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ABSTRACT

Exercise is an important treatment for people with asthma and should be considered alongside pharmacological therapy when
developing personalised asthma management plans. Despite this, there remains limited guidance concerning the practicalities of
asthma-specific exercise prescription. This European Academy of Allergy and Clinical Immunology task force was therefore es-
tablished to achieve three fundamental aims: first, to provide an up-to-date perspective concerning the role of exercise for asthma
management (i.e., describe the disease modifying potential of exercise and associated impact on asthma-related extrapulmonary
comorbidities); second, to develop pragmatic recommendations to facilitate safe and effective exercise prescription; and third,
to identify key unmet needs and provide focused direction for future research. The position paper is structured as a practically
focused document, with recommendations formulated according to best available scientific evidence and expert opinion, with
an emphasis on providing healthcare providers with pragmatic advice that can be implemented during routine asthma review.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | Introduction

Asthma is the most common chronic respiratory condition
worldwide and a major source of economic and societal burden
[1]. For the most part, pharmacological intervention forms the
mainstay of treatment, with the Global Initiative for Asthma
(GINA) recommending symptom-driven low dose inhaled cor-
ticosteroid (ICS)-formoterol as the preferred first line, with a
step-wise approach to maintenance treatment in those that
continue to report high symptom burden [2]. Whilst this strat-
egy has been shown to reduce the risk of exacerbations when
compared to short-acting beta-2 agonists (SABA) prescribed as
mono-therapy [3], sub-optimal disease control remains a long-
standing issue across all levels of asthma severity [4], and there-
fore other therapies with proven efficacy need to be considered
when implementing personalised asthma management.

In this respect, it is now apparent that engaging in regular moder-
ate intensity aerobic exercise has the potential to modify disease
via modulation of inflammatory and immune responses [5-7], and
benefits a multitude of asthma-related outcomes and extrapulmo-
nary comorbidities (Figure 1). However, despite a growing body
of evidence supporting the importance of exercise for asthma
management [8-11], it is typical for individuals with asthma to en-
gage in lower levels of physical activity in comparison to healthy
counterparts [11, 12]. The underpinning factors that contribute to
physical inactivity in the general population are complex and mul-
tifaceted [13]; however, for individuals with asthma, it is thought
to relate, at least in part, to disease specific barriers such as fear
of provoking respiratory symptoms as a consequence of exercise-
induced bronchoconstriction (EIB) (i.e., transient lower airway
narrowing [>10% fall in FEV]) that occurs during, or most often
post exercise [14] (£ ventilatory irregularity in the form of breath-
ing pattern disorder), and/or severe exacerbation [15] (Figure 2).
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Whilst the importance of exercise and physical activity in the con-
text of asthma management has previously been described [16, 17],
and endorsed in the current GINA report [2], there remains lim-
ited guidance concerning the practicalities of exercise prescription
[18]. This European Academy of Allergy and Clinical Immunology
(EAACI) task force was therefore established to achieve three fun-
damental aims: first, to provide an up-to-date perspective concern-
ing the role of exercise for asthma management (i.e., describe the
disease modifying potential of exercise and associated impact on
asthma-related extrapulmonary comorbidities); second, to develop
pragmatic recommendations to facilitate safe and effective exer-
cise prescription; and third, to identify key unmet needs and pro-
vide focused direction for future research.

2 | Methodology

This task force was chaired by OJP with membership drawn
from a multidisciplinary expert panel under the EAACI
Research and Outreach Committee (ROC) [18] including
allergists, clinical immunologists, pulmonologists, respi-
ratory nurses, human physiologists and exercise scientists.
Following initial discussion regarding the task force focus,
original research (i.e., observational studies and randomised
controlled trials [RCTs]) and systematic reviews and meta-
analyses published between 2014 and 2024 were identified
in peer-reviewed literature using the following search terms:
‘asthma’, ‘exercise-induced asthma or bronchoconstriction’
or ‘airway hyper-responsiveness [AHR] in combination with
‘exercise’ or ‘physical activity’ (i.e., conforming to the Scale
for Assessment of Narrative Review Articles [SANRA] [19]).
Pulmonary rehabilitation interventions or studies evaluat-
ing breathing exercises in isolation were excluded. The posi-
tion paper was subsequently drafted by task force members
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FIGURE1 | Impactofexercise training on asthma-related outcomes and extrapulmonary comorbidities (summary of evidence from recent RCTS).
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FIGURE 2 | Exercise-induced bronchoconstriction contributing to exercise avoidance in pre-existing asthma.

according to clinical and research expertise, with an edited
version approved by all authors prior to publication. Ten pri-
ority unanswered research questions were developed by task
force members following group discussion and expert consen-
sus (Box 1). The final position paper is structured as a practi-
cally focussed document, with recommendations formulated
according to best available scientific evidence and expert
opinion, with an emphasis on providing healthcare providers
(e.g., physiotherapists, exercise physiologists, rehabilitation
instructors etc.) with pragmatic advice that can be imple-
mented during routine asthma review.

3 | Exercise for Asthma Management—What Do
We Know?

