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Abstract
Exercise-induced bronchoconstriction (EIB) is characterized by the narrowing of airways during or after physical 
activity, leading to symptoms such as wheezing, coughing, and shortness of breath. Distinguishing between EIB 
and exercise-induced asthma (EIA) is essential, given their divergent therapeutic and prognostic considerations. 
EIB has been increasingly recognized as a significant concern in pediatric athletes. Moreover, studies indicate a 
noteworthy prevalence of EIB in children with atopic predispositions, unveiling a potential link between allergic 
sensitivities and exercise-induced respiratory symptoms, underpinned by an inflammatory reaction caused by 
mechanical, environmental, and genetic factors. Holistic management of EIB in children necessitates a correct 
diagnosis and a combination of pharmacological and non-pharmacological interventions. This review delves into 
the latest evidence concerning EIB in the pediatric population, exploring its associations with atopy and sports, and 
emphasizing the appropriate diagnostic and therapeutic approaches by highlighting various clinical scenarios.
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Exercise is one of the most important triggers of acute 
asthma attacks. The concept of exercise-induced asthma 
(EIA) has been introduced almost 60 years ago [1]. Previ-
ously, EIA enclosed all the respiratory conditions associ-
ated with exercise, even transient bronchoconstriction. 
Exercise incorrectly represented the cause and the trigger 
of asthma attacks because most asthmatic patients also 
have bronchoconstriction. Afterwards, the term exercise-
induced bronchoconstriction (EIB) was introduced, but 
EIA and EIB have been incorrectly used interchangeably 
[2]. Finally, during the first decade of 2000s, a consen-
sus between the Joint Task Force on Practice Parameters 
(JTFPP), the American Academy of Allergy, Asthma & 
Immunology (AAAAI), the American College of Allergy, 
Asthma & Immunology (ACAAI), the Joint Council of 
Allergy Asthma & Immunology (JCAAI), the Joint Task 
Force of the European Respiratory Society (ERS) and the 
European Academy of Allergy and Clinical Immunol-
ogy (EAACI) has ‘officially’ differentiated the two condi-
tions, recommending naming EIB with asthma (EIBa), the 
occurrence of bronchial obstruction during exercise in 
asthmatic patients, and EIB without asthma (EIBwa), the 
occurrence of EIB in individuals without other signs and 
symptoms and indicators of asthma (3–4).

EIA defines, therefore, a clinical condition of bronchial 
inflammation in which exercise is one of the main trigger 
factors and which overlaps and exacerbates a pre-existing 
underlying condition [5].

EIB is defined as acute airway narrowing (transient and 
reversible) that occurs during or after exercise and can 
be observed in patients with chronic asthma and those 
without [6]. EIB clinical manifestations include shortness 
of breath, wheezing, cough, decreased endurance, and 
tightness in the chest [7]. EIB reportedly usually occurs 
within 2 − 5  min after exercise, peaks after 10  min, and 
resolves in approximately 60 min.

The prevalence of EIB varies from 5 to 20% in the gen-
eral population [8]. In children ≤ 16 years old, the preva-
lence of EIB is also higher than in the general population, 
ranging from 3 to 35%, with a considerable variation in 
the prevalence of EIB in children worldwide due, e.g., to 
ethnicity, urban-rural, and socioeconomic differences 
[9]. In Caucasian inner-city children, the prevalence is 
4.5% [10]. EIBa occurs more frequently in severe and 
uncontrolled asthmatic patients [3]. EIBwa is common 
in athletes, children, subjects with rhinitis, and following 
respiratory infections [7, 11, 12].

Atopy and EIB
Atopy and EIB are closely related. Atopy is one of the 
most relevant risk factors in the development of EIB in 
children, as epidemiological evidence demonstrates that 
up to 40% of infants with EIB have allergic rhinitis (AR), 
and 30% of them may acquire asthma in adulthood [5, 

13–16]. EIB is seen in 40–90% of asthmatic kids, particu-
larly in those with severe uncontrolled asthma [3, 17, 18].

The degree of asthma severity was associated with the 
likelihood of experiencing exercise-induced wheezing. 
Severe asthmatic patients have a significantly higher risk 
of exercise-induced wheezing, with a 4 to 6-fold increase 
compared to individuals who suffer from intermittent 
asthma attacks [19].

Finally, the exercise itself can induce respiratory, sys-
temic, and skin reactions [20–22]. Exercise-induced 
rhinitis is frequent, especially in outdoor sports such 
as winter athletes [23]. About 20–40% of children with 
rhinitis have EIB, particularly those with persistent 
untreated signs and symptoms [23, 24]. On this basis, 
the Allergic Rhinitis and its Impact on Asthma (ARIA) 
guidelines recommend screening every subject with rhi-
nitis, including athletes, for asthmatic clinical manifes-
tations [25]. Moreover, rhinitis alone and rhinitis and 
asthma multimorbidity seem to represent two distinct 
diseases with different courses [26].

Exercise-induced anaphylaxis is a rare condition in 
which anaphylaxis occurs after physical activity. The 
signs and symptoms may include pruritus, hives, flush-
ing, dyspnoea, wheezing, and gastrointestinal clinical 
manifestations, including nausea and diarrhoea. If stren-
uous activity is continued, patients may develop more 
severe signs and symptoms, such as angioedema, laryn-
geal oedema, hypotension, and cardiovascular collapse 
[21].

The differential diagnosis of EIB should consider these 
conditions and other diseases leading to shortness of 
breath during exercise, such as exercise-induced laryngo-
spasm, exercise-induced anaphylaxis, cardiovascular, pul-
monary, or gastrointestinal, and metabolic illnesses [27].

Predictors of EIB
Numerous factors associated with EIB have been dis-
covered, and the presence of multiple risk elements may 
increase the likelihood of developing this condition.

In the research by Lin et al., investigating the preva-
lence and predictors of EIB in children with asthma, EIB 
occurred in 52.5% of asthmatic children: children with 
EIB suffered more from atopic dermatitis (p = 0.038) and 
allergy to Dermatophagoides pteronyssinus and Derma-
tophagoides farinae than non-EIB patients (p = 0.045 and 
0.048 respectively). Patients, who were more sensitive to 
methacholine challenge (with lower PC20 levels), devel-
oped EIB with more decline in FEV1 after exercise chal-
lenge (p = 0.038) [28].

In a primary school, a study was conducted within 
a community and involved children aged 6 to 12 years. 
Peak Expiratory Flow Rate (PEFR) measurements were 
taken both at rest and after a 6-minute free running test 
conducted on the school playground, utilizing a peak 
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flow meter. A diagnosis of EIB was established if there 
was a PEFR decline of at least 10%. Subsequently, those 
who exhibited EIB were further classified based on the 
extent of PEFR decline post-exercise: a decline of ≥ 10% 
but less than 25% was categorized as mild EIB, ≥ 25% but 
less than 50% as moderate EIB, and ≥ 50% as severe EIB. 
These groups were then collectively referred to as indi-
viduals with either EIBA or EIBwa, depending on their 
asthma status. The results showed that 58% of the chil-
dren with EIB were of high social class, and most children 
with EIB had EIBwa (84.1% vs. 15.9% of EIBa). History 
of AR and atopic dermatitis were more frequent in chil-
dren diagnosed with EIB (OR5.832, p = 0.001; OR2.740, 
p = 0.003, respectively) [14].

In a retrospective study, Park et al. reviewed elec-
tronic medical records of patients who visited an allergy 
clinic for respiratory signs and symptoms after exercise 
and underwent exercise bronchial provocation test-
ing. Patients older than 18 years of age presenting with 
respiratory clinical manifestations while exercising who 
underwent exercise provocation testing were included in 
the study. EIB was observed in 66.9% of the subjects, and 
sputum eosinophilia was more frequent in EIB patients 
than in non-EIB patients (p = 0.037). The temperature 
and relative humidity on exercise test day were signifi-
cantly related to the EIB-positive rate. Airflow limitation 
development in methacholine-positive EIB patients was 
relatively more abrupt and severe compared with metha-
choline-negative EIB patients [29]. Total IgEs, atopy 
rate, and house dust mite sensitization rate did not differ 
between EIB-positive and negative patients.

In the study by Martín-Muñoz et al., children between 
6 and 14 years old were included: 31% had experienced 
coughing or wheezing during exercise for at least three 
months and also tested positive on the exercise challenge 
test (ECT). Among these children, 22% had only EIB 
(referred to as group A), while 78% (group B) had asthma 
with EIB. Additionally, 41 children with controlled 
asthma (group C) showed good tolerance for exercise 
and negative ECT results. The analysis of the EIB patients 
(groups A, B) versus group C demonstrated a clear asso-
ciation between EIB suffering and sensitization to indoor 
allergens (p = 0.023); OR 6.3 [30].

