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Background: Osteoporosis is a silent chronic obstructive pulmonary disease 
(COPD) comorbidity that is often under-detected. We aimed to study the prevalence 
and potential predictors of osteoporosis in COPD. Dynamic changes in bone mass 
density (BMD) and treatment efficacy of bisphosphonate were also assessed.

Methods: This prospective cohort study included COPD patients between 
January 2017 and January 2019. Demographics data, spirometric parameters, 
and C-reactive protein (CRP) were collected. Bone mineral density (BMD) at the 
lumbar spine (L2-4) and both femoral necks were measured after enrollment and 
the 12-month follow-up. Participants were categorized into three groups per the 
baseline BMD T-score: normal (≥  −  1.0), osteopenia (between −1.0 and  −  2.5), and 
osteoporosis (≤  −  2.5). In the osteoporosis group, alendronate 70  mg/week with 
vitamin D and calcium was prescribed.

Results: In total, 108 COPD patients were enrolled. The prevalence of osteoporosis 
and osteopenia were 31.5 and 32.4%, respectively. Advanced age, lower body mass 
index (BMI), history of exacerbation in the previous year, and high CRP levels were 
significant predictors of osteoporosis. After 12  months, 35.3% in the osteoporosis 
group reported new vertebral and femoral fractures, compared to none in the 
non-osteoporosis group (p  <  0.001). In the normal BMD and osteopenia groups 
showed a further decline in BMD after 12-month. Conversely, the osteoporosis 
group showed a statistically significant improvement in BMD after anti-resorptive 
treatment (p  <  0.001).

Conclusion: The prevalence of osteoporosis was high in Thai COPD patients. 
Advanced age, lower BMI, history of exacerbation, and high CRP levels were 
potential predictors. A rapid decline in BMD was observed in COPD patients 
without treatment.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is common and 
causes progressive and persistent respiratory symptoms. In 2019, 
COPD was the third leading cause of death worldwide and will 
continue rising (1). COPD patients also have concomitant chronic 
diseases due to systemic involvement, including cardiovascular 
disease, skeletal muscle wasting, lung cancer, osteoporosis, metabolic 
syndrome, and anxiety/depression (2). Comorbidities often affect the 
progression, morbidity, and mortality of patients with COPD.

Osteoporosis is a silent COPD comorbidity that is closely related 
and often under-detected in the clinic; it leads to poor health status 
and mortality. Osteoporosis is characterized by a decrease in bone 
mass and microarchitectural deterioration of the bone tissue, leading 
to bone fragility and fracture (3). However, the pathophysiology of 
COPD-associated osteoporosis is still not well understood and 
requires further study. This hypothesis was based on low bone 
mineral density (BMD), abnormal bone changes, impaired bone 
quality, and low bone turnover due to systemic inflammation (4). 
Nowadays, there are much increasingly diverse data on the 
relationship between osteoporotic risk factors and COPD; including 
smoking, systemic inflammation, long-term corticosteroids used, 
decreased physical activity, smoking, and malnutrition (5). The 
molecular pathways of osteoporosis in COPD patients comprise of 
the interaction between risk factors and molecular pathways such as 
inflammatory cytokines, irisin, myostatin, osteoclast differentiation, 
osteoblast activity, etc. (6). These purposed pathways describe the 
mechanisms of bone loss and muscle loss in COPD patients. 
Meanwhile, osteoporosis can lead to fractures that have an enormous 
impact; vertebral fractures may reduce pulmonary function, and rib 
fractures can cause hypoventilation and interfere with expectorant 
secretion (7). In previously published studies, the prevalence of 
osteoporosis in patients was reported to be approximately 23–50% 
(8–12). A current meta-analysis reported that the pooled global 
prevalence of osteoporosis COPD was 38% and that COPD increased 
the likelihood of osteoporosis [odds ratio (OR) = 2.83] (8). Common 
risk factors for osteoporosis in patients were low body mass index 
(BMI) and muscle mass. Old age, female sex, severe airflow 
limitation, frequent exacerbations, advance COPD categories, and 
C-reactive protein (CRP) levels were also mentioned as potential risk 
factors (8–14).

