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Abstract

Bronchiectasis is a chronic respiratory disease characterized by irreversible bronchial dilation, persistent infection, and 
ongoing airway inflammation. Beyond pulmonary damage, it is increasingly recognized as a systemic condition with important 
extrapulmonary manifestations. Among these, skeletal muscle dysfunction and sarcopenia are clinically significant, contribu-
ting to exercise intolerance, reduced physical activity, impaired quality of life, and poorer outcomes. The mechanisms under-
lying muscle impairment are multifactorial, involving chronic systemic inflammation, physical inactivity and deconditioning, 
altered protein metabolism, hypoxemia, oxidative stress, nutritional abnormalities, aging, and comorbidities. Sarcopenia – 
defined as the loss of muscle mass and function – is particularly relevant in older individuals and patients with advanced 
disease. This review summarizes current clinical evidence on skeletal muscle dysfunction and sarcopenia in bronchiectasis, 
outlines the key biological mechanisms involved, and discusses their clinical implications and potential therapeutic strategies. 
Early recognition and comprehensive, multidisciplinary interventions targeting both pulmonary and systemic factors are 
essential to improve functional status and prognosis.
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Introduction

Bronchiectasis is a chronic and heterogeneous 
respiratory disease characterized by abnormal and 
permanent dilation of the bronchi, chronic cough, spu-
tum production, recurrent respiratory infections, and 
progressive airflow limitation. Historically considered a 
localized airway disorder, bronchiectasis is now widely 
recognized as a systemic disease with important 
extrapulmonary manifestations that significantly influ-
ence functional status, quality of life, and prognosis. 
Among these systemic consequences, skeletal muscle 

dysfunction has gained increasing attention as a major 
determinant of exercise limitation and disability.

Skeletal muscle dysfunction in bronchiectasis encom-
passes a range of abnormalities, including reduced 
muscle strength, impaired endurance, decreased oxi-
dative capacity, and alterations in muscle mass and 
composition. These changes may be present even in 
patients with mild-to-moderate pulmonary impairment, 
suggesting that factors beyond lung mechanics contrib-
ute to muscle involvement. Sarcopenia, defined as the 
combined loss of muscle mass and muscle function, 
represents a more advanced and clinically impactful 
manifestation of muscle impairment.
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Recent studies, including those published by our 
group,1,2 have provided contemporary evidence demon-
strating that muscle dysfunction and sarcopenia are 
prevalent in chronic respiratory diseases such as bron-
chiectasis and are associated with disease severity, 
reduced exercise capacity, and poorer functional out-
comes. These findings reinforce the concept of bron-
chiectasis as a systemic disease and highlight the need 
to better understand the mechanisms underlying skele-
tal muscle impairment. This review aims to summarize 
current clinical evidence and discuss the most relevant 
biological mechanisms involved in skeletal muscle dys-
function and sarcopenia in bronchiectasis. This review 
further outlines potential therapeutic strategies to com-
bat sarcopenia in patients with bronchiectasis.

Muscle dysfunction and sarcopenia in 
bronchiectasis

Sarcopenia is closely linked to muscle dysfunction 
in patients with bronchiectasis, manifesting as reduced 
muscle mass, strength, and endurance, which neg-
atively impact clinical outcomes. In bronchiectasis, 
impaired muscle function – particularly reduced leg 
strength and core endurance – has been shown to 
correlate with worse dyspnea, decreased health-related 
quality of life, and diminished functional capacity over 
time.3-5 This relationship is underpinned by altered 
body composition, including lower appendicular muscle 
index and increased prevalence of osteopenia, espe-
cially in females with bronchiectasis.3

The pathophysiology involves systemic factors such 
as chronic inflammation, physical inactivity, and nutri-
tional deficits, which drive muscle catabolism and 
atrophy, leading to sarcopenia and subsequent mus-
cle dysfunction.5 Sarcopenia in chronic respiratory 
diseases is also associated with reduced respiratory 
muscle strength and function, further contributing to 
exercise intolerance and disability.2,6 The Japanese 
Association of Rehabilitation Nutrition defines respira-
tory sarcopenia as the coexistence of whole-body sar-
copenia and low respiratory muscle mass and strength, 
which can progress to sarcopenic respiratory disability if 
functional impairment develops.6 Sarcopenia and mus-
cle dysfunction are interrelated in bronchiectasis, with 
sarcopenia contributing to impaired muscle function and 
both conditions jointly worsening clinical outcomes such 
as dyspnea, quality of life, and exercise capacity.3-6

Clinical studies consistently report the presence of 
peripheral skeletal muscle dysfunction in patients with 
bronchiectasis. Reduced muscle strength, particu-
larly in the lower limbs, is one of the most frequently 
described abnormalities and can be detected using 

simple clinical tools such as quadriceps or handgrip 
strength assessment. Importantly, muscle weakness 
has been reported even in patients with preserved lung 
function, indicating that skeletal muscle impairment 
cannot be fully explained by airflow limitation alone.