Fractional exhaled nitric oxide (FeNO) represents an 
indicator of airway inflammation in asthma, and ele-
vated FeNO levels can predict the subsequent develop-
ment of asthma in otherwise healthy children [31]. In 
the study by Grzelewski et al., elevated FeNO levels inde-
pendently raised the likelihood of EIB in schoolchildren 
with asthma, regardless of other indicators of asthma 
severity and the effectiveness of anti-asthma treatments 
[32]. Based on Buchvald et al. research, the likelihood of 
excluding EIB reaches 90% when the FeNO50 levels are 
below 20 parts per billion (p.p.b.) in individuals who are 

not presently utilizing inhaled corticosteroids and below 
12 p.p.b. in those who are currently using inhaled cor-
ticosteroids [33]. Therefore, FeNO has been proposed 
as a valuable tool to predict EIB in asthmatic children 
[32–35].

Underlying mechanisms of EIA and EIB

Specifically, it is believed that the development of the 
condition is underpinned by cellular and neurogenic 
inflammation, as well as cellular damage, triggering a 
series of events that lead to bronchoconstriction (Fig. 
1). These phenomena become especially noticeable in 
individuals exposed to irritants associated with certain 
sports, such as chlorine for swimmers, pollution for run-
ners or cyclists, cold and dry air for ice skaters or hockey 
players, as well as exposure to perfumes, cleaning agents, 
paint, new equipment, or carpets in gyms [8, 36].

Intense physical activity leads to the intake of larger 
amounts of relatively cold and dry air, which triggers 
significant pathogenic processes associated with EIA 
and EIB. These processes include alterations in airway 
osmolarity, epithelial damage, airway inflammation, and 
activation of nerve cells. This initial hypothesis is called 
the osmotic hypothesis: exercise increases ventilation, 
leading to mouth breathing, cooling and dehydration of 
the airway mucosa [24]. As a result of dehydration, liq-
uid layer osmolarity increases, causing the release of 
mediators, including prostaglandins, leukotrienes, and 
histamine, leading to smooth muscle contraction and 
altering vascular permeability [37]. The cooling of the 
airways triggers the activation of cholinergic receptors 
in the airways, leading to an elevation in airway smooth 
muscle tone and the production of airway secretions 
[38]. In addition, the loss of airway surface water reduces 
mucociliary clearance acutely during hyperpnea of dry 
air [39]. During moderate-high exertion, the water supply 
in the major airways is insufficient to meet the demand 
for humidification, necessitating the recruitment of small 
airways. Compared to the first ten generations, these 
smaller airways have a significantly higher volume of sur-
face fluids. Still, since they have a diameter of less than 
1  mm, they are more susceptible to dehydration injury 
[40]. The degree of airway constriction for an individual, 
whether asthma is present or not, is likely to be influ-
enced by their recruitment into the conditioning process 
of small airways [41]. Ending the exercise session would 
lead to vascular engorgement and oedema due to the 
rapid restoration of blood volume, resulting in epithelial 
injury and EIB. The process of repair may contribute to 
hyperemia and the development of airway hyperrespon-
siveness in healthy subjects.

New findings suggest that injury to the airway epi-
thelium, as a consequence of intense exercise, plays a 
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significant role in the susceptibility to EIB. Recently, it 
was shown that athletes exhibit increased levels of dam-
age-associated molecular patterns (DAMPs), as acid uric, 
in their sputum, which are capable of activating immu-
nity cells, such as macrophages, prompting the release of 
pro-inflammatory cytokines like TNF, IL-1b, or IL-6 [42]. 
These cytokines promote the differentiation of Th17 cells, 
which produce IL-17  A that induces neutrophil recruit-
ment via the production of IL-8 by airway epithelial.

Clara cell secretory protein 16 (CC16) is a peripheral 
marker for evaluating the integrity of the epithelial bar-
rier in the lower airways. Previous studies have demon-
strated that acute exercise induces epithelial stress, as 
evidenced by increased levels of CC16 in urine, serum, 
and among athletes after eucapnic voluntary hyperventi-
lation [43–45].

High-intensity and prolonged physical activity may 
also induce autonomic dysregulation. Parasympathetic 

activity, which induces bronchoconstriction, is increased 
in endurance-trained individuals compared to untrained 
counterparts [46]. Dysfunctional neuro-immune inter-
action may also play a role in the pathogenesis of EIB, 
involving a neurogenic inflammation course [46]. 
Increased levels of substance P, a major initiator of neu-
rogenic inflammation, have been observed post-stren-
uous exercise [47]. Studies have shown that substance 
P-induced bronchoconstriction may be attributed to cho-
linergic activation, potentially via the transient receptor 
potential ankyrin 1 channel (TRPA1) [48]. Additionally, 
acetylcholine released from the respiratory epithelium 
may potentially stimulate airway inflammation [49]. 
Moreover, intense and prolonged physical exercise is 
linked to elevated serum levels of nerve growth factor in 
athletes [50].

Atopy significantly contributes to and amplifies these 
phenomena. Patients with AR suffer from runny nose 

Fig. 1  EIB pathogenesis and the central role of atopy
EIB: exercise-bronchoconstriction, Th2: T helper cell type 2, TRPA1: transient transient receptor potential ankyrin 1 channel receptor potential ankyrin 1 
channel, TNF: Tumor necrosis factor, IL-1: interleukin 1, IL-6 interleukin 6, IL-17 A: interleukin 17 A, Th17: T helper cell 17, CC16: Clara cell secretory protein, 
DAMPs: damage-associated molecular patterns
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nasal congestion, and pre-existing mouth breathing. 
These signs and symptoms during exercise are exacer-
bated, causing shortness of breath. Furthermore, epithe-
lial injury, favored by the release of epithelial cytokines 
(or alarmins) after pollen-driven activation, is already 
evident in asthmatic patients. These processes collec-
tively contribute to impaired mucociliary clearance and 
airway remodelling [51]. In asthmatic subjects, where 
persistent bronchial inflammation is the principal under-
lying mechanism [52, 53], acute exercise can exacerbate 
airway inflammation: hyperventilation induces epithelial 
damage and increases the production of leukotrienes and 
inflammatory cytokines (e.g., IL-1, TNF-alpha, IL-6), as 
evidenced in the bronchoalveolar lavage (BAL) of ath-
letes with EIB [54, 55]. Furthermore, vascular factors 
such as Vascular Endothelial Growth Factor (VEGF) may 
also play a role in airway remodelling [56]. In addition, 
intense physical training may induce a transient status of 
immune downregulation with a shift toward a prevalent 
T-lymphocyte helper-2 response, clinically associated 
with an increased prevalence of atopy and viral upper 
respiratory tract infections, both representing relevant 
risk factors for the onset and worsening of asthma [56].

Finally, several genetic variations have been supposed 
in EIB pathogenesis, such as PPT-1 gene, responsible for 
generating substance P, aqueous water channel aquapo-
rin (AQP5) gene, which forms the AQP 5, potentially 
contributing to the safeguarding of airway reactivity to 
nonspecific stimuli and CC16 gene [57, 58]. However, to 
date, the association between genetic alterations and the 
development of EIB has not been conclusively demon-
strated, the need for further exploration is apparent.

Exercise may also negatively impact several aspects of 
asthmatic children’s daily lives, including school atten-
dance, reduced participation in physical education 
classes, and, generally, their quality of life [59].

EIB and sport
EIB is particularly frequent in athletes [54]. Atopy and 
training styles are independent risk factors for EIA/EIB: 
atopic power athletes have a 25-fold greater risk com-
pared to non-atopic populations, long-distance runners 
have a 42-fold increase, and swimmers have a 92-fold 
increase [60]. In a systematic review, the prevalence of 
EIB among adolescent athletes with asthma ranged from 
2.1 to 61%. This heterogeneity may be attributable, e.g., to 
the variable sample sizes, ethnic factors, environmental 
factors, and nature of study designs [61].

