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ABSTRACT

Physical activity (PA) is associated with numerous health benefits in healthy indi-
viduals; therefore, the World Health Organization (WHO) recommends specific
levels of PA across all age groups. However, disease-specific guidelines, partic-
ularly for pediatric populations, are still lacking. This gap also applies to chronic
respiratory diseases (CRDs). Several studies have identified PA and exercise
as an important therapeutic strategy for individuals with CRDs, highlighting their
value alongside pharmacological therapy as part of personalized disease man-
agement plans. However, practical guidance regarding exercise prescription for
pediatric patients with CRDs remains limited. The ltalian Pediatric Respiratory
Society/Societa Italiana per le Malattie Respiratorie Infantili (IPRS/SIMRI) aims to
provide a comprehensive review of the available literature on the role of PA and
E in CRDs management and, consequently, to develop pragmatic recommenda-
tions to support the safe and effective implementation of exercise prescriptions
in this special population.

IMPACT STATEMENT

Physical activity should be considered a core component of the multidisciplinary
management of pediatric chronic respiratory diseases. This position paper pro-
vides pragmatic evidence-based recommendations to support clinicians in pre-
scribing individualized and safe exercise programs aimed at improving functional
capacity, quality of life, and long-term respiratory outcomes in children and ado-
lescents with chronic respiratory conditions.

INTRODUCTION

The latest World Health Organization (WHO) guidelines define physical activity
(PA) as “any bodily movement produced by skeletal muscles that requires energy
expenditure” (1). PA may occur at varying intensities and in various contexts
(domestic, occupational and recreational), including exercise and sports. These
recommendations apply to all age groups, from children aged 5 years to adults

© 2026 Pediatric Respiratory Journal - PRJ. Published by Edra Media S.r.I. All rights reserved.

PEDIATR RESPIR J

Doi
10.56164/PediatrRespirJ.2026.12

"Pediatric Pulmonology and Cystic
Fibrosis Unit, Respiratory Research
Unit, Bambino Gesu Children’s Hos-
pital, IRCCS, Rome, ltaly

2 Pediatric Pulmonology Unit, Anna
Meyer University Children’s Hospital,
IRCCS, Florence, Italy

3 Pediatric Clinic, University Hospital
of Parma, Parma, Italy

“Maternal Child and Urological Sci-
ences, Sapienza University of Rome,
Rome, Italy

5 Department of Pediatric, Sapienza
University of Rome, Rome, Italy

8 University Center for Sports Medi-
cine and Physical Exercise, Univer-
sity of Rome “Foro Italico”, Rome, Italy
"National Research Council (CNR),
Institute of Translational Pharmacol-
ogy (IFT), Palermo, Italy

T Giampaolo Ricci, Sabrina Di Pillo,
Paola Di Filippo, Barbara Madini,
Sergio Ghirardo, Laura Petrarca,
Alessandra Boni, Valentina Fainardi,
Marina Attanasi

*Stefania La Grutta, Enrico Lombardi,
Giovanni Pompeo Ciccarone, Amelia
Licari, Sara Manti, Raffaella Nenna,
Giuseppe Fabio Parisi, Nicola Ull-
mann, Pierluigi Vuilleumier

KEY WORDS

Physical activity; exercise; chronic
diseases; respiratory diseases; chil-
dren.

| 107



PEDIATR RESPIR J

Vol. 4(3), 107-119, 2026

over 65 years, regardless of gender, culture, socioeco-
nomic status or ability (1).

In children and adolescents, PA provides broad health
benefits, including improved physical fithess, health-
ier body composition, better cardiometabolic and bone
health, enhanced cognitive function, and improved men-
tal well-being (1, 2).

Although international guidelines specify recommended
PA levels for healthy youth (Figure 1), disease-specific
guidelines for pediatric populations remain limited. As a
result, clinicians often face uncertainty when prescrib-
ing the appropriate frequency, intensity, duration, and
type of PA for children with chronic conditions.

Children with chronic respiratory diseases (CRDs) require
individualized assessment of exercise tolerance, tailored
to the severity of respiratory impairment (3). CRDs are
characterized by structural and functional abnormalities
that frequently result in exercise intolerance. Affected
children commonly experience fatigue and breathless-
ness which restrict physical activity compared with
healthy peers. Underlying mechanisms include: 1) ven-
tilatory limitation; 2) impaired gas exchange; 3) central
and peripheral hemodynamic limitations; 4) skeletal
muscle dysfunction (3).

At least 60 minutes a day
of moderate-to vigorous
physical activity!

BuUlLFC, et al. BrJ Sports Med 2020;54:1451-1462.

Physical inactivity may further aggravate respiratory
mechanics and muscle dysfunction, leading over time to
declining lung function, reduced oxidative type | muscle
fibers, peripheral weakness, and diminished endurance
during moderate-to-high intensity exercise (3).

To address this risk, the Italian Pediatric Respiratory Soci-
ety/Societa ltaliana per le Malattie Respiratorie Infantili
(IPRS/SIMRI) recommends integrating regular PA and
structured exercise into CRDs management.

In the absence of national guidelines, an expert panel
of pediatric pulmonologists developed pragmatic evi-
dence-based recommendations to support safe and
effective exercise prescriptions.

The panelists conducted a review of the literature on PA
and specific respiratory conditions, aiming to address
the following points: 1) the rationale for PA and exer-
cise; 2) evidence on the health benefits of PA/exercise
according to frequency, intensity, time, and type (FITT
principles); 3) the impact of PA and exercise on specific
chronic respiratory conditions and related extrapulmo-
nary comorbidities. Based on the available evidence
as well as the clinical experience of the working group,
recommendations have been developed.

The resulting position paper serves as a practical guide.

Vigorous-intensity aerobic activities,
as well as those that strengthen
muscle and bone, should
be incorporated at leas

3 days a week.

Figure 1. Levels of PA for healthy children and adolescents recommended by 2020 WHO guidelines.

Al has been used for figure creation.
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PA IN PEDIATRIC CRDs

Asthma

PA and structured exercise are increasingly recog-
nized as core components of asthma management,
supported by growing evidence of safety and multidi-
mensional benefits across ages and disease severities
(Table 1). Reduced habitual activity may contribute to
rising asthma prevalence and severity, through decon-
ditioning, increased breathlessness, and adverse air-
way biological effects (4, 5). Despite historical concerns
about exercise-induced symptoms, substantial evidence
shows that children and adults with asthma can exer-
cise safely and achieve significant improvements in car-
diovascular fitness, symptom burden, and quality of life
without compromising asthma control (6).