3.1 | Immunomodulatory and Anti-Inflammatory
Effects of Exercise

Asthma is a heterogeneous condition with respect to severity
and sub-type, with distinct patterns of airway inflammation
reflecting diverse pathophysiological mechanisms (endotypes)
that lead to variable clinical presentation (phenotypes) [20].
Type-2-high asthma is characterised by raised eosinophilia and
is considered to be the main driver of allergic asthma, involv-
ing complex crosstalk between the airway epithelium and in-
nate and adaptive immunity. Type-2-low asthma encompasses
neutrophilic and paucigranulocytic asthma, whereas mixed
granulocytic asthma is characterised by the co-existence of eo-
sinophilic and neutrophilic inflammation [21].

Exercise is recognised to effect immune function via various
physiological mechanisms that contribute to alterations to in-
nate and adaptive immunity [22]. In the acute setting, moderate-
to-vigorous-intensity exercise is associated with an increase in
the synthesis and release of pro-inflammatory cytokines (e.g.,

tumour necrosis factor alpha [TNF-«], interleukin [IL]-8, IL-
1B) [23], whereas in the chronic setting, exercise is thought to
elicit an anti-inflammatory effect, thus acting to reduce the de-
velopment and progression of chronic disease [24]. The mecha-
nisms that contribute to the anti-inflammatory effects of regular
moderate-intensity exercise include: (i) lower visceral fat mass
(i.e., reduction in pro-inflammatory adipokines such as TNF-a);
(ii) increased production of anti-inflammatory myokines (i.e.,
peptides or proteins secreted or released from contracting skele-
tal muscle); (iii) reduction in the expression of toll-like receptors
on monocytes and macrophages, with downstream inhibition of
pro-inflammatory cytokines [24].

To date, asthma-related studies investigating the immunomod-
ulatory and anti-inflammatory effects of exercise have primar-
ily focused on allergic and eosinophilic disease using models of
ovalbumin-sensitized mice [25-29]. Collectively, experimental
animal studies provide strong evidence to suggest that regu-
lar aerobic exercise decreases airway inflammation, AHR, and
structural airway remodeling via a reduction in the expression
of T helper 2 (Th2) cytokines (IL-4, IL-5 and IL-13) [25-27] and
chemokines (e.g., monocyte chemoattractant protein [MCP-1]
and IL-8), and an increase in the expression of anti-inflammatory
cytokines such as IL-10 and IL-1Ra [25, 27].

Despite this, there currently remains a limited number of high-
quality mechanistic studies to corroborate these findings in
humans. Indeed, only one RCT has evaluated the impact of
continuous aerobic exercise training on AHR (assessed via gold-
standard direct bronchial provocation methods) over the past
decade [30]. In the landmark study by Pinto and colleagues,
aerobic exercise (2x weekly 25-min training sessions over a
12-week period) was shown to improve AHR by one doubling
dose of histamine and reduce serum IL-6 and MCP-1 in adults
with moderate-to-severe asthma [30]. In addition, the exercise
programme reduced sputum eosinophil count and fractional
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BOX1 | Keyunanswered research questions.

1. Identify key biological factors that drive the
heterogeneous response to exercise training—and
determine how this relates to asthma specific
endotypes (i.e., comparing type II high vs. type II low)

2. To establish the optimal or most effective exercise
‘dose’ according to specific asthma severities and sub-
types and how this interacts with asthma control

3. In the obese asthma phenotype—does exercise
modulate asthma-related inflammation directly, or
inflammation driven by adiposity?

4. Does exercise improve bone and skeletal muscle
health in those exposed to long-term ICS and oral
corticosteroids therapy?

5. To determine the relationship between exercise and
serious adverse events (i.e., exacerbation frequency/
hospitalisation etc.)

6. How does exercise impact adherence to
pharmacological treatments—and does this lead to a
step-down in therapy?

7. What is the impact of climatic conditions and air
pollution on the ability to undertake exercise?

8. What is the effect of small but frequent doses of
exercise on asthma outcomes and long-term behaviour
change/habit formation?

9.  To determine the effect of asthma-specific
education and promotion interventions on long-term
exercise engagement

10. To utilise qualitative research methods to
explore patient barriers and facilitators to exercise
engagement and understand healthcare providers
knowledge and experience of exercise prescription in
the context of asthma management

exhaled nitric oxide (FeNO) (an indirect biomarker of type 2
inflammation, signalling activation of IL-4/IL-13 pathway) in
patients with raised airway inflammation (i.e., sputum eosino-
phils > 3% or FeNO > 26 ppb) [30]. In support of these findings,
acute moderate intensity exercise has been shown to be asso-
ciated with decreased FeNO [31] and reduced sputum eosino-
phil count [32]. Whilst further research is required, these data
indicate that the therapeutic benefit of exercise are potentially
endotype dependent, with greater anti-inflammatory effects ob-
served in response to moderate intensity exercise in those with
type-2-high asthma.