Nevertheless, EIB in athletes is still underdiagnosed 
both because many subjects, especially adolescents, hide 
their clinical manifestations and because self-reported 
exercise-induced dyspnea alone is a weak indicator for 
EIB [60, 62]. In athletes, EIB’s underlying mechanism 
would be found in repeated insults to the respiratory 

epithelium, caused by increased ventilation and dehydra-
tion, together with exposure to environmental factors 
such as cold air or chlorine in swimming pools. Repeated 
epithelial damage has the potential to decrease prosta-
glandin E2 and expose the underlying smooth muscle of 
the airway to plasma-derived substances that can change 
the muscle’s ability to contract. Paradoxically, plasma 
exudation may operate to increase airway hyperrespon-
siveness to exercise and other trigger stimuli [57].

In swimmers, many studies underline that the high 
prevalence of EIB is associated with repeated expo-
sure to chlorinated pool water [63, 64]. On the con-
trary, in the meta-analysis by Valeriani et al., including 
seven reports, authors found no significant difference in 
asthma development between children attending swim-
ming pools and controls (OR, 1.084; 95% CI: 0.89–1.31) 
[65]. In the Turkish article investigating the presence of 
EIB in adolescent elite swimmers, the authors observed 
that the overall prevalence of EIB(8.5%) was not different 
from that of the general population; furthermore, swim-
ming exercise significantly increased FVC of swimmers 
[66]. The role of environmental conditions (chlorinated 
pool water) experienced by swimmers has been bet-
ter explored in the study by Leahy et al. [67]. Collegiate 
swimmers (21 ± 2  year) completed three days of testing 
in pseudorandom order; a standard eucapnic voluntary 
hyperventilation test (EVH), a modified EVH test in the 
chlorinated environment (EVHCl), and a swimming test 
(swim). Spirometry was measured at baseline, and 3, 5, 
10, 15, and 20  min after each test. Forced expired flow 
between 25% and 75% lung volume and peak expired flow 
were significantly reduced by the EVH compared with the 
EVHCl and swim tests (P < 0.05). The authors concluded 
that EVH elicits a greater FEV1 fall index compared with 
EVHCl, and swim and pool swimmers are potentially 
protected against bronchoconstriction.

Therefore, the chlorinated pool hypothesis is still con-
troversial. Longitudinal studies are needed to definitely 
clarify any role of chlorinated swimming pool attendance 
in the development of asthma.

Several researchers, instead, highlight that the epithe-
lium damage may be facilitated by an existent sensitiza-
tion to aeroallergens or increase the risk of sensitization 
in non-atopic children by reducing the protective prop-
erties of the pulmonary epithelium [68]. A Belgian study 
reported an increased risk of childhood asthma in atopic 
swimmers with a total IgE of > 100 kIU/L [67]. Anders-
son et al., found an increased risk of asthma in sensitized 
children currently attending indoor swimming pools 
once a week or more [69].

Regular moderate exercise improves asthma control 
and quality of life [70]. This observation is confirmed by 
studies on the murine model of allergic asthma: low-to-
moderate intensity regular aerobic exercise decreases 
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eosinophilic and lymphocytic inflammation), airway 
remodelling, pro-inflammatory cytokine production 
(with a down-regulation of inflammatory mediators’ 
genes expression), FeNO levels, enhancing regulatory 
T cell (Treg) response (71–72). Moreover, regular exer-
cise induces immunological changes, switching to a 
Th1 rather than Th2 response and decreasing total and 
allergen specific IgE levels in asthmatic patients [73]. In 
addition, a Cochrane-based meta-analysis of eight train-
ing trials, including asthmatic patients from 6 years of 
age, found that asthmatic adolescents and children who 
engage in systematic physical exercise become fitter and 
have a higher quality of life [74]. Thus, it is clear that 
aerobic, moderate-intensity exercise training (such as 
running or cycling) can be helpful for allergic inflamma-
tion. Exercise therapy for asthmatic patients, in which 
exercise, which is typically thought to be a potential trig-
ger for EIA/EIB, is instead an integral part of the preven-
tion and therapy strategies. Thereby, Global Initiative on 
Asthma (GINA) report recommend regular exercise for 
asthmatic children and adolescents [7].

Diagnosis
Indirect stimulation tests, such as ECT, hypertonic saline 
or mannitol powder inhalation test, and EVH, may stim-
ulate inflammatory cells in the respiratory tract, release 
chemical mediators such as histamine and leukotrienes, 
and cause the smooth muscle in the airway to contract. 
These tests are considered reasonable for the diagnosis 
of EIB, and EVH is regarded as the gold standard for this 
purpose in athletes.

ECT is generally practiced on a moving carpet with 
free running; The response to the test is considered posi-
tive when there is a fall in post-exertion FEV1 greater 
than or equal to 10% compared to baseline FEV1. Typi-
cally, bronchoconstriction begins immediately after exer-
cise, reaches its maximum after 5–8 min and disappears 
spontaneously within 60 min [6, 75].

Hypertonic saline and mannitol powder inhalation 
tests, also known as hyperosmolar inhalation tests, lead 
to the contraction of smooth muscles in the airway 
through a mechanism that involves the evaporation of 
water and dehydration in the airways. The hypertonic 
saline provocation test can be conducted using 4.5% 
saline through an ultrasonic nebulizer with an output of 
1 mL/mL. During the mannitol powder inhalation test, 
the concentration of inhaled mannitol powder is gradu-
ally increased, and the FEV1 is measured after each 
increment to evaluate the extent of airway contraction. In 
both provocation tests, a decrease in FEV1 of over 15% 
following inhalation is considered a positive result [76].

Another provocation test is the EVH, which is a medi-
cal test that involves controlled, rapid breathing to induce 
bronchoconstriction or airway narrowing in individuals 

suspected of having EIB. During an EVH test, the patient 
breathes in a specific gas mixture, usually dry, cool air 
with a lower concentration of carbon dioxide, at a high 
ventilation rate, typically 30 × FEV1 (estimated 85% max-
imal voluntary ventilation) for 6–8  min [77]. The goal 
is to replicate the conditions of heavy breathing during 
exercise. The test is positive for EIB if it triggers broncho-
constriction and causes a FEV1 drop > or equal to 10% in 
lung function, measured using spirometry [77]. EVH is 
considered a reliable test for diagnosing EIB and is often 
used in clinical settings to evaluate individuals who expe-
rience exercise-related breathing difficulties. It also helps 
healthcare providers determine if bronchodilator medi-
cations or other treatments are needed to manage EIB. 
However, there are some limitations of the method, such 
as false positives and negatives, reproducibility, signs 
and symptoms mismatch, safety concerns, and not being 
suitable for all populations (i.e., cardiac diseases) [78]. 
Therefore, the conduct of EVH should be limited to well-
trained experts, and strict adherence to safety measures 
is imperative. Several measurements are required to con-
firm or exclude EIB diagnosis [79]. Figure 2.

EIB: exercise-induced bronchoconstriction; EIBwa: 
exercise-induced bronchoconstriction without asthma; 
EIBa: exercise-induced bronchoconstriction with asthma; 
ECT: exercise challenge test; EVH: eucapnic voluntary 
hyperpnoea; DD: differential diagnosis.

In a study that compared the treadmill test and EVH in 
asthmatic children, the agreement between the responses 
measured by the two bronchial challenge methods was 
moderate and the limits of agreement in FEV1 change 
as a percentage of basal values after the two challenges 
were very wide [80]. Therefore, the two tests are not 
interchangeable, and it is essential to thoroughly assess 
the consistency of the FEV1 response to the EVH chal-
lenge in order to gain a clearer understanding of its role 
in diagnosing EIB. EVH is recommended by the Euro-
pean Respiratory Society (ERS) and EAACI Task Force to 
identify EIBwa in athletes and it is included in the World 
Anti-Doping Agency assessment of asthma [17, 27, 81]. 
EVH is the preferred test for athletes suspected of having 
EIBwa, for the capacity to better replicate the conditions 
of sporting activity [82].

Furthermore, individuals with EIBwa typically exhibit 
normal FeNO levels, show a limited response to ICS, and 
in only a few cases, present with coexisting allergic con-
ditions [82].

Nowadays, young athletes are commencing high-inten-
sity training at an early age, emphasizing the importance 
of evaluation for EIB in this younger demographic. Thus 
far, no established screening test can enhance the initial 
likelihood of detecting EIB in young athletes. A step-by-
step assessment would consist of a questionnaire based 
on clinical manifestations specifically on wheezing during 
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exercise, atopic characteristics, spirometry before and 
after bronchodilator (to rule out EIBa), and additional 
markers in blood or serum. Initial screening tests can 
have the potential to identify (at a minimal expense) ath-
letes at risk for EIB, which can subsequently be directed 
toward other tests [83].

