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Abstract
Chronic obstructive pulmonary disease (COPD) is a disease characterized by chronic respiratory symptoms due to inflam-
matory and destructive changes of the lung leading to progressive airflow obstruction. Fragility fractures associated with 
osteoporosis are among major comorbidities and have significant impacts on quality of life and prognosis of patients with 
COPD. Evidence suggests that both decreased bone mineral density (BMD) and impaired bone quality contribute to bone 
fragility and resultant fractures in COPD. Although various clinical risk factors of osteoporosis have been described, mecha-
nisms of COPD-associated osteoporosis are still largely unknown. In addition, its specific treatment has not been established, 
either. Previous studies have suggested involvement of low BMI and sarcopenia in the pathogenesis of COPD-associated 
osteoporosis. In this narrative review, we will propose critical roles of vitamin D deficiency and inflammation, both of which 
are often present in COPD and may underlie the development of osteosarcopenia and impaired bone quality, ultimately 
causing fractures in COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a het-
erogeneous lung condition characterized by chronic respira-
tory symptoms (dyspnea, cough, sputum production and/or 
exacerbations) due to abnormalities of the airways (bron-
chitis, bronchiolitis) and/or alveoli (emphysema) that cause 
persistent, often progressive, airflow obstruction [1]. COPD 
is diagnosed by the criteria based on airflow limitation: 
post-bronchodilation forced expiratory volume in 1 second/
forced vital capacity (FEV1/FVC) being less than 0.7. The 
previous GOLD (Global Initiative for Chronic Obstructive 
Lung Disease) stages were defined according to %FEV1.0, 
the ratio of actual FEV1 to the predicted value by age and 
height [2]. These classifications have been applied to most 
studies of COPD-associated osteoporosis and thus used also 
in this review.

COPD is now recognized as a systemic disease com-
plicated with various comorbidities such as lung cancer, 
atherosclerosis, diabetes, depression, muscle wasting and 
osteoporosis. These comorbidities have significant impact 
on hospitalization, mortality and quality of life of COPD 
subjects [3–7]. Osteoporosis is one of the major systemic 
comorbidities of COPD. Epidemiological studies have indi-
cated that osteoporosis is highly prevalent in COPD patients 
[8–11].

Moreover, osteoporosis-associated fractures may further 
deteriorate pulmonary function and impair activities of daily 
life (ADL) of COPD patients. COPD patients with verte-
bral fracture had more admissions, longer hospital stays, 
and higher mortality than those without [12]. Every single 
vertebral fracture has been shown to be associated with a 9% 
decline in vital capacity (VC) [13].

Conversely, COPD is common among subjects suffering 
hip fracture and is associated with increased risk of death 
after fracture [14–16]. Regan and colleagues [16] investi-
gated the impact of comorbid COPD in subjects with hip 
fracture and showed that 47% had COPD. Among them 26% 
had severe COPD and showed 1-year mortality of 40.2%, 
which was higher than 31.0% in mild COPD and 28.8% in 
non-COPD subjects, demonstrating association of mortality 
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with COPD and its severity after hip fracture. Another 
study demonstrated that COPD significantly increased 5- 
or 10-year mortality in subjects with surgically treated hip 
fracture [17]. Thus, COPD and osteoporosis may form a 
vicious cycle, potentially further deteriorating the prognosis 
of each disease.

Despite such clinical impacts, osteoporosis in COPD 
patients is extremely undertreated [9, 18]. And specific 
treatment of COPD-associated osteoporosis is yet to be 
established, as neither its molecular mechanisms nor unique 
therapeutic targets have been identified. Clinically, a recent 
meta-analysis has identified low BMI and sarcopenia as 
significant predictors of comorbid osteoporosis in patients 
with COPD [11]. We have reported that 25-hydroxyvitamin 
D, which reflects the vitamin D status, is a major determi-
nant of bone mineral density (BMD), while high sensitivity 
(hs)-CRP predicts trabecular bone score (TBS), an indica-
tor of microarchitecture of the trabecular bone in vertebrae, 
in male patients with COPD [19]. Because both vitamin D 
deficiency and systemic inflammation are common in COPD 
patients and play a general role in osteoporosis and in sarco-
penia as well, they are likely to be a significant contributor 
to the pathogenesis and potentially a good therapeutic target 
of COPD-associated osteoporosis.