3.2 | Continuous Moderate-To-Vigorous-Intensity
Aerobic Exercise

To improve cardiorespiratory fitness and promote health and
well-being, it is recommended that adults undertake moder-
ate intensity “steady state” aerobic exercise for a minimum of

30-min five times per week, or vigorous-intensity aerobic exer-
cise for a minimum of 20-min, three times per week (e.g., jog-
ging, running, cycling, spinning, rowing, swimming etc.) [33].
Importantly, exercise is recognised to elicit comparable physio-
logical adaptations in those with and without asthma, with stud-
ies in athletic cohorts indicating that individuals with moderate
expiratory airflow limitation (i.e., FEV, <50% predicted) are
still capable of achieving physical fitness levels (i.e., VO, max—
defined as the maximal amount of oxygen an individual can
consume) consistent with non-asthmatic individuals with nor-
mal lung function [34].

The majority of asthma-related exercise training studies have
employed interventions in the moderate to vigorous-intensity
domain, with recent RCTs consistently reporting improve-
ments in validated markers of asthma control and quality of
life (assessed via the Asthma Control Questionnaire [ACQ]
[35] and Asthma Quality of Life Questionnaire [AQLQ]
[36]), psychosocial health, functional capacity and improved
body composition (i.e., reduced adiposity and increased
muscle mass in the context of the obese asthma phenotype)
[30, 37-42]. Whilst exercise training has previously been re-
ported to have no effect on indices of resting lung function
[17], the most recent systematic review and meta-analysis of
RCTs (k=11 studies) (n =543; 74.8% females) concluded that
aerobic exercise (>8weeks duration) has the potential to im-
prove asthma control and lung function, but has no clinically
meaningful effect on markers of airway inflammation (i.e.,
FeNO and sputum eosinophilia) [43]. However, the findings
from this analysis should be interpreted with caution, as the
quality of evidence was graded as ‘low’ due to substantial het-
erogeneity and inconsistencies between studies (i.e., lack of
standardisation concerning asthma sub-types, disease sever-
ity, and intensity and duration of exercise training interven-
tions). It should also be noted that a recent RCT observed no
effect on spirometric indices of lung function following either
moderate or vigorous-intensity aerobic exercise [41]. RCTs
evaluating continuous aerobic exercise training interventions
are summarised in Table 1.

3.3 | High-Intensity and Repeated Sprint Interval
Training

High-intensity interval training (HIIT) or repeated sprint in-
terval training consists of repeated bouts of vigorous-intensity
exercise followed by lower intensity or passive recovery periods
(generally between 4 and 8 sets). The workout typically totals
20-60 min in duration with exercise and recovery periods alter-
nating between 5s and 8 min depending on the specific protocol
and patient tolerability. HIIT workouts can be tailored to med-
ical or personal requirements and baseline aerobic fitness, in-
cluding a diverse range of exercise modalities [33]. The potential
benefits of HIIT include comparable or greater physiological ad-
aptations (e.g., improved skeletal muscle metabolic control and
cardiovascular function) when compared to continuous aerobic
exercise in a shorter time period, and elevated post exercise me-
tabolism known as “EPOC” (excess post-exercise oxygen con-
sumption), which may contribute to increased fat oxidation [44].
The benefits of HIIT are becoming increasingly recognised in
healthy individuals [45] and in people with cardiometabolic and
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| (Continued)

TABLE 1

First author

(ref)

Key findings

Outcome measures

Intervention

Study population

Year

« Aerobic + breathing exercises did not

ACQ (primary outcome),
AQLQ, HADS, sleep quality,
hyperventilation, exercise capacity,

26)

2x weekly 35-min constant-load exercise

Aerobic + breathing exercise (n

51 adults with

moderate-to-
severe asthma

n

2024

Kim [42]

improve asthma control or any other outcome
measures in comparison to exercise training

is isolation

(60%-80%) + breathing exercises using

lung function, physical activity,
thoracoabdominal kinematics

Buteyko technique over 10-weeks

18-60years

25)

Control (n
2x weekly 35-min constant-load
exercise (60%-80% HRmax) aerobic
exercise + muscle-stretching (sham

intervention) over 10-weeks

Abbreviations: 1-RM, 1-repetition maximum; ACQ, Asthma Control Questionnaire; ACT, Asthma Control Test; AHR, airway hyperresponsiveness; AQLQ, Asthma Quality of Life Questionnaire; BMI, body mass index; CCL2,
chemokine ligand 2; FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; HRmax, maximal heart rate; HRR, heart rate reserve; IgE, Immunoglobulin E; IL-10, Interleukin-10; IL-

4, interleukin-4; IL-5, Interleukin-5; IL-6, Interleukin-6; IL-8, Interleukin-8; MCP-1, monocyte chemoattractant protein-1; PEF, peak expiratory flow; TNF-a, tumour necrosis factor-alpha.

aStudy population and intervention from Freitas et al. [37].

chronic obstructive pulmonary disease (COPD) [46, 47]. The po-
tential application of HIIT in the context of asthma management
includes improvements in perceived dyspnoea, anxiety, fatigue
and reductions in ICS therapy without compromising asthma
control [48-56].