In recent studies published by our group,2 we demon-
strated that patients with bronchiectasis exhibit signifi-
cant reductions in lower-limb muscle strength compared 
with reference values. Muscle strength was strongly 
associated with exercise performance, while its rela-
tionship with pulmonary function was weaker, support-
ing an independent contribution of peripheral muscle 
dysfunction to exercise limitation. Furthermore, ultra-
sonography revealed decreased muscle thickness and 
area, whereas magnetic resonance imaging demon-
strated increased fat infiltration, which positively corre-
lated with the bronchiectasis severity scores.2 Structural 
parameters (proportions of hybrid fibers, internal nuclei, 
abnormal fibers, and apoptotic nuclei) were significantly 
greater in the vastus lateralis of patients than in con-
trols and inversely correlated with quadriceps muscle 
function and exercise capacity in the former.2

Beyond strength deficits, patients with bronchiecta-
sis frequently exhibit reduced muscle endurance and 
impaired aerobic capacity. These abnormalities con-
tribute to early muscle fatigue during exercise and 
daily activities.4-6 Reduced physical activity levels are 
commonly observed and are closely linked to mus-
cle dysfunction, creating a vicious cycle of inactiv-
ity, deconditioning, and further functional decline.4-6 
Skeletal muscle dysfunction has important clinical 
consequences, including reduced exercise tolerance, 
increased dyspnea and fatigue, impaired quality of life, 
and reduced ability to cope with disease exacerbations. 
Collectively, these findings highlight skeletal muscle 
impairment as a key extrapulmonary feature of bron-
chiectasis with major functional relevance.2-6

Mechanisms leading to muscle dysfunction 
and sarcopenia in bronchiectasis

Clinical factors

The clinical factors that lead to muscle dysfunc-
tion and sarcopenia in patients with bronchiectasis 
include older age, female sex, lower body mass index 
(BMI), increased dyspnea, reduced exercise capac-
ity, and frequent exacerbations.2-6 These factors are 
associated with reduced peripheral muscle strength, 
impaired core endurance, and altered body composi-
tion, such as decreased appendicular muscle index 
and increased prevalence of osteopenia, particularly 
in females (Fig. 1).3-6
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Physical inactivity and deconditioning represent major 
contributors to muscle dysfunction. Symptoms such 
as dyspnea, fatigue, and cough often lead patients to 
reduce their physical activity levels. Prolonged inactiv-
ity results in reduced oxidative enzyme activity, mito-
chondrial dysfunction, decreased capillary density, 
and a shift toward a more fatigable muscle phenotype. 
Physical inactivity also interacts with inflammation and 
aging, amplifying muscle impairment.

Aging and comorbidities such as cardiovascular dis-
ease, diabetes, and osteoporosis further increase vul-
nerability to muscle dysfunction, particularly in patients 
with long-standing disease (Fig. 1).3-6

Biological mechanisms

The mechanisms underlying skeletal muscle dysfunc-
tion in bronchiectasis are complex and multifactorial, 
involving the interaction of disease-related, behavioral, 
and host-related factors. Chronic systemic inflammation 
plays a central role. Persistent airway infection and 
inflammation can lead to the release of pro-inflam-
matory mediators into the systemic circulation, pro-
moting catabolic signaling pathways in skeletal muscle 
and impairing protein synthesis. Recurrent exacerba-
tions may further amplify this inflammatory burden and 
accelerate muscle decline. Studies investigating the 
mechanisms involved in the pathophysiology of sar-
copenia in patients with bronchiectasis are currently 
underway. However, based on the existing literature 

in patients with chronic obstructive pulmonary disease 
(COPD), it is reasonable to assume that several of the 
underlying mechanisms may also be shared with bron-
chiectasis-associated sarcopenia.