The current recommendations for the treatment of osteoporosis 
(15–17) involve non-pharmacological and pharmacological 
management. Bisphosphonates, an antiresorptive therapy, are the 
most widely used treatment for osteoporosis. They have a clear benefit 
in postmenopausal and glucocorticoid-induced osteoporosis. 
However, there is limited evidence regarding patients with 
osteoporotic COPD. A previous randomized controlled trial (RCT) of 
airway disease demonstrated a significant improvement in lumbar 
spine BMD through daily intake of 10 mg alendronate (18).

Currently, only one study has reported the prevalence of 
osteoporosis in Thai COPD patients, (11) and there is limited evidence 
of dynamic BMD changes in COPD patients. In addition, the role of 
bisphosphonates in patients with osteoporotic COPD is not well 
established. This study aimed to investigate the prevalence of 
osteoporosis in Asian (Thai) COPD patients, define potential 
predictors of osteoporosis, evaluate dynamic bone changes, and 
explore the efficacy of bisphosphonate treatment in COPD patients.

2. Materials and methods

2.1. Study populations and design

This prospective cohort study was conducted at a single tertiary 
hospital, which is a major referral center for 14 provinces in southern 
Thailand, from January 2017 to January 2019. Patients were eligible 
for this study if they met the following criteria: age ≥ 40 years, stable 
COPD diagnosed according to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) guideline 2017, and followed up at 
the outpatient department (19). Patients were excluded if they had 
acute exacerbation within 2 months, had comorbidities that could 
affect bone metabolism e.g., chronic kidney disease (CKD) ≥ stage 3, 
malignancy, chronic granulomatous disease, hyperparathyroidism, 
hepatic impairment or chronic liver disease, endocrinal disorders 
(type 1 diabetes mellitus, Addison’s disease, Cushing’s syndrome, and 
Graves’ disease), bone metabolism disorders (Paget’s disease and 
osteogenesis imperfect), mastocytosis, severe malabsorption, or 
received medication related to bone metabolism, including 
bisphosphonate, systemic glucocorticoids, and hormonal replacement.

Demographic data, including age, sex, BMI, underlying disease, 
smoking history, severity of COPD, exacerbation rates in the previous 
year, and inhaled corticosteroid use, were collected. C-reactive protein 
(CRP) levels were obtained and measured at the central laboratory of 
Songklanagarind Hospital, using turbidimetric/immunoturbidimetric 
methods (SENTINEL CH. S.p.A., Milano, Italy).

BMD measurements were performed in three areas: the lumbar 
spine (L2-4) and both femoral necks, using dual energy X-ray 
absorptiometry (DXA scan; PRODIGY Pro, GE healthcare/U.S.) after 
enrolment and a 12-month follow-up by a well-trained technician. 
Osteoporotic fracture events were also recorded during the follow-up 
period. All participants were categorized into three groups as follows: 
normal (≥ − 1.0), osteopenia (between − 1.0 and − 2.5), and 
osteoporosis (≤ − 2.5) according to the overall baseline BMD based 
on the World Health Organization (WHO) recommendations (20). 
COPD patients with osteoporosis were prescribed alendronate 70 mg/
week, calcium 2,500 mg/day, and vitamin D 20,000 IU/week.

This study was approved by the Office of Human Research Ethics 
Committee at the Faculty of Medicine, Prince of Songkla University, 
Thailand (REC.57–225–14-1). All patients provided written informed 
consent prior to enrollment.

2.2. Outcomes

The primary outcome was the prevalence of osteoporosis in Thai 
COPD patients. Secondary outcomes were the potential predictors of 
osteoporosis and natural dynamic changes in BMD (the differences in 
baseline and 12-month follow-up BMD in the non-osteoporotic 
group) in patients with COPD. The treatment efficacy of 
bisphosphonate was also assessed by the percentage difference between 
the baseline and 12-month follow-up BMD in the osteoporotic group.

2.3. Statistical analyses

The sample size was calculated using an infinite population 
proportion from the application called n4Studies (21) according to 
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previously published studies on the prevalence of osteoporosis in 
patients with COPD (11). A total sample size of 103 patients, which 
included an additional 20% with missing data, was analyzed in this study.

Continuous demographic data are reported as mean ± standard 
deviation (SD) or median with interquartile range (IQR). Discrete 
parameters are presented as counts and percentages. Inferential 
statistics were used to compare the patient characteristics and 
outcomes. The chi-square test was used to compare differences in 
categorical variables, whereas Student’s t-test (Kruskal-Wallis equality-
of-populations rank test) was used for continuous variables.