The rationale to consider prescribing HIIT in people with
asthma includes: (i) the inability or desire to undertake or
sustain continuous moderate to vigorous-intensity aerobic ex-
ercise to elicit significant physiological adaptations (i.e., in-
crease oxidative capacity of locomotor muscle and expression
of anabolic hormones to stimulate muscle fibre hypertrophy);
(ii) superior to continuous exercise in improving exercise ca-
pacity while inducing lower dyspnoea sensations; (iii) a pref-
erable training option for individuals unable to undertake and
sustain exercise due to severe dyspnoea and those at risk of
developing exercise-induced arterial hypoxemia (defined as
oxygen saturation [SpO,| 93%-95% [or 3%-4% below rest]);
(iv) lower ventilatory requirement post intervention at the
same relative sub-maximal workload (i.e., increased inspira-
tory capacity, reduced dynamic hyperinflation and reduced
dyspnoea) [47]. Whilst the potential risk of developing EIB in
response to vigorous exercise is an important consideration,
HIIT has been shown to be a safe, feasible, and well-tolerated
form of exercise in adults with asthma, irrespective of pre-
intervention disease control, airway inflammation, or AHR
[57]. RCTs evaluating continuous HIIT interventions are sum-
marised for reference in Table 2.

3.4 | Impact of Exercise on Asthma-Related
Extrapulmonary Comorbidities

Extrapulmonary comorbidities such as obesity, anxiety, de-
pression, gastroesophageal reflux disease and cardiometabolic
disease are common in people with asthma, particularly those
with moderate-to-severe disease [58]. Extrapulmonary comor-
bidities are often considered ‘syndemic’ — where biological in-
teractions occur as two or more disease states, which adversely
interact, and negatively influence the trajectory of each con-
dition [59]. In the context of asthma management, if comorbid
illness is identified early, exercise has the potential to improve
disease control and benefit extrapulmonary outcomes [60].
In the past, exercise training studies in people with asthma
have primarily focused on functional capacity and/or physi-
cal activity status as primary outcome measures [55, 61-63].
However, recent studies have also reported improvements in
a variety of extrapulmonary comorbidities (Figure 1). For ex-
ample, exercise combined with dietary restriction has been
shown to elicit a significant reduction in adiposity compared
to exercise training in isolation in overweight and obese
asthma [64]. Similarly, alongside improvements in body mass
index (BMI), symptom scores and step-based activity, com-
bined aerobic and resistance exercise + weight lost interven-
tions have been shown to improve depression, sleep efficiency
and latency and lower the risk of obstructive sleep apnoea in
adults with coexisting obesity and asthma [38].

Other potential clinically relevant asthma-related extrapulmo-
nary comorbidities include impaired bone health (i.e., osteo-
penia/osteoporosis and fragility fractures) as a consequence of
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| (Continued)

TABLE 2

First

Study
population

author
(ref)

Outcome measures Key findings

Intervention

Year

« Individuals who reduced their ICS dose by

ICS therapy reduced by 25%

=88)

Exercise (n
3x weekly 30-min HIIT cycling at 90%

129 adults

with persistent
asthma (defined
as all year-round

n=

2023

Pitzner-

25% or greater at 6-months was higher in the

exercise group
« ICS use reduced in favour of the exercise

of baseline dose at 6-months

Fabricius
[54]

(primary outcome), ICS use,
ACQ-5, AQLQ, rescue inhaler

(10-120s with active low intensity

recovery between intervals) over 6-months

max

HR

group without compromising asthma control

and sustained at 12-month follow-up
« Exercise resulted in a significant reduction

use, AHR, airway and systemic

inflammation, lung function,
exercise capacity, physical activity

41)

Control (n
Usual lifestyle and physical activity habits

symptoms)

18-75years

in weight loss and fat percentage and

improvement in VO, max and physical

activity
« No significant difference observed for FeNO,

blood eosinophil count, FEV,, or AHR

Abbreviations: ACQ, Asthma Control Questionnaire; AHR, airway hyperresponsiveness; AQLQ, Asthma Quality of Life Questionnaire; CLE, constant-load exercise; FeNO, fractional exhaled nitric oxide; FEV , forced expiratory

volume in 1s; HADS, Hospital Anxiety Depression Scale; HIIT, high-intensity interval training; HRmax, maximum heart rate; ICS, inhaled corticosteroid; VO, max, maximal oxygen uptake; VO,peak, peak oxygen uptake.

1-year follow-up from Toennesen et al. [48].

long-term ICS and oral corticosteroid therapy [65]. Similarly,
accumulating evidence suggests that adults with moderate-to-
severe and/or refractory asthma are at increased susceptibility
to skeletal muscle weakness (akin to observations in COPD
[66]), and that patients with uncontrolled asthma have in-
creased fat mass and decreased muscle mass [67]. The preven-
tion of skeletal muscle dysfunction and decreased mass (i.e.,
sarcopenia) is important due to the strong association with
functional capacity and overall quality of life [67]. For this
reason, resistance training and flexibility exercises (alongside
aerobic exercise training) that target all major muscle groups
are currently recommended at least twice per week for peo-
ple with asthma to maintain strength and mobility [33]. In
addition, impaired core muscle function is associated with
worse breathing symptoms in severe asthma [68], suggesting
that interventions such as yoga and/or Pilates (i.e., exercise
specifically targeting core strength, balance, posture, stabil-
isation and flexibility) should be employed alongside aerobic
and resistance-based exercise [69]. Similarly, inspiratory mus-
cle training using pressure threshold loading is recognised to
enhance inspiratory muscle strength and therefore may offer
value as an adjunct therapy to improve core function in adults
with asthma [70, 71].

