post-intervention. All data comparisons were performed
using SigmaStat 12.1 (Systat Software, San Jose, CA, USA).
Data normality was assessed using the Kolmogorov-
Smirnov test, and variable homogeneity was assessed using
the Levene test. Group comparisons were performed using
unpaired t-tests. The Shapiro-Wilk and the Holm-Sidack
post hoc tests were performed for parametric variables. The
Friedman test was used for non-parametric variables for
inter- and intra-group comparisons before and after phar-
macological treatment. The association was analyzed using
the Spearman correlation test. The effect size was calcu-
lated using the Cohen method and classified as small
(0.21-0.49), medium (0.50-0.79), or large (>0.80).20

RESULTS

One hundred and three elite male athletes were invited to
participate in the study; 40 athletes were eligible for the
study based on their performance, and 31 were included.
Nine athletes were excluded, and the main reasons were
i) inability to attend reassessments (n=4), ii) lack of time
(n=2), iii) injury during the experimental period (n=2), and
iv) other reasons (n=1). No difference between CON and
EIB+ was observed in anthropometric characteristics, train-
ing volume, lung function, allergic symptoms, IgE levels,
and systemic and airway inflammation at baseline (Table
1). In addition, 3 (16%) athletes in the CON and 7 (53.8%)
in the EIB+ group exhibited allergic symptoms according to
the AQUA® (>5 points).

Before the intervention, it was identified that nine ath-
letes reached maximal EIB 3 min. after the EVH test. Ad-
ditionally, one athlete reached maximal EIB at 5 min. after
the EVH test, one at 7 min., one at 15 min., and the other
at 30 min after the EVH test. All athletes showed a greater
decrease in the FEV, after exercise (Figure 1).

Figure 1 shows that the EIB+ group exhibited a greater
decrease in FEV; after EVH (p<0.05) than did the CON
group (p<0.05). After pharmacological treatment, the FEV,
of the EIB+ group was increased only compared with the
baseline at 3 to 15 min after the EVH test (Figure 1, p<0.05).
Importantly, the EIB+ group showed an improvement in
FEV, after EVH in the 3™ to 15" minute when compared
with the baseline (p<0.05). After pharmacological treat-
ment, only one athlete with EIB+ showed a decrease in
FEV, in the 7th min. after EVH.

International Journal of Sports Physical Therapy



Effect of Pharmacological Treatment on Exercise-Induced Bronchoconstriction and Allergic Inflammatory ...

Table 1. Characterization of the sample of the studied athletes

All (n=31) CON (n=18) EIB+(n=13) fl’a‘l’j:;l‘fe
Anthropometric data
Age, years 29.2+6.9 29.8+6.5 28.1+7.4 0.51
Weight, kg 63.2+5.0 62.0£5.0 64.8+4.6 0.13
Height, cm 1.75+£0.06 1.73+0.05 1.78+0.06 0.80
BMI, kg/m?2 20.5+1.4 20.5+1.6 20.3+1.0 0.77
Training data
Running distance (km/week) 100.0 (91.2-130) 100.0 (90.0-130.0) 97.5(92.5-125.0) 0.79
Best personal time in 10km, min 31.1+1.1 31.1+£1.2 31.1+0.8 0.86
Pulmonary Function
FEV, % of predicted 94.1+9.6 91.9+8.6 97.5+10.4 0.11
Clinical Data
IgE, KUA/L 0.70(0.10-4.43) 0.10(0.10-1.47) 4.25(0.54-7.74) 0.11
Blood eosinophils, cells/mm3 203.7 (91.3-261.4) 187.9 (86.3-244.5) 218.1(139.5-396.8) 0.10
FeNO, ppb 32.4(21.5-70.5) 24.8(17.1-35.7) 42.1(32.6-123.1) 0.11
Allergy symptoms
AQUAS, total score 4.0(2.0-8.75) 3.0(2.00-4.00) 7.0(3.00-16.5) 0.24

Data are expressed as mean * standard deviation (SD) for normal distribution for parametric or median and confidence interval 25-75% (in parenthesis) for non-parametric data. CON
= control group; EIB+ = exercise-induced bronchospasm plus pharmacological treatment; kg = kilogram; m2 = square meter; km = kilometer; min = minute; FEV1 = Forced expiratory
volume in one second; % percentage; IgE = Immunoglobulin type E; kUA/L = allergen specific antibody per unit volume = of sample; mm3 = cubic millimeter; FeNO = Fraction of ex-
halated nitric oxide; Ppb = particles per billion; AQUA = Allergy Questionnaire for Athletes; © = copyright; p = alpha. There was no difference between CON and EIB+ at the baseline

EFFECT OF PHARMACOLOGICAL TREATMENT ON THE
OCCURRENCE OF EIB

There was no significant difference in FEV; between the
CON and EIB+ groups before and after the intervention
(Figure 2; p>0.05). However, the current results showed that
92.3% of the athletes in the EIB+ group did not exhibit
EIB (a reduction in FEV, after EVH) after pharmacological
treatment. In addition, only one athlete exhibited a positive
response to the EVH test after pharmacological treatment
(100% vs. 7.7%; p<0.001 for the proportion of patients be-
fore and after treatment, respectively, in the EIB+ group).

