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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a 
clinical syndrome characterised by chronic respiratory 
symptoms, structural pulmonary abnormalities (airway 
disease, emphysema, or both), lung function impairment 
(primarily airflow limitation that is poorly reversible), or any 

combination of these.1 
It is the third leading 
cause of death world-
wide - COPD led to 3.2 
million deaths in 2017, 
a toll that is expected 
to reach 4.4 million 
yearly by 2040.2,3 With 
a worldwide disease 
prevalence of 10.1% 
and 6% all deaths, it 
is a major cause of 

chronic morbidity, where years of life lost prematurely has 
increased 13.2% between 2007 and 2017.
The relentless decline in lung function that characterises 
COPD is associated with progressive symptoms and 
functional impairment. Often, COPD patients have 
susceptibility to respiratory exacerbations, most com-
monly through infection. Exacerbations are responsible 
for much of the morbidity and mortality.4 By definition, 
a COPD exacerbation means an increase in dyspnoea, 
cough or sputum production, with or without symptoms 
of upper respiratory tract infection. 
Small airway diseases present with cough and dyspnoea. 
Often these symptoms may be the initial presentation 
of the illness, even preceding systemic manifestations. 
Symptoms may also commonly coexist with rheumatic 
autoimmune diseases (AIRDs). Thus, COPD is an um-
brella term for various pathological entities because of 
multiple causes resulting in airway obstruction that is not 
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ABSTRACT
Chronic obstructive pulmonary disease (COPD) is a lung disease that can affect various extra-
pulmonary organs; one being the musculoskeletal system. Skeletal muscle dysfunction and 
osteoporosis are two important musculoskeletal disorders that have an impact on the quality of life 
in COPD patients in terms of morbidity and mortality. Treatment related adverse effects of COPD 
such as steroid-induced myopathy and osteoporosis are well recognised. Other comorbidities like 
sarcopenia, cardiovascular disease, metabolic diseases (diabetes mellitus, obesity, and thyroid 
diseases), chronic kidney disease, sleep apnoea, anaemia, and depression are also noted, which 
can contribute to impaired health status, increased healthcare utilisation, and even mortality. As 
well, it has been shown that autoimmunity and autoimmune rheumatic diseases (AIRDs) are linked 
to COPD. In this mini-review, we intend to give an overview of different types of musculoskeletal 
disorders associated with COPD.
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fully reversible. Notably, almost every COPD patient is 
diagnosed with one or more comorbid conditions, where 
illnesses such as cardiovascular disease, depression and 
lung cancer have received the most attention. However, 
musculoskeletal symptoms remain under detected in 
routine clinical evaluations. 
There is an increased prevalence of COPD in autoimmune 
diseases, which suggests systemic autoimmunity could 
be a risk factor for its development.5 It is hypothesized 
that autoimmunity is causally related to the development 
of COPD, likely as a result of inflammation triggered by 
environmental factors like smoking.
Besides lung abnormalities, COPD can impact other 
organ systems leading to comorbidities.6-8 It is unclear 
whether these associations are a consequence of shared 
risk factors such as smoking, atmospheric pollution or 
low physical activity, or whether COPD itself is a genuine 
causal factor. The major extrapulmonary effects include 
skeletal muscle dysfunction and osteoporosis. Others 
include anaemia, cardiovascular diseases, lung cancer, 
and diabetes mellitus.

MATERIAL AND METHODS 
The authors performed a systematic search of patients 
with musculoskeletal dysfunction and COPD in PubMed, 
Scopus from January 1980 until September 2020. 
Keywords in the search were “Musculoskeletal Sys-
tem”[MeSH] OR “Musculoskeletal Abnormalities”[MeSH] 
OR “Musculoskeletal Pain”[MeSH] OR “Musculoskeletal 
Diseases”[MeSH]) AND “Pulmonary Disease, Chronic 
Obstructive”[MeSH]. We did not exclude any paper by 
language or publication date. After screening, we select-
ed 21 records for review as per author discretion.

