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Regular physical activity is strongly recommended by healthcare systems worldwide and evidence-based
guidelines and is one of the most effective approaches for preventing chronic inflammatory diseases and
maintaining health status [1]. Indeed, extensive evidence exists on the beneficial effect of physical training
and rehabilitation programmes in asthma [2]. Physical activity has been shown to improve quality of life,
exercise capacity, pulmonary function and symptoms, as well as reduce airway inflammation and bronchial
responsiveness in patients with asthma [3–5]. However, intense physical exercise may trigger airway
narrowing by imposing a high demand on the respiratory system, requiring subjects to ventilate primarily
through the mouth and by-pass the nasal filter, with a subsequent increased pulmonary exposure to
inhalant allergens, pollutants, irritants and adverse (i.e. cold, dry) environmental conditions [6]. Such
airway narrowing, which transiently occurs as a result of exercise, is defined as exercise-induced
bronchoconstriction (EIB) [7]. Interestingly, in a 5-year prospective study, subjects who stopped training
experienced an attenuation, or in some circumstances disappearance, of EIB, whereas bronchial
responsiveness, exercise-induced respiratory symptoms and eosinophilic airway inflammation increased
amongst those who continued strenuous physical exercise, regardless of the pharmacological treatment
strategies [8]. Put into context, ongoing intense training appears to be a causative, and not just a
concomitant, factor of airway inflammation and narrowing.

The prevalence of EIB ranges from 5% to 20% in the general population. EIB has also been reported to
occur in almost all asthmatic subjects, reflecting the level of disease control, with EIB occurring more
frequently in more severe and uncontrolled patients [9]. Furthermore, EIB is particularly frequent, even in
the absence of underlying clinical asthma, in athletes [10], children [11] and subjects with rhinitis [12].
The intensity, duration and type of training has been also associated with the occurrence of airway
hyperresponsiveness and symptoms, with EIB being more prevalent in subjects practicing swimming,
endurance and winter sport disciplines [7]. EIB typically develops within 15 min following at least
5–8 min of high intensity (>85% of maximal voluntary ventilation) aerobic training, and spontaneously
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resolves within 60 min [7]. After an episode of EIB, there is often a refractory period of about 1–3 h
during which, if exercise is repeated, the bronchoconstriction is less accentuated [7]. Common symptoms
include cough, dyspnoea, breathlessness, wheezing and chest tightness [7].

A careful medical history and physical examination is always recommended for diagnosing EIB [13]. The
use of specific questionnaires for screening allergic and respiratory diseases in exercisers and athletes
represent an additional valuable and accessible diagnostic tool [14]. However, research has consistently
shown a poor relationship between the presence of asthma-like symptoms and objective evidence of EIB [15].
Furthermore, pulmonary function tests at baseline seem to be poorly predictive of EIB in people engaging
in regular physical activity, often being within the normal values even in the presence of disease [16].
Thus, in order to establish a secure diagnosis of EIB, it is critical to perform objective testing to confirm
dynamic changes in airway calibre and function [7]. It is still a matter of ongoing debate as to which
bronchial provocation challenge should be preferred, and whether a single test could be enough to set a
definite diagnosis [17].

The increase in airways osmolarity due to respiratory water loss and the vasodilation associated with
airways rewarming have been commonly reported to be the major determinants of EIB (osmotic and
thermal theories) [18, 19]. However, as with the current approach in asthma phenotypes, different
endotypes (i.e. disease subtypes specifically defined by functional or pathological molecular mechanisms
and/or treatment response) of EIB have been recently reported (figure 1) [20]. Intense physical training
may induce a transient status of immune downregulation with a shift towards a relatively prevalent
T2-high response, clinically associated with an increased prevalence of atopy [10, 21]. However, despite in
a large proportion of EIB subjects the occurrence of bronchial obstruction following exercise is associated
with allergic diseases [10] and markers of a T2-high response [22]. EIB is also present in subjects with no
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FIGURE 1 Pathophysiological mechanisms of exercise-induced bronchoconstriction (EIB).
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evidence of atopic sensitisation. In such non-T2-high variants of EIB, the bronchial epithelial damage
directly caused by physical activity has been suggested as a relevant pathogenic mechanism [20]. A direct
injury of the bronchial epithelium might also be caused by viral upper respiratory tract infections, which
are reported to occur more frequently in athletes [23]. Inflammatory mediators released by the damaged
epithelium have been found both in sputum (i.e. interleukin-8) [24] and in serum (i.e. nerve growth factor)
[25] and seem to be associated with a neutrophilic or mixed neutrophilic/eosinophilic inflammatory
response. Furthermore, the evidence that CC16 proteins, secreted by Club Cells in the distal bronchioles to
protect the respiratory tract against oxidative stress and inflammation, are increased in urine and serum
following an exercise challenge [26], has prompted renewed and increasing interest in the role of small
airways in EIB. Notably, small airway abnormalities have been related to the onset and severity of asthma
and may occur even in the absence of a response in the large airways [27]. In addition, an alternative
non-inflammatory mechanism, autonomic dysregulation with an enhanced parasympathetic response,
measured by both pupillometry and heart rate variability, has been shown to significantly relate to EIB [28].

Despite the above reported research findings, no clear classification of EIB endotypes have yet been
adopted in clinical practice and the distinction between T2-high and non-T2-high variants is currently
made only by exclusion of a T2-high signature. Therefore, the lack of specific functional and inflammatory
biomarkers to classify T2-low EIB subjects currently prevents clear identification of these endotypes and
therefore, an adequate design of clinical research trials. Proper endotyping of EIB would also have
extremely relevant clinical translational impact, by significantly contributing to improved disease
assessment and management. In fact, although prevention and treatment of EIB is mainly based on the
effective use of short- and long-acting β2-agonists, high heterogeneity in individual therapeutic responses,
as well as the occurrence of tolerance and side-effects [29, 30], have been observed, suggesting the
existence of subpopulations requiring an endotype-driven approach to optimise therapy. Moreover, while
several targeted therapies are available or under development for a “precision medicine” in T2-high
asthma, no tailored strategies are currently available for the non-T2-high forms, in which corticosteroids
have shown to be poorly effective. This could be also of relevance in professional athletes in view of the
World Anti-Doping Agency regulations (www.wada-ama.org).

It can be appreciated that further research is desirable following these interesting and promising
preliminary findings in order to fully address the unmet needs as outlined above, and to allow the vast
population of subjects undertaking physical activity to fully profit from the very beneficial effects of
exercise, without incurring health risks or affecting their performance and quality of life.
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