Regular aerobic training appears to modulate airway
inflammation and remodeling. Studies in adults and
children report reductions in type 2 cytokines (IL-4,
IL-5, IL-13), TNF-a, VEGF, fractional exhaled nitric
oxide (FeNO), and circulating eosinophils, along with
increases in anti-inflammatory mediators such as IL-10,
IL-1ra, relaxin-3 (7). These biological effects, combined
with consistent clinical improvements, have led guide-
line committees to endorse exercise as a key non-phar-
macologic strategy in asthma care (4, 5, 8). Programs
associated with the greatest benefits generally follow
FITT (Frequency, Intensity, Time, Type) principles, most
often three sessions per week, 30 to 60 minutes each,
for 8 to 12 weeks (6, 7, 9). In adults, moderate-inten-
sity aerobic training improves asthma control and qual-
ity of life while reducing airway inflammatory cells (9).
Vigorous-intensity training (30 min, three times weekly)
provides comparable, though slightly smaller benefits
(9). In children, aerobic exercise prescribed at the ven-

Table 1. Typical exercise prescriptions and main asthma outcomes.
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tilatory threshold or delivered progressively enhances
VO,peak and ventilatory efficiency (6). Modalities such
as walking, cycling, running, and swimming improve
aerobic capacity (VO,peak), six-minute walk distance
and selected spirometric indices (FVC%, FEF25%-75%)
in pediatric meta-analyses (6). Combined aerobic and
resistance programs (three times weekly, 60 minutes)
add muscular strength with strong cardiovascular bene-
fits, although quality-of-life changes are less consistent
(6). High-intensity interval training (HIIT), often school-
based (30 min, three times weekly, 10-30 second bouts
>90% HRmax), improves maximal aerobic fithess and
stabilizes BMI without worsening symptoms or lung func-
tion in adolescents (10). Breathing- and singing-based
programs enhance respiratory and peripheral muscle
strength, reduce dynamic hyperinflation, and improve
dyspnea and quality of life in children (11, 12). Adding
yoga to standard care further improves asthma control
and reduces exacerbations compared with non-yoga
exercise in adults (13).

Exercise also benefits key extrapulmonary comorbid-
ities. In overweight and obese youth, structured pro-
grams reduce BMI and improve VO,max and exercise
capacity similarly to non-asthmatic peers (14). HIIT in
adolescents improves LDL cholesterol and diastolic
blood pressure, although effects on overall cardiometa-
bolic risk are inconsistent (10). These findings align with
broader evidence linking inactivity, symptom-related fear,
and parental concern to overweight in pediatric asthma
(4, 15). Aerobic training in obese asthmatic children low-
ers high-sensitivity CRP and IL-6 while enhancing car-
diorespiratory fitness (15). In adults, exercise reduces
airway and systemic cytokines and profibrotic markers,
suggesting additional cardiometabolic benefits (7). Psy-

Population & Type Typical FITT Main benefits Citations
Adults, aerobic 3x/wk, 30-45 min, TAQLQ, tACQ, (7-9)
(moderate/vigorous) 12 wk, mod-vig intensity lairway inflammation
Children, combined 3x/wk, 60 min, 12 wk VO, peak, tstrength, (6)
(aerobictresistance) no loss of control
Adolescents, HIIT 3x/wk, 30 min, 6 mo, 1Fitness, BMI maintenance (10)

>90% HRmax intervals

Obese children,
incremental aerobic

3x/wk, 8 wk, progressive

|CRP/IL-6, 1VO,peak, }6MWT  (70)

FITT: Frequency, Intensity, Time, Type; wk: week; AQLA: asthma quality of life questionnaire; ACQ: asthma control questionnaire; min: min-
utes; VO,peak: peak oxygen uptake; mo: months; HR: heart rate; BMI: body mass index; CRP: c-reactive protein; 6MWT: 6-minutes walking test.
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chological health also improves: in fact, aerobic training
reduces anxiety and depressive symptoms in adults with
moderate to severe asthma (8), while pediatric studies
associate regular activity with better quality of life par-
ticularly in those with more symptomatic disease (5).

Cystic fibrosis and Non-CF bronchiectasis

For individuals with chronic suppurative lung disease
and bronchiectasis, regular airway clearance techniques
(ACTs) reduce sputum burden, improve quality of life
and may reduce exacerbations (16). Beyond its general
health benefits, PA may complement ACTs by inducing
mechanical airways stress and promoting mucus hydra-
tion, thereby facilitating expectoration (16).

Cystic fibrosis

Cystic fibrosis (CF) is characterized by thick secretions
leading to multiorgan damage. Mucous stagnation drives
inflammation, recurrent infections and progressive lung
function decline, the leading cause of morbidity in CF
patients (pwCF). Management includes CFTR-modulat-
ing therapies, multidisciplinary care, ACTs and structured
exercise, all of which are integral to treatment. Annual
cardiopulmonary exercise testing (CPET) is recom-
mended for all pwCF (17) to establish functional capacity.
PwCF are encouraged to follow general PA guidelines
and remain active most days of the week, although
adherence is often low (18).

Higher PA levels are associated with better respira-
tory outcomes, enhanced mucociliary clearance, bone
mineral density improvement, better quality of life and
prognosis in adolescents (19-21). Conversely, seden-
tary behavior and poor exercise capacity correlate with
faster lung function decline and higher mortality (21).
Adults pwCF using exercise as an adjunct to ACT report
slower lung function decline and reduced sputum pro-
duction (22). A systematic review of 23 controlled trials
found that pulmonary rehabilitation and exercise did not
significantly improve FEV,, FVC, FEV1/FVC, or RV/TLC,
but increased VO,max by 2.74 ml/kg/min, a key prog-
nostic marker, and showed favorable trends in 6-min-
ute walk distance. Effects on exacerbations and hos-
pitalizations were not significant, though some studies
reported improvements in vitality, emotions, well-being
and physical functioning (23).

Establishing exercise efficacy as an ACT remains a
research priority in CF (22).
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Arecent statement from European Cystic Fibrosis Society
calls for large prospective studies evaluating mortality, mor-
bidity, cost-effectiveness, and quality of life outcomes (24).
Telemedicine interventions, including web-based plat-
forms, fitness trackers, and tailored exercise plans have
shown limited additional benefits over standard care, with
no consistent improvements in lung function or overall
physical performance, aside from isolated gains in mus-
cle strength in children and adolescents (25-27). With the
advent of CFTR modulators, increasing attention is being
directed toward promoting habitual moderate-to-vigor-
ous PA and reducing sedentary time. However, optimal
exercise type, intensity and duration remain undefined.
People with CF often perceive treatments such as aerosol
therapy, ACTs, and the maintenance of respiratory equip-
ment as time-consuming and burdensome. The advent
of CFTR modulators has altered the natural history of
the disease, with many patients becoming less prone
to mucus hypersecretion and pulmonary exacerbations.
For these reasons, many pwCF are independently mod-
ifying their treatment regimens based on personal pref-
erences, replacing or supplementing conventional ACTs
with exercise (ExXACT) (28).

Although reducing treatment burden remains a key pri-
ority for pwCF, the current evidence supporting EXACT
as a viable, lower-burden alternative to chest physio-
therapy is limited.

Non-CF bronchiectasis

Bronchiectasis involves irreversible airway dilatation,
chronic productive cough and recurrent exacerbations
(29). ACTs and exercise are key management strate-
gies (30), yet only about half of affected children meet
PA recommendations, especially those older, and those
with severe disease (31).

