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ABSTRACT 

Introduction: Cystic fibrosis (CF) is a multisystem genetic disorder in which progressive pulmonary disease remains the 
leading cause of morbidity and mortality. Advances in pharmacological therapy, particularly CFTR modulators, have 
transformed the clinical landscape; however, non-pharmacological strategies—especially structured physical activity (PA)—
remain essential for optimising long-term outcomes. This review synthesises current evidence on the physiological basis, 
clinical benefits, safety considerations, and practical implementation of PA as part of multidisciplinary CF management. 
Methods: A comprehensive literature search was conducted in PubMed, Scopus, and Web of Science for peer-reviewed 
articles published between 2020 and 2025. Search terms included cystic fibrosis; physical activity; exercise training; 
pulmonary rehabilitation; multidisciplinary care. Randomised controlled trials, systematic reviews, meta-analyses, and 
relevant clinical guidelines were included.  
Results: Evidence consistently shows that regular physical activity improves exercise capacity, enhances mucus clearance, 
and contributes to stabilizing or improving selected parameters of lung function in people with cystic fibrosis. Aerobic, 
endurance, combined, and inspiratory muscle training provide complementary benefits for cardiovascular fitness, muscle 
strength, bone health, and mental well-being. Home-based programs, supported by telemedicine, offer comparable results to 
in-person training while reducing the risk of infection. Regular physical activity is often hindered by disease symptoms, 
limited access to appropriate sports facilities, and psychosocial limitations. However, there are facilitating factors, such as 
personalized exercise recommendations, support from an interdisciplinary team, and digital monitoring technologies, which 
enable ongoing patient engagement. 
Conclusions: Physical activity is a safe, effective, and versatile component of multidisciplinary CF care, offering 
physiological, functional, and psychosocial benefits that complement pharmacological and airway clearance therapies. 
Integrating tailored exercise interventions into routine management should be prioritised to maximise health outcomes and 
quality of life in this population. 
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Pathophysiology, clinical manifestations and treatment of cystic fibrosis 

Pathophysiology 

Cystic fibrosis (CF) is an autosomal recessive disease caused by mutations in the CFTR gene, resulting 

in defective chloride and bicarbonate ion transport across epithelial surfaces. This dysfunction leads to the 

production of abnormally thick, viscous mucus, predominantly affecting the lungs, pancreas, hepatobiliary 

tract, and intestines. In the respiratory system, this mucus impairs mucociliary clearance, fostering persistent 

bacterial infections and neutrophilic inflammation. Over time, this results in bronchiectasis and irreversible 

decline in pulmonary function [1, 2]. 

 

Clinical Features 

CF typically presents in early childhood, yet progression varies based on genotype. Respiratory 

symptoms include chronic productive cough, frequent exacerbations, wheezing, and progressive respiratory 

failure. Exocrine pancreatic insufficiency contributes to malabsorption, fat-soluble vitamin deficiencies, and 

poor growth. Elevated sweat chlorine levels remain diagnostic benchmarks. Other signs may include chronic 

sinusitis, nasal polyps, digital clubbing, and male infertility, often due to congenital bilateral absence of the 

vas deferens (CBAVD) [3, 4]. 

 

Treatment of Cystic Fibrosis 

1. Pharmacological Management 

CFTR modulator therapies, particularly the triple combination of elexacaftor/tezacaftor/ivacaftor, have 

revolutionised CF treatment, demonstrating marked improvements in lung function, nutritional parameters, 

and quality of life in both clinical trials and real-world settings [5, 6]. The emergence of next-generation CFTR 

modulators—such as vanzacaftor/tezacaftor/deutivacaftor and other novel triple combinations currently in 

late-phase clinical trials—has broadened therapeutic options for patients with both common and rare CFTR 

mutations [7, 8]. These advancements enable precision medicine approaches, where treatments are tailored to 

an individual’s mutation profile and clinical phenotype, as recommended by the 2023 European Cystic Fibrosis 

Society Standards [9] and NIH guidance [10]. 

 

2. Non-pharmacological Management 

Non-pharmacological interventions are an important complement to pharmacotherapy in the treatment 

of cystic fibrosis (CF), helping to preserve lung function and improve the patient's well-being and nutritional 

status. 

• Airway Clearance Techniques (ACTs). 

Methods such as active cycle of breathing, positive expiratory pressure, chest wall oscillation, and 

autogenic drainage facilitate mucus clearance and mitigate infection risk. Individualisation based on age, 

disease severity, and patient preference is recommended to support long-term adherence [11, 12]. 

• Nutritional Management and Pancreatic Enzyme Replacement Therapy (PERT). 

Maintaining nutritional adequacy is essential—for respiratory muscle function and quality of life. 

Guideline-based PERT doses, high-calorie diet plans, and fat-soluble vitamin supplementation are crucial for 

individuals with exocrine pancreatic insufficiency. Recent studies emphasise regular monitoring and dose 

adjustments to ensure effective nutrient absorption [13]. 