Skeletal muscle dysfunction
Skeletal muscle dysfunction is known to occur in COPD 
patients, and can be characterised by reduced muscle 
strength, reduced muscle endurance, and muscle fa-
tigue.9 There are 2 types of fibres in skeletal muscle, and 
Type I are aerobically utilised while type II are anaerobically 
utilised. There is a reduced proportion of type I fibres and 
an increase in type II fibres. Muscle mass decreases and 
type IIa fibers tend to convert to type IIb. Deconditioning is 
probably very important in muscle dysfunction in COPD. 
Other mechanisms that may be of varying importance 
in muscle dysfunction include chronic hypercapnia and/
or hypoxia, nutritional depletion, steroid usage, oxidative 
stress, smoking, malnutrition, and immobilization, which 
all eventually lead to accelerated intracellular protein 
degradation - the hallmark of muscle atrophy. It occurs 
via two primary mechanisms: the ubiquitin–proteasome 
and lysosomal pathways, which coexist in COPD and 
operate in a coordinated manner.10

The prevalence of skeletal muscle weakness in COPD is 
about 32%. Muscle weakness is often seen in the lower 
limb muscles of patients with COPD. Quadriceps muscle 
weakness is an early feature due to physical inactivity, 
inflammation, and oxidative stress.11 It is common in 
all stages of COPD in both men and women and is a 
predictor of mortality.12 During acute exacerbations in 
COPD; lower limb weakness is more severe in patients 
with cachexia.13 Typically, upper limb muscles in patients 
with COPD are spared. Similarly, there is a trend towards 
a higher prevalence of skeletal muscle weakness with 
increased COPD disease severity (GOLD stages).14 In 
the lower limb muscles, several adaptations develop 
with COPD, which include a type I to type II muscle fibre 
shift with reduced oxidative capacity, increased glycolytic 
capacity, muscle fibre atrophy, loss of muscle mass, and 
reduced capillary density.9

Systemic inflammation 
Systemic inflammation has been reported in patients 
with severe COPD with muscle wasting. Serum levels of 
tumour necrosis factor (TNF)-α, its receptors, interleukin 
(IL)-1β, IL-6, IL-8, IL-18, and acute phase reactants are 
found to be raised in COPD.15 In the Wust et al. study, 
patients with acute COPD exacerbations that have in-

Figure 1. Flow diagram of the Systematic search.
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creased serum levels of IL-8 were surprisingly found to 
be negatively associated with quadriceps weakness. In 
contrast, IL-6 levels remained the same and TNF α was 
undetectable.16

Muscle wasting is present in 6% to 21% of patients of 
COPD. Hypoxia has been postulated for the initiation 
and progression of muscle wasting17 - ultimately having 
a significant impact on the quality of life. It can even be 
associated with premature death.

Sarcopenia
Sarcopenia is defined as loss of muscle function. The 
amount of muscle dysfunction is often associated with 
the prevalence of chronic diseases such as type 2 
diabetes mellitus, chronic heart failure, chronic kidney 
disease - COPD is no exception. Its prevalence in 
COPD is around 15% to 25%. Sarcopenia is associated 
with loss of mobility, osteoporosis, poor quality of life, 
increased falls, hospitalisation, and even death. Losing 
muscle mass and function lead to decreases in physical 
activity and energy consumption leading to an increase 
in body weight.17 It may ultimately result in quadriceps 
weakness due to mechanical unloading of the muscle 
and muscle wasting, which can be associated with poor 
muscle endurance.13

The mortality rate for those with sarcopenia is found to 
be 2.99 times higher in males and 3.22 times higher in 
female than a normal group as described in a study by 
Korean scientists, where 500 elderly patients over 65 
years were followed for six years.18 It is imperative to 
diagnose sarcopenia in COPD cases with a low quality of 
life. The European working group on sarcopenia in older 
people (EWGSOP) presented a European consensus on 
the definition and diagnosis of sarcopenia in 2010 which 
has been updated in 2018 by EWGSOP2.19 These defini-
tions should be utilised in the identification of sarcopenia 
in patients with chronic illnesses such as COPD.
Cigarette smoke is a significant contributor to skeletal 
muscle weakness, and it has been shown to exert ad-
verse effects on bone. It also causes reduced skeletal 
muscle strength and physical performance.13 
Corticosteroids are often used in patients with COPD to 
reduce pulmonary symptoms and to treat exacerbations. 
Chronic steroid use is associated with steroid myopathy, 
proximal muscle weakness due to muscle fibre atrophy, 
and increased risk of fall and fracture. Because oral 
steroids may have an adverse effect on skeletal muscle 
function, their use should be avoided whenever possible.13

Other factors like aging, hypogonadism, vitamin D defi-
ciency, and undernutrition may also have a role in skeletal 
muscle dysfunction.
Sarcopenia can be prevented with progressive resis-
tance exercise, aerobic exercises, adequate nutritional 
support with a protein-rich diet, and vitamin D. Potential 
therapies include exercise training, oxygen supple-

mentation, nutritional repletion, and administration of 
anabolic hormones. Testosterone replacement therapy, 
nutritional intervention and vitamin D correction may also 
help in some patients. Exercise, especially fall prevention 
and balance training, may improve muscle strength and 
stability.

