
Editorial: Osteoporosis,
sarcopenia and muscle-bone
crosstalk in COPD

Yongchang Sun1*, Lijiao Zhang1, Hua Cai2 and Yahong Chen1

1Department of Respiratory and Critical Care Medicine, Peking University Third Hospital, and Research
Center for Chronic Airway Diseases, Peking University Health Science Center, Beijing, China,
2Department of Anesthesiology, Department of Medicine, David Geffen School of Medicine, University
of California Los Angeles, Los Angeles, CA, United States

KEYWORDS

COPD, comorbidity, sarcopenia, osteoporosis, muscle-bone crosstalk

Editorial on the Research Topic

Osteoporosis, sarcopenia and muscle-bone crosstalk in COPD

Chronic obstructive pulmonary disease (COPD), characterized by persistent airflow

limitation and respiratory symptoms, and mostly associated with cigarette smoking, is a

prevalent chronic airway disease with high morbidity and mortality worldwide. COPD is

further complicated by systemic diseases/comorbidities, such as skeletal muscle

dysfunction/sarcopenia and osteoporosis, among others, which contribute significantly

to poor outcomes of the disease.

A recent meta-analysis showed that the overall pooled prevalence of osteoporosis in

patients with COPD was 38% (95%CI, 34%–43%), while lower BMI and sarcopenia were

risk factors for osteoporosis in COPD (Chen et al., 2019), in addition to the use of

glucocorticoids in these patients. The underlying mechanistic links between COPD and

osteoporosis have received much attention, but still remain elusive, although there is

evidence suggesting that systemic inflammation, presumably resulting from “overspill” of

inflammatory mediators from the lungs (Sinden and Stockley, 2010), may play key roles,

among other factors, in the pathogenesis of COPD-related osteoporosis. At the cellular

level, bone loss mainly results from excessive resorption by osteoclasts, whose

differentiation and activation are dependent on receptor activator of nuclear factor-κB
ligand (RANKL). Our previous studies revealed higher level of RANKL in COPD, and in a

recent study, we found that IL-17A contributed to bone loss induced by long-term

cigarette smoke (CS) exposure in a well-established mouse model of COPD, probably

through its proinflammatory effects and upregulation of RANKL expression in bone

tissues (Xiong et al., 2020). These results suggest that COPD and its comorbidities may

have common links, as IL-17 has also been implicated in the pathogenesis of lung diseases.

In fact, an earlier study by Tsantikos et al. demonstrated that granulocyte colony-

stimulating factor (G-CSF) might play a central and pathogenic role in COPD and its

complex comorbidities including osteoporosis, loss of fat reserves and heart abnormalities

(Tsantikos et al., 2018).
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Similar to osteoporosis, sarcopenia affects a large number of

COPD patients, with an overall pooled prevalence of 27.5% (95%

CI, 18.4%–36.5%) (Sepúlveda-Loyola et al., 2020), while the

prevalence increased with age, degree of airflow limitation and

severity of disease (Jones et al., 2015). The confirmation of

sarcopenia requires detection of low muscle quantity and

quality, while poor physical performance is indicative of

severe sarcopenia (Cruz-Jentoft et al., 2019). Ultrasonography

is a noninvasive, nonradioactive tool used to measure muscle

quantity. Earlier studies in patients with COPD demonstrated

decreased size of the rectus femoris by grayscale ultrasound

measurements, which were related to pulmonary function, fat-

free mass, and physical performance (Seymour et al., 2009).

However, grayscale ultrasonography only provides a measure

of muscle quantity but not of muscle quality and function. Shear

wave ultrasound elastography (SWE) is a potentially novel tool to

evaluate qualitative muscle parameters. The study by Deng et al.

investigated the feasibility of SWE to measure the stiffness of the

rectus femoris and evaluated its value in predicting sarcopenia in

patients with COPD. Compared with grayscale ultrasonography,

SWE was not affected by the patient’s height, weight, or BMI and

better represented skeletal muscle function and physical

function, indicating that SWE is a potentially promising tool

to predict sarcopenia in patients with COPD.

Considering that chest CT is widely used for lung assessment

in COPD, concurrent measurement of the pectoris muscles has

emerged as a modality for evaluation of sarcopenia in COPD.