4 | Practical Approach to Exercise Prescription

4.1 | Initial Asthma Review and Follow-Up
Consultation

The initial assessment of an individual presenting with typical
asthma symptoms should prompt a standard asthma review in
accordance with international guidelines, including a detailed
medical history in combination with spirometry and broncho-
dilator reversibility testing [2]. The diagnostic work-up can also
include allergy testing (i.e., demonstrating sensitisation via pos-
itive skin prick test and quantification of serum immunoglobu-
lin E [IgE]), and in cases where the diagnosis remains unclear
(i.e., normal resting lung function and negative bronchodilator
reversibility) a direct bronchial provocation test (i.e., methacho-
line or histamine challenge) is required to evaluate AHR [72].
FeNO and/or blood eosinophil count can be utilised to support
asthma phenotyping and follow-up assessment to monitor the
response to ICS therapy [73].

Individuals that report exercise-related symptoms should be
referred for a form of indirect bronchial provocation test (i.e.,
exercise challenge, eucapnic voluntary hyperpnoea or inhaled
mannitol) to confirm or refute evidence of EIB [14]. The phar-
macological approach to the prevention and management of EIB
includes daily maintenance treatment (depending on underly-
ing asthma severity) or anti-inflammatory relievers (i.e., ICS-
formoterol or ICS-SABA) as needed when bronchoconstriction
is exclusively elicited by exercise [2, 74]. In patients that continue
to report a high symptom burden despite treatment escalation,
it is important to consider the differential diagnosis or common
comorbidities (notably, exercise-induced laryngeal obstruction
and/or breathing pattern disorder) due to the potential impact on
pulmonary mechanics and symptom perception. For a detailed
overview of the diagnosis and management of exercise-related
allergic and respiratory disorders (i.e., conditions that often
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co-exist in people with asthma) see Price et al. [14]. In those with
aconfirmed diagnosis, a personalised asthma management plan
involving a continuous cycle (i.e., assess, adjust treatment and
review response) should be developed and tailored according to
individual patient needs [2].

In terms of exercise promotion, as a starting point, an assessment
of current activity status should be obtained. Whilst question-
naires such as the International Physical Activity Questionnaire
Short Form (IPAQ-SF) provide a convenient and cost-effective
method to quantify physical activity, there remains concern
regarding potential under-and overestimation when relying on
patient self-report in isolation on an individual basis [75]. Due
to the exponential rise in the availability and use of mobile tech-
nologies with in-built activity sensors (with the functionality
to monitor daily step-count), modern smartphones provide an
opportunity to retrospectively review objective physical activ-
ity data (with appropriate consent obtained) during consulta-
tion [76].

Incorporating open-ended questions should be encouraged to
understand barriers and facilitators to exercise engagement and
physical capacity to lead an active lifestyle (e.g., “how do you
feel about your current activity status and/or ability to under-
take exercise?”) [15, 77, 78], and in turn, develop personalised
recommendations to optimise enjoyment and promote long-
term adherence. Implementing established behaviour change
strategies (e.g., goal setting, action planning, positive reinforce-
ment and motivational techniques etc.) should also be utilised
[79], alongside pragmatic advice to increase activities of daily
living (e.g., use the stairs rather than escalator at work to in-
crease daily step-count etc.). For those with limited experience
of exercise training, it is important to provide reassurance that
an increased perception of effort and mild sensation of breath-
lessness is a physiologically appropriate and expected response
to moderate to vigorous-intensity exercise [80]. Likewise, de-
layed onset muscle soreness (DOMS) 24-48h post exercise is a
normal and expected response to vigorous exertion, particularly
for untrained individuals or following unaccustomed exercise,
and resolves spontaneously within 5-7days. Finally, educating
patients concerning the benefits and relatively low risks of un-
dertaking exercise is imperative given very few asthma deaths
in conjunction with exercise or sports participation have been
reported over the past three decades [81].

4.2 | Assessing Exercise Tolerance and Functional
Capacity

Exercise testing is employed in clinical practice to evaluate exer-
cise tolerance and functional capacity [82] (defined as the abil-
ity to undertake activities of daily living that require sustained,
submaximal aerobic metabolism [83]) but also has application
in the context of exercise prescription to permit tailored rec-
ommendations at an appropriate intensity or workload that is
well tolerated by patients [33]. Cardiopulmonary exercise test-
ing (CPET) is considered the gold-standard method to evaluate
exercise tolerance as it provides a comprehensive integrated
assessment of the cardiac, respiratory, and musculoskeletal sys-
tems under physiological stress [82, 84]. CPET provides breath-
by-breath data on respiratory gas exchange, including minute

ventilation (Vy,), oxygen uptake (VO,), carbon dioxide produc-
tion (VCO,), breathing frequency, and tidal volume (V.,), as well
as hemodynamic parameters (such as blood pressure and SpO,)
and subjective assessment of dyspnoea via the Borg CR10 scale
(0-10 category-ratio scale for breathlessness intensity rating)
[85]. CPET also has application in the assessment of erratic or
irregular breathing in response to incremental exercise in those
with suspected breathing pattern disorder [86].