Metabolic bone diseases
Metabolic bone diseases are usually caused by a distur-
bance in minerals (such as calcium or phosphorus) and 
vitamin D metabolism, resulting in low bone mass or bone 
structure affecting bone strength, with osteoporosis be-
ing the most common. Osteoporosis is a silent systemic 
skeletal disease characterised by microarchitectural 
reduction of bone tissue leading to a low bone mass, 
increased bone fragility and thereby increased fracture 
risk.20 The fracture risk depends on bone strength, which 
is determined by bone mineral density (BMD) (determined 
by peak bone mass and amount of bone loss) and bone 
quality (a function of bone architecture, turnover, damage 
accumulation and mineralization).21 It is generally accept-
ed that BMD accounts for approximately 70% of bone 
strength.22 In COPD patients, bone quality is impaired 
(low trabecular bone score with increased cortical poros-
ity) and is associated with low bone turnover. Due to a 
lack of clinical tools for precise evaluation of bone quality 
except for a few markers for bone turnover, a diagnosis 
of osteoporosis has been based on BMD measured by 
dual-energy X-ray absorptiometry (DXA). Bone mineral 
density is expressed in the standard deviation of means, 
the T and Z scores. The T score is a standard deviation 
compared to a young adult sex-matched control pop-
ulation. The Z score is a standard deviation compared 
to an age- and sex-matched control population. As per 
WHO, osteoporosis is defined as a T score of less than 
–2.5 and osteopenia is defined as T score between –1 
and –2.5.23 One standard deviation reduction in the BMD 
increases the fracture risk by 1.5–3x.22 Low BMD and 
low bone quality is a predictor of insufficiency fractures.23

COPD patients may also develop osteomalacia, which 
should not be confused with osteoporosis, as both the 
cause and treatment differ despite their coexistence. In 
osteoporosis, the mineral-to-collagen ratio is within the 
normal range, whereas in osteomalacia, the proportion 
of mineral composition is reduced relative to organic 
material content. The leading cause of osteomalacia 
is vitamin D deficiency, which may be seen with in-
creased incidence in housebound COPD patients due 
to a reduced cutaneous production of Vitamin D. It may 
also occur with nutritional deficiency, malabsorption, 
chronic liver disease, long term anticonvulsive therapy, 
and phosphate deficiency.24 The clinical features of 
osteomalacia include vague musculoskeletal pain and 
muscle weakness. In early stages, osteomalacia may be 
misdiagnosed as a variety of musculoskeletal diseases 
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including osteopenia and osteoporosis, and for early 
diagnosis high degree of suspicion of osteomalacia is 
necessary. Bone densitometry may detect osteoporosis 
in up to 70% of patients with osteomalacia.25

COPD-associated osteoporosis is significantly un-
der-recognized, and hence undertreated. According 
to recent epidemiological data, osteoporosis is highly 
prevalent among COPD patients.23 In COPD patients, 
the prevalence of osteoporosis is assumed to be two- to 
fivefold higher than that in age-matched subject without 
airflow obstruction.26 Osteoporosis leads to increased 
occurrence of fractures with disability and mortality, 
which adds to the economic burden of the disease. In a 
retrospective study of 234 male subjects, a high preva-
lence of osteoporosis was noted secondary to COPD.27 
Moreover, osteoporosis-associated fractures may further 
deteriorate pulmonary function and impair activities of 
daily life (ADL), quality of life (QOL), respiratory function, 
and possibly prognosis.28 Thus, the two diseases can 
form a vicious cycle, causing a significant health burden 
in these patients.
Osteoporosis is common in both male and female pa-
tients with COPD. Approximately one third of all COPD 
patients have osteoporosis and another one third have 
osteopenia in a study where the mean age of subjects 
was 63 years with FEV1 of 47 %.29,30 This in turn may 
result in vertebral compression fractures and hip frac-
tures.34-36 The prevalence of morphometric fractures 
could even be as high as 24%-79% based on age, sex, 
and COPD severity.23

