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Current status of research on osteoporosis
in COPD: a systematic review

L. Graat-Verboom*#, E.F.M. Wouters®', F.W.J.M. Smeenk*,
B.E.E.M. van den Borne*, R. Lunde” and M.A. Spruit’

ABSTRACT: Patients with chronic obstructive pulmonary disease (COPD) are at increased risk of
osteoporosis. However, the prevalence, correlates and effectiveness of treatment of osteoporosis
in COPD patients remain unclear.

We performed a systematic review of the literature to answer three questions. 1) What is the
prevalence of osteoporosis in COPD? 2) What are identified correlates of osteoporosis in COPD?
3) What are the effects of treatment of osteoporosis in COPD? A computerised literature search in
MEDLINE/PubMed and the Cochrane database was carried out. In addition, reference lists were
searched by hand and authors were contacted if necessary.

The prevalence of osteoporosis and osteopenia varied 9-69% and 27-67%, respectively.
Prevalence of osteoporosis was generally higher than in healthy subjects and some other chronic
lung diseases. Correlates of osteoporosis in COPD are mainly measures of body composition,
disease severity and the use of corticosteroids, although causality has not been proven. Effects of
treatment of osteoporosis have not been investigated in samples consisting of COPD patients only.

Longitudinal follow-up to assess determinants of osteoporosis in COPD and randomised
placebo-controlled trials on the effects of treatment of osteoporosis in patients with COPD only

are warranted.

KEYWORDS: Bone loss, bone mineral density, chronic obstructive pulmonary disease,

pharmacotherapy, systemic effects

hronic obstructive pulmonary disease
‘ (COPD) is characterised by a progressive

airflow limitation that is not fully rever-
sible and is associated with an abnormal inflam-
matory response of the lung to noxious particles
and gases [1]. The degree of airflow limitation
can be assessed by spirometry and stratified in
accordance with the Global Initiative for Chronic
Obstructive Pulmonary Disease (GOLD) [1].
Although primarily a pulmonary disease, there
are significant extrapulmonary effects in COPD
[2-5]. Indeed, the GOLD guidelines incorporated
these extrapulmonary effects in their definition of
COPD [1]. Examples of extrapulmonary effects
are increased arterial stiffness [3], skeletal muscle
atrophy [4], systemic hypertension [6] and
osteoporosis [7].

Osteoporosis is a systemic skeletal disease characte-
rised by a low bone mass and /or microarchitectural

deterioration of bone tissue leading to increased
bone fragility and increased fracture risk [8].
Known risk factors for osteoporosis in the general
population are, among others, female sex,
advanced age, low body weight, chronic glucocor-
ticoid therapy and endocrinological disorders such
as hyperthyroidism and primary hyperparathyr-
oidism [8-11]. In COPD, the prevalence of osteo-
porosis is assumed to be two- to five-fold higher
than in age-matched subjects without airflow
obstruction [3, 12]. Indeed, in a recently developed
screening tool for males at risk for osteoporosis, the
presence of COPD is one of the parameters
increasing this risk almost four times [13].

The burden of osteoporosis varies with the
incidence of fracture risk [8]. Fractures of the hip,
vertebrae and forearm are the most common
fractures in patients with osteoporosis, although
fractures of other body parts can also be the result
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REVIEW: COPD

of osteoporosis [8]. The treatment of osteoporosis aims at fracture
prevention and, according to the World Health Organization
(WHO), should consist of lifestyle modification (such as smoking
cessation, weight-bearing physical exercise and adequate calcium
intake) and drug treatment [8]. The latter should consist of
bisphosphonates, calcium supplementation (in the case of low
dietary intake) and vitamin D supplementation (in the case of
vitamin D deficiency). Especially in COPD patients it is important
to prevent vertebral fractures since they might result in a
decreased forced vital capacity [14]. In addition, (osteoporotic)
hip fractures in COPD patients pose a greater problem than hip
fractures in otherwise healthy subjects because of the increased
operative risk in COPD patients [15-17].

The aim of this article was to perform a systematic review of
the literature in order to answer the following questions.
1) What is the prevalence of osteoporosis in COPD? 2) What
are identified correlates of osteoporosis in COPD? 3) What are
the effects of treatment of osteoporosis in COPD?