CPET is typically performed on an electrically braked cycle
ergometer or a treadmill, although portable metabolic devices
permit exercise testing in alternative and sport-specific settings.
While cycle ergometry is considered the preferred method of
testing (due to lower relative risk of falls, reduced motion arte-
fact and potential for arterial blood sampling), treadmill test-
ing is considered advantageous on the basis that walking and
running are considered more familiar activities to most patients
[82, 87]. CPET can be performed incrementally or at a constant
work rate. Incremental protocols involve a gradual increase in
workload over 10-12min in a continuous or stepwise mode.
Exercise is usually continued until volitional fatigue, unless
medical complications occur (e.g., angina, ischaemia, uncon-
trolled hypertension, marked oxygen desaturation, dizziness or
mental confusion) resulting in early termination. Incremental
protocols can be used to evaluate exercise performance and pro-
vide insight concerning potential mechanisms contributing to
exercise intolerance and exertional dyspnoea.

A typical protocol for constant work rate testing includes a 1-3-
min warm-up, followed by an abrupt increase in workload to
approximately 75%-80% maximal work rate. In those suscepti-
ble to EIB, or with marked or fixed airflow obstruction, inhaled
SABA may be indicated to optimize the assessment of cardiopul-
monary capacity [33]. The constant work test is generally con-
tinued to a symptom-limited maximum and is primarily used
to monitor disease evolution and to determine the response to
therapeutic intervention [88]. The potential application of CPET
in the assessment and management of people with asthma (i.e.,
evaluating the cause of exercise intolerance, presence of dy-
namic hyperinflation and perception of exertional dyspnoea)
has recently been described [89].

The 6 min walking test (6MWT) is a surrogate test used to eval-
uate functional capacity in people with asthma [90-93]. 6MWT
measures the distance walked on a hard flat surface over 6 min
while monitoring heart rate and SpO,. The strongest clinical
indication for performing a 6MWT is as a one-time measure
of functional status, but also to evaluate the response to inter-
vention. The 6MWT does not determine peak oxygen uptake,
diagnose the cause of dyspnoea on exertion, or evaluate the
mechanisms of exercise intolerance and therefore, the informa-
tion should be considered complementary rather than a direct
replacement for CPET [94].

4.3 | Implementing Established Exercise Training
Principles

Investment in resources including staffing and facilities is es-
sential to facilitate safe and effective exercise prescription at
scale. From a practical pointofview, the design of an exercise
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programme should be tailored according to individual needs with
the aim of improving physical fitness and general health [33].
Due to the relatively low number of high-quality RCTs, asthma-
specific evidence-based guidelines are not currently available;
therefore, exercise training principles for healthy adults (adjusted
according to patient capabilities) are currently recommended
for people with asthma [33]. The general approach to exercise
prescription consists of four core components: frequency, inten-
sity, time, and type (modality)—which is often referred to as the
“FITT principle” or “FITT-VP principle” when factoring training
volume and progression [33]. The FITT principle represents the
exercise ‘dose’ or quantity required to improve health and well-
being. While several methods can be used to calculate exercise
intensity, heart rate dependent methods (e.g., % heart rate max)
are susceptible to over-and-underestimation [95]; therefore, heart
rate reserve (HRR) or VO, reserve (VO,R) (calculated based
on CPET derived data) are considered the most appropriate for
deconditioned individuals, older populations, and those with
chronic disease [33]. This recommendation is particularly per-
tinent for individuals with asthma given the potential effects of
acute beta-2 agonist administration on systemic vascular func-
tion [96]. An alternative and more simplistic approach to guide
exercise intensity involves the Borg rating [6-20] of perceived
exertion RPE (scale of 6 [rest] to 20 [maximum effort]) based on
a subjective assessment of physical sensations and subjective ex-
periences (i.e., increased heart rate, breathing frequency and per-
ception of effort/fatigue) (Table 3).

In advance of undertaking an exercise programme, it is import-
ant that inactive individuals (i.e., those that do not to undertake
planned, structured physical activity of at least 30-min duration
at moderate intensity on at least 3-days per week) or sedentary
individuals (i.e., sitting, reclining or lying down for prolonged
periods) and those with signs or symptoms suggestive of comor-
bid cardiovascular, metabolic, or renal disease undergo medical
evaluation [97-99]. Irrespective of the requirement for medical
clearance, exercise should be prescribed at an appropriate work-
load according to baseline activity status or cardiorespiratory
fitness, with consideration for other potentially relevant barriers
(e.g., non-weight bearing exercise such as cycling or swimming
may be preferable in patients with raised BMI or musculoskel-
etal conditions etc.). From a safety point of view, rescue medi-
cations should be on person (or in close proximity) at all times.
A structured warm-up should also be encouraged to promote a
refractory period—an approach shown to be effective in some
individuals with asthma due to mast cell mediator depletion,
thus acting to protect against EIB [100]. In those that continue
to report persistent or troublesome exercise-related symptoms, it
is important to review and adjust the individual's personalised
asthma management in accordance with GINA guidance [2]
(Figure 3).