EFFECT OF PHARMACOLOGICAL TREATMENT ON THE
ALLERGIC INFLAMMATORY RESPONSE

There was no difference in the proportion of lymphocytes,
naive T cells or T helper subtypes (Thl, Th2, and Th17;
Table 2; p>0.05), and cell subtypes between the CON and
EIB+ groups before and after the intervention (p>0.05). In
addition, no differences were observed in the expression of
inflammatory markers IP-10, MIG, IL-6, and IL-1[ between
the CON and EIB+ (Electronic-Table-1 (E-Table-1) in the
Supplemental Digital Content), p>0.05). Similarly, no dif-
ference was found in cortisol and salivary IgA levels ob-
served when comparing both groups before and after the
intervention (p>0.05). Finally, the MCP-1, RANTES, and
IL-8 levels were below the detection limit as showed in the
E-Table-1 in the Supplemental Digital Content.

EFFECTS OF PHARMACOLOGICAL TREATMENT ON
EXERCISE PERFORMANCE

After the intervention period, the EIB+ group exhibited an
increase in speed and peak VO, during the CPET compared
with the baseline and with the CON group (Table 3; p<0.05);
however, no difference was observed in the CON group for
any moment (p>0.05). There were no differences in the
VE, and VE/VCO, slope, and VE/VO, in the CON and EIB+
groups between the baseline and postintervention values in
any moment (Table 3; p>0.05). The results reported a large
effect size comparing the groups before and after interven-
tion in the peak VO,, medium for VO, at the anaerobic
threshold, and small at the aerobic threshold (Electronic-
Figure 1 (E-Figure-1) in the Supplemental Digital Content.

DISCUSSION

The results of this study suggeste that endurance athletes
(EA) present a reduction in EIB and an improvement in
peak exercise performance after 30 days of pharmacological
treatment. However, this improvement was not related to
any change in the systemic inflammation and humoral and
hormonal responses. Therefore, pharmacological treatment
can be used to reduce EIB levels without altering the AIR in
this population.

Previous studies have shown that EIB reduces the perfor-
mance of athletes,21-23 and several studies have suggested
underlying mechanisms for EIB.22-24 However, guidelines
have reported difficulties in treating EIB.1425 Therefore,
studies have attempted to show the importance and effec-
tiveness of pharmacological treatment with an ICS+short-
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Figure 1. Changes induced by intervention.

Data are presented as average and standard deviation (SD). CON = control group; EIB+ =
exercise-induced bronchoconstriction plus pharmacological treatment; Forced Expira-
tory FEV1 = Volume Exhaled in the first second; % = percentage; EVH = Eucapnic volun-
tary hyperpnea. Figure 1A shows the change in FEV1 in % after the EVH in the Treat-
ment (EIB+, square in white, n = 13) and Control group (CON, triangle in black, n = 18)
at the baseline. Figure 1B shows the change in FEV1 (%) in the EIB+ before (black
square) and after (white square) pharmacological treatment. *p<0.05 when compared
EIB+ with CON. #p<0.05 when compared EIB+ at baseline and after pharmacological
treatment.
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Figure 2. Changes in the airways after intervention.

CON = control group; EIB+ = exercise-induced bronchoconstriction plus pharmacological
treatment; % = percentage; FEV1 = volume in the first second. Data are presented as %
of athletes presenting EIB (drop >10% in FEV1) before (black) and after (grey) 30 days of
pharmacological treatment in the EIB+ (n = 13).

acting f2-agonist (SABA) in athletes from different sports,
such as power or mixed endurance/strength training, com-
pared with using only an ICS,25.26 in high-performance en-
durance athletes at various running distances, such as 10
km to a marathon. The current study produced different re-
sults to those from a previous study using fluticasone plus
SABA,27 which did not report changes in EIB after EVH, as
suggested by the current findings. Other studies have also

assessed the effect of SABAs in female cyclists and found
an improvement in lung function from baseline, but they
did not assess EIB.28 Complementarily, our findings showed
that treatment with an ICS (budesonide) and an LABA (for-
moterol fumarate dihydrate) should be considered when
treating athletes with EIB. This treatment contrasts with
the previous recommendation of using LABA before exer-
cise and/or leukotriene receptor antagonists or chromones
associated. It is important to comment that all -2 ago-
nists, selective or non-selective, including all optical iso-
mers, are prohibited. However, WADA makes an exception
for inhaled formoterol, with a maximum dose of 54 micro-
grams in 24 hours!?; the dose used in our study was 12 to
24 mcg of LABA according to the requirements of each ath-
lete.