Seemingly unrelated regression (SUR) analysis was used to 
minimize confounding factors of the results by adjusted according to 
GOLD classification, age, forced expiratory volume in 1 s (FEV1), 
smoking status, body mass index, inhaled corticosteroids/long-acting 
β2 agonist (ICS/LABA).

Factors with p < 0.2 in the univariate analysis were included in 
multivariate logistic regression analysis to determine the independent 
predictors of osteoporosis. Statistical significance was set at p < 0.05. All 
statistical analyses were performed using the Stata/MP 16.0 Mac.

3. Results

Altogether, 118 patients with stable COPD were screened, and 108 
patients were included. After BMD measurement was performed, 34 
(31.5%), 35 (32.4%), and 39 (36.1%) patients were categorized into the 
osteoporosis, osteopenia, and normal groups, respectively (Figure 1). 
The patients in the osteoporosis group received pharmacotherapy. All 
patients were followed up.

3.1. Prevalence of osteoporosis

The overall prevalence of osteoporosis and osteopenia according 
to the T-score at either L2–4 or both femoral necks were 31.5 and 
32.4%, respectively.

3.2. Patient characteristics

The baseline characteristics are presented in Table  1. 
The median (IQR) age of the overall population was 72 (66.0, 
78.5) years. The median age of the osteoporosis and 
osteopenia groups was similar but significantly older than that of 
the normal BMD group (76.0 (72.0, 80.0) vs. 76 (65.0, 82.0) vs. 69 
(64.0, 72.0) years, p = 0.001, respectively). Most of the patients 
were men (97.4%). Interestingly, the median weight, height, and 
BMI were significantly lower in the osteoporosis group. 
Sixteen COPD patients (45.7%) with osteopenia also had 
diabetes mellitus, which was higher than in the other groups 
(p < 0.001).

In the osteoporosis group, 44.1% of the patients were 
classified as having a severe airflow limitation based on FEV1, and 
64.7% of the patients were categorized as group B based on the 
GOLD assessment. Most COPD patients with osteoporosis 
in our study (94.1%) had a modified Medical Research Council 
(mMRC) ≥2, and 55% of them had a history of exacerbation in 
the previous year, which was significantly higher than that in the 
osteopenia and normal groups (28.5 and 20.2%, respectively; 
p = 0.041).

The mean CRP level was significantly higher in the osteoporosis 
group, 4.78 ± 1.97 mg/L than in the osteopenia group, 1.62 ± 1.12 mg/L 
and the normal group, 0.92 ± 1.33 mg/L (p = 0.047). There were no 
other differences in the baseline characteristics.

3.3. Potential predictors of osteoporosis in 
COPD patients

From the univariate and multivariate analyses of all baseline 
characteristics, age > 60 years, BMI <18 kg/m2, history of 
exacerbation in a previous year, and a CPR level > 0.6 mg/L were 
the significant potential predictors for osteoporosis, as shown in 
Table 2.

FIGURE 1

Patient enrollment and follow-up diagram.
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TABLE 1 Demographic and baseline patient characteristics.

Patient’s characteristics Normal
(n =  39)

Osteopenia 
(n =  35)

Osteoporosis 
(n =  34)

Total 
(n =  108)

value of 
p

Age (year), median (IQR) 69.0 (64.0, 72.0) 76.0 (65.0, 82.0) 76.0 (72.0, 80.0) 72.0 (66.0, 78.5) 0.001

Male, n (%) 38 (97.4) 32 (91.4) 30 (88.2) 100 (92.6) 0.310

Weight (kg), median (IQR) 68.0 (57.0, 74.0) 58.0 (52.0, 66.0) 47.9 (45.0, 55.0) 57.2 (48.9, 68.5) <0.001

Height (cm), mean ± SD 163.0 ± 5.2 164.2 ± 6.4 159.3 ± 6.4 162.2 ± 6.3 0.001

BMI (kg/m2), median (IQR) 24.8 (21.4, 27.4) 21.8 (19.0, 23.8) 19.6 (18.3, 21.3) 21.6 (19.2, 24.8) <0.001

BMI, Categories

<18.5, n (%) 1 (2.6) 5 (14.3) 9 (26.5) 15 (13.9) 0.020

18.5–23, n (%) 16 (41.0) 18 (51.4) 18 (52.9) 52 (48.1)