In this narrative review, after briefly summarizing epi-
demiology and clinical risk factors of COPD-associated 
osteoporosis, we would like to propose that vitamin D and 
systemic inflammation are among key mechanisms of osteo-
porosis in subjects with COPD.

Epidemiology

BMD

In a previous systematic review [8] including a total of 775 
COPD patients from 13 studies, the reported prevalence of 
osteoporosis ranged from 8.7 to 69% with overall prevalence 
being 35.1%. An updated systematic review and meta-anal-
ysis of 58 studies [11] showed that the pooled global preva-
lence of osteoporosis was 38% (95% CI 34–43). Pooled odds 
ratio (OR) of having osteoporosis in COPD compared with 
controls was 2.99 (95% CI 2.09–4.27), and OR adjusted for 
negative publication bias was 2.83 (95% CI 2.00–4.03). It is 
of note that in most of the studies a diagnosis of osteoporosis 
was made by WHO definition [20] based on BMD values 
measured by dual-energy X-ray absorptiometry (DXA): 
BMD T score (standard deviations from the young adult 
mean) equal to or less than − 2.5. Because the contribution 
of BMD-independent risk or “bone quality” to fracture risk 
in COPD-associated osteoporosis may be larger than that in 
primary osteoporosis, the number of patients already having 

fragility fractures as well as those with high fracture risk 
may have been underestimated in those studies relying on 
BMD for the diagnosis of osteoporosis [9, 10, 19, 21].

Prevalent vertebral fractures in COPD

Previous reports indicated that prevalence of morphomet-
ric vertebral fractures was 24–79% in subjects with COPD 
[21]. The values widely varied because the characteristics 
of study subjects such as age, sex and COPD severity were 
substantially different between studies. Two studies com-
paring COPD patients with controls reported that OR for 
morphometric vertebral fracture in each study was 3.75 [22] 
and 1.72 [23]. Limitations of these studies include that the 
data was obtained through medical records dependent on the 
attending physicians and that identification of morphological 
deformity of the vertebrae was not always consistent among 
radiologists [21].

Clinical fracture

Clinical fractures are those with symptoms, bringing a 
patient to clinical attention. In a large observational cohort 
study called GLOW (Global Longitudinal Study of Osteo-
porosis Women) [24], 6.2% of 52,960 subjects suffered an 
incident clinical fracture over two years, and hazard ratio 
(HR) for fracture in subjects with COPD was 1.5 (95% CI 
1.3–1.7). A retro-prospective cohort study of 87,360 men 
aged 50 and older (66.8 on the average) diagnosed with 
COPD in USA reported that absolute hip fracture rate was 
3.99 per 1000 person-years, which was several times higher 
than the general population [25]. Thus, COPD increases the 
risk of clinical osteoporotic fractures including hip fracture.

Bone quality

Bone strength is determined by BMD and bone quality. 
Several studies have suggested that COPD confers BMD-
independent fracture risk, which is explained largely by dete-
riorated bone quality and in part by extra-skeletal factors. A 
study in Netherlands [10] indicated that 36.5% had vertebral 
fractures while 23.6% showed BMD-defined osteoporosis 
(T ≤ 2.5). A Japanese study of 136 COPD males [9] also 
found prevalent vertebral fractures in 79.4% and low BMD 
(T ≤ 2.5) only in 38.8%. A recent study comparing 91 COPD 
patients with 81 age- and sex-matched controls demonstrated 
that OR for total fractures were 4.7 times greater in COPD 
[26]. In this study, OR for fractures was consistently higher 
in COPD patients than in controls across all the BMD cat-
egories, which is reminiscent of the relationship between 
BMD and fracture risk in subjects with type 2 diabetes [27]. 
Moreover, the odds of fracture increased exponentially with 
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a T score less than − 0.6 in the COPD group while this 
threshold was − 2.7 in the controls (Fig. 1). It is also of note 
that fracture prevalence in COPD far exceeds that predicted 
by FRAX [10, 24, 28], which calculates a 10 year probability 
of fracture based on clinical risk factors such as age, sex, 
BMI or BMD, a prior fragility fracture, parental history of 
hip fracture, current smoking, and ever use of oral glucocor-
ticoids, and so on [29]. FRAX-independent risk of fracture 
is also a feature of COPD shared by type 2 diabetes [27].