Interventions such as active video gaming and play-
based therapeutic exercise programs have demonstrated
improvements in aerobic fithess, muscular strength, fun-
damental movement skills, and quality of life (12, 32).
Social engaging parent-supported activities also promote
participation (33). Home-based respiratory programs per-
formed twice daily for 8 weeks improved lung function,
exercise capacity, and respiratory and peripheral mus-
cle strength in children with bronchiectasis and CF (32).
Primary ciliary dyskinesia

Primary ciliary dyskinesia (PCD) is characterized by
impaired mucociliary clearance due to defective cilia,
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leading to bronchiectasis, airway obstruction and reduced
exercise capacity (34, 35). In the absence of long-term
RCTs, recommendations are extrapolated from other
chronic lung diseases, with regular PA advised (36).
However, the effect of physical exercise in this popu-
lation remains understudied. Evidence remains limited,
though inspiratory muscle training may improve max-
imal inspiratory pressure, and short PA may modestly
increase oxygen saturation (37, 38).

Interstitial lung diseases

Interstitial lung disease in children (ChILD) comprises a
heterogeneous group of rare disorders associated with
high morbidity and mortality, posing significant challenges
for pediatric pulmonologists. Exercise intolerance is a
prominent symptom and results from three main mech-
anisms: 1) impaired gas exchange with hypoxemia; 2)
ventilatory dysfunction due to reduced lung compliance
and increased respiratory load; and 3) peripheral muscle
dysfunction leading to deconditioning (39). All these fac-
tors promote a vicious cycle in which reduced exercise
and daily activity further worsen functional capacity and
quality of life. Pulmonary rehabilitation and structured
exercise counteract deconditioning. Studies, mainly in
adults, show improvements in exercise tolerance, 6-min-
ute walk test (6BMWTD), dyspnea scores, and quality of
life (QoL ) (40, 41). A2020 review by the European Respi-
ratory Society highlighted the role of pulmonary-function
tests (PFT) in ChILD, including the use of the 6MWT or
VO, peak and exercise limitation (42). Symptoms, such
as dyspnea, fatigue and difficulty to run or to walk are
common. Qualitative pediatric data indicate that fatigue
significantly limits participation in PA and is influenced
by physical, psychological, and social factors, under-
scoring that exercise capacity reflects more than phys-
iological impairment alone (43). Most robust evidence
derives from adult ILD. A meta-analysis of 16 RCTs
including 899 adult patients found that exercise training
improves 6BMWTD, peak work rate, VO, peak measured
with CPET, symptoms and QoL (44). Another review
demonstrated that exercise capacity and PA levels pre-
dict important long-term clinical outcomes, supporting
early intervention in adults (45). In children with ChILD,
however, evidence is limited, with few trials and no stan-
dardized protocols regarding exercise type, intensity,
duration, or safety threshold for desaturation. Extrapolat-
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ing adult data requires caution. An older pediatric study
showed that exercise-induced desaturation correlates
with a lower FVC, indicating the need for careful moni-
toring (46). Exercise prescription in ChILD should there-
fore be individualized, considering disease severity and
oxygenation. Aerobic activities such as walking, cycling,
or swimming are generally preferred, performed several
times per week in manageable sessions with gradual
progression. Moderate intensity, possibly incorporating
intervals, is advisable, with caution in more severe cases.
A prospective, single-arm study in children aged 7-18
years with chronic lung diseases, demonstrated that
a three-month home-based program (three sessions
weekly) improved FEV,, peak expiratory flow (PEF),
respiratory muscle strength, 6GMWTD, dyspnea and QoL
with high adherence and no serious adverse events
(47). Data on extrapulmonary comorbidities in ChILD
are poor. A 2021 case-control study including children
with bronchiectasis and ILD showed that nutritional inter-
vention improved weight, body composition, lung func-
tion, respiratory symptoms, and hospitalizations, high-
lighting the importance of multidisciplinary rehabilita-
tion approaches (48).

Lung transplantation

Lung transplantation is an established option for children
with chronic lung diseases (CLDs) and severe respi-
ratory failure unresponsive to other therapies. CF has
historically represented the leading indication, but the
introduction of CFTR modulators has markedly reduced
transplants rates: in the USA, CF-related transplants
declined from 49% in 2016 to 16% in 2021 (49).
Post-transplant survival has improved substantially, ris-
ing from a median of 5.7 years to 9.1 years beyond the
first year. Children with CF show particularly favorable
outcomes, with median survival of 9.7 years, compared
with 7 years for idiopathic pulmonary arterial hyperten-
sion and 6 years for chronic obstructive pulmonary dis-
ease (50).

Transplantation leads to major improvements in QoL
and respiratory function. However, exercise capacity
remains reduced with VO,max typically reaching only
40-60% of predicted values, partly due to sarcopenia
and other multifactorial limitations (51).

Adult studies report that regular PA after transplan-
tation offers important benefits, including increased
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muscle mass and strength, improved cardiopulmonary
performance, prevention of obesity and diabetes, and
enhanced self-esteem and social participation (52).
Resumption of activity should be gradual, beginning
with physiotherapy and progressing gradually toward
more demanding exercise programs. Contact sports and
high-intensity aerobic activities are generally avoided
during the first 6 months (53). Eligibility for competitive
sports requires stable clinical status and close collab-
oration with the transplant center to ensure individual-
ized risk assessment and safety.

TREATMENT STRATEGIES TO IMPROVE PA

CRDs can limit PA in children due to disease burden,
symptom perceptions, and parental concern. Achiev-
ing good symptom control at rest and during exercise
is essential to improve adherence to individualized pro-
grams. Four main strategies support PA participation: 1)
optimizing pharmacological therapy; 2) providing oxy-
gen when needed; 3) enhancing pulmonary rehabilita-
tion; and 4) promoting behavioral change.
Pharmacological therapy

Optimizing medical treatment is the first step toward dis-
ease control. In asthma with exercise-induced broncho-
spasm (EIB), inhaled short-acting B2 agonist (SABA)
at standard dose 200 pg taken 15 minutes before exer-
cise or pre-exercise |CS/formoterol combination are
first-line therapy (54). If symptoms persist or SABA is
frequently required, daily inhaled corticosteroids (ICS)
are recommended (54). In CF and non-CF bronchiec-
tasis (NCFB), management may include aerosol ther-
apies (e.g., hypertonic saline, inhaled antibiotics when
indicated) (30). CFTR modulators have further improved

Table 2. Summary of main digital tools and functions.
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CF care (17). In childhood ILD, treatment may include
systemic steroids, hydroxychloroquine, or azithromy-
cin (55). After the lung transplantation management,
immunosuppressive regimen, commonly methylpred-
nisolone, tacrolimus and mycophenolate are essential
to prevent rejection (55).

Oxygen therapy

Supplemental oxygen is indicated in cases of exer-
cise-induced desaturation, enabling safe participation
in PA. Itis particularly importantin ILD, where impaired
gas exchange limits oxygenation (56).

Pulmonary rehabilitation

In CF and NCFB, pulmonary rehabilitation is a corner-
stone treatment. Techniques include airway clearance
methods (percussion, autogenic drainage, positive expi-
ratory pressure [PEP], high-frequency chest wall oscil-
lation) combined with exercises. Programs should be
performed regularly and tailored to clinical status (30).
Behavior changes

Behavioral strategies are equally important. A struc-
tured warm-up exercise is recommended before exer-
cise in all patients with CRD (54). Environmental fac-
tors, particularly air pollution and tobacco smoke, neg-
atively affect respiratory health during PA (57). Avoid-
ing smoke exposure is therefore a key preventive mea-
sure to support safe and sustained PA (58).