There is no sport contraindicated for allergic children. 
It is important that the young patient engages in a sport 
he enjoys and manages the therapy for his underlying 
allergic condition appropriately. E.g., swimming, base-
ball, golf, martial arts, fencing, soccer, cycling, and vol-
leyball are suitable options. For pediatric patients starting 
competitive sports, the potential risk of different sports 
should be discussed with the family [84].

Treatment
The management of EIB in both athlete and non-athlete 
children should follow a similar approach, which includes 
avoiding environmental triggers, identifying and address-
ing any coexisting medical conditions, and focusing on 
the prevention and treatment of asthma. Sport is not 
contraindicated in children with EIB; on the contrary, 
regular physical exercise is recommended by interna-
tional guidelines [8]. Physical activity plays a modulating 
role in lung inflammation, reducing bronchial hyperre-
sponsiveness and the need for corticosteroids (inhaled or 
oral), as well as decreasing the number of eosinophils in 
sputum and FeNO levels [85, 86]. In a recent systematic 

review conducted by Silva et al., which encompassed 
articles assessing the potential of physical exercise to 
enhance the management and severity of EIB in children 
and adolescents, all the examined articles highlighted 
enhancements in cardiorespiratory fitness among the 
intervention group [87].

An effective training programme for children with 
asthma would consist of a personalised training inten-
sity, a duration of at least three months, with at least two 
60-minute training sessions/week [88].

Treatment of EIB includes pharmacological and non-
pharmacological measures. Table 1.

Non-pharmacological measures to reduce or prevent 
EIB are inferior to pharmacological management but can 
be useful in many situations. Warming up is traditionally 
performed before any exercise: participating in a warm-
up exercise can lead to the reduction of EIB in over half 
of the population. High-intensity interval or variable-
intensity warm-up exercise before vigorous exercise, as 
opposed to no warm-up, leads to a statistically significant 
reduction in the percentage decrease in FEV1 [89]. This 
effect typically endures for 1–2 h, thereby minimizing the 
likelihood of bronchoconstriction during this refractory 
period. This temporary resistance is believed to occur 
due to the tachyphylaxis of airway smooth muscles to 
bronchoconstriction-inducing mediators [90]. Both con-
tinuous and intermittent warm-up exercises have been 
shown to reduce EIB [91, 92].

Fig. 2  Algorithm for the diagnosis, treatment, and differential diagnosis of EIB. Adaptation from John M. Weiler, J. Allergy Clin. Immunol.2016 [27] and Klain 
et al. Front. Med,2022 [5]
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It is standard practice to recommend the use of face-
masks for the warming and humidification of inspired air 
in children with EIB during cold weather [6]. Breathing 
through the nose is preferable to maintain the optimal 
function of the upper airways, allowing for the humidifi-
cation and warming of inspired air [17].

Pharmacological measures should follow treatment 
guidelines. In EIB, inhaled SABA are useful both as pre-
treatment before competitions and to reduce signs and 
symptoms [6]. If SABA is not effective in preventing EIB, 
then addition of mast-cell stabilizing agents, such as cro-
molyn or nedocromil, or ICS, may be indicated [93, 94].

However, there were a considerable number of ath-
letes with EIBwa who had less atopic predisposition and 
eosinophilic inflammation in whom an ICS was inef-
fective [95]. This so-called “sports asthma” syndrome 
is defined by the presence of exercise-induced respira-
tory symptoms and airway hyperresponsiveness in the 
absence of allergic features. The development of this 
pathophysiology is associated with specific training and 
environmental conditions, especially exposure to cold 
dry air and long exercise durations [96]. Genetic sus-
ceptibility, epithelial sensitivity, and neurogenic mecha-
nisms should all be taken in account when explaining the 
athlete’sindividual risk of bronchoconstriction [97]. The 
phenotype that involves less eosinophilic inflammation 
should be individualized and properly treated [82].

Optimal control of EIBa should be obtained first 
treating properly asthma disease according to interna-
tional recommendations [7]. This treatment includes 
many drugs, but is based on anti-inflammatory treat-
ment through inhaled corticosteroids (ICS). The dose 
may vary according to asthma severity, but the effect 
occurs quickly, beginning after one week of treatment 
and improving further through the following weeks. The 
results of many studies indicate that ICSs diminish the 
severity of EIB in all individuals with asthma [74, 81, 97].

Antiasthmatic drugs can be assumed by athletes, 
according to regulatory agencies.

The last version of the World Anti-Doping Code 
(WADA) includes, in the list of prohibited substances for 
athletes, all selective and non-selective beta-2 agonists, 

including salbutamol, formoterol and salmeterol. How-
ever, inhaled salbutamol can be used for a maximum of 
1600 micrograms over 24 h in divided doses not exceed-
ing 600 micrograms over 8  h starting from any dose; 
inhaled formoterol can be taken for a maximum deliv-
ered dose of 54 micrograms over 24 h; inhaled salmeterol 
can be used for maximum 200 micrograms over 24  h. 
Inhaled administration of glucocorticoids is not prohib-
ited when used within the manufacturer’s licensed doses 
and therapeutic indications [98].

Conclusion
In conclusion, EIB is common in pediatric age and should 
be recognized and properly treated through non-phar-
macological and pharmacological measures. SABA and, 
in some cases, mast cell stabilizers and ICS are usually 
efficacious in the control of signs and symptoms. In EIBa, 
the optimal control of asthma reduces the frequency and 
intensity of EIB. Concomitant allergic diseases should be 
considered a risk factor of EIB and should be properly 
treated. EIB in athletes needs an individualized approach.

Scenarios
A) A child with allergic rhinitis who wants to engage in 
competitive sports
F. is a sportive 10-year-old girl suffering from allergic rhini-
tis. No history of asthma. She was always actively involved 
in playing football and, this year, she intended to pursue 
it at a competitive level. She, along with her parents, seek 
guidance on effectively managing her condition to ensure 
it did not deteriorate or hinder her participation in more 
advanced sports activities. SPT were positive for Derma-
tophagoides Pteronissinus and grass. Spirometry before and 
after the bronchodilatation test and ACT were normal.

Antigen avoidance, adequate daily nasal hygiene, a 
second-generation H1- antihistamine and, if neces-
sary, topical nasal corticosteroids were recommended. 
Furthermore, allergen-specific immunotherapy may be 
added to reduce the need and amount of additional med-
ication. Periodic follow-ups are established to monitor 
signs and symptom control and assess the emergence of 
EIB or other respiratory signs.

Table 1  Pharmacological and non-pharmacological treatments of EIBwa and EIBa
EIBwa EIBa
PHARMACOLOGIC INTERVENTIONS:
- SABA 5–20 min before exercise
- Consider the addition of daily therapy with an inhaled corticosteroid, leukotri-
ene receptor antagonist, or mast cell stabilizing agent before exercise, if clinical 
manifestations are not controlled with SABA.

PHARMACOLOGIC INTERVENTIONS:
  To achieve asthma control. Follow the international guidelines
SABA 5–20 min before exercise

NON-PHARMACOLOGIC INTERVENTIONS:
- Avoid activity in highly polluted areas and exposure to cold air

- Perform a pre-exercise warm-up
- Use a mask or scarf

- Breathing through the nose
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Comment: about 20–40% of children with rhinitis have 
EIB, particularly those with persistent untreated clinical 
manifestations. Treatment of the allergic condition and 
periodic follow-ups arerecommended.

B) A child with intermittent wheezing and sensitization to 
dust mites experiencing EIB
A. is a 9-year-old child with a history of allergic rhinitis, 
intermittent wheezing and sensitisation to dust mites. He 
is in treatment with low-dose ICS taken whenever SABA 
was taken. Their parents report a worsening of signs and 
symptoms with the occasional appearance of dyspnea dur-
ing exercise. The chest auscultation and the spirometry 
test with bronchodilation were normal. The next day he 
performs the exercise challenge test, which reveals a FEV1 
fall of 20% after 15 min. He receives the diagnosis of EIB 
with asthma, and low doses of ICS and administration of 
inhaled SABA before exercise was recommended. After 3 
months, A. had good asthma control and no longer experi-
enced episodes of shortness of breath during physical exer-
cise. Periodic follow-ups to monitor signs and symptoms 
control and assess spirometry and ECT were scheduled.

Comment: EIB is frequently associated with asthma, 
and both asthma and EIB should be properly diagnosed 
and treated.

C) An adolescent athlete experiencing EIB
V. is a 15-year-old athlete swimmer who experiences “short-
ness of breath” during the long duration training sessions. 
He has no history of allergic rhinitis, atopic dermatitis or 
asthma. Spirometry and BD test is normal and SPTs are neg-
ative. He performs an EVH test that results positive for EIB.