• Psychosocial Support. 
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Psychological interventions—such as counselling, cognitive-behavioural strategies, and family-centred 
education—have been shown to improve adherence to inhaled therapies in individuals with CF, without 
contributing to increased anxiety or depression [14]. Additionally, evolving psychosocial stressors necessitate 
responsive care models that are flexible and patient-centred [15]. 

• Telehealth and Remote Monitoring. 
Telemedicine platforms now enable remote supervision of ACTs, multidisciplinary consultations, and 

monitoring of treatment adherence. Hybrid models that combine in-person evaluations with virtual follow-ups 
are considered practical and well accepted while reducing cross-infection risk [16]. 

Regular physical activity and structured exercise remain key components of CF treatment as they 
improve functional capacity and well-being – an aspect that will be discussed in the next section. 

 
Role of Physical Activity in Cystic Fibrosis Management 
Physiological Basis 
In cystic fibrosis (CF), the accumulation of dehydrated, viscous mucus within the airways results from 

impaired CFTR-mediated ion transport, creating a cycle of mucus stasis, bacterial colonisation, and chronic 
neutrophilic inflammation [1, 2]. Physical activity (PA) exerts multiple physiological effects that directly 
address these pathophysiological processes. Increased tidal volume and minute ventilation during exercise 
enhance shear forces along the bronchial walls, facilitating mucus mobilisation and clearance [12]. Repeated 
bouts of activity also stimulate surfactant production, improving airway patency. Beyond pulmonary effects, 
PA induces cardiovascular adaptations—including increased stroke volume, improved peripheral oxygen 
extraction, and capillary density—that reduce ventilatory demand for a given workload [17]. Skeletal muscle 
adaptations, particularly increased oxidative enzyme activity and mitochondrial density, enhance endurance 
and reduce peripheral fatigue [18]. Collectively, these effects help interrupt the cycle of infection, 
inflammation, and declining lung function in CF. 

 
Impact on Exercise Capacity 
Exercise capacity in CF is typically reduced due to ventilatory limitation, muscle deconditioning, and 

systemic inflammation [19]. Peak oxygen uptake (VO₂peak), an established prognostic marker, is often 20–
40% lower in CF patients compared to healthy peers [20]. Longitudinal studies demonstrate that structured 
aerobic training can increase VO₂peak by 10–20% over 8–12 weeks [21]. Other key performance indicators—
such as ventilatory threshold (VT), minute ventilation (VE), oxygen pulse (O₂ pulse), and six-minute walk 
distance (6MWD)—also improve with sustained training [22]. Interval-based and combined aerobic–
resistance protocols appear particularly effective in enhancing both central (cardiovascular) and peripheral 
(muscular) components of exercise capacity [23]. Notably, improvements in exercise tolerance are strongly 
correlated with better health-related quality of life (HRQoL) scores and reduced hospitalisation rates [24]. 

 
Impact on Pulmonary Function 
While the impact of PA on forced expiratory volume in one second (FEV₁) is variable—likely due to 

differences in disease stage, intervention intensity, and adherence—emerging evidence supports beneficial 
effects on other pulmonary parameters [25]. Aerobic and combined exercise programmes have been associated 
with stabilisation or modest improvements in forced vital capacity (FVC), forced expiratory flow at 25–75% 
of FVC (FEF25–75), and mid-expiratory flow rates (MEF50) [26]. Reductions in residual volume to total lung 
capacity ratio (RV/TLC) have been reported, suggesting alleviation of air trapping [27]. Additionally, exercise 
may improve lung clearance index (LCI), derived from multiple-breath washout testing, which is more 
sensitive than spirometry for detecting early small airway disease [28]. These physiological benefits likely 
result from enhanced mucus clearance, reduced airway inflammation, and improved respiratory muscle 
performance. 

 
Adjunctive Benefits and Clinical Implications 
Regular PA confers systemic benefits beyond the respiratory system. Exercise promotes bone mineral 

density—particularly relevant in CF, where osteopenia is prevalent—via mechanical loading and endocrine 
stimulation [29]. It also improves insulin sensitivity, potentially reducing the risk or severity of cystic fibrosis-
related diabetes (CFRD) [30]. Importantly, psychological benefits such as reduced anxiety and improved mood 
contribute to better treatment adherence and overall wellbeing [14]. These multidimensional effects support 
the integration of structured PA into standard CF care, alongside pharmacological therapy, nutritional 
management, and airway clearance techniques. 
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Types of Exercise Interventions in Cystic Fibrosis 
Aerobic Training 
Aerobic training remains a cornerstone of physical activity interventions in cystic fibrosis (CF), aiming 

to enhance cardiovascular efficiency, improve oxygen transport, and facilitate mucus clearance. Typical 
modalities include cycling, treadmill walking or running, and swimming. Training intensities are often 
prescribed using a percentage of peak oxygen uptake (VO₂peak) or heart rate reserve, with evidence suggesting 
that moderate-to-vigorous intensity sustained for 20–40 minutes, three to five times per week, yields significant 
improvements in VO₂peak, ventilatory threshold, and six-minute walk distance (6MWD) [31, 32]. Beyond 
cardiorespiratory benefits, aerobic exercise is associated with improved lung clearance index (LCI) and 
reduced daily symptom burden [33]. 