Osteoporosis in COPD has a complex aetiology, with 
various factors contributing to its pathogenesis. Some 
of these factors are lung damage, reduced physical 
activities, steroid therapy and natural changes due to 
aging including hypogonadism. When fractures occur as 
a complication of osteoporosis, the quality of life of such 
patients that are usually already movement-restricted due 
to lung disease is further reduced. In general, body mass 
index (BMI) is a determinant of BMD and fracture risk, 
and the BMI-associated fracture risk is mostly dependent 
on BMD.23 Unfortunately, weight loss is frequently found 
in COPD, particularly at advanced stages, and therefore 
is associated with increased fractures and poor progno-
sis.23 Additional risk factors such as smoking, alcohol, 
low vitamin D, and chronic kidney disease also play a role 
in osteoporosis in COPD.
Glucocorticoid-induced osteoporosis (GIO) develops in 
a dose-dependent manner and occurs even at small 
doses. They have both direct adverse effects on bone by 
suppressed bone formation and indirect effect because 
of muscle weakening and atrophy. Oral glucocorticoids 
cause a decrease in vascular endothelial growth factor, 
leading to decreased skeletal angiogenesis, bone hydra-
tion, and strength.16,29 These effects are both dose-de-
pendent and duration-dependent. An episodic five-day 

course of glucocorticoids administered during acute 
exacerbations as per GOLD guideline recommendations 
are relatively devoid of these adverse effects, and inhaled 
corticosteroid (ICS) use have not been shown to aggra-
vate the bone mineral loss in COPD patients.16 However, 
according to a recent meta-analysis including 16 RCTs 
with 17,513 subjects and seven observational studies 
with 69,000 subjects, ICS are found to be associated 
with significant fracture risk (OR=1.27 for RCTs and 1.21 
for observational studies). Overall effects of ICS depend 
on the balance between its anti-inflammatory effects and 
fracture risk, caused due to its systemic effects.32

Osteoporosis is an important area of consideration for 
therapeutic intervention. Exercise training, particularly 
weight bearing and strengthening exercises may be ef-
fective for maintaining skeletal health to prevent fracture 
in elderly patients, besides smoking cessation, good nu-
trition, calcium, and vitamin D supplementation.33 Efforts 
should be made to detect BMD early in COPD patients 
and prompt addition of bisphosphonate or teriparatide/
denosumab, as therapy should be done in the presence 
of osteoporosis. In COPD patients, gastroesophageal 
reflux disease is frequently seen and often marked in 
acute exacerbations. In such cases, other bisphospho-
nates such as intravenous zoledronate or subcutaneous 
denosumab or teriparatide can be used. It is worthwhile 
to differentiate osteoporosis from osteomalacia as 
inappropriate use of bisphosphonates in patients with 
undiagnosed osteomalacia in COPD may be associated 
with focal demineralization bone defects.

Vitamin D insufficiency/deficiency 
According to the Endocrine Society Clinical Practice 
Guideline, vitamin D deficiency and insufficiency are 
defined as 25-Hydroxy Vitamin D levels below 20 and 
20-30 ng/mL, respectively.34 There is a high prevalence 
Vitamin D deficiency in COPD, which may be due to 
decreased sunlight exposure, poor diet and smoking.23 

Eventually it can lead to poor calcium absorption from 
gut, reduced bone calcification, secondary hyperpara-
thyroidism with high bone turnover causing bone loss 
and increased fracture risk. Skeletal muscle dysfunction 
and osteomalacia are seen as a consequence of vitamin 
D deficiency, which can lead to muscle weakness and 
falling, increasing fracture risk in a BMD-independent 
manner.
Hypovitaminosis D is related to COPD can result in in-
creased susceptibility to infection.35 Emerging evidence 
indicates that vitamin D-mediated innate immunity, chief-
ly by improved expression of the human antimicrobial 
peptide, is significant in defence against respiratory tract 
pathogens. Deficiency in 25-hydroxyvitamin D is related 
to the emerging risk of infections containing influenza, tu-
berculosis, and pneumonia.36 Control of respiratory tract 
infection through correction of vitamin D level may result 
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in a better outcome in patients with COPD.37 Vitamin D 
supplementation may reduce exacerbations in COPD 
patients with severe vitamin D deficiency.38,39