CT-derived pectoralis muscle area (PMA), a measure readily

accessible in the clinical setting, provided relevant information of

COPD morbidity (McDonald et al., 2014). The study by Qiao

et al. further compared the densities and areas of the pectoralis

muscles derived from chest CT scan between patients with

COPD and healthy controls and explored whether the PMA

and the pectoralis muscle attenuation (PMT) were associated

with clinical indices of the patients. They found that PMA and

PMT were lower in COPD patients, more significantly in those

with acute exacerbation, and were associated with severity of

emphysema and airway abnormalities. The study indicates that

CT-derived measurements of the pectoralis muscle were valuable

in detecting impaired muscle quantity and quality and predicting

FIGURE 1
Schematic diagram of muscle-bone crosstalk in COPD. FNDC5/irisin is decreased, whereas IL-6, myostatin (MSTN) and RANKL/RANK are
increased in skeletal muscles in COPD. Cigarette smoke extract (CSE), via enhanced p-ERK1/2, increases expression of MSTN, which further inhibits
FNDC5/irisin expression through p-Smad3/PGC-1α pathway. MSTN also promotes osteoclastogenesis and osteoclast differentiation by NFATc1.
Irisin upregulates sclerostin through integrin αV/β5 in the osteocytes, thereby inducing bone remodeling. RANKL activates the homologous
receptor RANK on the surface of osteoclasts and osteoclast precursors, and activated RANK causes the recruitment of the adapter protein TRAF6,
leading to NF-kB activation, thereby triggering the transcription of osteoclastogenic genes and bone resorption. Moreover, RANKL signaling can also
lead to muscle dysfunction by upregulation of MSTN and activation of the ubiquitin-proteasome system (MuRF1 and Atrogin1) and the NF-κb
pathway. OPG, the decoy receptor of RANKL, prevents osteoclast formation and bone loss. During exercise, muscle-derived IL-6 (mIL-6) acts on the
IL-6 receptor of osteoblasts and increases the production of RANKL through STAT3 signaling pathway, subsequently promoting osteoclast
differentiation and production of bioactive osteocalcin in osteoclasts. In turn, osteocalcin also enhances the production of mIL-6 during exercise,
and promotes myoblast differentiation and proliferation.
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disease severity of COPD. In addition to PMA, attenuation

measurement of the thoracic spine on routine chest CT may

also provide useful information on bone heath in patients with

COPD (Romme et al., 2012).

The underlying mechanisms linking COPD and comorbid

sarcopenia have been investigated in recent years. Multiple

factors have been proposed to contribute to muscle

dysfunction in COPD, including inactivity, ageing, use of

glucocorticoids, catabolic imbalance, nutritional changes, as

well as systemic and local inflammation, oxidative stress,

hypoxia and hypercapnia. These factors alone or in

combination can lead to a reduction in muscle mass,

deterioration of muscle bioenergy metabolism, defects in

muscle repair and regeneration mechanisms, apoptosis and

other anatomical and/or functional pathological changes,

resulting in a decrease in the muscles’ ability to work (Ma K,

et al). In another elegant and extensive review (Taivassalo T and

Hepple RT), the authors provided convincing evidence showing

that skeletal muscles of COPD patients exhibited an increased

frequency of mitochondrial permeability transition events, while

mitochondrial permeability transition was identified as a

mechanism of muscle atrophy operating through

mitochondrial reactive oxygen species (ROS) and caspase 3. It

is also interesting to note that, mice chronically exposed to CS

showed muscle atrophy, mitochondrial impairment, and

neuromuscular junction alterations, even in the absence of

significant lung disease, suggesting a role of long-term CS

exposure in initiating the muscle disease in COPD. Taivassalo

T and Hepple RT further analyzed the critical role of aryl

hydrocarbon receptor (AHR) in driving muscle impairment,

revealing novel pathways and potential targets for therapy of

sarcopenia in COPD.

Sarcopenia and osteoporosis share common risk factors in

COPD, including cigarette smoking, reduced level of physical

activity, systemic inflammation, and oxidative stress.

Furthermore, muscle and bone also serve as endocrine organs

by producing myokines and osteokines to participate in

reciprocal regulation, i.e. a mechanism of muscle-bone

crosstalk. However, the implications of muscle-bone crosstalk

in musculoskeletal comorbidity of COPD have been rarely

investigated (Zhang and Sun, 2021). Recent studies have

revealed the potential roles of a variety of myokines and

osteokines, such as IL-6 (Chowdhury et al., 2020), fibronectin

type III domain-containing protein 5 (FNDC5)/irisin (Zhang

et al., 2022), myostatin (Severinsen and Pedersen, 2020),

RANKL/RANK (Xiong et al., 2021) and osteocalcin

(Chowdhury et al., 2020), in the development of sarcopenia

and osteoporosis in COPD. Based on these findings, we

propose a muscle-bone crosstalk mechanism in the

pathogenesis of musculoskeletal comorbidity of COPD

(Figure 1). Identification of key molecules in the delicate

network of myokines and osteokines in the pathogenesis of

musculoskeletal diseases holds promise for precision therapies.

More clinically relevant is that, rehabilitation is an effective non-

pharmacological therapy for improving outcomes of COPD, but

its impact on the musculoskeletal comorbidity is

underappreciated. Further understanding of muscle-bone

crosstalk in physical exercise in COPD may provide evidence

for novel modalities of non-pharmacological management for a

disease currently without a pharmacological cure.
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