Chronic systemic inflammation, recurrent infections, 
oxidative stress, physical inactivity, nutritional deficits, 
and hormonal imbalances drive muscle dysfunction 
and sarcopenia in bronchiectasis.7-9 Neutrophil-driven 
airway inflammation, elevated neutrophil elastase, and 
cytokine release contribute to muscle catabolism and 
impaired regeneration, as previously shown in the limb 
muscles of patients with COPD.10-15 Oxidative stress 
and mitochondrial dysfunction further promote muscle 
wasting and reduce muscle function in patients with other 
chronic respiratory diseases, namely COPD.11,12,16-22  
Age-related changes, including reduced myofiber size 
and number, increased fat infiltration (myosteatosis), 
and altered muscle-bone endocrine signaling, exac-
erbate sarcopenia in bronchiectasis.2,10 In addition, 
impaired mucociliary clearance and hypoxia may indi-
rectly worsen muscle dysfunction by increasing dis-
ease severity and limiting physical activity in these 
patients.9

Alterations in muscle protein metabolism are another 
key mechanism. An imbalance between protein syn-
thesis and degradation favors muscle wasting, driven 
by increased activation of proteolytic pathways and 
reduced anabolic signaling in COPD-associated sar-
copenia.11,13,16 Anabolic resistance, particularly in 
older patients, may also limit the muscle response to 

Figure 1. An overview of the most relevant clinical contributors to sarcopenia and muscle dysfunction in patients 
with bronchiectasis.
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nutritional intake and exercise. Exposure to systemic 
corticosteroids, when present, may exacerbate muscle 
protein breakdown in both COPD and bronchiectasis 
patients with sarcopenia.

Hypoxemia and oxidative stress further contribute 
to skeletal muscle dysfunction. Chronic or exertional 
hypoxemia impairs mitochondrial oxidative phospho-
rylation, whereas increased reactive oxygen species 
(ROS) production leads to oxidative damage of mus-
cle proteins and organelles. Nutritional abnormalities, 
including low energy intake, protein deficiency, and 
micronutrient deficits, are common in bronchiectasis 
patients and contribute to their reduced muscle mass 
and function.9,11-13,16

Oxidative stress in blood and muscles, as well as 
endoplasmic reticulum (ER) stress, are central con-
tributors to the development of muscle dysfunction 
and sarcopenia in patients with COPD and bronchi-
ectasis. In bronchiectasis, systemic and muscle-spe-
cific oxidative stress is characterized by elevated 
levels of ROS, increased protein carbonylation, and 
reduced antioxidant defenses such as catalase and 
superoxide dismutase activity. This redox imbalance 
directly impairs muscle contractility, promotes pro-
tein degradation via activation of proteolytic pathways 
(e.g.,  ubiquitin-proteasome system), and disrupts 
mitochondrial function, leading to muscle atrophy 
and reduced physical capacity11-20,23,34 in patients 
with COPD and bronchiectasis. ROS also activates 

redox-sensitive signaling pathways (NF-κB, FoxO), 
which further drive muscle catabolism and structural 
disruption (Fig. 2).11,34

ER stress arises when misfolded or unfolded pro-
teins accumulate in the ER, triggering the unfolded 
protein response (UPR). In respiratory diseases, 
including bronchiectasis, ER stress is upregulated in 
skeletal muscle, particularly in sarcopenic patients. 
This maladaptive response activates UPR branches 
(PERK, ATF6, IRE1-α), leading to increased auto-
phagy, apoptosis, and impaired muscle regeneration, 
which contribute to muscle wasting and weakness in 
patients with COPD.35,36 ROS generated during oxi-
dative stress may also exacerbate ER stress, creating 
a vicious cycle that amplifies muscle dysfunction in 
COPD.35-37 In patients with bronchiectasis, ER stress 
was also shown in the quadriceps muscle (unpub-
lished observations).

Together, oxidative stress and ER stress synergisti-
cally promote muscle protein degradation, impair mus-
cle repair, and accelerate sarcopenia in bronchiectasis, 
resulting in reduced muscle mass, strength, and func-
tional capacity (Fig. 2).11,25,27,28,33-38

Muscle dysfunction and sarcopenia in bronchiectasis 
arise from a combination of clinical risk factors and bio-
logical mechanisms, including chronic inflammation, oxi-
dative stress, physical inactivity, nutritional deficits, and 
hormonal changes, all of which contribute to reduced 
muscle mass, strength, and function.11,25,27,28,33-38

Figure 2. An overview of the interrelation between biological mechanisms such as oxidative stress and endoplasmic 
reticulum (ER) stress in skeletal muscles of patients with bronchiectasis.
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Sarcopenia as a multidimensional clinical 
entity in bronchiectasis

Sarcopenia represents a clinically meaningful man-
ifestation of skeletal muscle impairment in bronchiec-
tasis. Using contemporary diagnostic criteria, recent 
studies2-6 have reported a high prevalence of sarcope-
nia in patients with bronchiectasis. Sarcopenia is asso-
ciated with reduced muscle strength, impaired physical 
performance, and greater disease severity.