Proper warm-up and SABA inhalation 5–20 min before 
planned exercise are recommended. Despite the use of 
SABA, the patient still suffered from EIB signs and symp-
toms. Thus, the addiction of daily monotherapy with ICS, 
is prescribed. In subsequent follow-ups, he no longer 
reports the occurrence of respiratory clinical manifesta-
tions during exercise.

Comment: Many adolescents practice high-intensity 
training. EIBwa is particularly frequent in athletes, who 
need an individualized approach.

Abbreviations
AAAAI	� American Academy of Allergy, Asthma & Immunology
ACAAI	� American College of Allergy, Asthma & Immunology
ARIA	� Allergic Rhinitis and its Impact on Asthma
EAACI	� European Academy of Allergy and Clinical Immunology
EIA	� Exercise-induced asthma
EIB	� Exercise-induced bronchoconstriction
EIBa	� EIB with asthma
EIBwa	� EIB without asthma
ERS	� European Respiratory Society
GINA	� Global Initiative on Asthma
ICS	� Inhaled corticosteroids
JCAAI	� Joint Council of Allergy Asthma & Immunology
JTFPP	� Joint Task Force on Practice Parameters
LABA	� Long-acting b2-agonists

PERF	� Peak Expiratory Flow Rate
SABA	� Short-acting b2-agonists
WADA	� World Anti-Doping Code

Acknowledgements
not applicable.

Author contributions
E.N. and A.K. designed the work. A.K. and E.N. acquired and analyzed the data 
and drafted the initial manuscript. M.G., S.B., L.L., L.P., F.S., F.M., M.G., C.M., S.A., 
L.C., C.I., M.M.d.G. and E.N. analyzed the data and reviewed the manuscript. All 
authors have read and agreed to the published version of the manuscript.

Funding
No funding.

Data availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 26 December 2023 / Accepted: 9 January 2024

References
1.	 McNeill RS, Nairn JR, Millar JS, Ingram CG. Exercise-induced asthma. Q J Med. 

1966;35(137):55–67.
2.	 Silverman M, Anderson SD, Walker SR. Metabolic changes preceding exercise-

induced bronchoconstriction. Br Med J. 1972;1(5794):207–9. https://doi.
org/10.1136/bmj.1.5794.207

3.	 Weiler JM, Anderson SD, Randolph C, et al. Pathogenesis, prevalence, diag-
nosis, and management of exercise-induced bronchoconstriction: a practice 
parameter. Ann Allergy Asthma Immunol. 2010;105(6 Suppl):1–S47. https://
doi.org/10.1016/j.anai.2010.09.021

4.	 Carlsen KH, Anderson SD, Bjermer L, et al. Treatment of exercise-induced 
asthma, respiratory and allergic disorders in sports and the relationship to 
doping: part II of the report from the Joint Task Force of European Respiratory 
Society (ERS) and European Academy of Allergy and Clinical Immunology 
(EAACI) in cooperation with GA(2)LEN. Allergy. 2008;63(5):492–505. https://
doi.org/10.1111/j.1398-9995.2008.01663.x

5.	 Klain A, Indolfi C, Dinardo G, Contieri M, Decimo F, Miraglia Del Giudice M. 
Exercise-Induced Bronchoconstriction in Children. Front Med (Lausanne). 
2022;8:814976. https://doi.org/10.3389/fmed.2021.814976. Published 2022 
Jan 3.

6.	 Parsons JP, Hallstrand TS, Mastronarde JG, et al. An official American thoracic 
society clinical practice guideline: exercise-induced bronchoconstriction. 
Am J Respir Crit Care Med. 2013;187(9):1016–27. https://doi.org/10.1164/
rccm.201303-0437ST

7.	 Global Initiative on Asthma. Available at: http://ginasthma.org/ [Last Access 
June 26 2023].

8.	 Exercise-Induced Bronchoconstriction (EIB). Available from: https://acaai.org/
asthma/types-of-asthma/exercise-induced-bronchoconstriction-eib/ [Last 
Access June 26 2023].

9.	 de Aguiar KB, Anzolin M, Zhang L. Global prevalence of exercise-induced 
bronchoconstriction in childhood: a meta-analysis. Pediatr Pulmonol. 
2018;53(4):412–25. https://doi.org/10.1002/ppul.23951

10.	 Aggarwal B, Mulgirigama A, Berend N. Exercise-induced bronchoconstriction: 
prevalence, pathophysiology, patient impact, diagnosis and management. 
NPJ Prim Care Respir Med. 2018;28(1):31. Published 2018 Aug 14.

https://doi.org/10.1136/bmj.1.5794.207
https://doi.org/10.1136/bmj.1.5794.207
https://doi.org/10.1016/j.anai.2010.09.021
https://doi.org/10.1016/j.anai.2010.09.021
https://doi.org/10.1111/j.1398-9995.2008.01663.x
https://doi.org/10.1111/j.1398-9995.2008.01663.x
https://doi.org/10.3389/fmed.2021.814976
https://doi.org/10.1164/rccm.201303-0437ST
https://doi.org/10.1164/rccm.201303-0437ST
http://ginasthma.org/
https://acaai.org/asthma/types-of-asthma/exercise-induced-bronchoconstriction-eib/
https://acaai.org/asthma/types-of-asthma/exercise-induced-bronchoconstriction-eib/
https://doi.org/10.1002/ppul.23951


Page 10 of 11Klain et al. Italian Journal of Pediatrics           (2024) 50:47 

11.	 Bonini M, Silvers W. Exercise-induced, bronchoconstriction. background, 
prevalence, and sport considerations. Immunol Allergy Clin North Am. 
2018;38(2):205–14. https://doi.org/10.1016/j.iac.2018.01.007

12.	 Bousquet J, Van Cauwenberge P, Khaltaev N, Aria Workshop Group, World 
Health Organization. Allergic rhinitis and its impact on asthma. J Allergy Clin 
Immunol. 2001;108(5 Suppl):147–334.

13.	 Caggiano S, Cutrera R, Di Marco A, Turchetta A. Exercise-induced bron-
chospasm and allergy. Front Pediatr. 2017;5:131. https://doi.org/10.3389/
fped.2017.00131

14.	 Ofiaeli OC, Ndukwu CI, Ugwu NO, Nnamani KO, Ebenebe JC, Egbuonu I. 
Exercise induced bronchospasm and associated factors in primary school 
children: a cross-sectional study. BMC Pediatr. 2023;23(1):153. Published 2023 
Apr 3. https://doi.org/10.1186/s12887-023-03963-w

15.	 Kuti BP, Kuti DK, Omole KO, Mohammed LO, Ologun BG, Oso BI. Prevalence 
and factors associated with exercise-induced bronchospasm among rural 
school children in Ilesa, Nigeria. Niger Postgrad Med J. 2017;24(2):107–13. 
https://doi.org/10.4103/npmj.npmj_46_17

16.	 Klain A, Indolfi C, Dinardo G. Marcia Atopica: Ci Sono nuove evidenze? Rivista 
Di Immunologia E Allergologia Pediatrica. 2021;35(02):17–22.

17.	 Weiler JM, Bonini S, Coifman R, Craig T, Delgado L, Capão-Filipe MP, et al. 
Ad hoc committee of sports medicine committee of American academy 
of allergy, asthma & immunology. American Academy of Allergy, Asthma 
& Immunology Work Group report: exercise-induced asthma. J Allergy Clin 
Immunol. 2007;119:1349–58. https://doi.org/10.1016/j.jaci.2007.02.041

18.	 McFadden ER Jr., Gilbert IA. Exercise-induced asthma. N Engl J Med. 
1994;330:1362e7. https://doi.org/10.1056/NEJM199405123301907

19.	 Murakami Y, Honjo S, Odajima H, et al. Exercise-induced wheezing among 
Japanese pre-school children and pupils. Allergol Int. 2014;63(2):251–9. 
https://doi.org/10.2332/allergolint.13-OA-0644

20.	 Alves A, Martins C, Delgado L, Fonseca J, Moreira A. Exercise-induced rhinitis 
in competitive swimmers. Am J Rhinol Allergy. 2010;24(5):e114–7. https://doi.
org/10.2500/ajra.2010.24.3530

21.	 Ansley L, Bonini M, Delgado L, et al. Pathophysiological mechanisms 
of exercise-induced anaphylaxis: an EAACI position statement. Allergy. 
2015;70(10):1212–21. https://doi.org/10.1111/all.12677

22.	 Sijapati N, Sciturro M, Le M, Lanza J, Mercado E, Seferovic A. Exercise-
induced urticaria: a rare case report. Cureus. 2022;14(3):e23062. https://doi.
org/10.7759/cureus.23062. Published 2022 Mar 11.