METHODS

A computerised literature search of the MEDLINE/PubMed
and the Cochrane databases was performed. The time span
was January 1988 to April 2008. For each question two groups
of keywords were used to search for relevant articles.

To determine the prevalence of osteoporosis in COPD the
keywords were: 1) COPD, chronic obstructive pulmonary
disease, emphysema, chronic bronchitis; 2) osteoporosis, osteo-
penia, dual-energy X-ray absorptiometry (DXA) scan, bone
mineral density, prevalence of osteoporosis, prevalence of
osteopenia.

To identify correlates of osteoporosis in COPD the keywords
were: 1) COPD, chronic obstructive pulmonary disease,
emphysema, chronic bronchitis; 2) osteoporosis, osteopenia,
risk factors for osteoporosis, determining factors for osteo-
porosis, screening for osteoporosis.

Finally, to determine the effects of treatment of osteoporosis in
COPD the keywords were: 1) COPD, chronic obstructive
pulmonary disease, emphysema, chronic bronchitis; 2) treat-
ment of osteoporosis, lifestyle interventions in osteoporosis,
bisphosphonates, calcium supplementation, vitamin D.

For each of the three searches, keywords from group 1 were
combined with the keywords from group 2 by “AND”. Within
each group, the keywords were combined using “OR”. In
addition, reference lists of the identified articles were searched
by hand in order to find relevant articles that were missed in
the initial search strategy.

Article selection

Non-English articles were excluded. In addition, we excluded
review articles, although we did search their reference lists by
hand for relevant articles. Finally, editorials, congress abstracts
and case reports were not included.

Prevalence of osteoporosis in COPD

Only studies that enrolled COPD patients or where COPD
patients could be isolated from the studied sample (in the case
of inclusion of patients with other diseases besides COPD)
were included. One of the outcomes had to be the prevalence
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of osteoporosis based on bone mineral density (BMD)
measurements, thereby excluding studies with a prevalence
of osteoporosis based on (osteoporotic) fractures. Moreover, a
definition of osteoporosis had to be given by the authors.
Cross-sectional, longitudinal and intervention trials were
included. When the prevalence of osteoporosis was given per
site only (e.g. hip or lumbar spine), we contacted the authors by
e-mail to ask for the prevalence of the combined sites (i.e. if one
of the sites was diagnosed as osteoporosis then the patient was
defined as having osteoporosis). We determined the overall
mean prevalence of osteoporosis in 13 identified studies (see
online supplementary material).

Correlates of osteoporosis in COPD

Only studies investigating correlates of osteoporosis in COPD
patients, or where COPD patients could be isolated from
studied samples (in the case of inclusion of patients with other
diseases besides COPD) were included. Correlation and/or
regression analysis had to be carried out by searching for
clinical outcomes associated with osteoporosis or BMD
(thereby excluding studies with fractures as primary end-
points). Cross-sectional, longitudinal and intervention trials
were included.

Treatment of osteoporosis in COPD

Again, only studies where the results for COPD patients could
be isolated from other groups of patients were included. In
addition, only randomised placebo-controlled trials studying
the effects of lifestyle interventions (e.g. more weight-bearing
exercise, smoking cessation) and/or ““osteoporosis medication”
(e.g. bisphosphonates, calcium supplementation, vitamin D)
were included.

To assess the methodological quality of identified trials, the
Delphi list was used [18]. The Delphi list is a comprehensive
criteria list for quality assessment of randomised controlled
trials (RCTs) for conducting systematic reviews. It consists of
nine items all having a “yes”, “no” or “don’t know”” answer. If
bias was unlikely, the criterion was rated positive (“yes”). In
cases where information was lacking or insufficient and/or if
bias was likely, the criterion was rated negative (“no” or
“don’t know”, respectively). All “yes” scores (1 point per
“yes”’) were summed to produce an overall quality score.