Importantly, these studies demonstrated that sarco-
penia in bronchiectasis is not solely driven by low body 
weight or reduced lung function, but rather reflects a 
multidimensional process involving muscle mass, mus-
cle quality, and physical performance. Sarcopenia was 
associated with worse functional outcomes and greater 
systemic disease burden, supporting its relevance as a 
clinical marker and therapeutic target.2,4-6,24

Despite its clinical importance, sarcopenia remains 
underrecognized in routine practice. Integrating muscle 
mass and strength assessment into the evaluation of 
patients with bronchiectasis may allow earlier identifi-
cation of high-risk individuals and more personalized 
management strategies.

Therapeutic interventions

Exercise training is a cornerstone intervention for 
skeletal muscle dysfunction and sarcopenia in bron-
chiectasis. Resistance training is particularly effective 
in improving muscle strength and mass, while endur-
ance training enhances oxidative capacity and fatigue 
resistance. Pulmonary rehabilitation programs tailored 
to patients with bronchiectasis have demonstrated 
improvements in exercise tolerance, physical activity 
levels, and quality of life.39-45

Nutritional optimization is essential to support mus-
cle maintenance and adaptation to exercise. Adequate 
energy and protein intake should be ensured, and nutri-
tional supplementation may be beneficial in selected 
sarcopenic patients. Addressing vitamin D and other 
micronutrient deficiencies may provide additional ben-
efits.40-44,46-49 Disease-targeted strategies aimed at 
reducing airway infection, controlling inflammation, 
and preventing exacerbations may also indirectly ben-
efit skeletal muscle by reducing systemic inflammatory 
burden and metabolic stress. Given the multifactorial 
nature of muscle dysfunction, integrated multidiscipli-
nary approaches are likely required (Fig. 3).41,44,45,49-51

The most effective evidence-based interventions to 
prevent or reverse muscle dysfunction and sarcopenia 
in patients with bronchiectasis are structured exercise 
training (especially resistance and balance training), 

optimized protein-based nutritional support, and pul-
monary rehabilitation.40-51

Supervised exercise training, including resistance 
and aerobic modalities, improves functional exer-
cise tolerance, muscle strength, and quality of life 
in bronchiectasis, with clinically meaningful gains in 
walk distance and reduced exacerbation rates imme-
diately post-intervention. However, sustained benefits 
require ongoing participation, as effects diminish after 
cessation of structured programs.39,44,48,49 Pulmonary 
rehabilitation is specifically recommended for bronchi-
ectasis patients with impaired exercise tolerance by the 
European Respiratory Society and the British Thoracic 
Society (Fig. 3).39,44,51

Combining resistance and balance training with pro-
tein-based nutritional supplementation (e.g., 1.0-1.5 
g/kg/day protein, with leucine and vitamin D) yields 
the greatest improvements in muscle strength, mass, 
and physical function in general sarcopenic popula-
tions, and this approach is supported by high-certainty 
evidence.42,44,46,47 Adequate protein intake, anti-in-
flammatory nutrients (such as omega-3 fatty acids), 
and probiotics may further enhance muscle health 
and reduce inflammation, which is relevant given the 
chronic inflammatory milieu in bronchiectasis.39,46

Anti-inflammatory pharmacologic therapies (e.g., cor-
ticosteroids) are not routinely recommended for bron-
chiectasis unless there is coexisting asthma or COPD, 
due to infection risk.9,50 Instead, non-pharmacologic 
anti-inflammatory strategies – such as exercise and 
nutrition – are prioritized. The optimal approach is a 
multimodal intervention combining resistance and bal-
ance exercise, protein-rich nutrition, and pulmonary 
rehabilitation, tailored to the patient’s functional status 
and comorbidities (Fig. 4).42,44,46-49

In patients with bronchiectasis, the latest randomized 
controlled trials and meta-analyses show that multi-
modal interventions – specifically resistance and bal-
ance exercise combined with protein-rich nutrition and 
pulmonary rehabilitation – produce clinically mean-
ingful short-term improvements in muscle strength, 
mass, and physical function in patients with sarcope-
nia, including those with chronic respiratory diseases 
such as bronchiectasis. However, long-term sustaina-
bility and adherence rates are suboptimal, with benefits 
often diminishing after cessation of structured pro-
grams.5,42,51-54 It should be mentioned that in meta-anal-
yses and systematic reviews of interventions in general 
sarcopenia and in bronchiectasis patients, the popula-
tions were predominantly older adults (median age > 70 
years), with a high proportion of women, and included 
both community-dwelling and institutionalized individ-
uals, but studies specific to bronchiectasis focused 
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on ambulatory, non-institutionalized adults with stable 
disease.42,53,55 Randomized controlled trials and longi-
tudinal studies enrolled adults with established bronchi-
ectasis, frequently excluding those with cystic fibrosis, 
significant comorbidities, or severe malnutrition, with 
limited generalizability (Fig. 4).42,53,55