23.	 Rakkhong K, Kamchaisatian W, Vilaiyuk S, et al. Exercise-induced broncho-
constriction in rhinitis children without asthma. Asian Pac J Allergy Immunol. 
2011;29(3):278–83.

24.	 Albuquerque Rodrigues Filho E, Rizzo JÂ, Gonçalves AV, Correia Junior 
MAV, Sarinho ESC, Medeiros D. Exercise-induced bronchospasm in children 
and adolescents with allergic rhinitis by treadmill and hyperventila-
tion challenges. Respir Med. 2018;138:102–6. https://doi.org/10.1016/j.
rmed.2018.04.001

25.	 Bonini S, Bonini M, Bousquet J, et al. Rhinitis and asthma in athletes: an ARIA 
document in collaboration with GA2LEN. Allergy. 2006;61(6):681–92.

26.	 Bousquet J, Melén E, Haahtela T, et al. Rhinitis associated with asthma 
is distinct from rhinitis alone: the ARIA-MeDALL hypothesis. Allergy. 
2023;78(5):1169–203. https://doi.org/10.1111/all.15679

27.	 Weiler JM, Brannan JD, Randolph CC, et al. Exercise-induced bronchoconstric-
tion update-2016. J Allergy Clin Immunol. 2016;138(5):1292–1295e36. https://
doi.org/10.1016/j.jaci.2016.05.029

28.	 Lin LL, Huang SJ, Ou LS, et al. Exercise-induced bronchoconstriction in chil-
dren with asthma: an observational cohort study. J Microbiol Immunol Infect. 
2019;52(3):471–9. https://doi.org/10.1016/j.jmii.2017.08.013

29.	 Park HK, Jung JW, Cho SH, Min KU, Kang HR. What makes a difference in 
exercise-induced bronchoconstriction: an 8 year retrospective analysis. PLoS 
One. 2014;9(1):e87155. Published 2014 Jan 30. https://doi.org/10.1371/jour-
nal.pone.0087155

30.	 Martín-Muñoz MF, Pagliara L, Antelo MC, et al. Exercise-induced asthma in 
asthmatic children. Predisposing factors. Allergol Immunopathol (Madr). 
2008;36(3):123–7.

31.	 de Abreu FC, da Silva Júnior JLR, Rabahi MF. The fraction exhaled 
nitric oxide as a biomarker of asthma control. Biomark Insights. 
2019;14:1177271919826550. https://doi.org/10.1177/1177271919826550. 
Published 2019 Jan 31.

32.	 Grzelewski T, Grzelewska A, Majak P, et al. Fractional exhaled nitric oxide 
(FeNO) may predict exercise-induced bronchoconstriction (EIB) in school-
children with atopic asthma. Nitric Oxide. 2012;27(2):82–7. https://doi.
org/10.1016/j.niox.2012.05.002

33.	 Buchvald F, Hermansen MN, Nielsen KG, Bisgaard H. Exhaled nitric oxide 
predicts exercise-induced bronchoconstriction in asthmatic school children. 
Chest. 2005;128:1964–7. https://doi.org/10.1378/chest.128.4.1964

34.	 Kim K, Cho HJ, Yoon JW, et al. Exhaled nitric oxide and mannitol test to 
predict exercise-induced bronchoconstriction. Pediatr Int. 2018;60(8):691–6. 
https://doi.org/10.1111/ped.13599

35.	 Chinellato I, Piazza M, Peroni D, Sandri M, Chiorazzo F, Boner AL, Piacentini G. 
Bronchial and alveolar nitric oxide in exercise-induced bronchoconstriction 
in asthmatic children. Clin Experimental Allergy: J Br Soc Allergy Clin Immu-
nol. 2012;42(8):1190–6.

36.	 Malewska-Kaczmarek K, Podlecka D, Mańkowski T, Jerzyńska J, Stelmach I. 
Exercise-Induced bronchoconstriction in children: a comparison between 
athletes and non-athletes. Healthc (Basel). 2023;11(9):1349. https://doi.
org/10.3390/healthcare11091349. Published 2023 May 8.

37.	 Anderson SD, Kippelen P. Airway injury as a mechanism for exercise-
induced bronchoconstriction in elite athletes. J Allergy Clin Immunol. 
2008;122(2):225–37. https://doi.org/10.1016/j.jaci.2008.05.001

38.	 Barnes PJ. Cholinergic control of airway smooth muscle. Am Rev Respir Dis. 
1987;136(4 Pt 2):42–S45. https://doi.org/10.1164/ajrccm/136.4_Pt_2.S42

39.	 Freed AN, Davis MS. Hyperventilation with dry air increases airway surface 
fluid osmolality in canine peripheral airways. Am J Respir Crit Care Med. 
1999;159:1101–7.

40.	 Daviskas E, Anderson SD, Gonda I, et al. Changes in mucociliary clearance 
during and after isocapnic hyperventilation in asthmatic and healthy sub-
jects. Eur Respir J. 1995;8:742–51.

41.	 Anderson SD, Kippelen P. Exercise-induced bronchoconstriction: pathogen-
esis. Curr Allergy Asthma Rep. 2005;5:116–22.

42.	 Seys SF, Hox V, Van Gerven L, et al. Damage-associated molecular pattern 
and innate cytokine release in the airways of competitive swimmers. Allergy. 
2015;70:187–94.

43.	 Romberg K, Bjermer L, Tufvesson E. Exercise but not mannitol provocation 
increases urinary Clara cell protein (CC16) in elite swimmers. Respir Med. 
2011;105:31–6.

44.	 Bolger C, Tufvesson E, Sue-Chu M, et al. Hyperpnea-induced broncho-
constriction and urinary CC16 levels in athletes. Med Sci Sports Exerc. 
2011;43:1207–13.

45.	 Tufvesson E, Svensson H, Ankerst J, Bjermer L. Increase of club cell (Clara) 
protein (CC16) in plasma and urine after exercise challenge in asthmat-
ics and healthy controls, and correlations to exhaled breath temperature 
and exhaled nitric oxide. Respir Med. 2013;107(11):1675–81. https://doi.
org/10.1016/j.rmed.2013.08.004

46.	 Grässler B, Thielmann B, Böckelmann I, Hökelmann A. Effects of different 
exercise interventions on cardiac autonomic control and secondary health 
factors in middle-aged adults: a systematic review. J Cardiovasc Dev Dis. 
2021;8(8):94. https://doi.org/10.3390/jcdd8080094. Published 2021 Aug 5.

47.	 Skaria T, Vogel J. The neuropeptide α-calcitonin gene-related peptide as 
the mediator of beneficial effects of exercise in the cardiovascular system. 
Front Physiol. 2022;13:825992. https://doi.org/10.3389/fphys.2022.825992. 
Published 2022 Mar 31.

48.	 Hox V, Vanoirbeek JA, Alpizar YA, et al. Crucial role of transient receptor poten-
tial ankyrin 1 and mast cells in induction of nonallergic airway hyperreactivity 
in mice. Am J Respir Crit Care Med. 2013;187:486–93.

49.	 Cox MA, Bassi C, Saunders ME, et al. Beyond neurotransmission: acetylcholine 
in immunity and inflammation. J Intern Med. 2020;287(2):120–33. https://doi.
org/10.1111/joim.13006

50.	 Bonini M, Fioretti D, Sargentini V, et al. Increased nerve growth factor serum 
levels in top athletes. Clin J Sport Med. 2013;23:228–31.

51.	 Raby KL, Michaeloudes C, Tonkin J, Chung KF, Bhavsar PK. Mechanisms of 
airway epithelial injury and abnormal repair in asthma and COPD. Front 
Immunol. 2023;14:1201658. https://doi.org/10.3389/fimmu.2023.1201658. 
Published 2023 Jul 13.

52.	 Anderson SD. How does exercise cause asthma attacks? Current Opinion in 
Allergy and Clinical Immunology. Immunology. 2006;6(1);37–42. https://doi.
org/10.1097/01.all.0000199797.02423.78

53.	 Lødrup Carlsen KC, Håland G, Devulapalli CS, et al. Asthma in every fifth 
child in Oslo, Norway: a 10-year follow up of a birth cohort study. Allergy. 
2006;61(4):454–60. https://doi.org/10.1111/j.1398-9995.2005.00938.x

54.	 Pigakis KM, Stavrou VT, Pantazopoulos I, Daniil Z, Kontopodi AK, Gour-
goulianis K. Exercise-induced bronchospasm in elite athletes. Cureus. 
2022;14(1):e20898.