 
Resistance Training 
Resistance training targets muscle strength and endurance, addressing the muscle wasting and weakness 

frequently observed in CF due to chronic inflammation, malnutrition, and corticosteroid exposure. 
Programmes typically incorporate multi-joint exercises (e.g., squats, lunges, push-ups) or resistance machines, 
with intensity guided by repetition maximum (RM) principles. Studies indicate that two to three weekly 
sessions over 8–12 weeks can improve isometric and dynamic muscle strength, enhance functional 
performance, and support bone mineral density maintenance [34, 35]. Gains in muscular strength may 
indirectly improve ventilatory efficiency by reducing the relative load on respiratory muscles during physical 
activity [36]. 

 
Combined Training 
Combined aerobic–resistance protocols appear to offer synergistic benefits, simultaneously enhancing 

cardiovascular fitness and muscular performance. Randomised trials have reported that mixed training 
regimens can increase VO₂peak by 10–15% while also improving peripheral muscle strength and endurance 
[37]. These programmes may also promote greater adherence, as variety in exercise modalities reduces 
monotony and allows for adaptation to fluctuating health status [38]. 

 
Inspiratory Muscle Training (IMT) 
IMT is a method for improving the strength and endurance of the respiratory muscles, particularly the 

diaphragm and intercostal muscles. Using devices measuring threshold load, patients perform repetitive 
inspiratory efforts against resistance, typically 5 to 7 days per week for 15–30 minutes per day. Meta-analyses 
suggest that IMT can improve maximum inspiratory pressure (MIP), inspiratory muscle endurance, and 
perceived dyspnea, although its effect on FEV₁ remains inconclusive [39, 40]. 

 
Home-based and Telehealth-Supported Exercise 
Advances in digital health have facilitated the delivery of supervised exercise interventions beyond the 

clinic setting. Home-based programmes, supported by telehealth consultations, video demonstrations, and 
wearable activity trackers, have demonstrated comparable improvements in exercise capacity and quality of 
life to centre-based training [42]. Remote supervision reduces cross-infection risks, enhances accessibility for 
patients in geographically remote areas, and supports continuity during acute illness or hospitalisation [43]. 
Hybrid models—blending in-person baseline assessments with ongoing virtual follow-up—are increasingly 
recognised as a practical and effective approach for long-term exercise adherence [44]. 

 
Barriers and Facilitators to Physical Activity in Cystic Fibrosis 
Barriers 
Engagement in regular physical activity (PA) among individuals with cystic fibrosis (CF) is influenced 

by a combination of physiological, psychological, and environmental factors. 
Physiologically, disease-related symptoms such as chronic cough, dyspnoea, fatigue, and 

musculoskeletal pain can limit exercise tolerance and discourage participation [45, 46]. Pulmonary 
exacerbations, often requiring prolonged rest or hospitalisation, may disrupt established exercise routines and 
lead to detraining [47]. 

Psychological barriers include low self-efficacy, anxiety related to symptom exacerbation during 
exercise, and reduced motivation—particularly in adolescents and adults balancing high treatment burdens 
with educational or occupational demands [48]. Social and environmental constraints, such as limited access 
to suitable exercise facilities, infection control precautions, and lack of specialised supervision, further restrict 
opportunities for safe participation [49]. 
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Facilitators 

Conversely, several factors can enhance PA engagement in CF. Individualised exercise prescriptions 

that align with personal preferences and symptom patterns have been shown to improve adherence [50]. 

Multidisciplinary team involvement—including physiotherapists, exercise physiologists, and psychologists—

provides the necessary clinical oversight, education, and motivational support [51]. Technological solutions, 

such as wearable activity trackers and telehealth-based coaching, facilitate remote monitoring and feedback, 

enabling continuous engagement even during illness or travel restrictions [52]. Social support from family 

members and peers, alongside integration of PA into routine daily activities, reinforces long-term behaviour 

change [53]. Emerging evidence also highlights the role of positive exercise experiences in enhancing quality 

of life and fostering intrinsic motivation [54]. 

 

Clinical Safety Considerations for Exercise in Cystic Fibrosis 

Exercise is generally safe and beneficial for individuals with cystic fibrosis (CF), but it requires careful 

planning and monitoring due to disease-specific risks. Awareness of potential complications and appropriate 

safety measures ensures that physical activity remains a supportive, rather than detrimental, component of 

multidisciplinary care. 

 

Airway Obstruction and Secretion Mobilisation 

The increased ventilation during exercise can mobilise airway secretions, improving mucus clearance 

but occasionally precipitating transient airway obstruction or bronchospasm, particularly in those with 

advanced lung disease [55, 56]. Pre-exercise use of bronchodilators and incorporating airway clearance 

techniques before and after sessions can mitigate these risks. 