DIGITAL TOOLS FOR PROMOTING PA
AND MANAGING CHRONIC RESPIRATORY
DISEASE

Digital technologies are increasingly used to promote
PA and support management of CRD, in children and
adolescents (Table 2). In pediatric pulmonary hyper-

Digital approach Main role in PA/respiratory care Citations
Wearables/accelerometers Monitor daily PA, support home exercise, track PR outcomes (58-61)
Apps, web platforms, SMS systems Goal setting, feedback, adherence prompts, (27, 58, 63,
symptom/safety monitoring 64)
Active video games/exergames Deliver engaging exercise, improve capacity and QoL (61)
Telehealth/videoconferencing Supervise remote exercise sessions, (27, 61)
maintain access during constraints
Smart inhalers, sensors, Real-time lung function and treatment-use monitoring (59, 61, 64)
digital spirometers
Al/machine-learning on lung data Advanced interpretation, pattern recognition, (59)

therapy evaluation

PR: patient reported; QoL: Quality of Life; Al: Artificial Intelligence.
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tension, the iTONE trial demonstrates how a 16-week
home-based exercise program can be “enhanced” by
mobile health tools. The intervention combines individ-
ualized exercise prescriptions with wearable acceler-
ometers for real-time activity monitoring, interval goal
setting to build self-efficacy, and a digital platform for
two-way communication and safety oversight (59). Auto-
mated text messages triggered by heart-rate thresholds,
low device wear time, or symptoms alerts help main-
tain adherence and safety during unsupervised train-
ing, providing a model for future pediatric cardiorespi-
ratory trials (59).

More broadly, innovation in respiratory monitoring include
smart inhalers, wearable sensors and home spirome-
try devices that allow continuous assessment of lung
function and treatment response in daily life. These data
can be integrated with machine learning algorithms for
advanced interpretation and personalized care (60). In
pulmonary rehabilitation programs, wearable devices are
increasingly embedded within behavior-change strate-
gies to monitor PA and clinical outcomes (61).

In children with chronic suppurative lung diseases, espe-
cially CF, eHealth-delivered exercise interventions, such
as video games, videoconferencing, and digital spirom-
eters over 3-12 weeks, have shown measurable ben-
efits. A meta-analysis reported a pooled improvement
of approximately 37 meters in 6-minute walk distance
compared with controls, along with gains in pulmonary
function, exercise capacity, balance, muscle strength,
and health-related quality of life, although many studies
have short follow-up and risk of bias (62). Ongoing sys-
tematic reviews aim to clarify whether digital health tools
improve adherence and clinical outcomes in CF (27).
Narrative reviews suggest that web/mobile apps, exer-
games, and web-based platform are generally feasible,
acceptable, for increasing PAin healthy youth and those
with CRD, including during periods of restricted mobility
such as the COVID-19 pandemic (63). Emerging tools —
including wearables, virtual reality, and location-based
applications — offer scalable and engaging strategies to
promote PA across home, school, and clinical settings,
though they may also contribute to sedentary screen
time if not thoughtfully designed (64).

In pediatric respiratory care, implementation requires
attention to interoperability, data protection, equita-
ble access, and standardized clinical validation. Pro-
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fessional guidance emphasizes careful governance to
ensure that digital tools are safe, effective, and acces-
sible within routine care pathways (65).

MEDICATIONS FOR CRD AND THE
RELATIONSHIP TO DOPING

Medications for CRD include 1) bronchodilators to
relieve airway obstruction; 2) anticholinergics to sup-
port bronchodilation; 3) anti-inflammatory drugs such
as systemic and inhaled steroids and leukotriene recep-
tor antagonists; and 4) mucolytics and expectorants
to enhance mucus clearance. Some of these drugs
may have performance-enhancing effects, improving
muscle strength, endurance or recovery, and there-
fore raise concerns in competitive sports. The use of
potentially doping agents is increasing among adoles-
cents. Lifetime prevalence of nonprescribed anabolic
steroid use ranges from 1% to 6%, with higher rates
in boys (4.0%) than in girls (2.2%), and greater use
among adolescent athletes compared with non-ath-
letes (66, 67).

Doping in youth carries significant physical and psy-
chological risk, including cardiovascular and liver dam-
age, endocrine dysfunction, psychiatric disorders, low
self-esteem, and anxiety (68). To protect athlete health
and ensure fair competition, the World Anti-Doping
Agency (WADA) and other regulatory bodies enforce
strict rules on medication use in sport. Asthma thera-
pies such as corticosteroids and long- and short-acting
B2-agonists are regulated because of their potential per-
formance effects. Nevertheless, as the health of athletes
with asthma is always prioritized, inhaled beta-2 ago-
nists (e.g., salbutamol, formoterol) are permitted within
specific dose limits, and therapeutic use exemptions
(TUESs) are available when prohibited medications are
medically necessary, provided that athletes can supply
objective evidence of asthma.

PA IN PEDIATRIC CRDs: WHAT DOES IPRS/
SIMRI SUGGEST?

PA provides substantial physical and mental health ben-
efits across all ages. Nevertheless, about 80% of ado-
lescents fail to meet the WHO recommendations (69),
with even lower adherence among those with CRDs,
despite strong evidence supporting PA as a key com-
ponent of disease management.
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Although acute exercise temporarily increases pro-in-
flammatory mediators, regular training exerts anti-inflam-
matory effects that may reduce disease progression (7).
Experimental models show that aerobic exercise
decreases airway inflammation, hyperreactivity, and
remodeling by lowering T helper 2 (Th2) cytokines and
increasing anti-inflammatory mediators such as inter-
leukin (IL)-10 and IL-1 receptor antagonist (IL-1Ra) (7).
In asthma, these effects correspond to reduced FeNO
levels and sputum eosinophils (70).

Clinical studies demonstrate that structured programs,
typically three weekly sessions of moderate-to-vigor-
ous aerobic exercise lasting 30-60 minutes for at least
eight weeks with or without resistance training —improve
functional capacity in asthma and are safe adjuncts to
pharmacologic therapy. Benefits extend beyond lung
function, positively affecting obesity, anxiety, depres-
sion, sleep disturbances, gastroesophageal reflux dis-
ease, and bone fragility related to prolonged corticoste-
roid therapy in adults (71, 72). Exercise should therefore
be considered foundational in asthma care.

In CF, PA improves FEV,, FVC, and VO,max; in NCFB
it enhances endurance and six-minute walking test (32).
While optimal training parameters remain unclear in CF and
data are limited in NCFB, regular moderate-to-vigorous PA
combined with reduced sedentary time is recommended.
Nevertheless, based on the available evidence, it appears
reasonable to recommend regular PA — particularly mod-
erate-to-vigorous intensity exercise — within structured
daily programs, alongside strategies aimed at reducing
sedentary behavior, in both populations.

In ILD, mainly in adults, exercise training improves
6MWT performance, lung function, VO, peak, and may
reduce pulmonary hypertension (44). Evidence in chil-
dren with ChILD remains scarce. Exercise also bene-
fits before and after lung transplantation, by improving
exercise capacity and QoL (55).

Evaluating habitual PA levels and identifying barriers to
participation are equally important.

As reported in some studies carried out in adult popula-
tion, wearable devices can support individualized plan-
ning and monitoring (73, 74).