Impaired bone microstructure has been histologically 
demonstrated by histomorphometric analysis of biopsied 
bone specimens obtained from postmenopausal women with 
COPD who had never been treated with systemic glucocor-
ticoid [30]. COPD was associated with decreased trabecular 
bone volume and connective density, and decreased cortical 
width and increased cortical porosity, compared with age-
matched postmortem control samples.

The trabecular bone score (TBS) is a gray‐level textural 
metric that can be extracted from the two‐dimensional lum-
bar spine DXA image, and reflects microarchitecture of tra-
becular bone [31]. The study in Manitoba using a large retro-
prospective cohort of 29,407 women aged 50 years or more 
investigated clinical factors associated with TBS and dem-
onstrated that the presence of COPD was associated with 
lower TBS, even after adjustment for age and BMD [32]. 
Another study of 145 active or former smokers showed that 
subjects with COPD had lower TBS compared to those with-
out COPD [33]. Independent association of BMD and TBS 
with grade 2 or 3 vertebral fracture has also been reported 
in Japanese male patients with COPD [19] (Fig. 2). Thus, 

lower TBS seems to make a substantial contribution to bone 
fragility in COPD.

Collectively, these results indicate that impaired bone qual-
ity, particularly structural deterioration, confers fracture risk 
independent of BMD in COPD patients. Consequently, in the 
clinical practice guide on fracture risk in lifestyle diseases in 
Japan [34], we have proposed a tentative algorithm of start-
ing medical treatment of osteoporosis: the criteria for medica-
tion have been extended to osteopenic subjects with BMD of 
70–80% YAM who have lifestyle diseases such as COPD, type 
2 diabetes and chronic kidney disease (CKD).

Fig. 1   Impaired bone quality 
in COPD. Odds of fractures 
according to the values of femo-
ral neck T scores are shown. 
The overall odds of fracture in 
the COPD group were 4.7 times 
greater than those in the control 
group  (adapted from Adas-
Okuma, et al. [26])

0

10

20

30

40

50

(%)
Ve

rt
eb

ra
lf
ra
ct
ur
e

Fig. 2   Independent association of bone mineral density (BMD) and 
trabecular bone score (TBS) with grade 2 or 3 vertebral fractures 
[19]. Prevalence of grade 2 or 3 vertebral fractures in TBS tertile 
groups within normal, osteopenic, and osteoporotic BMD strata is 
shown in 3D columns
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Clinical risk factors

The mechanisms of COPD-associated osteoporosis are not 
completely understood.

Clinical studies have, however, identified various gen-
eral and disease-specific risk factors of osteoporosis in 
COPD subjects, which include aging, smoking, low BMI 
and reduced physical activity as general risk factors; and 
pulmonary dysfunction, glucocorticoid use, vitamin D 
deficiency and systemic inflammation as disease-specific 
factors [11, 21, 35, 36]. We will focus on the disease-
specific factors, particularly on vitamin D deficiency and 
inflammation, which are potentially involved in the patho-
genesis of osteoporosis as well as sarcopenia in COPD.