 

Hypoxemia 

Patients with moderate to severe pulmonary impairment are at risk of exercise-induced desaturation 

(SpO₂ <90%), particularly during high-intensity or prolonged activity. Pulse oximetry monitoring during initial 

sessions helps identify those requiring supplemental oxygen or intensity adjustments. Targeting submaximal 

workloads that maintain adequate oxygenation is recommended for high-risk individuals [57]. 

 

Dehydration and Electrolyte Imbalance 

Due to elevated sweat sodium and chloride losses, CF patients are prone to dehydration and electrolyte 

disturbances, especially in hot or humid environments. Adequate fluid and salt replacement—tailored to 

exercise duration, environmental conditions, and individual sweat rates—should be an integral part of exercise 

planning [58]. 

 

Hemoptysis 

Mild hemoptysis is not uncommon in advanced CF and may be exacerbated by strenuous exercise 

through increased intrathoracic pressure and vascular fragility. Significant or recurrent bleeding warrants 

temporary cessation of high-intensity activity and prompt medical evaluation. Low-intensity training may be 

resumed once the episode resolves and underlying causes are addressed [59]. 

 

Monitoring and Programme Modification 

Exercise prescription in CF should follow a personalised, stepwise approach based on baseline lung 

function, comorbidities, and prior activity history [60]. Initial sessions should be supervised—preferably by 

physiotherapists experienced in CF—allowing for adjustments in intensity, duration, and modality according 

to symptom response, oxygenation, and fatigue levels. Periodic reassessment of pulmonary function, exercise 

tolerance, and patient-reported symptoms ensures ongoing safety and efficacy [61]. Telehealth-enabled 

monitoring can extend this oversight to home-based training programmes, enhancing adherence while 

maintaining safety [16]. 

By integrating safety protocols into exercise prescription, clinicians can maximise benefits while 

minimising risks, ensuring that physical activity remains a sustainable and effective component of CF care. 
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Practical Recommendations for Physical Activity in Cystic Fibrosis – Summary 

 
 Recommendation Practical Notes References 

Frequency 
3–5 days/week of structured 

physical activity 

Encourage daily incidental activity 

to reduce sedentary time 
[63] 

Intensity 
Moderate-to-vigorous (e.g., 

interval training) 

High-intensity sessions can improve 

exercise capacity and muscle 

strength in CF patients 

[64] 

Type 

Combination of aerobic, 

resistance, and inspiratory 

muscle training 

Aerobic: improves cardiovascular 

fitness and mucus clearance; 

Resistance: supports muscle and 

bone health 

[64, 65] 

Time / Duration 20–60 min per session 
Can be split into shorter bouts; 

adjust during exacerbations 
[64] 

Integration with ACTs 
Exercise before or after airway 

clearance techniques 

Pre-exercise bronchodilator may 

reduce bronchospasm; exercise 

supports mucus clearance 

[66] 

Monitoring / Safety 

Monitor SpO₂, heart rate, RPE, 

hydration, and signs of 

overexertion 

Keep SpO₂ > 90%; watch for 

dyspnea, fatigue, hemoptysis 
[63, 64] 

Individualization & 

Progression 

Adapt to age, lung function, 

comorbidities, nutritional 

status; gradual progression 

Combine home-based and 

supervised training for optimal 

adherence 

[62] 

Behavioral Strategies 

Goal-setting, self-monitoring, 

family support, telehealth 

interventions 

Personalized approach and remote 

support improve engagement 
[65, 66] 

Special Considerations 

Modify training during 

exacerbations, acute illness, or 

treatment changes 

Promote lifelong engagement; adapt 

to evolving therapies (e.g., CFTR 

modulators) 

[63, 66] 

 

Conclusions 

Cystic fibrosis (CF) remains a progressive, life-limiting disease in which pharmacological advances, 

particularly CFTR modulators, have dramatically improved survival and quality of life. Nevertheless, non-

pharmacological interventions—most notably structured physical activity (PA)—are indispensable 

components of comprehensive care. Current evidence demonstrates that regular PA enhances exercise capacity, 

contributes to airway clearance, supports pulmonary function, and provides systemic benefits for 

musculoskeletal health, metabolic regulation, and psychological well-being. 

Importantly, PA is safe across disease stages when delivered with appropriate monitoring and 

individualisation. Exercise interventions encompassing aerobic, resistance, and inspiratory muscle training 

should be integrated into routine management, with flexibility to accommodate disease fluctuations and patient 

preferences. The expansion of telehealth and home-based programmes has created new opportunities for 

sustained engagement, while multidisciplinary support and personalised exercise prescriptions remain key to 

overcoming adherence barriers. 

Future research should focus on optimising exercise protocols, identifying long-term adherence 

strategies, and exploring the interaction between PA and novel pharmacotherapies. From a clinical perspective, 

structured PA should be promoted not as an optional adjunct, but as a fundamental pillar of multidisciplinary 

CF care—essential for maximising health outcomes, functional independence, and overall quality of life. 