Exercise prescription should follow comprehensive base-
line assessment, including medical history and, when
feasible, spirometry with bronchodilator reversibility test-
ing. Additional measures such as FeNO, blood eosino-
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phil count, and diffusing capacity of the lung for carbon
monoxide (DLCO) may be particularly useful for moni-
toring CRDs. CPET is considered the gold standard for
evaluating exercise tolerance, as it provides an integrated
assessment of the cardiovascular, respiratory, and mus-
culoskeletal systems under physiological stress (75, 76).
The 6MWT offers a practical functional assessment
with heart rate and peripheral oxygen saturation (SpQO,).
Digital tools, including telemedicine and mobile appli-
cations, show short-term promise in promoting adher-
ence and reducing treatment burden. However, robust
long-term trials and clear ethical, technical, and policy
frameworks are still needed to ensure their safe and
effective integration into routine care (27, 59, 65).

It must be taken into consideration that disease control
is the “conditio sine qua non” for safe participation in
most physical activities.

Although children and adolescents are usually encour-
aged to be physically active, some activities are less
appropriate for people with CRDs, especially when their
condition is not well controlled. For example, cold-weather
endurance sports can worsen asthma because cold, dry
air may trigger bronchospasm (77). High-altitude sports
are not recommended for patients with impaired lung
function and suboptimal gas exchange, as reduced oxy-
gen availability can further stress compromised lungs (78).
Swimming in poorly ventilated, chlorinated pools may
exacerbate respiratory symptoms in individuals whose
airways are sensitive to chlorine. Scuba diving is gen-
erally contraindicated in uncontrolled asthma because
of the risk of air trapping and barotrauma.

Outdoor PA in areas with high air pollution or allergen
exposure (e.g., during pollen seasons) can worsen symp-
toms in patients with bronchial hyper-responsiveness
and allergen sensitization. Contact sports are not rec-
ommended for patients with fragile health (e.g., patients
with CF or transplant recipients).

Finally, high-intensity continuous endurance sports (e.g.,
running or cycling), which require sustained ventilation,
can provoke symptoms when airway control is poor.
Given limited high-quality trials, disease-specific exer-
cise guidelines remain underdeveloped.

A multidisciplinary approach is essential to tailor age,
disease severity, fitness, and motivation, while ensur-
ing safety through oxygen saturation monitoring and
access to rescue medication.
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CONCLUSIONS

In line with current evidence, SIMRI supports regular
physical activity as an essential component of the mul-
tidisciplinary management of pediatric chronic respi-
ratory diseases (Table 3). Exercise should be consid-
ered a therapeutic intervention alongside pharmaco-
logical treatment because of its beneficial effects on
functional capacity, exercise tolerance, psychological
well-being, and quality of life.\n\nAlthough pediatric
disease-specific exercise prescriptions remain incom-
pletely defined, clinicians should promote individualized,
safe, and enjoyable physical activity programs tailored
to disease severity, patient preferences, and functional
limitations. Future research should focus on standard-
ized pediatric exercise protocols, long-term clinical out-
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comes, and the integration of digital health technologies
into routine respiratory care.
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Table 3. SIMRI recommendations on physical activity (PA) in pediatric patients affected by CRDs.

1. Physical activity, exercise and pulmonary rehabilitation provide numerous health benefits; therefore, they are
to be considered as integral part of the treatment plan of CRD and lung transplanted patients, in addition to

pharmacotherapy.

2. Before to suggest PA in patients affected by CRD, a respiratory function evaluation — including spirometry,
cardiopulmonary exercise test, six-minutes walking test, diffusion lung capacity of carbon monoxide — should be
made to ensure safety, efficacy and to personalize the exercise plan.

3. Comorbidities such as obesity, anxiety, depression, gastroesophageal reflux disease and cardiometabolic disease

should be considered when PA is prescribed.

PA frequency should be about 3-5 days per week.
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Aerobic activity is the suggested modality (walking, running, cycling, and swimming).

Warm up exercise should be considered at the beginning of the activity.

Daily session of moderate-to-vigorous aerobic exercise should last about 30-40 minutes.
Intensity should be gradually adjusted according to patient resistance.

Administration of SABA before PA or O2 delivering during PA could facilitate adherence to the exercise program.

10. Avoidance of exercise following acute exacerbation is recommended until symptoms and lung function have

improved.

11. For lung transplanted patients sports contact and those with high aerobic impact should be avoided for at least the

first 6 months.

12. Periodical evaluation of patients is useful to assess disease and redraw the exercise plan according to patient’s

condition and disease evolution.

13. Telehealth and remote monitoring can be used for managing CRD patients, assessing respiratory function

periodically and empower adherence to PA.

14. Despites the benefits of regular exercise outweigh the health risks associated with air pollution in the general
population, it should be useful to consider that some factors (chemical components, air pollutants, airborne
allergens and the atmospheric temperature) can trigger or worsen respiratory symptoms in CRD patients.

15. Because, overuse or misuse can lead to positive doping tests, even if the drug was medically indicated, physicians
must balance therapeutic needs with regulatory compliance, especially in pediatric or competitive sports contexts.

| 115



PE

DIATR RESPIR J

read, critically reviewed and approved the final manu-

script as submitted and agree to be accountable for all

aspects of the work.

Ethical approval

Human studies and subjects
N/A.
Data sharing and data accessibility

Data are available along with the paper.

REFERENCES

1.

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman
MP, Cardon G, et al. World Health Organization 2020
guidelines on physical activity and sedentary behaviour.
Br J Sports Med. 2020;54(24):1451-62. doi:10.1136/
bjsports-2020-102955.

Stagnone N, Alexander KN, Adams KV, Dorsch T. Nature’s
Medicine? The Associations of Organized Youth Sport,
Unstructured Physical Activity, and Land-Use Recre-
ation with Children’s Mental Health, Emotional Control,
and Social Well-Being. Int J Environ Res Public Health.
2025;22(7):1012. doi:10.3390/ijerph22071012.

West SL, Banks L, Schneiderman JE, Caterini JE, Ste-
phens S, White G, et al. Physical activity for children with
chronic disease; a narrative review and practical applica-
tions. BMC Pediatr. 2019;19(1):12. doi:10.1186/s12887-
018-1377-3.

Mackintosh KA, McNarry MA, Berntsen S, Steele J, Sejer-
sted E, Westergren T. Physical activity and sedentary
time in children and adolescents with asthma: A system-
atic review and meta-analysis. Scand J Med Sci Sports.
2021;31(6):1183-95. doi:10.1111/sms.13937.

Lu KD, Forno E. Exercise and lifestyle changes in pedi-
atric asthma. Curr Opin Pulm Med. 2020;26(1):103-11.
doi:10.1097/MCP.0000000000000636.

Sanz-Santiago V, Diez-Vega |, Santana-Sosa E, Lopez
Nuevo C, Iturriaga Ramirez T, Vendrusculo FM, et al. Effect
of a combined exercise program on physical fitness, lung
function, and quality of life in patients with controlled asthma
and exercise symptoms: Arandomized controlled trial. Pedi-
atr Pulmonol. 2020;55(7):1608-16. doi:10.1002/ppul.24798.

Moraes-Ferreira R, Brandao-Rangel MAR, Gibson-Alves
TG, Silva-Reis A, Souza-Palmeira VH, Aquino-Santos HC,
et al. Physical Training Reduces Chronic Airway Inflamma-
tion and Mediators of Remodeling in Asthma. Oxid Med Cell
Longev. 2022;2022:5037553. doi:10.1155/2022/5037553.