Pulmonary dysfunction

Association between osteoporosis and pulmonary dysfunc-
tion has been reported. Decreased FEV1 and/or advanced 
GOLD stages correlated with lower BMD [9, 10, 23, 
28]. Correlation between BMD and FEV1 has also been 
demonstrated in the general population in some reports 
[37–39], but not in others [40]. Relationship between pul-
monary function and fractures in cross-sectional studies 
should be interpreted with caution, because they can mutu-
ally affect each other. Vertebral fracture has been shown 
to be associated with decreased vital capacity (VC) [9, 
13], as already discussed earlier. And in COPD patients, 
correlation of GOLD stages determined by %FEV1 with 
fracture prevalence was not always clear [9, 10, 41]. COPD 
subjects seem already susceptible to osteoporotic fractures 
at early stages well before overt deterioration of pulmo-
nary function. Thus, respiratory dysfunction may contrib-
ute to abnormal bone metabolism largely at later stages of 
COPD and that other mechanisms such as inflammation 
may predominate at earlier stages of COPD. This point 
will be discussed later in detail.

Glucocorticoid

Glucocorticoid (GC) excess is a common and established 
secondary cause of osteoporosis [42–44]. Many studies 
of COPD-associated osteoporosis have however demon-
strated increased fracture incidence in subjects without 
systemic GC use [21, 45]. The standard management 
of COPD does not include oral GC treatment. Nonethe-
less, oral GC is still prescribed for the treatment of acute 
COPD exacerbations, often for a short period of time. A 
recent study using UK primary care data compared 53,299 
matched pairs of COPD and non-COPD subjects followed 

up for 6.9 years and 5.4 years, respectively, for long-term 
adverse outcomes [46]. Oral GC use was associated with 
increased fracture risk with adjusted hazard ratio of 1.80 
(95% CI 1.70–1.92).

More relevant to the COPD-associated fracture risk is the 
use of inhaled GC or corticosteroid (ICS). In a meta-analysis 
of 44 RCTs in 87,954 patients, inhaled therapies contain-
ing ICS, especially ICS/LABA: long-acting β2-agonists 
(RR = 1.30; 95% CI 1.10–1.53; P = 0.002) and triple ther-
apy (ICS/LABA/LAMA: long-acting muscarinic receptor 
antagonist) (RR = 1.49; 95% CI 1.03–2.17; P = 0.04), were 
associated with increased risk of fracture [47]. Another 
meta-analysis of 26 RCTs including 61,380 subjects, 59.3% 
of whom received ICS therapy, however, did not find signifi-
cant fracture risk by ICS treatment [14]. In a study of 251 
COPD males, ICS reduced annual BMD loss in bronchitic 
patients [48], most likely due to ameliorated inflammation. 
These results are consistent with the idea that inflammation 
itself contributes to fracture.

Thus, overall effect of ICS seems to depend on the bal-
ance between the benefit from its local anti-inflammatory 
effect and the fracture risk caused by its systemic effect.

Collectively, although detrimental effect of GC to bone 
should always be considered in COPD patients, GC is not 
likely a major cause of osteoporosis in most cases of COPD 
[45].

Role for vitamin D in COPD as a respiratory disease

Serum levels of 25-hydroxyvitamin D (25D), the most abun-
dant circulating metabolite of vitamin D, reflect the whole-
body store of vitamin D and is used to clinically evaluate 
vitamin D status. Vitamin D deficiency and insufficiency 
are defined as 25D levels below 20 ng/ml and 20–30 ng/ml, 
respectively [49]. Vitamin D deficiency is common across 
all ages in virtually all over the world. Vitamin D deficiency 
causes reduced calcium absorption from the intestine, 
impaired skeletal calcification, and secondary hyperpar-
athyroidism with high bone turnover, leading to osteomala-
cia and osteoporosis with increased fracture risk as well as 
blunted response to anti-resorptive treatment in osteoporotic 
patients. It may also be associated with sarcopenia and fall-
ing, which will also increase the risk of fracture, although 
considerable controversies still exist [49–53].