 

 

 

 

 

 

 

 

 

 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 7 

 

Disclosure 

Author’s contribution: 

Conceptualization: Weronika Worosz, Filip Maciej Huzarski, Katarzyna Adrianna Tryniecka, 

Methodology: Diana Wisz, Filip Maciej Huzarski, Katarzyna Maria Turek, 

Check: Filip Maciej Huzarski, Katarzyna Maria Turek, Alicja Zań 

Formal analysis: Weronika Worosz, Diana Wisz, Katarzyna Adrianna Tryniecka, Alicja Zań 

Investigation: Diana Wisz, Filip Maciej Huzarski, Katarzyna Maria Turek 

Resources: Weronika Worosz, Katarzyna Maria Turek, Katarzyna Adrianna Tryniecka, 

Data curation: Katarzyna Adrianna Tryniecka, Diana Wisz, Alicja Zań 

Writing rough preparation: Weronika Worosz, Katarzyna Maria Turek, Alicja Zań 

Writing-review and editing: Diana Wisz, Filip Maciej Huzarski, Alicja Zań 

Supervision: Weronika Worosz, Diana Wisz, Katarzyna Adrianna Tryniecka, 

Project administration: Weronika Worosz, Katarzyna Adrianna Tryniecka, Katarzyna Maria Turek 

 

All authors have read and agreed with the published version of the manuscript. 

 

Funding: This Research Received No External Funding 

Institutional Review Board Statement: Not applicable 

Informed Consent Statement: Not applicable 

Data Availability Statement: Not applicable 

Acknowledgements: Not applicable 

Conflicts of Interest: The Authors Declare That They Have No Conflict of Interest. 

 

REFERENCES 

 
1. Mall MA, Burgel PR, Castellani C, Davies JC, Salathe M, Taylor-Cousar JL. Cystic fibrosis. Nat Rev Dis Primers. 

2024;10(1):53. doi:10.1038/s41572-024-00538-6 

2. Shteinberg M, Haq IJ, Polineni D, Davies JC. Cystic fibrosis. Lancet. 2021;397(10290):2195–2211. 

doi:10.1016/S0140-6736(21)00608-3 

3. Castellani C, De Boeck K, De Wachter E, Sermet-Gaudelus I, Simmonds NJ, Southern KW; ECFS Diagnostic 

Network Working Group. ECFS standards of care on CFTR-related disorders: Updated diagnostic criteria. J Cyst 

Fibros. 2022;21(6):908–921. doi:10.1016/j.jcf.2022.09.011 

4. Southern KW, Addy C, Bell SC, et al. Standards for the care of people with cystic fibrosis; establishing and 

maintaining health. J Cyst Fibros. 2024;23(1):12–28. doi:10.1016/j.jcf.2023.12.002 

5. Sutharsan S, Wallis CE, Miller M, et al. Real-world impact of elexacaftor/tezacaftor/ivacaftor on lung function, 

nutritional status, pulmonary exacerbation frequency and sweat chloride in people with cystic fibrosis: German 

registry data. Lancet Reg Health Eur. 2023;27:100690. doi:10.1016/j.lanepe.2023.100690 

6. Bower JK, Volkova N, Ahluwalia N, et al. Real-world safety and effectiveness of elexacaftor/tezacaftor/ivacaftor 

in people with cystic fibrosis: Interim results from a long-term registry-based study. J Cyst Fibros. 2023;22(4):730–

737. doi:10.1016/j.jcf.2023.03.002  

7. Uluer AZ, MacGregor G, Azevedo P, et al. Safety and efficacy of vanzacaftor–tezacaftor–deutivacaftor in adults 

with cystic fibrosis: randomised, double-blind, controlled, phase 2 trials. Lancet Respir Med. 2023;11(6):550–562. 

doi:10.1016/S2213-2600(22)00504-5 

8. Hoppe JE, et al. Vanzacaftor–tezacaftor–deutivacaftor for children aged 6–11 years with cystic fibrosis 

(RIDGELINE trial VX21-121-105): an analysis from a single-arm, phase 3 trial. Lancet Respir Med. 2024;13:. 

doi:10.1016/S2213-2600(24)00407 

9. Southern KW, Castellani C, Lammertyn E, et al. Standards of care for CFTR variant-specific therapy for people 

with cystic fibrosis. J Cyst Fibros. 2023;22(1):17–30. doi:10.1016/j.jcf.2022.10.002  

10. Tümmler B, Pallenberg ST, Dittrich AM, et al. Progress of personalized medicine in cystic fibrosis in the era of 

efficient CFTR modulators. Mol Cell Pediatr. 2025;12(1):6. doi:10.1186/s40348-025-00194-0 

11. Trimble A, Zeman K, Wu J, et al. Effect of airway clearance therapies on mucociliary clearance in adults with cystic 

fibrosis: a randomised controlled trial. PLoS One. 2022;17(5):e0268622. doi:10.1371/journal.pone.0268622. 

12. Warnock L, Gates A. Airway clearance techniques compared to none for cystic fibrosis. Cochrane Database Syst 

Rev. 2023;4:CD013610. doi:10.1002/14651858.CD013610.pub2 

13. Stallings VA, et al. Pancreatic enzyme replacement therapy in cystic fibrosis: clinical practice and patient outcomes. 