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. doi:10.1038/s41533-018-0098-2.

Valkenborghs SR, Wood LG, Callister R, Upham JW,
Grainge CL, Anderson S, et al. Effects of Moderate- Versus

116 |

Vol. 4(3), 107-119, 2026

Publication ethics

Plagiarism

Authors declare no potentially overlapping publications

with the content of this manuscript and all original stud-

ies are cited as appropriate.

Data falsification and fabrication

All data reported are accurate and authentic. Al used

for Figure 1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Vigorous-Intensity Exercise Training on Asthma Outcomes
in Adults. J Allergy Clin Immunol Pract. 2024;12(10):2744-
2753.e8. doi:10.1016/j.jaip.2024.06.015.

McNarry MA, Lester L, Ellins EA, Halcox JP, Davies
G, Winn CON, et al. Asthma and high-intensity interval
training have no effect on clustered cardiometabolic risk
or arterial stiffness in adolescents. Eur J Appl Physiol.
2021;121(7):1967-78. doi:10.1007/s00421-020-04590-4.

Felekoglu E, Koc MK, Duzyol S, Erdem SB, Naz |. Effect
of karaoke training applied with telerehabilitation-based
exercise training on health-related outcomes in children
with asthma. Eur J Pediatr. 2025;184(9):556. doi:10.1007/
s00431-025-06383-3.

Ucgun H, Akinci B, Teber S, Kaya Aytutuldu G, Akcal O.
Unlocking the power of gamification: Video game-based
breathing vs. conventional breathing exercises on pul-
monary and extrapulmonary features in children with
asthma. J Asthma. 2025;62(4):725-36. doi:10.1080/027
70903.2025.2472352.

Yadav A, Sindhwani G, Kumari R, Goel A, Bisht K. Effect
of adjuvant yoga therapy for asthma control: Arandomized
controlled trial. J Ayurveda Integr Med. 2024;15(1):100847.
doi:10.1016/j.jaim.2023.100847.

Lucas JA, Moonie S, Hogan MB, Evans WN. Efficacy
of an exercise intervention among children with comor-
bid asthma and obesity. Public Health. 2018;159:123-8.
doi:10.1016/j.puhe.2018.02.014.

Leinaar E, Alamian A, Wang L. A systematic review of the
relationship between asthma, overweight, and the effects of
physical activity in youth. Ann Epidemiol. 2016;26(7):504-
510.e6. doi:10.1016/j.annepidem.2016.06.002.
Herrero-Cortina B, Lee AL, Oliveira A, O’Neill B, Jacome
C, Dal Corso S, et al. European Respiratory Society
statement on airway clearance techniques in adults
with bronchiectasis. Eur Respir J. 2023;62(1):2202053.
doi:10.1183/13993003.02053-2022.

Southern KW, Burgel PR, Castellani C, De Boeck K, Davies
JC, Dunlevy F, et al. Standards for the care of people
with cystic fibrosis (CF). J Cyst Fibros. 2023;22(6):961-2.
doi:10.1016/j.jcf.2023.09.009.

Williams CA, Barker AR, Denford S, van Beurden SB,
Bianchim MS, Caterini JE, et al. The Exeter Activity



Vol. 4(3), 107-119, 2026

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Unlimited statement on physical activity and exercise
for cystic fibrosis: methodology and results of an interna-
tional, multidisciplinary, evidence-driven expert consen-
sus. Chron Respir Dis. 2022;19:14799731221121670.
doi:10.1177/14799731221121670.

Schneiderman JE, Wilkes DL, Atenafu EG, Nguyen
T, Wells GD, Alarie N, et al. Longitudinal relationship
between physical activity and lung health in patients
with cystic fibrosis. Eur Respir J. 2014;43(3):817-23.
doi:10.1183/09031936.00055513.

Tejero Garcia S, Giraldez Sanchez MA, Cejudo P, Quin-
tana Gallego E, Dapena J, Garcia Jiménez R, et al. Bone
health, daily physical activity, and exercise tolerance in
patients with cystic fibrosis. Chest. 2011;140(2):475-81.
doi:10.1378/chest.10-1508.

Hulzebos EHJ, Bomhof-Roordink H, van de Weert-van
Leeuwen PB, Twisk JWR, Arets HGM, van der Ent CK, et
al. Prediction of mortality in adolescents with cystic fibrosis.
Med Sci Sports Exerc. 2014;46(11):2047-52. doi:10.1249/
MSS.0000000000000344.

Rowbotham NJ, Daniels TE. Airway clearance and exer-
cise for people with cystic fibrosis: Balancing longev-
ity with life. Pediatr Pulmonol. 2022;57 Suppl 1:S50-9.
doi:10.1002/ppul.25734.

Murillo SR, Hinestroza Mancilla AM, Pérez Ordoiez LM,
Ararat Carabali NY, Cruz Mosquera FE, Liscano Y. Physi-
cal Training and Pulmonary Rehabilitation in Patients with
Cystic Fibrosis: A Systematic Review and Meta-Analysis
of Clinical Trials. Healthcare (Basel). 2025;13(16):2017.
doi:10.3390/healthcare13162017.

Williams CA, Button B, Dwyer TJ, Hatziagorou E, Mack-
intosh KA, McNarry MA, et al. The 2025 European
Cystic Fibrosis Society position statement on physical
activity assessment in cystic fibrosis. Eur Respir Rev.
2025;34(177):240279. doi:10.1183/16000617.0279-2024.

Hommerding PX, Baptista RR, Makarewicz GT, Schindel
CS, Donadio MVF, Pinto LA, et al. Effects of an educa-
tional intervention of physical activity for children and ado-
lescents with cystic fibrosis: a randomized controlled trial.
Respir Care. 2015;60(1):81-7. doi:10.4187/respcare.02578.

Cox NS, Eldridge B, Rawlings S, Dreger J, Corda J, Hauser
J, et al. Web-based physical activity promotion in young
people with CF: a randomised controlled trial. Thorax.
2023;78(1):16-23. doi:10.1136/thorax-2022-218702.

Pinto ACPN, Piva SR, Rocha A, Gomes-Neto M, Atallah
AN, Saconato H, et al. Digital technology for delivering and
monitoring exercise programs for people with cystic fibro-
sis. Cochrane Database Syst Rev. 2023;6(6):CD014605.
doi:10.1002/14651858.CD014605.pub2.

Ward N, Stiller K, Holland AE, Australian Cystic Fibrosis
Exercise Survey group. Exercise is commonly used as a
substitute for traditional airway clearance techniques by
adults with cystic fibrosis in Australia: a survey. J Physio-
ther. 2019;65(1):43-50. doi:10.1016/j.jphys.2018.11.006.

McCallum GB, Binks MJ. The Epidemiology of Chronic
Suppurative Lung Disease and Bronchiectasis in Children

30.

31.

32.

38.

34.

35.

36.

37.

38.

39.

40.

PEDIATR RESPIR J

and Adolescents. Front Pediatr. 2017;5:27. doi:10.3389/
fped.2017.00027.