In COPD, vitamin D seems to play a role in deteriorated 
pulmonary function, severity and acute exacerbations. A 
meta-analysis of 21 studies including 4818 COPD patients 
and 7175 controls [54] demonstrated that 25D levels were 
lower in COPD patients than in controls (standardized mean 
difference: − 0.69, 95% CI − 1.00, − 0.38) and that the rate 
of vitamin D deficiency was associated with COPD severity 
(OR: 2.83, 95% CI 2.00–4.00). The exact reason for such 
a link is unknown, although vitamin D deficiency may be 



432	 Journal of Bone and Mineral Metabolism (2024) 42:428–437

caused by various reasons including unbalanced diet, lim-
ited outdoor activity causing decreased sun exposure, and 
reduced capacity for vitamin D synthesis due to premature 
aging of the skin and smoking, increased vitamin D catabo-
lism and lower vitamin D storage capacity [54–56]. It is of 
note that COPD patients not only had lower baseline levels 
of 25D but also showed blunted 25D response to oral sup-
plementation of vitamin D3 with lower molar ratios of 25D- 
to-vitamin D than controls, suggesting disturbed vitamin D 
metabolism such as suppressed 25D production through 
25-hydroxylation and/or promoted metabolism of 25D [57].

Vitamin D is also associated with respiratory function in 
the general population [21, 39, 58]. Serum 25D levels have 
been shown to positively correlate with pulmonary func-
tion parameters such as VC and FEV1. Such correlations 
have also been reported in COPD, but inconsistently [55]. 
Although causal relationship between respiratory dysfunc-
tion and vitamin D deficiency remains to be established, the 
associations with pulmonary parameters, together with its 
well-known immunomodulatory function [59, 60], has led 
to a postulation that the vitamin D status may affect COPD 
development and exacerbations [55]. Cross-sectional studies 
suggested association of acute exacerbations with low 25D 
levels, leaving some controversy [54, 55]. And attempts to 
improve pulmonary function and prevent acute exacerba-
tions by vitamin D supplementation have been not at all or 
only partially effective [61–65]. A meta-analysis of 4 RCTs 
with 560 total participants indicated that vitamin D supple-
mentation had no overall significant effect: it only reduced 
the rate of moderate/severe COPD exacerbations in patients 
with baseline 25D levels less than 10 ng/ml but not in those 
with higher levels [66]. Thus, pathogenic roles of vitamin 
D and its involvement in acute exacerbations in COPD are 
yet to be elucidated. It seems, however, worthy of attention 
that acute exacerbations are associated with hip fracture in 
COPD patients (adjusted OR, 2.25; 95% CI 1.66–3.05) [67] 
in a nested, case-control study in Korea, which may partly 
explain potential contribution of vitamin D status to COPD-
associated osteoporosis.

Role for vitamin D in COPD‑associated osteoporosis

Several studies showed that serum 25D levels were corre-
lated with BMD in COPD patients [9, 19, 68, 69]. Associa-
tion between the vitamin D status and the risk for osteoporo-
sis has also been demonstrated in a longitudinal cohort study 
[70], in which vitamin D deficiency at baseline increased 
incidence of osteoporosis by 7.5 fold in 100 stable COPD 
patients during the 3-year follow-up period.

In our previous study of Japanese men with COPD [9, 
19], both the presence of grade 2 or 3 [71] vertebral fracture 
and low BMD were associated with lower 25D levels. Mul-
tivariable linear regression analysis further indicated that 

the only independent determinants of BMD were body mass 
index (BMI) and 25D levels. In these studies, both BMI 
and BMD declined as the COPD stage defined by %FEV1 
advanced, consistent with previous reports [10, 23]. Thus, 
as the COPD stage advances, BMI and 25D levels become 
lower, both of which may cause a stage-dependent decline 
in BMD. It is also notable that vitamin D deficiency is also 
associated with sarcopenia as discussed later.

Systemic inflammation

The pathophysiological process of COPD includes inflam-
matory cell infiltration to the mucosa, submucosa and glan-
dular tissues of the lung. In addition to the basic innate 
immune response, chronic inflammatory responses of the 
lung to smoking and other noxious gas stimuli involve acti-
vation of Th1, 2, 17 systems, although the pathophysiol-
ogy of COPD is quite heterogenous. Increased production 
of various cytokines has been demonstrated, and targeted 
cytokine therapies for COPD have been tested in clinical 
trials, although with limited success [72]. “Spill-over” of 
such local inflammatory factors has been proposed to cause 
various systemic comorbidities of COPD [4, 21, 73, 74].