COPD and Autoimmune Rheumatic Diseases (AIRDs)
Although there is no strong evidence about the associ-
ation between AIRD and COPD, a few possible shared 
mechanisms common to both are citrullination, autoim-
munity, and systemic inflammation. However, smoking 
may be a confounding factor, as it is a well-established 
risk factor for both COPD and AIRDs, along with diet and 
obesity. The presence of chronic autoreactive systemic 
inflammation increasingly appears to be most strongly 
associated with emphysema in smokers.40 Autoimmune 
diseases are characterised by activated T helper cells 
(Th1 and Th17) and their respective canonical cytokines 
(INF-γ, IL-17A and TNF).48,49 This immune response 
which is essential for AIRDs model; a signature of 
autoimmunity, has been demonstrated in patients with 
emphysema.40 There is also increased prevalence of 
organ-specific autoimmune diseases in patients with 
COPD not associated with smoking50; namely, older 
women with lymphopenia, positive auto-antibodies. 
Those patients having unexplained chronic cough and 
lymphocytic airway inflammation are eight times more 
likely to have autoimmune disease, and some develop 
COPD irrespective of smoking status.
Among various autoimmune rheumatic disorders, the 
most robust evidence for the development of COPD 
exists in patients (particularly women) diagnosed with 
rheumatoid arthritis (RA) when compared to patients 
without any AIRDs.41 In particular, anti-citrullinated pep-
tide antibodies (ACPAs), a hallmark of RA, is consistently 
found increased in tobacco- or non-tobacco-induced 
COPD. However, it is important to remember that that 
seropositivity (defined as positive rheumatoid factor or 
anti-cyclic citrullinated peptide antibodies) does not have 
a significant effect on COPD risk as reported by Sparks 
et al.42 It is also noted that AIRDs can predispose to 
COPD by chronic systemic inflammation with or without 
local respiratory lesions. In addition to cigarette smoking, 
AIRDs may itself be a determining factor for increased 
COPD incidence and/or facilitate a shortened time 
course of development of COPD.43

There is some evidence to support the contention that 
there is increased acquired autoimmunity in COPD: 
	Both helper (CD4+) and cytotoxic T lymphocytes 

(CD8+) accumulate in the lung parenchyma of pa-
tients with COPD44,45; 

	Increased B lymphocytes in bronchus-associated 
lymphoid tissue (BALT) which has been shown to be 
significantly in smokers and in patients with COPD46; 

	Smoking is associated with an expansion of the 
population of antigen presenting cells on the epithelial 
surface of the lower respiratory tract; 

	Increased prevalence of antinuclear antibody titres 
in patients with COPD compared with smokers with 
normal lung function.46

It has been demonstrated by one study that COPD is 
associated with the production of autoantibodies against 
a broad spectrum of self-antigens, and immune reactivity 
to lung.47 Increased numbers of activated antigen-pre-
senting cells (specifically Th1 and Th17 cells) have been 
associated with smoke-induced lung inflammation. The 
production of the canonical cytokines from these cells, 
such as IFN-γ and IL-17, correlate with disease severity.40

Similarly, other inflammatory joint disorders, such as 
psoriatic arthritis, ankylosing spondylitis, and connective 
tissue disorders, such as Systemic lupus erythematosus, 
primary Sjogren’s disease, and Systemic sclerosis, are 
seen more in COPD than the general population and 
are associated with a greater risk of mortality, hospital-
isations, and emergency visits.43 Anti-nuclear antibodies 
(ANA) and anti-tissue (AT) antibodies have been found in 
approximately in one-third of patients with COPD.51

Importantly, in COPD/AIRD coexistence, clinicians should 
be aware of the possibility of worsened long-term health 
outcomes and act promptly so that suffering can be 
minimised by interventions such as smoking cessation.43