23–25, n (%) 12 (30.8) 5 (14.3) 4 (11.8) 21 (19.4)

≥25, n (%) 10 (25.6) 7 (20.0) 3 (8.8) 20 (18.5)

FEV1 (%), median (IQR) 71.0 (46.0, 82.0) 60.5 (47.0, 69.0) 49.5 (38.0, 61.0) 57.0 (46.0, 75.0) 0.106

FVC (%), median (IQR) 99.0 (78.0, 111.0) 86.5 (73.0, 98.0) 87.5 (74.0, 102.0) 90.0 (74.0, 103.0) 0.190

FEV1/FVC, mean ± SD 54.3 ± 12.3 52.2 ± 10.6 47.7 ± 12.1 51.5 ± 11.9 0.077

GOLD (FEV1classification), n (%)

>80 14 (35.9) 4 (11.8) 6 (17.6) 24 (22.4) 0.012

50–80 13 (33.3) 23 (67.6) 11 (32.4) 47 (43.9)

30–50 11 (28.2) 6 (17.6) 15 (44.1) 32 (29.9)

<30 1 (2.6) 1 (2.9) 2 (5.9) 4 (3.7)

GOLD group, n (%)

A 15 (38.5) 12 (35.3) 2 (5.9) 29 (27.1) 0.001

B 14 (35.9) 16 (47.1) 22 (64.7) 52 (48.6)

C 5 (12.8) 4 (11.8) 0 (0.0) 9 (8.4)

D 5 (12.8) 2 (5.9) 10 (29.4) 17 (15.9)

Smoking status

current smoker, n (%) 38 (97.4) 30 (85.7) 28 (82.4) 96 (88.9) 0.095

ex-smoker, n (%) 1 (2.6) 5 (14.3) 6 (17.6) 12 (11.1)

Underlying disease

Dyslipidemia, n (%) 15 (38.5) 10 (28.6) 9 (26.5) 34 (31.5) 0.493

Hypertension, n (%) 18 (46.2) 14 (40.0) 10 (29.4) 42 (38.9) 0.338

Coronary disease, n (%) 4 (10.3) 5 (14.3) 6 (17.6) 15 (13.9) 0.658

Diabetes mellitus, n (%) 7 (17.9) 16 (45.7) 2 (5.9) 25 (23.1) <0.001

Dose of steroid*(mg), mean ± SD 35.5 37.52 52.17 42.5 0.067

ICS used, n (%) 36 (92.3) 33 (94.3) 34 (100.0) 103 (95.4) 0.276

ICS dose (mg/day)

Fluticasone 500, n (%) 24 (66.7) 21 (60.0) 27 (79.4) 72 (68.6) 0.196

Fluticasone 750, n (%) 0 (0.0) 0 (0.0) 1 (2.9) 1 (1.0)

Budesonide 640, n (%) 12 (33.3) 14 (40.0) 6 (17.6) 32 (30.5)

CAT score, mean ± SD 17.1 ± 8.7 17.2 ± 8.4 18.4 ± 9.9 17.6 ± 8.3 0.158

mMRC dyspnea score

1, n (%) 26 (66.7) 17 (48.6) 2 (5.9) 45 (41.7) <0.001

2, n (%) 13 (33.3) 16 (45.7) 31 (91.2) 60 (55.6)

3, n (%) 0 (0.0) 2 (5.7) 0 (0.0) 2 (1.9)

4, n (%) 0 (0.0) 0 (0.0) 1 (2.9) 1 (0.9)

History of exacerbation in a previous year, n (%) 8 (20.5) 10 (28.5) 19 (55.8) 37 (34.3) 0.041

CRP (mg/L), mean ± SD 0.92 ± 1.33 1.62 ± 1.12 4.78 ± 1.97 2.54 ± 2.96 0.047

*dose of steroid: dose of systemic corticosteroid in the previous year. 
BMI, body mass index; CAT, COPD assessment test; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; GOLD, Global initiative for chronic obstructive 
lung disease; ICS, inhaled corticosteroid; IQR, interquartile range; mMRC, modified medical research council; SD, standard deviation; LABA, long-acting β2 agonist; LAMA, long-acting 
muscarinic antagonist; mMRC, modified medical research council.
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3.4. Association between BMD and GOLD 
groups

COPD patients in each group were classified into four GOLD 
groups, and the probabilities of osteoporosis and osteopenia were 
assessed according to age. Patients with COPD GOLD D had the 
highest probability of having osteoporosis, and a greater effect was 
seen in older age (Figure 2).