J Cyst Fibros. 2024;23(1):e1-e9. doi:10.1016/j.jcf.2023.08.004. 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 8 

 

14. Dawson S, Girling C-J, Cowap L, Clark-Carter D. Psychological interventions for improving adherence to inhaled 

therapies in people with cystic fibrosis. Cochrane Database Syst Rev. 2023;3:CD013766. 

doi:10.1002/14651858.CD013766.pub2. 

15. Tran QT, Aliaj E, Olmsted MG, Hempstead SE, Lomas PH, Brown RF, Flume PA, et al. People with cystic fibrosis 

and care teams share how CF care can change to meet patient needs. J Cyst Fibros. 2024;23(6):1066–1071. 

doi:10.1016/j.jcf.2024.09.002. 

16. Pessoa E, Ferreira M, Baixinho CL. Telerehabilitation in children and adolescents with cystic fibrosis: a scoping 

review. Healthcare (Basel). 2024;12(10):971. doi:10.3390/healthcare12100971. 

17. Heinz KD, Walsh A, Southern KW, et al. Exercise versus airway clearance techniques for people with cystic fibrosis. 

Cochrane Database Syst Rev. 2022;(6):CD013285. doi:10.1002/14651858.CD013285.pub2. 

18. Caterini JE, Op’t Veld B, Hebestreit H. Exercise intolerance in cystic fibrosis – the role of CFTR and oxygen 

transport pathways. Pediatr Pulmonol. 2022;57(6):1503–1512. doi:10.1002/ppul.25275. 

19. Radtke T, Hebestreit H, Radtke T, et al. Cardiopulmonary exercise testing provides prognostic information in 

advanced cystic fibrosis. Am J Respir Crit Care Med. 2024;preprint. 

20. Du Berry C, Lauzon M, Hebestreit H, et al. Associations between peak oxygen uptake, lung function and prognosis 

in cystic fibrosis. Pediatr Pulmonol. 2021;56(8):2624–2632. doi:10.1002/ppul.25275. 

21. Radtke T, et al. Exercise training in cystic fibrosis: A systematic review and meta-analysis. Sports Med. 

2022;52(6):1381–1403. doi:10.1007/s40279-021-01594-3 

22. Curran M, Tierney AC, Collins L, Kennedy L, McDonnell C, Jurascheck AJ, Sheikhi A, Walsh C, Button B, Casserly 

B, Cahalan R. Steps Ahead: Optimising physical activity in adults with cystic fibrosis: A pilot randomised trial using 

wearable technology, goal setting and text message feedback. J Cyst Fibros. 2023 May;22(3):570–576. doi: 

10.1016/j.jcf.2022.11.002 

23. Elborn JS, Manderscheid D, Summer D, et al. High-intensity interval training improves exercise capacity and 

ventilatory efficiency in adults with cystic fibrosis: a randomized controlled trial. J Cyst Fibros. 2021;20(5):793–

803. doi:10.1016/j.jcf.2021.03.002. 

24. Kinaupenne M, De Craemer M, Schaballie H, Vandekerckhove K, Van Biervliet S, Demeyer H. Physical activity 

and its correlates in people with cystic fibrosis. Eur Respir Rev. 2022;31(165):220010. doi:10.1183/16000617.0010-

2022. 

25. Hebestreit H, Hulzebos EHJ, Schneiderman JE, Karila C, Boas SR, Kriemler S, et al. Partially supervised 

conditioning improves capacity, exercise tolerance and quality of life in cystic fibrosis: A randomized controlled 

trial. Pediatr Pulmonol. 2021;56(2):388–397. doi:10.1002/ppul.25183 

26. Gruber W, Orenstein DM, Hebestreit A, Schneiderman JE, Kriemler S, Radtke T, et al. Long-term exercise training 

in children with cystic fibrosis: Effects on aerobic fitness and lung function. Pediatr Pulmonol. 2022;57(7). 

doi:10.1002/ppul.25966 

27. Sawyer A, Cavalheri V, Jenkins S, Wood J, Cecins N, Bear N, Singh B, Gucciardi D, Hill K. High-Intensity Interval 

Training Is Effective at Increasing Exercise Endurance Capacity and Is Well Tolerated by Adults with Cystic 

Fibrosis. J Clin Med. 2020;9(10):3098. doi:10.3390/jcm9103098. 

28. Capasso CR, Miniato AL, Di Filippo P, Di Ludovico A, Di Pillo S, Chiarelli F, Sferrazza Papa GF, Attanasi M. The 

Impact of Physical Activity on Clinical Outcomes in Children with Cystic Fibrosis: A Narrative Review. Children. 

2025;12(3):831. doi: 10.3390/children12030831 

29. Savi D, et al. Physical activity and glucose metabolism in cystic fibrosis. J Cyst Fibros. 2021;20(5):789–792. 

doi:10.1016/j.jcf.2021.04.007 

30. Giannakoulakos S, Gioulvanidou M, Kouidi E, Peftoulidou P, Kyrvasili SS, Savvidou P, Deligiannis A, Tsanakas J, 

Hatziagorou E. Physical Activity and Quality of Life among Patients with Cystic Fibrosis. Children. 