RESULTS

Prevalence of osteoporosis in COPD

The search resulted in 240 articles. Of these 42 articles were not
in the English language, 48 were review articles and six were
editorials or letters. Another 94 articles were excluded because
they were about other topics (clear from the abstracts only).
After reading the remaining articles, another 36 were excluded:
12 because COPD patients could not be isolated from other
groups under investigation and 24 because they were about
other topics. One article was excluded because a subgroup of
patients used in a previous paper was investigated (see online
supplement). Finally, 13 studies with a total of 775 COPD
patients were included. In total, there were more male patients
(67% wversus 33%, n=759). Moreover, patients had a mean+sp
age (if reported) of 63.4+5.2 yrs (n=775), a forced expiratory
volume in 1s (FEV1) of 46.7+13.5% predicted (n=514), a
body mass index (BMI) of 24.942.3 kg'm™ (n=721) and a
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fat-free mass index (FEMI) of 16.7+0.9 kg'm'2 (n=311)
(table 1).

The prevalence of osteoporosis varies from 9% to 69%
depending on the patients under study, the method used to
assess BMD and the definition used to define osteoporosis
(table 1). The overall mean prevalence of osteoporosis for the
13 identified studies was 35.1% (272 of 775 patients). Patients
with osteoporosis consisted of a higher proportion of women.
In addition, FEV1 (% pred), BMI and FFMI were lower in the
osteoporotic COPD patients (table 2).

Univariate binary logistic regression analysis showed that
females had an odds ratio (OR) of 1.968 for osteoporosis
(p<<0.001). A lower FEV1, BMI and FFMI increased the OR of
osteoporosis, while age had no significant influence on
osteoporosis in COPD (see online supplementary material,
table E1).

Eight studies determined the prevalence of osteopenia, which
varies 27-67%, resulting in an overall mean prevalence of
osteopenia of 38.4% in COPD (table 1).

Four studies included an age-matched control group of healthy
subjects [3, 12, 23, 27]. The prevalence of osteoporosis in COPD
was increased compared with the healthy subjects in three trials
(overall mean prevalence of osteoporosis of 31.7% in COPD
versus 5.8% in healthy subjects, p<<0.001) [3, 12, 27]. However,
KARADAG et al. [23] did not find a significant difference in
prevalence of osteoporosis between COPD patients and healthy
subjects (fig. 1). Nevertheless, the significant difference in the
prevalence of osteoporosis between COPD patients and healthy
subjects still remained after analyses of the four trials together:
32.5 versus 11.4%, respectively, p<<0.001.

Four studies included a control group of patients with other
chronic lung diseases [19, 25, 26, 29]. The prevalence of
osteoporosis was higher in patients with COPD than in patients
with: asthma (50% versus 21%, respectively) [25]; idiopathic
pulmonary fibrosis (69% versus 43%, respectively) [26]; pul-
monary hypertension (69% wversus 55%, respectively) [26]; a
mixed group of idiopathic pulmonary fibrosis, pulmonary
hypertension, sarcoidosis, scleroderma or Kartagener’s syn-
drome (45% versus 15%, respectively) [29]; and a mixed group of
a-1 antitrypsin deficiency, sarcoidosis, lymphangioleiomyoma-
tosis, fibrosing alveolitis and bronchiectasis (59% versus 32%,
respectively) (fig. 2) [19]. In addition, the prevalence of
osteoporosis was lower in patients with COPD than in patients
with cystic fibrosis in two studies: 69% versus 76%, respectively
[26]; and 45% versus 75%, respectively (fig. 2) [29].

Correlates of osteoporosis in COPD

In total, 207 articles were found. Of these, 43 were not in the
English language, 45 were review articles and three were
editorials, comments or letters. In addition, eight articles were
excluded because COPD could not be isolated from other
patient groups, 92 because they were not about the topic and
another four based on their statistical methods (no correlation
and/or regression analysis performed). Twelve studies were
included for this review.

Correlates of osteoporosis and/or (a low) BMD in COPD
identified in mainly cross-sectional studies were body compo-
sition measures [12, 20, 22, 24, 25, 28, 30, 31], measures of
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disease severity [20, 27, 31, 34] and corticosteroids [24, 31]
(table 3). In addition, two longitudinal studies investigating
change in BMD were identified (table 3). SCANLON et al. [33]
found inhaled corticosteroids to be a risk factor for decreasing
BMD at both femoral neck and lumbar spine. In addition, they
found an age of >56 yrs to be a predictor for decreasing BMD
at the femoral neck, while >65 yrs of age and female sex to be
predictors for decreasing BMD at the lumbar spine (table 3).
MINEO et al. [22] investigated COPD patients before and after
lung volume reduction surgery and found significant correla-
tions between the increase in lumbar BMD and the changes in
the following parameters: residual volume (RV), diffusing
capacity of the lung for carbon monoxide (DL,c0O), BMI, fat-free
mass (FFM), bone alkaline phosphatase (bone-AF), B-crosslaps,
methylprednisolone (table 3).