Other clinical variables were assessed in addition to EIB,
including the AQUA questionnaire, IgE+ levels, and the
drop in FEV,. Subsequently, the pharmacological treatment
was initiated. Interestingly, the results showed a decrease
in EIB (Figure 1), being an important marker of airway
changes that become narrowed during EIB,37 and a sig-
nificant improvement in peak VO, (Table 3; E-Figure-1).
The peak VO, is considered the best indicator of aerobic
capacity, and it is used to assess an athlete’s physical ca-
pacity and establish intensity training, mainly in elite ath-
letes.29 The current findings suggest that the subjects had
high levels of aerobic fitness (Table 3). These results seem
relevant because of the increase in peak VO, of 3.9 (£3.67)
ml.kg"l.min"1, representing a 5% increase only 30 days af-
ter pharmacological treatment. This increase occurred
without any change in the athlete’s training program.
Therefore, these improvements led to a large effect size
(E-Figure-1) for both the maximal aerobic capacity and in-
creased peak speed. It was also observed that athletes pre-
senting EIB had a higher VE/VO, in the aerobic threshold
and exercise peak, suggesting they required higher venti-
lation during exercise. These results showed that proper
pharmacological treatment could reduce the limitations
faced by athletes who present with EIB untreated/undiag-
nosed. In this sense it has been previously established in
patients with asthma that prolonged ICS treatment can not
only decrease the severity of EIB but also improve arterial
blood oxygenation, which could be a possible mechanism.30

Previous studies have suggested that EIB is associated
with changes in the AIR (Th2 response) in elite athletes.”?
The AIR was assessed to understand the possible pathways
that support the reduction in EIB. The current results sug-
gest that the decrease in EIB was not associated with
changes in the AIR or IgE levels. Furthermore, changes in
Thi, Th2, or Th17 (Table 2) or antibodies such as IgA,3!
were not observed which did not support the hypothesis of
the reduction of the EIB by decreasing of the AIR.8 The cur-
rent findings suggest that pharmacological treatment, par-
ticularly corticosteroids, does not reduce the inflammatory
allergic response.
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Table 2. Comparison between and among groups of the subtypes Th1, Th2, and Th1/Th2 ratio

CON (n=18) EIB+(n=13)
Lymphocytes, total cell/mm3 Before After Before After
Lymphocyte
Naive T cell, % 88.1(80.1-91.2) 83.6 (75.6-87.9) 84.1(76.3-88.3) 88.6(98.9-91.9)
Th1,% 9.0 (6.5-13.6) 12.0(8.8-16.6) 12.0(8.7-16.2) 9.8(5.4-14.0)
Th2,% 1.0(0.2-2.8) 1.0(0.6-2.1) 0.5(0.3-2.9) 1.2(0.6-1.6)
Th17,% 2.0(1.3-37) 3.0(2.0-6.2) 1.9 (1.6-5.3) 14(1.1-4.2)
Th1/Th2 ratio 1.0(0.7-2.0) 0.8(0.6-1.4) 1.5(0.6-2.5) 1.3(0.9-2.0)

Data are expressed as median and confidence interval 25-75% (in parenthesis) for non-parametric data. CON = control group; EIB+ = exercise-induced bronchoconstriction plus phar-
macological treatment; Th = T Helper; mm3 = cubic millimeter; % = percentage. There were not observed differences when comparing EIB+ and CON groups before and after treat-

ment (p>0.05).

Table 3. Comparison of aerobic fitness between groups

CON (n=18) EIB+ (n=13)

Aerobic Threshold Before After Before After
VO,, mL/Kg/min 48.5+3.2 49.5+3.1 47.8+4.6 48.7+4.2
Speed, km/h 15.5+0.7 15.5+0.7 15.5+0.7 15.5+0.7
VE, L/min 79.2+9.3 82.0+11.7 88.1+12.7 88.2+14.1
VE/VO, 1.6+0.1 1.6+0.2 1.8+0.2* 1.8+0.2*
VE/VCO, 1.8+0.2 1.8+0.2 1.9+0.2 2.0+0.2
Borg, scale 12.2+1.80 12.6+2.05 12.0+1.84 11.0+4.26
Anaerobic Threshold Before After Before After
VO,, mL/Kg/min 58.9+4.8 59.4+4.5 58.3+5.3 60.2+4.7
Speed, km/h 18.7+1.0 18.6+1.2 18.7+1.0 19.1+0.7
VE, L/min 113.1+31.6 111.0+14.4 119.9+21.0 123.0+19.7
VE/VO, 1.9+0.4 1.8+0.2 2.0+0.3 2.0£0.2
VE/VCO, 1.9+0.5 1.9+0.2 2.0+£0.3 2.0+0.2
Borg, scale 16.0+1.20 15.6£1.76 16.2+1.09 15.5+1.45
Peak effort Before After Before After
VO,, mL/Kg/min 65.7+4.6 65.9+5.6 64.6+3.6 68.5+5.0%
Speed, km/h 21.0+1.0 20.7+1.8 21.0+1.9 22.1+1.9%
VE, L/min 144.2+11.9 146.5+15.0 156.9+22.2 159.0+24.7
VE/VO, 2.1+0.1 2.2+0.2 2.4+0.2 2.3+0.2
VE/VCO, 1.7+0.6 1.9+0.2 1.7+0.8 2.1+0.2
Borg, scale 19.7+0.58 19.4+0.96 19.6+0.63 19.8+0.37