55.	 Del Giacco SR, Manconi PE, Del Giacco GS. Allergy and Sports Allergy. 
2001;56:215–23.

https://doi.org/10.1016/j.iac.2018.01.007
https://doi.org/10.3389/fped.2017.00131
https://doi.org/10.3389/fped.2017.00131
https://doi.org/10.1186/s12887-023-03963-w
https://doi.org/10.4103/npmj.npmj_46_17
https://doi.org/10.1016/j.jaci.2007.02.041
https://doi.org/10.1056/NEJM199405123301907
https://doi.org/10.2332/allergolint.13-OA-0644
https://doi.org/10.2500/ajra.2010.24.3530
https://doi.org/10.2500/ajra.2010.24.3530
https://doi.org/10.1111/all.12677
https://doi.org/10.7759/cureus.23062
https://doi.org/10.7759/cureus.23062
https://doi.org/10.1016/j.rmed.2018.04.001
https://doi.org/10.1016/j.rmed.2018.04.001
https://doi.org/10.1111/all.15679
https://doi.org/10.1016/j.jaci.2016.05.029
https://doi.org/10.1016/j.jaci.2016.05.029
https://doi.org/10.1016/j.jmii.2017.08.013
https://doi.org/10.1371/journal.pone.0087155
https://doi.org/10.1371/journal.pone.0087155
https://doi.org/10.1177/1177271919826550
https://doi.org/10.1016/j.niox.2012.05.002
https://doi.org/10.1016/j.niox.2012.05.002
https://doi.org/10.1378/chest.128.4.1964
https://doi.org/10.1111/ped.13599
https://doi.org/10.3390/healthcare11091349
https://doi.org/10.3390/healthcare11091349
https://doi.org/10.1016/j.jaci.2008.05.001
https://doi.org/10.1164/ajrccm/136.4_Pt_2.S42
https://doi.org/10.1016/j.rmed.2013.08.004
https://doi.org/10.1016/j.rmed.2013.08.004
https://doi.org/10.3390/jcdd8080094
https://doi.org/10.3389/fphys.2022.825992
https://doi.org/10.1111/joim.13006
https://doi.org/10.1111/joim.13006
https://doi.org/10.3389/fimmu.2023.1201658
https://doi.org/10.1097/01.all.0000199797.02423.78
https://doi.org/10.1097/01.all.0000199797.02423.78
https://doi.org/10.1111/j.1398-9995.2005.00938.x


Page 11 of 11Klain et al. Italian Journal of Pediatrics           (2024) 50:47 

56.	 Kanazawa H. Microvascular theory of exercise-induced bronchoconstric-
tion in asthma: potential implications of vascular endothelial growth factor. 
Inflamm Allergy Drug Targets. 2007;6:133–7.

57.	 Couto M, Kurowski M, Moreira A, et al. Mechanisms of exercise-induced 
bronchoconstriction in athletes: current perspectives and future challenges. 
Allergy. 2018;73(1):8–16. https://doi.org/10.1111/all.13224

58.	 Bucchieri F, Puddicombe SM, Lordan JL, et al. Asthmatic bronchial epithelium 
is more susceptible to oxidant-induced apoptosis. Am J Respir Cell Mol Biol. 
2002;27:179–85.

59.	 Biddle SJ, Asare M. Physical activity and mental health in children and adoles-
cents: a review of reviews. Br J Sports Med. 2011;45(11):886–95.

60.	 Haahtela T, Malmberg P, Moreira A. Mechanisms of asthma in olympic 
athletes–practical implications. Allergy. 2008;63(6):685–94. https://doi.
org/10.1111/j.1398-9995.2008.01686.x

61.	 Hashim SH, Alenezi MI, Alenezi RM, et al. Exercise-induced bronchoconstric-
tion among adolescent athletes with asthma: a systematic review. Cureus. 
2023;15(6):e40643. https://doi.org/10.7759/cureus.40643. Published 2023 Jun 19.

62.	 Randolph C. The challenge of asthma in adolescent athletes: exercise 
induced bronchoconstriction (EIB) with and without known asthma. Adolesc 
Med State Art Rev. 2010;21(1):44–viii.

63.	 Uyan ZS, Carraro S, Piacentini G, Baraldi E. Swimming pool, respiratory health, 
and childhood asthma: should we change our beliefs? Pediatr Pulmonol. 
2009;44(1):31–7. https://doi.org/10.1002/ppul.20947

64.	 Bougault V, Boulet LP. Is there a potential link between indoor chlorinated 
pool environment and airway remodeling/inflammation in swimmers? 
Expert Rev Respir Med. 2012;6(5):469–71. https://doi.org/10.1586/ers.12.51

65.	 Valeriani F, Protano C, Vitali M, Romano Spica V. Swimming attendance 
during childhood and development of asthma: Meta-analysis. Pediatr Int. 
2017;59(5):614–21. https://doi.org/10.1111/ped.13230

66.	 Eksi N, Calis ZAB, Seyhun N, Ozkarafakili A, Coskun BU. Evaluation of exercise-
induced bronchoconstriction and rhinitis in adolescent elite swimmers. 
North Clin Istanb. 2021;8(5):493–9. https://doi.org/10.14744/nci.2021.99327. 
Published 2021 Oct 20.

67.	 Leahy MG, Peters CM, Geary CM, et al. Diagnosis of exercise-induced 
bronchoconstriction in swimmers: context matters. Med Sci Sports Exerc. 
2020;52(9):1855–61. https://doi.org/10.1249/MSS.0000000000002335

68.	 Bernard A, Carbonnelle S, de Burbure C, Michel O, Nickmilder M. Chlorinated 
pool attendance, atopy, and the risk of asthma during childhood. Environ 
Health Perspect. 2006;114:1567–73.

69.	 Andersson M, Hedman L, Nordberg G, Forsberg B, Eriksson K, Rönmark E. 
Swimming pool attendance is related to asthma among atopic school 
children: a population-based study. Environ Health. 2015;14:37. https://doi.
org/10.1186/s12940-015-0023-x. Published 2015 Apr 15.

70.	 Dogra S, Kuk JL, Baker J, Jamnik V. Exercise is associated with improved 
asthma control in adults. Eur Respir J. 2011;37(2):318–23. https://doi.
org/10.1183/09031936.00182209

71.	 Pastva A, Estell K, Schoeb TR, Atkinson TP, Schwiebert LM. Aerobic exercise 
attenuates airway inflammatory responses in a mouse model of atopic 
asthma. J Immunol. 2004;172:4520–6.

72.	 Lowder T, Dugger K, Deshane J, Estell K, Schwiebert LM. Repeated bouts of 
aerobic exercise enhance regulatory T-cell responses in a murine asthma 
model. Brain Behav Immun. 2010;24:153–9.

73.	 Mendes FA, Almeida FM, Cukier A, et al. Effects of aerobic training on airway 
inflammation in asthmatic patients. Med Sci Sports Exerc. 2011;43(2):197–
203. https://doi.org/10.1249/MSS.0b013e3181ed0ea3

74.	 Ram FS, Robinson SM, Black PN. Effects of physical training in asthma: a 
systematic review. Br J Sports Med. 2000;34:162–7.

75.	 Qu C, Guo F, Zhang C. Pediatric exercise-induced bronchoconstric-
tion. Minerva Pediatr. 2019;71(5):476–7. https://doi.org/10.23736/
S0026-4946.17.04790-9

76.	 Anderson SD, Argyros GJ, Magnussen H. Holzer K. Provocation by eucapnic 
voluntary hyperpnoea to identify exercise-induced bronchoconstriction. Br J 
Sports Med. 2001;35:344–7.