Treatment of osteoporosis in COPD

The search resulted in 136 articles, 27 were excluded because
they were not in the English language, 34 because they were
reviews, three were editorials, letters or comments and 69
because they were about another topic. No studies were
identified investigating the treatment of osteoporosis in COPD
patients alone.

DISCUSSION

The prevalence of osteoporosis in COPD patients varies 9-69%.
In addition, the prevalence of osteopenia varies 27-67%. The
prevalence of osteoporosis was higher in COPD patients than
in healthy subjects. Identified correlates of osteoporosis or a
low BMD in COPD patients are body composition measures,
disease severity and treatment with corticosteroids. Treatment
of osteoporosis has not been investigated in random samples
consisting of only patients with COPD.

Prevalence of osteoporosis in COPD

VRIEZE et al. [20] found a low prevalence of osteoporosis
compared with the other studies (table 1). This may, at least in
part, be because none of the GOLD stage II patients had
osteoporosis. In contrast, BOLTON et al. [12] found a prevalence
of osteoporosis in 20% of GOLD stage II patients. A possible
explanation for these conflicting results could be the use of
quantitative ultrasound by VRIEZE et al. [20] instead of DXA
scan, which is the gold standard to assess osteoporosis [8]. The
highest prevalence (69%) of osteoporosis in COPD was
reported by TSCHOPP et al. [26]. In two other studies conducted
in COPD patients considered for lung transplantation, the
prevalence of osteoporosis was lower (48% and 59%) [19, 29].
This difference in prevalence may be due to differences in
patient characteristics. However, in the absence of clinical
characteristics for COPD patients only, this was hard to check
[26]. Three other studies [22, 25, 28] found a relatively high
prevalence of osteoporosis in COPD (50%, 49% and 60%,
respectively). However, the mean age of these patients was 72,
70 and 71 yrs, respectively, whereas in other studies the mean
age was <67 yrs (table 1). In addition, KATSURA and KIDA [25]
defined osteoporosis according to the Japanese guidelines
whereas most other studies used the WHO criteria to define
osteoporosis (table 1).

We found differences in sex distribution, FEV1, BMI and FFMI
after stratification for presence/absence of osteoporosis. In
addition, in a logistic regression analysis we identified male
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1y:\:18=F 8 No osteoporosis versus osteoporosis in patients
with chronic obstructive pulmonary disease

No osteoporosis Osteoporosis p-value
Age yrs 63.4+4.1 (503) 63.4+6.7 (272) 0.917
Sex M/F % (n) 77/23 (336) 63/37 (233) <0.001**
FEV1 % pred 4754120 (369)  41.14+15.8 (145) <0.001**
BMI kg-m~ 255+2.1 (471) 23.7+2.3 (250) <0.001**
FFMI kg-m2 16.940.7 (235) 16.2+1.1 (76) <0.001**

Data are presented as mean+sb (n), unless otherwise indicated. M: males;
F: females; FEV1: forced expiratory volume in 1 s; BMI: body mass index; FFMI:
fat-free mass index. **: significant at p<<0.01.

sex, decreasing FEV1, BMI and FFMI as possible determinants
of osteoporosis in COPD. Nevertheless, heterogeneity of the
study designs makes it somewhat difficult to draw strong
conclusions from these analyses.