Systemic inflammatory response is known to play a role 
in osteoporosis in the general population [75, 76]. A meta-
analysis [76] of eight prospective cohort studies involving 
34, 840 participants and 3, 407 incident fracture events has 
demonstrated association between fracture risk and high 
sensitivity C-reactive protein (hs-CRP) levels. Subjects in 
the top quartile of baseline hs-CRP levels showed a higher 
risk of overall fracture than those in the bottom quartile 
(RR = 2.14; 95% CI 1.51–3.05). Association between hs-
CRP and BMD seemed less consistent, suggesting contri-
bution of deteriorated bone quality. Another meta-analysis 
of ten studies (n = 29,741) including more recent studies 
with larger sizes reported similar results (RR = 1.60; 95% 
CI 1.07–2.49), confirming the association between hs-CRP 
levels and osteoporotic fracture [77]. Although a direct 
causal role for CRP is unknown, inflammation itself seems 
to be a key player in bone fragility in patients with various 
inflammatory diseases [75]. Roles for inflammation in osteo-
porosis is consistent with the fact that many inflammation-
associated factors such as interleukin (IL)-6, IL-17, IL-1, 
matrix metalloproteases (MMPs) and RANKL are associ-
ated with enhanced osteoclastogenesis, leading to bone loss 
and fracture [75, 78, 79].

Consistent with a potential role of inflammation in 
COPD-associated osteoporosis, COPD patients with lower 
BMD have been shown to exhibit higher levels of CRP and 
inflammatory cytokines such as TNF-α, Interleukin (IL)-1 
and IL-6 [80, 81]. Inflammation seems to contribute to bone 
fragility from early stages in COPD. As mentioned earlier, 
we previously found that both low BMD and TBS were 
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independently associated with vertebral fracture in Japa-
nese male patients with COPD [19] (Fig. 2). In this cohort, 
prevalence of vertebral fracture was quite high from early 
stages with mild pulmonary dysfunction, whereas the degree 
of BMD decrease was stage-dependent and relatively mild, 
suggesting a greater contribution of deteriorated bone qual-
ity to bone fragility. We further identified hs-CRP as the only 
independent determinant of TBS besides age and BMD by 
multivariate linear regression analysis [19]. These results 
suggest that persistent systemic inflammation in COPD con-
tributes to the development of osteoporosis predominantly 
through deteriorating bone quality. So far, however, there 
have been no successful anti-inflammatory interventions that 
prevented fracture in COPD patients [72, 82, 83]. Etiological 
roles for inflammation in COPD-associated osteoporosis is 
still yet to be established.

Osteosarcopenia in COPD

Osteoporosis and sarcopenia often coincide and together 
promote frailty particularly in the aged [84, 85]. It is also 
the case in COPD [74, 86–89]. A meta-analysis reported that 
prevalence of sarcopenia in COPD varied from 15.5 to 34% 
[86] depending on the definition of sarcopenia. The presence 
of sarcopenia is an apparent risk of osteoporosis in COPD, 
as demonstrated by the meta-analysis [11]. Sarcopenia and 
osteopenia share common etiological factors such as IGF-1, 
sclerostin, myostatin, irisin, mitochondrial dysfunction, and 
inflammatory cytokines [88]. COPD patients have increased 
risk of frailty [90], which correlates with the degree of air-
flow limitation, and falls [91]. They also exhibit balance 
impairment, which will also lead to increased risk of falls 
[92]. Body weight loss is frequently found in COPD, particu-
larly at advanced stages, and is associated with a poor prog-
nosis [93]. Low BMI is a well-known risk factors of bone 
loss and fracture as well as sarcopenia. Consistently, low 
BMI has also been shown to predict osteoporosis defined by 
decreased BMD among COPD patients [9, 18].