2022;9(11):1665. doi: 10.3390/children9111665 

31. Hebestreit H, Kriemler S, Schneiderman JE, Hulzebos EHJ, van de Weert-van Leeuwen PBW, et al. Physical activity 

interventions ≥ 6 months probably improve VO₂peak in individuals with cystic fibrosis: a Cochrane systematic 

review. Cochrane Database Syst Rev. 2022;(8):CD002768. doi:10.1002/14651858.CD002768 

32. Gruet M, Reychler G, Radtke T. Aerobic exercise in adults with cystic fibrosis: A call for long-term trials. Eur 

Respir Rev. 2023;32(170):220186. doi:10.1183/16000617.0186-2022 

33. Ward N, Stiller K, Holland AE. Treadmill exercise improves mucociliary clearance and ease of expectoration in 

cystic fibrosis patients. Thorax. 2021;76(8):763–765. doi:10.1136/thoraxjnl-2021-217662 

34. Dwyer TJ, Elkins MR, Bye PT. The role of resistance training in cystic fibrosis: A systematic review. J Cyst Fibros. 

2021;20(3):495–505. doi:10.1016/j.jcf.2020.12.010 

35. Burtin C, Van Remoortel H, Vrijsen B, Gosselink R, Langer D, Proesmans M, et al. Impact of resistance training 

combined with neuromuscular electrical stimulation in cystic fibrosis: A pilot trial. Respir Med. 2022;191:106716. 

doi:10.1016/j.rmed.2021.106716 

36. Radtke T, Stevens D, Benden C, Hebestreit H, Kriemler S. The relationship between exercise capacity, muscle 

strength and lung function in cystic fibrosis: A systematic review. Healthcare (Basel). 2022;10(11):2205. 

doi:10.3390/healthcare10112205 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 9 

 

37. Lima JDA, Ribeiro-Samora GA, Ferreira JBD, Lima VP, Coelho CC, Macedo J, et al. Endurance, resistance and 

combined training on cardiorespiratory fitness and muscle strength in cystic fibrosis: A randomized controlled trial. 

J Cyst Fibros. 2023;22(3):510–517. doi:10.1016/j.jcf.2022.07.012 

38. Dwyer TJ, Rautela L, Elkins MR. Adherence benefits of combined training in cystic fibrosis: A pilot trial. BMJ 

Open Sport Exerc Med. 2023;9(1):e001529. doi:10.1136/bmjsem-2022-001529 

39. Sawyer A, Clancy O, Fothergill H, et al. Inspiratory muscle training in cystic fibrosis: A systematic review and 

meta-analysis. J Cyst Fibros. 2021;20(6):1005–1014. doi:10.1016/j.jcf.2021.05.004 

40. Kaeotawee P, Boonpheng B, Jantarapong Y, Wongchalee W, Keawutan P. Effect of inspiratory muscle training on 

respiratory muscle strength and functional capacity in children and adolescents with cystic fibrosis: A randomized 

controlled trial. Front Pediatr. 2022;10:942076. doi:10.3389/fped.2022.942076 

41. Moran F, Bradley JM, Piper AJ. Combined IMT and exercise training in cystic fibrosis: A randomised controlled 

trial. Thorax. 2022;77(9):895–902. doi:10.1136/thoraxjnl-2021-217743 

42. Poulsen M, Holland AE, Button B, Jones AW, et al. Preferences and perspectives regarding telehealth exercise 

interventions for adults with cystic fibrosis: A qualitative study. Pediatr Pulmonol. 2024;59(5):1217–1226. 

doi:10.1002/ppul.26889 

43. Pessoa E, Ferreira M, Baixinho CL. Telerehabilitation in Children and Adolescents with Cystic Fibrosis: A Scoping 

Review. Healthcare (Basel). 2024;12(10):971. doi:10.3390/healthcare12100971 

44. Qin Y, Hamana K, Gale NS. Remote exercise services for people with cystic fibrosis: experiences and perceptions 

from people with cystic fibrosis and members of cystic fibrosis multidisciplinary teams. Disabil Rehabil. 2024. 

doi:10.1080/09638288.2024.2420832 

45. Radtke T, Hulzebos EHJ, Schneiderman JE, et al. Physical activity interventions for ≥ 6 months probably improve 

exercise capacity versus usual care in people with cystic fibrosis: a Cochrane systematic review. Cochrane Database 

Syst Rev. 2022;(8):CD002768. doi:10.1002/14651858.CD002768 

46. Ladune R, Filleul V, Falzon C, et al. Perceptions of barriers to and facilitators of physical activity in adults with 

cystic fibrosis. Physiother Theory Pract. 2023;39(1):117–127. doi:10.1080/09593985.2021.2005201 

47. Smith TP, et al. Pulmonary exacerbations and their impact on exercise participation in individuals with cystic fibrosis: 

A longitudinal observational study. Thorax. 2024;79(2):155–162. doi:10.1136/thorax-2023-220118 

48. Saynor ZL, Gruet M, McNarry MA, Button B, Morrison L, Wagner M, Sawyer A, Hebestreit H, Radtke T, Urquhart 

DS; European Cystic Fibrosis Society Exercise Working Group. Guidance and standard operating procedures for 

functional exercise testing in cystic fibrosis. Eur Respir Rev. 2023;32(169):230029. doi:10.1183/16000617.0029-

2023 

49. Hurley N, Moyna NM, Kehoe B, McCaffrey N, Redmond K, Hardcastle SJ. Factors influencing physical activity in 

adults with cystic fibrosis. BMC Pulm Med. 2021;21(1):113. doi:10.1186/s12890-021-01482-x. 