4.4 | Environmental Factors and Considerations

The environment in which exercise is undertaken is an im-
portant consideration for people with asthma on the basis that
V; in excess of 30 L/min results in a shift in breathing pattern
from almost exclusive nasal airflow to combined oral and nasal
airflow [101]. As a result, the lower airways are exposed to a
greater quantity of unconditioned air and potential deposition

of airborne allergens and other inhaled noxious particles during
moderate to vigorous-intensity exercise [102]. Environmental
factors that can trigger or worsen asthma symptoms include
changes in meteorological conditions, the composition of in-
haled air, which may contain high concentrations of chemical
components (e.g., trichloramines in chlorinated swimming
pools), air pollutants (i.e., various types and sizes of particulate
matter [PM], ozone [O,], nitrogen dioxide [NO,], sulphur dioxide
SO,), and airborne allergens [103]. The atmospheric tempera-
ture is also relevant given increased exposure to dry cold air is a
common cause of EIB in a significant proportion of people with
asthma [104]. Whilst inhalation of warm humid air is typically
considered to be less ‘asthmogenic’ [105], breathing hot air has
been shown to increase airway resistance via the cholinergic
reflex pathway and potential activation of airway C-fibres (i.e.,
acting to provoke bronchoconstriction and cough) [106].

Of particular concern for individuals with asthma engaging in
exercise is the ongoing climate change crisis as the pollen season
is projected to occur earlier in the year and for longer durations,
with heatwaves, landscape fires, and episodic air pollution also
expected to occur more frequently. It is generally considered that
the benefits of regular exercise outweigh the health risks associ-
ated with air pollution in the general population [107]; however,
individuals with asthma are at risk of EIB or exacerbation [108]
and therefore strategies need to be considered on an individual
basis and incorporated as part of a personalised asthma manage-
ment plan to negate the potential adverse effects of environmen-
tal exposures during exercise [109, 110] (Table 4).

4.5 | Technology in Exercise Monitoring
and Promotion

The approach to promoting health enhancing behaviours has
traditionally focused on providing advice and support during
medical consultation. However, the development and wide-
spread availability of modern technology (i.e., wearable activ-
ity monitors, smartphones with in-built pedometers and fitness
tracking apps) provide an opportunity for remote assessment
with real-time feedback—thus supporting self-regulatory and
goal-directed behaviour [79]. To date, there currently remains a
limited number of studies specifically evaluating medical grade
wearable activity monitors (i.e., accelerometers and pedometers)
in people with asthma [113]. However, a recent umbrella re-
view (k=39 systematic reviews and meta-analyses; n =163,992)
concluded that wearable activity monitors lead to a clinically
important and sustained improvement in physical activity in a
variety of clinical populations and age groups (> 1800 extra steps
per day and 40-min more daily walking) [114]. In addition, a sep-
arate meta-analysis highlighted that wearable activity monitors
in conjunction with established behaviour change techniques
lead to the greatest improvement in step-based physical activity
in people with chronic airways disease [113].

Smartphone apps, fitness bands, and smartwatches provide au-
tomated and continuous monitoring of health and fitness param-
eters with reasonable accuracy; however, how this translates to
long-term exercise engagement has yet to be established [115].
Despite this, the best available evidence suggests that exercise
interventions involving mobile apps or trackers with automated
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ASTHMA EXERCISE PRESCRIPTION

v

Determine current activity status
using validated tools (IPAQ-SF)
or smartphone pedometer
for objective data

Exercise training programme developed
according to established FITT principles

*Physically inactive
and/or signs or symptoms
suggestive of comorbid <
cardiovascular, metabolic
and renal disease

*Physically active
with no signs or symptoms
» suggestive of comorbid
cardiovascular, metabolic
and renal disease

v

Medical evaluation and progress
to exercise training following >
clearance

v

| Frequenoy
30-40 mins per day (aerobic);
2-4 sets of 8- 12 reps
or <2 sets of 15-20 reps
(resistance strength and endurance)

3-5 days per week (aerobic);
2-3 days per week (resistance);
= 2-3 days per week (flexibility)

HRR or VO2R based on CPET
derived data or Borg rating
of perceived exertion scale (6-20)

Factor personal preferences
to optimize enjoyment and promote
long-term adherence

v
Step 3

Review exercise programme during routine review and maintain / adjust according to specific goals / asthma control

FIGURE 3 | Flowchart summarising approach to exercise prescription in people with asthma (*physically active defined as undertaking a mini-

mum of 30-min aerobic exercise five times per week, or vigorous-intensity aerobic exercise for a minimum of 20-min, three times per week).

and continuous self-monitoring and feedback (particularly
those including text-messaging and personalised features) lead
to a significant improvement in step-based physical activity in
healthy adults [116]. Smartphone technology has the function-
ality to monitor atmospheric conditions (i.e., temperature, hu-
midity, pollen count and pollution) and can therefore support
the decision-making process to mitigate against relevant asthma
triggers and environmental exposures [117]. Heart rate monitors
and smartwatches also permit the assessment of acute physio-
logical responses at rest and in response to activity and therefore
have application in the context of structured exercise training
programmes (i.e., provide real-time feedback to ensure appro-
priate heart rate-dependent training zones etc.).