Chang AB, Fortescue R, Grimwood K, Alexopoulou E,
Bell L, Boyd J, et al. European Respiratory Society guide-
lines for the management of children and adolescents
with bronchiectasis. Eur Respir J. 2021;58(2):2002990.
doi:10.1183/13993003.02990-2020.

Webb EM, Holland AE, Chang AB, Middleton PG, Thom-
son R, Wong C, et al. Pediatric physiotherapy manage-
ment of airway clearance therapy and exercise: Data from
the Australian Bronchiectasis Registry. Pediatr Pulmonol.
2025;60(1):27370. doi:10.1002/ppul.27370.

Gurses HN, Ucgun H, Zeren M, Denizoglu Kulli H, Cakir
E. Does the effect of comprehensive respiratory physio-
therapy home-program differ in children with cystic fibro-
sis and non-cystic fibrosis bronchiectasis? Eur J Pediatr.
2022;181(8):2961-70. doi:10.1007/s00431-022-04509-5.

Jones T, Baque E, O'Grady KAF, Goyal V, Chang AB,
Trost SG. Barriers and facilitators of physical activity in
children with bronchiectasis: Perspectives from children
and parents. Front Pediatr. 2022;10:974363. doi:10.3389/
fped.2022.974363.

Firat M, Bosnak-Gugli M, Sismanlar-Eytboglu T, Aslan AT.
Aerobic exercise capacity, cough strength, posture, and
depression in primary ciliary dyskinesia. Pediatr Pulmo-
nol. 2023;58(1):73-80. doi:10.1002/ppul.26158.

Firat M, Bosnak-Guclu M, Sismanlar-Eyuboglu T, Tana-
Aslan A. Respiratory muscle strength, exercise capacity
and physical activity in patients with primary ciliary dyskine-
sia: A cross-sectional study. Respir Med. 2022;191:106719.
doi:10.1016/j.rmed.2021.106719.

Shapiro AJ, Davis SD, Polineni D, Manion M, Rosenfeld
M, Dell SD, et al. Diagnosis of Primary Ciliary Dyskine-
sia. An Official American Thoracic Society Clinical Practice
Guideline. Am J Respir Crit Care Med. 2018;197(12):e24-
39. doi:10.1164/rccm.201805-0819ST.

Gur M, Manor E, Hanna M, Simaan N, Gut G, Toukan Y, et
al. The effect of inspiratory muscle training in PCD and CF
patients: A pilot study. Pediatr Pulmonol. 2023;58(11):3264-
70. doi:10.1002/ppul.26655.

Gonzalez-Diaz G, Demetriou ZJ, Muiiz-Hernandez J,
Ramos-Benitez MJ, Mosquera RA, De Jesus-Rojas W.
Impact of Aerobic Exercise on Oxygenation, Pulmonary
Function, and Nasal Nitric Oxide in Primary Ciliary Dys-
kinesia. Open Respir Med J. 2025;19:e18743064365386.
doi:10.2174/0118743064365386250212050147.

Holland AE. Exercise limitation in interstitial lung dis-
ease - mechanisms, significance and therapeu-
tic options. Chron Respir Dis. 2010;7(2):101-11.
doi:10.1177/1479972309354689.

Perez-Bogerd S, Wuyts W, Barbier V, Demeyer H, Van
Muylem A, Janssens W, et al. Short and long-term effects
of pulmonary rehabilitation in interstitial lung diseases: a
randomised controlled trial. Respir Res. 2018;19(1):182.
doi:10.1186/s12931-018-0884-y.

| 117



PEDIATR RESPIR J

41,

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Mendes RG, Castello-Simdes V, Trimer R, Garcia-Araujo
AS, Gongalves Da Silva AL, Dixit S, et al. Exercise-Based
Pulmonary Rehabilitation for Interstitial Lung Diseases:
A Review of Components, Prescription, Efficacy, and
Safety. Front Rehabil Sci. 2021;2:744102. doi:10.3389/
fresc.2021.744102.

Ring AM, Carlens J, Bush A, Castillo-Corullén S,
Fasola S, Gaboli MP, et al. Pulmonary function testing
in children’s interstitial lung disease. Eur Respir Rev.
2020;29(157):200019. doi:10.1183/16000617.0019-2020.

Gilbert C, Bennett KM, Bush A, Brown C. Like walking
through treacle: the experience of fatigue for young peo-
ple with interstitial lung disease. Orphanet J Rare Dis.
2025;20(1):151. doi:10.1186/s13023-025-03607-5.

Zhao Q, Mo N, Li R, Wei TT, Xu W, Wang J, et al. Effects
of exercise training on exercise capacity of patients with
interstitial lung disease: a systematic review and meta-anal-
ysis. BMC Pulm Med. 2025;25(1):356. doi:10.1186/s12890-
025-03804-9.

Rocha V, Paixdo C, Marques A. Physical activity, exer-
cise capacity and mortality risk in people with intersti-
tial lung disease: A systematic review and meta-analy-
sis. J Sci Med Sport. 2022;25(11):903-10. doi:10.1016/j.
jsams.2022.10.002 PubMed.

Beckerman R, Mather F, Bose M, Colombo J, Hopkins R,
Weamann M, et al. 1626 Physiological Correlates Of Inter-
stitial Lung Disease (ILI)) In Children: Oxygen Desaturation
(DeSa02) During Exercise. Pediatr Res. 1981;15(4):714-
714. doi:10.1203/00006450-198104001-01643.

Kim DY, Mo YH, Kim KW, Hong SM, Park A, Jang BH, et al.
Feasibility of Home-Based Pulmonary Rehabilitation of Pedi-
atric Patients with Chronic Respiratory Diseases. Children
(Basel). 2024;11(5):534. doi:10.3390/children11050534.

Alsharkawy A, Fouda E, Mujahed A, Elgendy Y. Nutritional
assessment and rehabilitation in children with bronchiec-
tasis and childhood interstitial lung diseases: effects on
pulmonary functions and clinical severity. Egyptian Pedi-
atric Association Gazette. 2021;69(1):42. doi:10.1186/
$43054-021-00090-y.

Ehrsam JP, Meier Adamenko O, Pannu M, Markus Schéb
O, Inci I. Lung transplantation in children. Turk Gogus
Kalp Damar Cerrahisi Derg. 2024;32(Suppl1):S119-33.
doi:10.5606/tgkdc.dergisi.2024.25806.

Schmid FA, Benden C. Special considerations for the use
of lung transplantation in pediatrics. Expert Rev Respir Med.
2016;10(6):655-62. doi:10.1586/17476348.2016.1168298.
Mathur S, Reid WD, Levy RD. Exercise limitation in recip-
ients of lung transplants. Phys Ther. 2004;84(12):1178-87.
Hume E, Ward L, Wilkinson M, Manifield J, Clark S,
Vogiatzis |. Exercise training for lung transplant candi-
dates and recipients: a systematic review. Eur Respir Rev.
2020;29(158):200053. doi:10.1183/16000617.0053-2020.
Abidi Y, Kovats Z, Bohacs A, Fekete M, Naas S, Madu-
rka |, et al. Lung Transplant Rehabilitation-A Review. Life
(Basel). 2023;13(2):506. doi:10.3390/life13020506.