77.	 Rundell KW, Anderson SD, Spiering BA, Judelson DA. Field exercise vs labora-
tory eucapnic voluntary hyperventilation to identify airway hyperresponsive-
ness in elite cold weather athletes. Chest. 2004;125(3):909–15. https://doi.
org/10.1378/chest.125.3.909

78.	 Burman J, Elenius V, Lukkarinen H, et al. Cut-off values to evaluate exercise-
induced asthma in eucapnic voluntary hyperventilation test for children. Clin 
Physiol Funct Imaging. 2020;40(5):343–50. https://doi.org/10.1111/cpf.12647

79.	 Price OJ, Ansley L, Hull JH. Diagnosing exercise-induced bronchoconstric-
tion with eucapnic voluntary hyperpnea: is one test enough? J Allergy Clin 
Immunol Pract. 2015;3(2):243–9. https://doi.org/10.1016/j.jaip.2014.10.012

80.	 Chateaubriand do Nascimento Silva, Filho MJ, Gonçalves AV, Tavares Viana M, 
Peixoto DM, Cavalcanti Sarinho ES, Rizzo JÂ. Exercise-induced bronchocon-
striction diagnosis in asthmatic children: comparison of treadmill running 
and eucapnic voluntary hyperventilation challenges. Ann Allergy Asthma 
Immunol. 2015;115(4):277–81. https://doi.org/10.1016/j.anai.2015.07.009

81.	 The World Anti-Doping Code. Available at: https://www.wada-ama.org/en/
what-we-do/world-anti-doping-code. [Las access June 26 2023].

82.	 Koya T, Ueno H, Hasegawa T, Arakawa M, Kikuchi T. Management of exercise-
induced bronchoconstriction in athletes. J Allergy Clin Immunol Pract. 
2020;8(7):2183–92. https://doi.org/10.1016/j.jaip.2020.03.011

83.	 Goossens J, Decaesteker T, Jonckheere AC, et al. How to detect young 
athletes at risk of exercise-induced bronchoconstriction? Paediatr Respir Rev. 
2022;44:40–6. https://doi.org/10.1016/j.prrv.2021.09.007

84.	 Del Giacco SR, Carlsen KH, Du Toit G. Allergy and sports in chil-
dren. Pediatr Allergy Immunol. 2012;23(1):11–20. https://doi.
org/10.1111/j.1399-3038.2011.01256.x

85.	 França-Pinto A, Mendes FAR, de Carvalho-Pinto RM, et al. Aerobic training 
decreases bronchial hyperresponsiveness and systemic inflammation in 
patients with moderate or severe asthma: a randomized controlled trial. 
Thorax. 2015;70(8):732–9.

86.	 Gonçalves RC, Nunes MPT, Cukier A, Stelmach R, Martins MA, Carvalho CRF. 
Effects of an aerobic physical training program on psychosocial character-
istics, quality-of-life, symptoms and exhaled nitric oxide in individuals with 
moderate or severe persistent asthma. Rev Bras Fisioter. 2008;12(2):127–35.

87.	 Souza Silva BRV, da Silva GAS, de Albuquerque Rodrigues Filho E, et al. Can 
physical exercise assist in controlling and reducing the severity of exercise-
induced bronchospasm in children and adolescents? A systematic review. 
Clin Respir J. 2023;17(1):3–12. https://doi.org/10.1111/crj.13559

88.	 Vera HM, Wanrooij M, Willeboordse E, Dompeling, Kim DG, van de Kant. Exer-
cise training in children with asthma: a systematic review. Br J Sports Med. 
2014;48(13):1024–31. https://doi.org/10.1136/bjsports-2012-091347

89.	 Stickland MK, Rowe BH, Spooner CH, Vandermeer B, Dryden DM. Effect of 
warm-up exercise on exercise-induced bronchoconstriction. Med Sci Sports 
Exerc. 2012;44(3):383 – 91. https://doi.org/10.1249/MSS.0b013e31822fb73a. 
PMID: 21811185.

90.	 Boulet L, O’Byrne P. Asthma and exercise-induced bronchoconstriction in 
athletes. N Engl J Med. 2015;372:641–8.

91.	 Eichenberger PA, Scherer TA, Spengler CM. Pre-exercise hyperpnea attenu-
ates exercise-induced bronchoconstriction without affecting performance. 
PLoS ONE. 2016;11(11):e0167318. https://doi.org/10.1371/journal.
pone.0167318. Published 2016 Nov 29.

92.	 Mickleborough TD, Lindley MR, Turner LA. Comparative effects of a 
high-intensity interval warm-up and salbutamol on the bronchocon-
strictor response to exercise in asthmatic athletes. Int J Sports Med. 
2007;28(6):456–62.

93.	 Randolph C. Pediatric exercise-induced bronchoconstriction: contemporary 
developments in epidemiology, pathogenesis, presentation, diagnosis, and 
therapy. Curr Allergy Asthma Rep. 2013;13(6):662–71. https://doi.org/10.1007/
s11882-013-0380-x

94.	 Del Giacco S, Couto M, Firinu D, Garcia-Larsen V. Management of intermittent 
and persistent asthma in adolescent and high school athletes. J Allergy Clin 
Immunol Pract. 2020;8(7):2166–81. https://doi.org/10.1016/j.jaip.2020.05.003

95.	 Hoshino Y, Koya T, Kagamu H, et al. Effect of inhaled corticosteroids on bron-
chial asthma in Japanese athletes. Allergol Int. 2015;64(2):145–9. https://doi.
org/10.1016/j.alit.2014.10.004

96.	 Couto M, Stang J, Horta L, et al. Two distinct phenotypes of asthma in elite 
athletes identified by latent class analysis. J Asthma. 2015;52(9):897–904. 
https://doi.org/10.3109/02770903.2015.1067321

97.	 Greiwe J, Cooke A, Nanda A, et al. Work group report: perspectives in diagnosis 
and management of exercise-induced bronchoconstriction in athletes. J Allergy 
Clin Immunol Pract. 2020;8(8):2542–55. https://doi.org/10.1016/j.jaip.2020.05.020

98.	 Athlete Advisory: Explanation of Key Changes on 2023 WADA Prohibited List. 
Available at: https://www.usada.org/athlete-advisory/key-changes-2023-pro-
hibited-list/ [Last Access June 26 2023].

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1111/all.13224
https://doi.org/10.1111/j.1398-9995.2008.01686.x
https://doi.org/10.1111/j.1398-9995.2008.01686.x
https://doi.org/10.7759/cureus.40643
https://doi.org/10.1002/ppul.20947
https://doi.org/10.1586/ers.12.51
https://doi.org/10.1111/ped.13230
https://doi.org/10.14744/nci.2021.99327
https://doi.org/10.1249/MSS.0000000000002335
https://doi.org/10.1186/s12940-015-0023-x
https://doi.org/10.1186/s12940-015-0023-x
https://doi.org/10.1183/09031936.00182209
https://doi.org/10.1183/09031936.00182209
https://doi.org/10.1249/MSS.0b013e3181ed0ea3
https://doi.org/10.23736/S0026-4946.17.04790-9
https://doi.org/10.23736/S0026-4946.17.04790-9
https://doi.org/10.1378/chest.125.3.909
https://doi.org/10.1378/chest.125.3.909
https://doi.org/10.1111/cpf.12647
https://doi.org/10.1016/j.jaip.2014.10.012
https://doi.org/10.1016/j.anai.2015.07.009
https://www.wada-ama.org/en/what-we-do/world-anti-doping-code
https://www.wada-ama.org/en/what-we-do/world-anti-doping-code
https://doi.org/10.1016/j.jaip.2020.03.011
https://doi.org/10.1016/j.prrv.2021.09.007
https://doi.org/10.1111/j.1399-3038.2011.01256.x
https://doi.org/10.1111/j.1399-3038.2011.01256.x
https://doi.org/10.1111/crj.13559
https://doi.org/10.1136/bjsports-2012-091347
https://doi.org/10.1249/MSS.0b013e31822fb73a
https://doi.org/10.1371/journal.pone.0167318
https://doi.org/10.1371/journal.pone.0167318
https://doi.org/10.1007/s11882-013-0380-x
https://doi.org/10.1007/s11882-013-0380-x
https://doi.org/10.1016/j.jaip.2020.05.003
https://doi.org/10.1016/j.alit.2014.10.004
https://doi.org/10.1016/j.alit.2014.10.004
https://doi.org/10.3109/02770903.2015.1067321
https://doi.org/10.1016/j.jaip.2020.05.020
https://www.usada.org/athlete-advisory/key-changes-2023-prohibited-list/
https://www.usada.org/athlete-advisory/key-changes-2023-prohibited-list/

	﻿Exercise-induced bronchoconstriction, allergy and sports in children
	﻿Abstract
	﻿Atopy and EIB
	﻿Predictors of EIB
	﻿Underlying mechanisms of EIA and EIB
	﻿EIB and sport
	﻿Diagnosis
	﻿Treatment
	﻿Conclusion
	﻿Scenarios
	﻿A) A child with allergic rhinitis who wants to engage in competitive sports
	﻿B) A child with intermittent wheezing and sensitization to dust mites experiencing EIB
	﻿C) An adolescent athlete experiencing EIB

	﻿References