It is of note here that both osteoporosis and sarcopenia 
in COPD are associated with body weight loss or cachexia, 
systemic inflammation, and vitamin D deficiency. Cachexia 
in severe COPD has been attributed to systemic inflamma-
tion with increased levels of cytokines such as TNF-α [94]. 
And this is inevitably accompanied by sarcopenia as well 
as osteopenia [88, 95]. Although detrimental effect of per-
sistent inflammation should be continuously affecting both 
bone and muscle tissues throughout the clinical courses of 
COPD, evidence suggests that quantitative loss of bone and 
muscle mass becomes overt only in later stages in which 
body weight loss is manifest. This is probably because 
other factors such as malnutrition, oxidative stress, pulmo-
nary dysfunction and decreased ADL also contribute to the 
development of cachexia in advanced stages.

Vitamin D is critical to not only bone but also muscle 
metabolism. Histologically, vitamin D deficiency is asso-
ciated with muscle abnormalities characterized by type II 
fiber atrophy, muscle infiltration with fat cells and glyco-
gen granules, enlargement of the inter-fibrillary gaps and 
increased fibrosis [96]. Loss of vitamin D signaling in a 
mouse model has indeed been shown to cause abnormalities 
in muscle fiber development [97]. Substantial evidence has 
also suggested epidemiological link between vitamin D defi-
ciency and muscle function [96, 98–100]. However, effect 
of interventions by either native or active form of vitamin 
D was only partially effective [101, 102], leaving controver-
sies about causal relationship between vitamin D and mus-
cle. Similarly, there is currently little evidence that vitamin 
D supplementation ameliorates osteosarcopenia in COPD 
patients. Further studies will be necessary to elucidate the 
role of vitamin D in osteosarcopenia of COPD patients.

Mechanisms of COPD‑associated 
osteoporosis: a proposal

As discussed above, current evidence suggests a critical 
role of systemic inflammation, cachexia and vitamin D defi-
ciency in the pathogenesis of osteoporosis in COPD patients. 
Figure 3 illustrates our hypothetical view of the mechanisms 
of COPD-associated osteoporosis. COPD is a local inflam-
matory disease characterized by destruction of the lung 
tissue, leading to pulmonary dysfunction. Local inflam-
mation somehow evokes systemic inflammatory responses 
(inflammation “spill-over”), causing various comorbidities 
in COPD patients. Persistent inflammation impairs qual-
ity of the bone. On the other hand, despite potential con-
tribution of inflammation, cachexia usually does not occur 
until pulmonary dysfunction progresses, probably because 
it involves other mechanism such as hypoxia, oxidative 
stress, restricted physical activity, and so forth. Vitamin 

Fig. 3   Hypothetical mechanisms of osteoporotic fractures in COPD
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D deficiency is common in COPD patients but also cor-
relates with the disease severity determined by the extent of 
pulmonary dysfunction. Both decreased BMI and vitamin 
D deficiency promote bone and muscle loss, deteriorating 
osteosarcopenia. Osteosarcopenia impairs ADL and causes 
frailty. It will increase falls, ultimately resulting in fracture. 
In this scenario, deterioration of bone quality may predomi-
nate over loss of bone mass in COPD patients with long 
persistent inflammation but without advanced respiratory 
failure. Large-scale longitudinal studies will be necessary to 
elucidate the relative contribution of BMD and bone qual-
ity to fracture and their relationship with inflammation and 
pulmonary dysfunction in COPD patients.

Conclusion

Osteoporosis is among major comorbidities of COPD, 
which profoundly affects the prognosis and mortality of the 
patients. However, neither precise mechanisms nor specific 
therapeutic maneuvers of COPD-associated osteoporosis 
are known. We would like to put an emphasis again on the 
potential roles of vitamin D deficiency and inflammation 
in the pathogenesis of COPD-associated osteoporosis. We 
propose to screen every COPD subject for osteoporosis, 
to replete vitamin D if possible, and to initiate appropri-
ate treatment of osteoporosis when applicable, even though 
specific treatment guidelines for COPD-associated osteo-
porosis are unavailable at this point. Other than vitamin D 
supplementation, at present, only supportive care including 
rehabilitation and nutritional care can be done to prevent 
cachexia. We hope that future studies will establish specific 
treatment regimen for COPD-associated osteoporosis and 
anti-inflammatory therapy targeting COPD itself and its 
comorbid conditions including osteoporosis.
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