Data are expressed as mean * standard deviation (SD) for normal distribution for parametric. CON = control group; EIB+ = exercise-induced bronchoconstriction plus pharmacological
treatment; Km = kilometer; h = hour; VO, = oxygen uptake; mL = milliliter; Kg = kilogram; min = minute; VE = ventilation; L = liter; VE/VO~2 =~ ventilatory equivalent for O,; VE/

VCO, = ventilatory equivalent for CO,. #p<0.05 when compared EIB+ with the baseline. *p<0.05 when comparing EIB+ with CON.

CLINICAL RELEVANCE AND USE OF THE FINDINGS IN
ENDURANCE SPORTS

First, these results reinforce the importance of identifying
and adequately treating EIB, aiming to improve the per-
formance of EA. The current results support medication-
based interventions to treat EIB in athletes since inhaled
corticosteroids and long-acting beta-agonists are not con-
sidered doping by the World Athletics and WADA when the
presence of EIB is confirmed.19 This study adds new infor-
mation to the literature, showing that clinical treatment

with common and inexpensive medications permitted by
the Olympic Committee and WADA can induce benefits for
people with high performance in the marathon running.
Athletes, coaches, and exercise physiologists have diffi-
culty identifying EIB. This clinical condition can reduce the
athletes’ performance and significantly interfere with the
results. The EIB has deleterious effects on the efficiency of
gas exchange, which result in a performance decrease,30 in-
duced an impaired in the oxygen uptake in individuals with
EIB.32 In this sense, the current findings are also relevant
because improvements in performance in elite athletes in
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a short time (8 weeks) are very difficult to achieve33 and
intense exercise training is typically required for at least
8 weeks in these athletes.3* However, these findings sug-
gested a significant improvement after only 30 days. In ad-
dition, previous studies have suggested that the assessment
of IgE level and allergy symptoms (using AQUA@) can be
used to screen for EIB!3; however, the current results also
reinforce the importance of the EVH test. Finally, the au-
thors observed that athletes who had a lower drop in FEV,
seemed to benefit most from pharmacological treatment.
Thus, it was hypothesized that athletes with greater EIB
may require either a longer treatment period or an individ-
ualized approach.

This study has some limitations. The number of partic-
ipants receiving pharmacological treatment was small be-
cause it was not easy to convince the athletes to participate,
this limitation makes it difficult to understand the mech-
anisms of EIB reduction and to obtain more robust statis-
tics. Therefore, limitations exist in associating the training
and competition schedule with study participation, and the
study was only possible because the coaches understood its
relevance. Interestingly, all those who received treatment
reported improvements in their well-being and perceived
improvement in their training practices. Importantly, the
authors observed that athletes with higher EIB had lower
responses in terms of narrowing airways. Another limita-
tion is the lack of a longer follow-up period (3, 6, and 12
months), which can be addressed in future studies. The aer-
obic fitness was evaluated with CPET in a laboratory which

is different of the response of the O, uptake during a com-
petition performance, despite being considered the gold
standard for this purpose. Finally, only a limited number of
inflammatory markers were assessed and this could be con-
sidered a limitation. Thus, additional studies are necessary,
including other inflammatory markers associated with EIB

including IL-6, IL-8, calprotectin,3® IL-33-, IL-18-, and IFN-
36
Y-

CONCLUSION

The results of this study suggest that pharmacological
treatment lasting 30 days reduced EIB in elite endurance
athletes. However, these benefits were not associated with
changes in the AIR. Nonetheless, physicians can consider
the use of the pharmacological treatment reported in the
present study to treat endurance athletes who present with
EIB. Although pharmacological treatment reduced the ef-
fect of EIB on athletes, it is possible that with continued
use, athletes may develop tolerance to the treatment;
therefore, long-term monitoring may be necessary for pos-
sible adjustments in medication doses.
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