CONCLUSION
Thus, in COPD, many definitive types of musculoskeletal 
consequences may be witnessed through systemic 
effects or as an aftermath of diverse immunological 
musculoskeletal disorders. It is now understood that 
COPD is more of a syndrome than a single disease. 
The use of pulmonary rehabilitation has a negative im-
pact on comorbidities. Alternatively, a multidisciplinary 
patient-centred approach along with a rational use of 
inhaled/systemic glucocorticoids with lower doses and 
systemic anti-inflammatory agents has paved the way for 
optimum effective treatment of COPD with a consequen-
tial reduction of comorbidities. 
The concept of COPD as one of a group of coexisting 
(multi-morbidity) disorders, including AIRDs, deserves 
attention because treatment based on the common 
pathobiological processes may have a simultaneously 
beneficial effect on a variety of target organs.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

DISCLAIMERS
Funding: Nil. This manuscript has not been submitted or 
published elsewhere.

ACKNOWLEDGEMENT
We acknowledge Mr Pratik Pradhan, 3rd year MBBS 
student, Drexel School of Medicine, Philadelphia, for his 
kind assistance in language editing.



123

TITLEMUSCULOSKELETAL DISORDERS IN CHRONIC OBSTRUCTIVE AIRWAY DISEASES: A NEGLECTED CLINICAL ENTITY

REFERENCES
1.	 Celli BR, Augusti A. COPD:time to improve its taxonomy: ERJ Open Res 

2018 4(1):00132-2017.
2.	 GBD 2017 Causes of death Collaborators. Global, regional and national 

age-sex specific mortality for 282 causes of death in 195 countries and ter-
ritories, 1980-2017: a systemic analysis for the Global Burden of Disease 
Study 2017.Lancet 2018;392:1736-88.

3.	 Rabe KF, Watz H. Chronic obstructive pulmonary disease. Lancet 
2017;389:1931-40.  

4.	 Quaderi SA, Hurst JR. The unmet global burden of COPD. Glob Health Epi-
demiol Genom 2018 Apr 6;3:e4. 

5.	 Hemminki K, Liu X, Ji J, Sundquist K, Sundquist J. Subsequent COPD and 
lung cancer in patients with autoimmune disease. Eur Respir J 2011;37:463-
5.

6.	 MacNee W. Systemic inflammatory biomarkers and co-morbidities of chron-
ic obstructive pulmonary disease. Ann Med 2012;45:291-300.

7.	 Agusti AG. Systemic effects of chronic obstructive pulmonary disease. Proc 
Am Thorac Soc 2005;2(4);367-70{discussion :371-2}.

8.	 Barnes PJ, Celli BR. Systemic manifestations and comorbidities of COPD. 
Eur Respir J 2009;3:1165-85.

9.	 Skeletal muscle dysfunction in chronic obstructive pulmonary disease. A 
statement of the American Thoracic Society and European Respiratory So-
ciety. Am J Respir Crit Care Med 1999 Apr; 159(4 Pt 2):S1-40.

10.	 Jaitovich A, Barreiro E. Skeletal muscle dysfunction in chronic obstructive 
pulmonary disease. What we know and can do for our patients. Am J Respir 
Crit Care Med 2018 Jul 15;198(2):175-86.

11.	 Seymour JM, Spruit MA, Hopkinson NS, et al. The prevalence of quadriceps 
weakness in COPD and the relationship with disease severity. Eur Respir J 
2010;36;81-8.

12.	 Singer J, Yelin EH, Katz PP, Sanchez G, Iribarren C, Eisner MD, et al. Re-
spiratory and skeletal muscle strength in chronic obstructive pulmonary dis-
ease: impact on exercise capacity and lower extremity function. J Cardio-
pulm Rehabil Prev 2011 Mar-Apr;31(2):111-9.

13.	 Cielen N, Maes K, Gayan-Ramirez G. Musculoskeletal disorders in chronic 
obstructive pulmonary disease. BioMed Res Int 2014 Oct;2014.

14.	 Seymour JM, Spruit MA, Hopkinson NS, Natanek SA, Man WD, Jackson A, 
et al. The prevalence of quadriceps weakness in COPD and the relationship 
with disease severity. Eur Respir J 2010 Jul;36(1):81-8.

15.	 Spruit MA, Gosselink R, Troosters T, Kasran A, Gayan-Ramirez G, Bo-
gaerts P, et al. Muscle force during an acute exacerbation in hospitalised 
patients with COPD and its relationship with CXCL8 and IGF-I. Thorax 2003 
Sep;58(9):752-6.