118 |

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Vol. 4(3), 107-119, 2026

Parsons JP, Hallstrand TS, Mastronarde JG, Kamin-
sky DA, Rundell KW, Hull JH, et al. An official American
Thoracic Society clinical practice guideline: exercise-in-
duced bronchoconstriction. Am J Respir Crit Care Med.
2013;187(9):1016-27. doi:10.1164/rccm.201303-0437ST.

Kurland G, Deterding RR, Hagood JS, Young LR, Brody
AS, Castile RG, et al. An official American Thoracic Soci-
ety clinical practice guideline: classification, evaluation,
and management of childhood interstitial lung disease in
infancy. Am J Respir Crit Care Med. 2013;188(3):376-94.
doi:10.1164/rccm.201305-0923ST.

McDonald CF. Exercise desaturation and oxygen therapy
in ILD and COPD: Similarities, differences and therapeu-
tic relevance. Respirology. 2018;23(4):350-1. doi:10.1111/
resp.13242.

D’Oliveira A, Dominski FH, De Souza LC, Branco JHL,
Matte DL, da Cruz WM, et al. Impact of air pollution on
the health of the older adults during physical activity and
sedentary behavior: A systematic review. Environ Res.
2023;234:116519. doi:10.1016/j.envres.2023.116519.

Holmen TL, Barrett-Connor E, Clausen J, Holmen J, Bjer-
mer L. Physical exercise, sports, and lung function in
smoking versus nonsmoking adolescents. Eur Respir J.
2002;19(1):8-15. doi:10.1183/09031936.02.00203502.

Avitabile CM, Mota JP, Yeaman KM, Andrieux SJ, Lecht-
enberg L, Escobar E, et al. Creating a digital approach for
promoting physical activity in pediatric pulmonary hyper-
tension: A framework for future interventions. Pulm Circ.
2024;14(3):e12402. doi:10.1002/pul2.12402.

Toumpanakis D, Usmani OS. Innovation in technolo-
gies for monitoring lung function in patients with respi-
ratory disease. Breathe (Sheff). 2025;21(4):250001.
doi:10.1183/20734735.0001-2025.

Oliveira TRA, Fernandes AT do NSF, Santino TA, Menescal

FEP da S, Nogueira PA de MS. Effects of using wearable

devices to monitoring physical activity in pulmonary reha-
bilitation programs for chronic respiratory diseases: A sys-
tematic review protocol. PLoS One. 2024;19(7):e0308109.
doi:10.1371/journal.pone.0308109.

Mavronasou A, Kortianou EA, Sapouna V, Douros
K, Spinou A. Effects of eHealth exercise on paediat-
ric suppurative lung diseases: a systematic review and
meta-analysis. ERJ Open Res. 2025;11(4):00977-2024.
doi:10.1183/23120541.00977-2024.

Malizia V, Ferrante G, Fasola S, Montalbano L, Cilluffo
G, La Grutta S. New Technologies for Promoting Physical
Activity in Healthy Children and in Children with Chronic
Respiratory Diseases: A Narrative Review. Sustainability.
2021;13(21):11661. doi:10.3390/su132111661.

LiuY, Zhang H, Xu R. The impact of technology on promot-
ing physical activities and mental health: a gender-based
study. BMC Psychol. 2023;11(1):298. doi:10.1186/s40359-
023-01348-3.

Licari A, Pandolfo A, Ferrante G, Malizia V, Manti
S, Nenna R, et al. Digital Health Adoption in Pediat-
ric Respiratory Care in Italy: A National Survey and



Vol. 4(3), 107-119, 2026

66.

67.

68.

69.

70.

71.

Machine Learning-Based Clustering Analysis. Pediatr
Respir J. 2025;3(3):103-111. doi: 10.56164/PediatrRe-
spird.2025.78.

LaBotz M, Griesemer BA, Council On Sports Medicine And
Fitness. Use of Performance-Enhancing Substances. Pedi-
atrics. 2016;138(1):e20161300. doi:10.1542/peds.2016-
1300.

Shah J, Janssen E, Le Nézet O, Spilka S. Doping among
high school students: findings from the French ESPAD sur-
vey. Eur J Public Health. 2019;29(6):1135-40. doi:10.1093/
eurpub/ckz116.

Bird SR, Goebel C, Burke LM, Greaves RF. Doping in
sport and exercise: anabolic, ergogenic, health and clin-
ical issues. Ann Clin Biochem. 2016;53(Pt 2):196-221.
doi:10.1177/0004563215609952.

Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in
insufficient physical activity among adolescents: a pooled
analysis of 298 population-based surveys with 1-6 million
participants. Lancet Child Adolesc Health. 2020;4(1):23-
35. doi:10.1016/S2352-4642(19)30323-2.

Scott HA, Wood LG, Williams EJ, Weaver N, Upham
JW. Comparing the Effect of Acute Moderate and
Vigorous Exercise on Inflammation in Adults with
Asthma: A Randomized Controlled Trial. Ann Am Tho-
rac Soc. 2022;19(11):1848-55. doi:10.1513/Annal-
sATS.202109-10530C.

Scott HA, Gibson PG, Garg ML, Pretto JJ, Morgan PJ,
Callister R, et al. Dietary restriction and exercise improve
airway inflammation and clinical outcomes in overweight
and obese asthma: a randomized trial. Clin Exp Allergy.
2013;43(1):36-49. doi:10.1111/cea.12004.

72.

73.

74.

75.

76.

77.

78.

PEDIATR RESPIR J

Chalitsios CV, Shaw DE, McKeever TM. Risk of osteoporo-
sis and fragility fractures in asthma due to oral and inhaled

corticosteroids: two population-based nested case-con-
trol studies. Thorax. 2021;76(1):21-8. doi:10.1136/thorax-
jnl-2020-215664.

Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity
of the International Physical Activity Questionnaire Short
Form (IPAQ-SF): a systematic review. Int J Behav Nutr
Phys Act. 2011;8:115. doi:10.1186/1479-5868-8-115.

Reilly C, Stavropoulos-Kalinoglou A, Clifton |, McKenna
J, Peckham D, Price OJ. Smartphone pedometers in
adults with asthma: a practical approach to physical
activity assessment? A pilot validation study. J Asthma.
2022;59(5):967-75. doi:10.1080/02770903.2021.1882487 .

Radtke T, Crook S, Kaltsakas G, Louvaris Z, Berton
D, Urquhart DS, et al. ERS statement on standardi-
sation of cardiopulmonary exercise testing in chronic
lung diseases. Eur Respir Rev. 20191;28(154):180101.
doi:10.1183/16000617.0101-2018.

American Thoracic Society, American College of Chest Phy-
sicians. ATS/ACCP Statement on cardiopulmonary exer-
cise testing. Am J Respir Crit Care Med. 2003;167(2):211-
77.doi:10.1164/rccm.167.2.211.

XuHZ, Lin N, Bai GN, Liu YL, Jia XH, Huang C, et al. Com-
prehensive exercise recommendations for pediatric asthma:
an evidence synthesis. World J Pediatr. 2026;22(2):174-
93. doi:10.1007/s12519-025-00976-6.

Hertig D, Grunder V, Furian M, Mayer L, Ulrich S, Licht-
blau M. [High-altitude exposure in chronic lung deseases -
fundamentals, current evidence, and practical recommen-
dations]. Ther Umsch. 2025;82(6):197-201.

| 119