3.5. Dynamic changes in BMD and 
treatment efficacy of bisphosphonate

We examined the mean percentage change in BMD at 12 months 
in each group. In the normal and osteopenia groups, BMD at the 
lumbar spine and right and left femoral neck further declined (BMD 
values in the normal group were − 2.8, −4.3%, and − 3.2% and those 
in the osteopenia group were − 1.8, −5.1%, and − 3.8%, respectively). 
During the 12-month period, two COPD with osteopenia patients had 
declined BMD values at the vertebral body and turned to osteoporosis.

Conversely, the osteoporosis group that received alendronate 70 mg/
week (with calcium and vitamin D) showed a statistically significant 
improvement in BMD of 6.7, 7.0, and 5.8% in the lumbar spine, right 
femur, and left femur, respectively (p < 0.001), as shown in Figure 3.

Over the 12-month study period, 12 patients (35.3%) in the 
osteoporosis group had new vertebral and femoral fractures, whereas 
no fracture was reported in the non-osteoporosis group (p < 0.001).

4. Discussion

This study has four important findings. First, the prevalence of 
osteoporosis in COPD was 31.5% and that of osteopenia was 32.5%. The 
second is that the potential risk factors for osteoporosis were 
age > 60 years, BMI <18 kg/m2, history of exacerbation in the previous 
year, and a CRP level > 0.6 mg/L. Third, COPD GOLD D patients with 
older age had the highest probability of osteoporosis. Lastly, osteoporotic 
COPD patients who received anti-resorptive treatment had a statistically 
significant improvement in BMD after prospective follow-up.

To the best of our knowledge, osteoporosis is an important 
comorbidity of COPD that can lead to poor health status. This study 
found that one-third of Thai COPD patients had osteoporosis and 
nearly two-thirds had low BMD. The prevalence in our study was 
similar to that in other studies, which was reported as 31–40%, (8–10, 
12) and also corresponded with a prior study in Thai COPD patients 
by Rittayamai et al. (11) However, our study also included women, 

which can cause a higher prevalence due to hormonal effects. The 
prevalence of the Thai male population was 12.6% as reported by 
Pongchiyakul et al. (22) However, we found a prevalence greater by 
2.5 times; this difference might be attributed to the younger population 
in their study (mean age of 51 ± 16 years). The effect of aging on bone 
metabolism could result in a high prevalence of osteoporosis in the 
elderly, and most patients were diagnosed at an older age.

Advanced age was also reported as an associated factor for 
osteoporosis in COPD in a previous study (23). Low BMI has also 
been documented as a risk factor for osteoporosis in numerous 
studies, (8, 10, 11, 24, 25) which could be  explained by various 
mechanisms, including hormonal levels, changes in body composition, 
and mechanical loading on the weight-bearing bones that facilitate 
bone formation and are also correlated with systemic inflammation in 
COPD (7, 26, 27). History of exacerbation in the previous year 
increased the risk of osteoporosis in our patients. Although this factor 
remains controversial in most studies, a few trials have reported that 
COPD exacerbations are independently associated with osteoporosis 
progression (28, 29). COPD exacerbation is hypothesized to be a risk 
factor for osteoporosis because of important factors such as systemic 
inflammation, systemic corticosteroid prescription, and physical 
inactivity during acute exacerbation (30, 31). Systemic inflammation 
occurs at all stages of COPD, especially during acute exacerbations. 
To our knowledge, systemic corticosteroid usage is a common cause 
of osteoporosis and fracture according to a meta-analysis of 42,000 
subjects (32). The inflammatory process is demonstrated by increased 
production of various cytokines, including the bone resorption 
marker collagen type I β-isomerized C-terminal telopeptide (beta CL), 
CRP, matrix metalloproteinase-9 (MMP-9), and tissue inhibitor of 
metalloproteinase-1 (TIMP-1). During exacerbation, the total 
oxidative status (TOS) was higher than that in the stable state 
(p  < 0.05) (33). Unsurprisingly, we  found that the CRP level, an 
inflammatory reactive cytokine, was higher in patients with 
osteoporosis than in those without osteoporosis. This factor is similar 
to that in another study in Thailand (11). Therefore, our results 
support the hypothesis that systemic inflammation is responsible for 
the high prevalence of osteoporosis in COPD patients.