16.	 Wust RC, Degens H. Factors contributing to muscle wasting and dysfunc-
tion in COPD patients. Int J Chron Obstruct Pulmon Dis 2007;2:289-300.

17.	 Choi KM. Sarcopenia and sarcopenic obesity. Endocrinol Metab (Seoul) 
2013;28:86-9.

18.	 Lim S, Kim JH, Yoon JW, Kang SM, Choi SH, Park YJ, et al. Sarcopenic 
obesity: prevalence and association with metabolic syndrome in the Ko-
rean Longitudinal Study on Health and Aging (KLoSHA). Diabetes Care 
2010;33:1652-4.

19.	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. 
Sarcopenia: revised European consensus on definition and diagnosis. Age 
Ageing 2019 Jan 1;48(1):16-31.

20.	 Consensus development conference: diagnosis, prophylaxis and treatment 
of osteoporosis. Am J Med 1993;94:646-50.

21.	 Majid H. Kanbar-Agha F, Sharafkhaneh A. COPD: osteoporosis and sarco-
penia. COPD Res Prac 2016;2:3.

22.	 NIH Consensus Development Panel on Osteoporosis Prevention D, Therapy 
Osteoporosis prevention, diagnosis, and therapy. JAMA 2001;285(6):785-
95.

23.	 Inoue D, Watanabe R, Okazaki R. COPD and osteoporosis: links, risks, and 
treatment challenges. Int J Chron Obstruct Pulmon Dis 2016 Mar 29;11:637-
48.

24.	 Berry JL, Davies M, Mee AP. Vitamin D metabolism, rickets, and osteomala-
cia. Semin Musculoskelet Radiol 2002;6:173-82.

25.	 Saghafi M, Azarian A, Hashemzadeh K, Sahebari M, Rezaieyazdi Z. Bone 
densitometry in patients with osteomalacia: is it valuable? Clin Cases Miner 
Bone Metab 2013 Sep;10(3):180-2.

26.	 Abu-Bakr SM, Eldin MM, Hafez MR, Salem SM, Qandeel HT. Assessment of 
osteoporosis in patients with chronic obstructive pulmonary disease. Egypt 
J Chest Dis Tuberc 2014 Jul 1;63(3):597-602.

27.	 Ryan CS, Petkov VI, Adler RA. Osteoporosis in men: the value of laboratory 
testing. Osteoporos Int 2011;22(6):1845-53.

28.	 Ryan CS, Petkov VI, Adler RA. Osteoporosis in men: the value of laboratory 
testing. Osteoporos Int 2011;22(6):1845-53.

29.	 Graat-Verboom L, Wouters EF, Smeenk FW, van den Borne BE, Lunde R, 
Spruit MA. Current status of research on osteoporosis in COPD: a system-
atic review. Eur Respir J 2009;341:209-18.

30.	 Schnell K, Weiss CO, Lee T, Krishnan JA, Leff B, Wolff JL, et al. The preva-
lence of clinically-relevant comorbid conditions in patients with physician-di-
agnosed COPD: a cross-sectional study using data from NHANES 1999–
2008. BMC Pulm Med 2012;12(1):1.

31.	 Quaderi SA, Hurst JR. The unmet global burden of COPD. Glob Health Epi-
demiol Genom 2018 Apr 6;3:e4.

32.	 Mathioudakis AG, Amanetopoulou SG, Gialmanidis IP, Chatzimavridou-Grig-
oriadou V, Siasos G, Evangelopoulou E, et al. Impact of long-term treatment 
with low-dose inhaled corticosteroids on the bone mineral density of chronic 
obstructive pulmonary disease patients: aggravating or beneficial? Respirol-
ogy 2013;18(1):147–153

33.	 Langhammer A, Forsmo S, Syversen U. Long-term therapy in COPD: any 
evidence of adverse effect on bone? Int J Chron Obstruct Pulmon Dis 
2009;4:365-80.

34.	 Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney 
RP; Endocrine Society, et al. Evaluation, treatment, and prevention of vitamin 
D deficiency: an endocrine society clinical practice guideline. J Clin Endocri-
nol Metab 2011;96(7):1911-30.