5 | Exercise for Asthma Management—What Do
We Need to Know?

5.1 | Endotype-Driven Approach to Exercise
Prescription

Exercise training intervention studies conducted over the past
decade have consistently demonstrated improvements in a va-
riety of asthma-related outcomes and extrapulmonary comor-
bidities [30, 37-42, 48, 52, 54]; however, inter-study variation
exists in relation to the impact on exhaled and systematic in-
flammatory biomarkers, lung function, and AHR (Tables 1 and
2). The reason for the observed disparity remains unclear, but
likely relates to asthma heterogeneity and the specific nature of
the exercise intervention employed. Other relevant factors in-
clude: (i) demographic age, sex, BMI, and ethnicity, (ii) variation

in clinical tools and outcome measures, (iii) interaction with
pharmacological agents, and (v) physical activity, functional
capacity, and asthma control at study entry. The latter is an
important consideration on the basis that trained or physically
active individuals with well-controlled asthma (i.e., ACQ score
<0.75) are intuitively less likely to show a significant or clini-
cally meaningful effect in response to exercise in comparison
to inactive or sedentary individuals with uncontrolled asthma
(i.e., ACQ score >1.5). It is therefore important to account for
potentially confounding variables in the design of future studies
and interpretation of findings. In the same way, an endotype-
driven approach is recommended to tailor asthma manage-
ment and predict response to pharmacological therapies [118];
stratifying the response to exercise training interventions in
well-characterised cohorts will help to elucidate underpinning
mechanisms according to specific asthma sub-types.

5.2 | Exercise Dose-Response Relationship

The biological gradient (i.e., dose-response relationship) be-
tween exercise volume and asthma control remains to be fully
established. Whilst the beneficial effects of exercise for people
with asthma is convincing, it is important to acknowledge that
prolonged vigorous-intensity aerobic exercise (i.e., training vol-
ume exceeding 10-15h per week), particularly when performed
in allergy or irritant-laden environments, can cause injury to
the airway epithelium [119]. This concern is substantiated on
the basis that one in four elite-level endurance athletes have ev-
idence of asthma and/or EIB [120], and that transient AHR is
temporally associated with regular exercise, which appears to be
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reversible on training cessation [121]. To determine the optimal
or most effective ‘dose’—further longitudinal population-based
research is therefore required to establish how exercise and
physical activity ‘interacts’ with validated markers of asthma
control and established clinical endpoints. For example, the
application of non-effort dependent methods of assessing small
airway function via impulse oscillometry would offer particular
value beyond conventional spirometric indices to determine the
impact of exercise training on lung function and AHR [122, 123].
Likewise, non-invasive imaging techniques (e.g., hyperpolar-
ised magnetic resonance imaging) and exhaled breath analytics
should also be considered to provide mechanistic insight.

5.3 | Factors Contributing to Exercise Avoidance
and Adherence

Identifying factors that contribute to exercise avoidance remains
a priority to permit the development of targeted behaviour
change strategies to promote long-term adherence [15]. It re-
mains apparent that the therapeutic effects of exercise are often
short-lived, with improvements in asthma-related outcomes
often regressing to pre-intervention values within one year [49].
To address this issue, it is important that research is undertaken
to understand key barriers, facilitators, and determinants of ex-
ercise avoidance and engagement (with consideration for general
physical activity status) to permit personalised exercise prescrip-
tion. Whilst the application of smart technology offers a prom-
ising platform for this purpose (i.e., monitoring and promoting
exercise and physical activity), further research is required to
confirm the efficacy of this approach in a real-world setting.

5.4 | Summary and Future Research Plans

Exercise is an important treatment for people with asthma
and should be considered alongside pharmacological therapy
when developing and reviewing personalised asthma man-
agement plans. Whilst the disease-modifying potential of
exercise for asthma management is biologically plausible, fur-
ther high-quality studies with adequate statistical power are
required to elucidate underpinning immunomodulatory and
anti-inflammatory mechanisms according to specific exercise
training interventions (with consideration for established FITT
principles). To achieve this objective, we propose the develop-
ment of an international task force and/or research consortium
to facilitate knowledge exchange between clinicians and scien-
tists and provide a platform to deliver multicentre research tri-
als (employing consistent protocols and clinical endpoints) with
long-term follow-up/surveillance. It is envisaged that adopting
this approach will facilitate scientific progression over the next
5-10years (i.e., shed light on key unanswered research questions
[Box 1])—and ultimately support the long-term ambition of de-
veloping evidence-based, objectively graded, asthma-specific
exercise prescription guidelines.
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