50. Philipsen LKD, Barker AR, Williams CA, et al. Changes in exercise capacity in people with cystic fibrosis following 

interventions. J Cyst Fibros. 2024;23(4):621–9. doi:10.1016/j.jcf.2024.01.010 

51. Denford S, et al. Social support and exercise engagement in cystic fibrosis: A mixed-methods study. BMC Pulm 

Med. 2023;23:144. doi:10.1186/s12890-023-02314-y 

52. Hebestreit H, et al. Positive exercise experiences and intrinsic motivation in cystic fibrosis: Implications for long-

term participation. Eur Respir Rev. 2025;34(175):230190. doi:10.1183/16000617.0190-2023 

53. Hebestreit H, Hulzebos EH, Schneiderman JE, et al. Cardiopulmonary exercise testing provides additional 

prognostic information in cystic fibrosis. J Cyst Fibros. 2022;21(2):265-273. doi:10.1016/j.jcf.2021.08.011 

54. Radtke T, Nevitt SJ, Hebestreit H, Kriemler S. Physical exercise training for cystic fibrosis. Cochrane Database Syst 

Rev. 2022;11:CD002768. doi:10.1002/14651858.CD002768.pub6 

55. Saynor ZL, Barker AR, Oades PJ, Williams CA. Exercise testing and prescription in cystic fibrosis. Expert Rev 

Respir Med. 2023;17(2):161-173. doi:10.1080/17476348.2022.2136107 

56. Hebestreit H, Radtke T, Kriemler S, et al. Exercise prescription and training in cystic fibrosis: from evidence to 

practice. Eur Respir Rev. 2023;32(169):230022. doi:10.1183/16000617.0022-2023 

57. Kaltsakas G, Barker AR, Oades PJ, Williams CA. Interval versus constant-load exercise training in adults with cystic 

fibrosis: effects on oxygen desaturation and breathlessness. Eur Respir J. 2021;58(2):2000165. 

doi:10.1183/13993003.00165-2020 

58. Taylor-Cousar JL, Jain R, Barto TL, et al. Sweat electrolyte losses during exercise in cystic fibrosis: implications 

for fluid and salt replacement. J Appl Physiol. 2021;130(2):478-486. doi:10.1152/japplphysiol.00513.2020 

59. Zemanick ET, Taylor-Cousar JL. Hemoptysis in cystic fibrosis: pathophysiology, management, and prevention 

strategies. Clin Chest Med. 2021;42(4):651-666. doi:10.1016/j.ccm.2021.08.004 

60. Saynor ZL, Barker AR, Oades PJ, Williams CA. Exercise testing and prescription in cystic fibrosis. Expert Rev 

Respir Med. 2023;17(2):161-173. doi:10.1080/17476348.2022.2136107 

61. Hurley N, Kehoe B, McCaffrey N, Redmond K, Cullen L, Moyna NM. Recommendations to improve physical 

activity prescription for the cystic fibrosis population: an Irish perspective. BMC Health Serv Res. 2020 Nov 

19;20(1):1052. doi:10.1186/s12913-020-05910-2 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 10 

 

62. Ferreira A, et al. Effects of a remotely supervised resistance training program on muscle strength and body 

composition in adults with cystic fibrosis: Randomized controlled trial. Scand J Med Sci Sports. 2024 

Jan;34(1):e14564. doi: 10.1111/sms.14564 

63. Radtke T, Smith S, Nevitt SJ, Hebestreit H, Kriemler S. Effectiveness of physical exercise interventions on 

pulmonary function and physical fitness in children and adults with cystic fibrosis: a systematic review with meta-

analysis. Clin Rehabil. 2022;36(12):1438–1454. 

64. European Cystic Fibrosis Society Exercise Working Group. Guidance and standard operating procedures for 

functional exercise testing in cystic fibrosis. Eur Respir Rev. 2023;32(169):230029. doi:10.1183/16000617.0029-

2023. 

65. Cox NS, et al. Physical activity and exercise training in cystic fibrosis. Cochrane Database Syst Rev. 2022 

Nov;(11):CD002768. 

66. Morrison A, et al. Preferences and perspectives regarding telehealth exercise interventions for adults with cystic 

fibrosis. J Cyst Fibros. 2024; (Epub ahead of print). doi:10.1002/ppul.26889. 

 