35.	 Quint JK, Donaldson GC, Wassef N, Hurst JR, Thomas M, Wedzicha JA. 
25-hydroxyvitamin D deficiency, exacerbation frequency and human rhinovi-
rus exacerbations in chronic obstructive pulmonary disease. BMC Pulm Med 
2012 Jun 22;12:28.

36.	 Waterhouse JC, Perez TH, Albert PJ. Reversing Bacteria-induced Vitamin D 
Receptor Dysfunction Is Key to Autoimmune Disease. Ann New York Acad 
Sci 2009;1173(1):757–765. 

37.	 Ginde AA, Mansbach JM, Camargo CA Jr. Vitamin D, respiratory infections, 
and asthma. Curr Allergy Asthma Rep 2009 Jan;9(1):81-7.

38.	 Lehouck A, Mathieu C, Carremans C, Baeke F, Verhaegen J, Van Eldere 
J, et al. High doses of vitamin D to reduce exacerbations in chronic ob-
structive pulmonary disease: a randomized trial. Ann Intern Med 2012 Jan 
17;156(2):105-14.

39.	 Khan DM, Ullah A, Randhawa FA, Iqtadar S, Butt NF, Waheed K. Role of 
Vitamin D in reducing number of acute exacerbations in Chronic Obstructive 
Pulmonary Disease (COPD) patients. Pak J Med Sci 2017;33(3):610-4.

40.	 Kheradmand F, Shan M, Xu C, Corry DB. Autoimmunity in chronic obstruc-
tive pulmonary disease: clinical and experimental evidence. Expert Rev Clin 
Immunol 2012 Mar;8(3):285-92. 

41.	 Ma Y, Tong H, Zhang X, Wang M, Yang J, Wu M, et al. Chronic obstruc-
tive pulmonary disease in rheumatoid arthritis: a systematic review and me-
ta-analysis. Respir Res 2019;20(1):144.

42.	 Sparks JA, Chang SC, Liao KP, Lu B, Fine AR, Solomon DH, et al. Rheuma-
toid Arthritis and Mortality Among Women During 36 Years of Prospective 
Follow-Up: Results from the Nurses’ Health Study. Arthritis Care Res (Hobo-
ken) 2016 Jun; 68(6):753-62.

43.	 Gergianaki I, Tsiligianni I. Chronic obstructive pulmonary disease and rheu-
matic diseases: A systematic review on a neglected comorbidity. J Comorb 
2019;9:2235042X18820209. 

44.	 Cosio MG, Guerassimov A. Chronic obstructive pulmonary disease. In-
flammation of small airways and lung parenchyma. Am J Respir Crit Care 
Med1999;160 (5 Pt 2):S21-5.

45.	 Saetta M, Turato G, Maestrelli P, Mapp CE, Fabbri LM. Cellular and structural 
bases of chronic obstructive pulmonary disease. Am J Respir Crit Care Med 
2001;163:1304-9.

46.	 Agusti A, MacNee W, Donaldson K, Cosio M. Hypothesis: does COPD have 
an autoimmune component? Thorax 2003 Oct;58(10):832-4.

47.	 Packard TA, Li QZ, Cosgrove GP, Bowler RP, Cambier JC. COPD is associ-
ated with production of autoantibodies to a broad spectrum of self-antigens, 
correlative with disease phenotype. Immunol Res 2013 Mar;55(1-3):48-57.

48.	 Palmer MT, Weaver CT. Autoimmunity: increasing suspects in the CD4+ T 
cell lineup. Nat Immunol 2010;11:36-40. 

49.	 Shan M, Yuan X, Song L, Robert L, Zarinkamar N, Seryshev A, et al. Ciga-
rette smoke induction of osteopontin (SPP1) mediates Th17 inflammation in 
human and experimental emphysema. Sci Transl Med 2012;4:117ra9.

50.	 Birring SS, Brigtling CE, Bradding P, Entwisle JJ, Vara DD, Grigg J, et al. 
Clinical, radiological and induced sputum features of chronic obstructive pul-
monary disease in nonsmokers: a descriptive study. Am J Respir Crit Care 
Med 2002;166:1078-83.

51.	 Núñez B, Sauleda J, Antó JM, Julià MR, Orozco M, Monsó E, et al. Anti-tis-
sue antibodies are related to lung function impairment in chronic obstructive 
pulmonary disease. Am J Resp Crit Care Med 2011 Apr 15;183(8):1025-31.