On average, the prevalence of osteoporosis and/or a low BMD
was significantly higher in COPD patients than in healthy
subjects (fig. 1). Only one study did not find a significant
difference in prevalence of osteoporosis in Turkish COPD
outpatients (40% for lumbar spine and hip combined, 35% and
10% for lumbar spine and hip respectively) compared with their
healthy peers (40% at lumbar spine and 15% at the hip) [23].
Nevertheless, the prevalence of osteoporosis in the healthy
group appears to be higher than the prevalence of osteoporosis
in healthy subjects in other studies (0-25%) [3, 12, 27, 35].
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FIGURE 1. Prevalence of osteoporosis in patients with chronic obstructive
pulmonary disease (COPD) versus healthy subjects. Absolute numbers included in
the studies: SasiT [3] n=75 COPD patients, n=42 healthy subjects; BoLToN [12]
n=81 COPD patients, n=38 healthy subjects; Dimal [27] n=71 COPD patients,
n=40 healthy subjects; KARADAG [23] n=28 COPD patients, n=20 healthy subjects.
For KarADAG et al. [23] prevalence for lumbar spine (LS) and hip are displayed
separately (the author provided us with the combined prevalence of osteoporosis in
the COPD patients (40%); however, this combined prevalence in the healthy
subjects was not provided). FA: forearm.
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FIGURE 2. Prevalence of osteoporosis in chronic obstructive pulmonary
disease (COPD) versus other respiratory disorders. Absolute numbers of patients
included: Foru [19] n=40 COPD patients, n=31 other; Katsura [25] n=20 COPD
patients, n=24 asthma patients; TscHopp [26] n=16 COPD patients, n=24 cystic
fibrosis (CF) patients, n=14 idiopathic pulmonary fibrosis (IPF) patients, n=11
pulmonary hypertension (PHT) patients, n=9 other; Aris [29] n=15 COPD patients,
n=20 CF patients, n=20 other.

Indeed, the Turkish population has BMD values ~1 sp lower
than the Swedish population [36]. The decreased BMD in the
Turkish population may partly explain the lack of difference in
prevalence of osteoporosis between COPD patients and healthy
subjects [23].

Correlates of osteoporosis in COPD

To determine risk factors for osteoporosis, longitudinal
(intervention) studies are preferred. To date, only two long-
itudinal studies that met the inclusion criteria have been
identified [22, 33]. The other studies are cross-sectional
(table 2). For this reason, interpretation of the results should
be with caution as causality of the correlates (table 2) needs to
be confirmed. Several studies found body composition
measures (low BMI, low FFMI and % of ideal body weight)
to have a significant correlation with osteoporosis and/or
BMD [12, 20, 25, 28, 30]. In the general population, low body
weight and/or low BMI have also been identified as risk
factors for osteoporosis and incorporated in guidelines [8, 13].
The link between low body composition and osteoporosis or
low BMD in COPD could be increased inflammation,
decreased physical activity and/or other mechanisms leading
to proteolysis [37-42]. Another explanation for more osteo-
porosis in patients with lower body composition measure-
ments could be that bone formation is decreased because there
is relatively low mechanical loading on these bones. Indeed,
astronauts lose as much bone mass in a 1-month spaceflight as
postmenopausal females in 1 yr [43]. In addition, COPD
patients have been shown to be physically inactive compared
with age-matched healthy subjects [44].

MINEO et al. [22] have found a significant correlation between
an increase in BMD and an increase in BMI and FFM after lung
volume reduction surgery. More longitudinal studies are
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needed to investigate the influence of change in BMI and/or
FFMI on change in BMD in COPD.

A higher GOLD stage and/or a lower FEV1 have been shown
to be correlated with osteoporosis and/or a low BMD [20, 31,
34]. Also, in subjects without COPD, significant correlations
between FEV1 and BMD have been found [45-47]. These
relationships between lung function parameters and BMD are
complex and not yet clear. Again, in COPD patients, systemic
inflammation can be a key factor, as reduced lung function has
been found to be associated with increased inflammatory
markers, which is a risk factor for osteoporosis [48]. A strong
relationship between serum 25-hydroxyvitamin D and pul-
monary function parameters was found in patients from the
third National Health and Nutrition Examination Survey [49].
This could be another link between lung function and BMD. It
is also possible that there is no causal relationship between
lung function and BMD. Perhaps reduced physical activity
because of impaired lung function is the reason for reduced
BMD [50]. More longitudinal studies are needed to investigate
the possible causality between lung function and BMD.