In bronchiectasis patients, a randomized control 
trial with 12-month follow-up demonstrated that super-
vised exercise training (8 weeks) followed by monthly 

telephone support improved exercise capacity and 
reduced exacerbations at 9 weeks, but these gains 
were not sustained at 6 or 12 months, highlighting 
challenges in long-term adherence and maintenance 
of effect.39,51 Meta-analyses in sarcopenia populations 
confirm that resistance and balance training with pro-
tein supplementation yields the greatest improvements 
in grip strength, gait speed, and muscle mass, but 
most trials have intervention durations of 8-24 weeks, 

Figure 3. An overview of the clinical impact of sarcopenia in patients with bronchiectasis and therapeutic options. 
Structural muscle abnormalities (hybrid fibers, internal nuclei, apoptotic nuclei) in the vastus lateralis inversely 
correlate with quadriceps function and exercies capacity (Alvarado-Miranda et al.).2

Figure 4. A general overview of the different therapeutic interventions in patients with bronchiectasis.
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and sustained effects beyond this period are rarely 
observed unless ongoing support or structured fol-
low-up is provided (Fig. 4).42,53,55,56

Adherence rates to pulmonary rehabilitation and 
exercise programs in bronchiectasis patients are low, 
with < 20% of eligible patients referred and even fewer 
completing long-term programs.51 Strategies to improve 
sustainability include ongoing behavioral support, inte-
gration of home-based or tele-rehabilitation models, 
and individualized, progressive exercise prescriptions 
(Figs. 3 and 4).40,51,57

Multimodal interventions are effective in the short 
term, but long-term sustainability and adherence remain 
major challenges, with benefits waning after program 
completion unless ongoing support is provided.

Despite growing recognition of skeletal muscle dys-
function and sarcopenia in bronchiectasis, important 
research gaps remain. Much of the current knowledge 
is derived from cross-sectional studies or extrapo-
lated from COPD, while disease-specific mechanistic 
investigations in bronchiectasis are still limited. The 
relative contribution of biological processes such as 
systemic inflammation, oxidative stress, mitochondrial 
dysfunction, and altered muscle protein metabolism 
requires further clarification. In addition, standardized 
approaches for the identification and monitoring of sar-
copenia in bronchiectasis are lacking. Future longitu-
dinal studies and well-designed randomized trials are 
needed to better define the natural history of muscle 
impairment and to evaluate targeted multimodal inter-
ventions in this population.

Conclusion

Skeletal muscle dysfunction and sarcopenia are 
important and underrecognized extrapulmonary man-
ifestations of bronchiectasis. Sarcopenia and muscle 
dysfunction in patients with bronchiectasis are driven 
by a multifactorial interplay of clinical and biological fac-
tors, including older age, female sex, low BMI, physical 
inactivity, frequent exacerbations, and chronic inflam-
mation.58,59 Oxidative stress in blood and muscle tis-
sue, as well as ER stress, further contribute to muscle 
catabolism, impaired regeneration, and mitochondrial 
dysfunction, exacerbating muscle loss and weakness 
(Fig. 5).40,41,60

Evidence-based interventions focus on resistance 
and balance training, pulmonary rehabilitation, and 
protein-rich nutritional support, which together improve 
muscle strength, mass, and functional outcomes; how-
ever, long-term sustainability and adherence are limited 
without ongoing behavioral or technological sup-
port.10,61,62 Patient populations in relevant studies are 
typically adults with non-cystic fibrosis bronchiectasis, 
characterized by impaired exercise tolerance, reduced 
muscle strength, and a range of nutritional and func-
tional statuses, with most studies excluding those with 
severe comorbidities or recent exacerbations (Fig. 5).59

Overall, an integrated, multimodal approach is 
required to address sarcopenia and muscle dysfunction 
in bronchiectasis, targeting both clinical and molecular 
mechanisms while recognizing the challenges of main-
taining intervention effects over time. Early recognition 

Figure 5. Schematic representation of the key concepts discussed in the review.



BRN Rev. 2026;12(2)

70

and targeted, multidisciplinary interventions addressing 
both pulmonary and systemic factors are essential to 
improve functional status and prognosis in patients with 
bronchiectasis.
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