Systemic and inhaled corticosteroid usage were not claimed as 
potential predictors of osteoporosis in this study, which is consistent 
with the TORCH study by Ferguson et al. (9) and the recent systematic 
and meta-analysis by Chen et al. (8) Severe COPD patients had a 
higher risk of osteoporosis about four times, as well as the lower FEV1 
and FEV1/FVC ratio tended to have a higher risk of getting 
osteoporosis from a longitudinal study by Bitar et al. (13). However, 
the severity of airflow limitation could not be found as a significant 
risk factor for osteoporosis in our study, which was different from that 
reported in previous studies, (10, 12) but the same as that reported in 
two recent systematic and meta-analysis studies (8, 24).

Additionally, a more rapid decline in BMD was observed in the 
lumbar, right, and left femur in our COPD patients than in the 
non-COPD osteoporotic patients without treatment (34). Most 
patients in this study were males. Men have a slower bone mineral 
density loss than post-menopausal women because of hormonal effect. 
From the previous report, the loss of bone mineral density in men will 
occur after the sixth decade of life about 0.5–1% per year (35).

We also assessed the treatment efficacy of bisphosphonate; 
alendronate has a beneficial effect on BMD, including that in the 
lumbar spine and both femurs, which was similar to that reported in 

TABLE 2 Multivariate analysis of potential predictors for osteoporosis in 
COPD patients.

Variables Odd ratio 95% CI value of p

Age > 60 years 1.58 1.09–2.28 0.041

Low BMI (< 18 kg/m2) 1.64 1.36–3.01 0.039

History of exacerbation in a 

previous year
1.92 1.25–4.79 0.036

High CRP level (> 0.6 mg/L) 1.52 1.12–2.34 0.048

BMI, body mass index; CRP, C-reactive protein.
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a prospective observational study from Japan (36). An earlier RCT by 
Smith et al. (18) evaluated the effect of bisphosphonate in patients 
with airway disease (mostly asthma patients), and the results 
demonstrated a significant benefit on BMD only at the lumbar spine. 
These results could reflect the benefit of alendronate in preventing 
rapid bone decline in COPD as well as in postmenopausal, male, and 
glucocorticoid-induced osteoporosis. From our study, in COPD 

patients with normal BMD and osteopenia group also showed a 
significant decline after only 1 year period. These findings could 
be implied to general practice such as routine BMD screening and 
close follow-up, early initiation of vitamin D and calcium supplements, 
early considering anti-resorptive drugs if possible.

To our knowledge, this is the first prospective cohort study to 
demonstrate many aspects of osteoporosis in Thai COPD patients. In 

FIGURE 2

Association between BMD and GOLD groups according to age.

FIGURE 3

Dynamic changes in BMD in COPD patients.

https://doi.org/10.3389/fmed.2023.1214277
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Kaenmuang et al. 10.3389/fmed.2023.1214277

Frontiers in Medicine 07 frontiersin.org

this study, we minimized confounding factors as much as we could by 
using seemingly unrelated regression (SUR) analysis. The confounders 
including GOLD classification, age, FEV1, smoking status, body mass 
index, ICS/LABA used were already adjusted. However, gender was not 
adjusted due to the small number of females in our study. These results 
could alert pulmonologists to the importance of osteoporosis. Routine 
BMD screening can lead to early diagnosis and initiation of treatment. 
This issue will prevent fractures and improve the quality of life and 
prognosis. However, our study has some limitations. First, our study was 
not population-based with age-and sex-matched controls. Second, a 
1-year-follow up period might not be sufficient to represent the BMD 
change, but it can display a trend of changes, as well as this period was 
not long enough to confirm the long-term benefit of bisphosphonate and 
observe its side effects. Therefore, further studies should be conducted 
on population-based age-sex-matched control patients and extend the 
duration of treatment to confirm long-term benefits and side effects.

5. Conclusion

The overall prevalence of osteoporosis is high in Thai COPD 
patients. Advanced age, lower BMI, history of exacerbation, and high 
CRP levels were potential predictors. A rapid decline in BMD was 
observed in COPD patients without treatment, whereas alendronate 
prevented further BMD decline in osteoporotic COPD patients.
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