Only SCANLON et al. [33] have found age >56 yrs and female
sex to be independent correlates of osteoporosis in COPD.
Indeed, in the general population higher, age and female sex
are two of the most important risk factors for osteoporosis [8].
In COPD patients these risk factors may disappear after
correction for other risk factors that are more important in
COPD and less important in the general population. Other
explanations could be limited sample size, cross-sectional
design of most of the trials, inclusion of only males or only
females and/or a selected age category. More large long-
itudinal trials are needed to investigate the influence of a
higher age and/or female sex on BMD in COPD patients.

Treatment of osteoporosis in COPD

The pharmacological treatment of osteoporosis should consist
of bisphosphonates in combination with calcium supplemen-
tation (in case of low dietary calcium intake) and with vitamin
D supplements (in case of vitamin D deficiency) [8]. The
protective effect of bisphosphonates has been found in multi-
ple studies [51-54]. However, no studies were found investi-
gating the drug treatment to prevent fractures in patients with
osteoporotic COPD only. Two studies [55, 56] investigated
alendronate in patients with asthma or COPD. Both studies
treated the patients for 1 yr. SMITH et al. [56] found a significant
improvement in T- and Z-scores for lumbar spine BMD, but
not for BMD at the hip in the alendronate group. LAU ef al. [55]
found an increase in BMD in the alendronate group and a
decrease in the placebo group, and these changes in BMD were
significantly different between the two groups. In these
studies, different eligibility criteria were used (males and
females versus females only, patients with high fracture risk
versus patients on inhaled corticosteroids). In addition, patient
characteristics were different (67 wversus 49 yrs of age,
percentage asthma and COPD unknown versus majority
asthma patients). The results of the two studies could not be
pooled. These two studies may indicate that alendronate
improves BMD in COPD patients.

MIRZAEI et al. [57] investigated the effect of rocaltrol in patients
with a T-score <-1 and compared this with control patients.
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However, patients and treating physicians were not blinded
for treatment, because the patients were assigned to the control
group if they had contra-indications for rocaltrol or if they
were unwilling to use rocaltrol. Again, nothing can be
concluded about the effect of rocaltrol in COPD patients only.
Considering the methodological quality of the three described
trials, only SMITH et al. [56] scored high on the Delphi scoring
list (8 points) whereas the other two studies [55, 57] scored
very low (4 and 2 points, respectively;see online supplemen-
tary material, table E2). RCTs in COPD patients only and with
a long-term follow-up are needed.

No studies were found that investigated the effect of lifestyle
changes on BMD in COPD patients. However, in an RCT, lung
transplantation patients who performed 6 months of exercise
on a lumbar extensor machine significantly gained lumbar
BMD, in contrast to the control patients (also after lung
transplantation without exercise) who lost lumbar BMD [58].
Another RCT compared the effect of alendronate plus
mechanical loading to alendronate alone and to control
patients (without alendronate and without mechanical load-
ing) in lung transplant recipients [59]. Again, in control
patients a significant decrease in BMD compared with baseline
BMD was found after 8 months (-14.1%). In patients treated
with alendronate the BMD increased (1.4%) and in the
alendronate plus mechanical loading group the BMD increased
even more (10.8%). In contrast, in a 4-yr RCT in middle-aged
males regular aerobic exercise training had no significant effect
on femoral BMD [60]. Intervention studies in COPD patients
are needed to investigate the possible short- and long-term
effects of progressive resistance training on BMD [61].

Conclusions

Prevalence of osteoporosis and osteopenia seems to be high in
COPD patients. Correlates of osteoporosis in COPD are body
composition measurements, measures of disease severity and
corticosteroids. Although causality has not been proven, based on
the current results it seems reasonable to advise (chest) physicians
to screen for osteoporosis in COPD patients with a low BMI
(<21 kg'rm™) and/or a low FFMI (<16 kg'm™ in males and
<15 kg'm™? in females). The effects of treatment of osteoporosis
have not been investigated in patients with COPD only.

Further areas where research is needed

To determine risk factors of osteoporosis in COPD, more
prospective studies are needed. Moreover, randomised
(placebo-) controlled trials on the effects of pulmonary
rehabilitation (including progressive resistance training and
nutritional modulation [62]) and/or relevant drug treatment
on BMD and fracture risk reduction are warranted in
osteoporotic patients with COPD.
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