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Background: In this study, we evaluated the prevalence of osteoporosis, risk factors as-
sociated with osteoporosis, and health-related quality of life (HRQOL) in clinically stable 
chronic obstructive pulmonary disease (COPD) patients. Methods: A total of 1,081 COPD 
patients were recruited from the Korea National Health and Nutrition Examination Sur-
vey (KNHANES) from July 2008 to May 2011. Bone mineral densities at the lumbar spine, 
femoral neck, and total proximal femur were measured using dual energy X-ray absorp-
tiometry. HRQOL was assessed using the EuroQOL-5 dimensions (EQ-5D) questionnaire. 
To identify factors associated with osteoporosis and HRQOL in patients with COPD, mul-
tivariate regression analyses was performed. Results: Of the 1,081 COPD patients, 191 
(17.7%) were diagnosed with osteoporosis. There were significant differences in age, 
sex, smoking status, education level, house income, and body mass index (BMI) between 
the osteoporotic and non-osteoporotic groups. COPD patients with osteoporosis had 
significantly lower EQ-5D scores than the controls.  In multivariate analyses, older age 
(odds ratio [OR]=1.10, P<0.001) was risk factor for osteoporosis. And patients of male 
sex (OR=0.06, P<0.001), high house income (OR=0.75, P=0.045), and high BMI (OR=0.74, 
P<0.001) were less likely to have osteoporosis. In addition, osteoporosis was associated 
with poor HRQOL (β=-0.21, P=0.023). Conclusions: The prevalence of osteoporosis in 
COPD patients based on the 2008 to 2011 KNHANES data were relatively lower than that 
in physician-diagnosed COPD patients. In these COPD patients, older age, female sex, 
low household income, and low BMI incre ased the risk for osteoporosis. 

Key Words: Bone density, Osteoporosis, Pulmonary disease chronic obstructive, Quality 
of life

INTRODUCTION

Osteoporosis is a systemic skeletal disorder that is characterized by low bone 
mass and microarchitectural changes that increase bone fracture risk.[1] Fracture 
risk depends on bone strength, which is determined by bone mineral density (BMD) 
and bone quality.[2] Osteoporosis is an important public health problem world-
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wide, because osteoporotic fractures are associated with 
increased mortality, functional decline, loss of quality of life 
(QOL), and a need for institutionalization in older individu-
als.[3]

Osteoporosis is one of the major systemic comorbidity 
of chronic obstructive pulmonary disease (COPD).[4] The 
prevalence of osteoporosis in COPD patients is 2-fold to 
5-fold higher than in age-matched healthy control sub-
jects.[5] The reported prevalence ranges widely from 4% 
to 59%, depending on the diagnostic methods used, the 
population studied, and the severity of the underlying re-
spiratory disease.[1,6,7] Most studies on osteoporosis in 
COPD patients have included patients with severe disease 
who are predominantly treated with glucocorticoids. Un-
derstanding the risk factors for osteoporosis in COPD has 
been difficult due to the therapeutic use of systemic gluco-
corticoids.[8] The prevalence of osteoporosis in mild or as-
ymptomatic COPD patients has not been well studied. In 
addition, there are few studies on the risk factors for osteo-
porosis in COPD patients with low exposure to steroids. It 
is important to identify the prevalence and risk factors of 
osteoporosis, because it is often underdiagnosed and as-
sociated with poor health-related QOL (HRQOL) in COPD 
patients.[9] 

Therefore, in this study, we analyzed the prevalence of 
osteoporosis and the risk factors associated with osteopo-
rosis in clinically stable or asymptomatic COPD patients, 
based on the national database of information on medical 
utilization developed by the Korea National Health and 
Nutrition Examination Survey (KNHANES). In addition, we 
examined the association between HRQOL and osteoporo-
sis in COPD patients.

METHODS

1. Study population 
The KNHANES is a nationwide representative cross-sec-

tional survey of the Korean population with a clustered, 
multistage, stratified, and rolling sampling design.[10] It 
consists of three sections: a health interview, health exami-
nation, and nutrition survey. The health interview section 
focuses on the respondents’ socioeconomic status, demo-
graphics, health behaviors, and QOL. The health examina-
tion section focuses on the diagnosis of chronic disease by 
screening or examining health status. Finally, the nutrition 

section focuses on surveying food and nutrition behaviors. 
We collected data of 21,303 adults older than 50 years of 
age from the KNHANES from July 2008 to May 2011 (Fig. 1). 
We excluded participants who did not have results of pul-
monary function tests (PFTs) and dual energy X-ray absorp-
tiometry (DXA).

2. Diagnosis of COPD
A diagnosis of COPD was established based on PFTs us-

ing the criteria of the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) guidelines.[11] According to the 
GOLD criteria, individuals with a ratio of forced expiratory 
volume in 1 second (FEV1) to functional vital capacity (FVC) 
<0.7 were considered to have COPD. Spirometry was per-
formed according to the American Thoracic Society/Euro-
pean Respiratory Society criteria for standardization.[12] 
We classified severity of airflow limitation according to the 
GOLD criteria (stage I, mild FEV1 ≥80%; stage II, moderate 
FEV1 50-80%; stage III, severe FEV1 30-50%; stage IV, very 
severe FEV1 <30% predicted or FEV1 <50% predicted plus 
chronic respiratory failure).[11]  

3. Diagnosis of osteoporosis
BMD at the lumbar spine, femoral neck, and total proxi-

mal femur were measured using DXA (Hologic Inc., Bed-
ford, MA, USA). According to the World Health Organiza-
tion study group, the diagnosis of osteoporosis is based on 
T-score thresholds.[13] T-scores at or above -1.0 are consid-
ered normal, those between -1.0 and -2.5 are considered 
osteopenia, and those at or below -2.5 are considered os-
teoporosis.[13] BMD screening was performed from July 
2008 to May 2011 only in participants who were 50 and 
older or women in menopause.

Fig. 1. Flow chart of the study population. COPD, chronic obstructive 
pulmonary disease; BMD, body mineral density.
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4. HRQOL
HRQOL was assessed using the EuroQOL-5 dimensions 

(EQ-5D) questionnaire, which generates assessment scores 
across five dimensions of health, mobility, self-care, usual 
activity, pain/discomfort, and anxiety/depression.[14] Re-
sponses in each dimension were divided into three catego-
ries: no problem, moderate problem, or extreme problem.
[14] Average scores on the EQ-5D index were calculated to 
assess HRQOL, which is a preference-based health status 
index. Because the preference weights of Koreans are quite 
different from those of Caucasians, we used Korean-specif-
ic preference weights to generate the EQ-5D index scores.
[15] Average EQ-5D scores ranged from -0.17 to 1, where 1 
indicates no problem in any of the five dimensions.[15] The 
average score of the EQ-5D index was calculated to assess 
the QOL of COPD patients.

5. Data collection
House income was categorized into four groups by quar-

tile. The lowest group was the 25th percentile of sex- and 
age-specific income distributions. Body weight and height 
were measured in light clothing with no shoes, and body 
mass index (BMI) was calculated as weight (kg) divided by 
height squared (m2). Information regarding comorbidities 
including hypertension, diabetes, hyperlipidemia, depres-
sion, and malignancy as potential confounding factors were 
examined using the health interview survey.

6. Statistical analysis
All statistical analyses were made considering sample 

weights that were constructed based on the survey design, 
survey non-response and post-stratification. Continuous 
data are expressed as means±standard deviations and 
categorical data as numbers with percentages. Character-
istics between osteoporosis and non-osteoporosis groups 
were compared using independent Student’s t-tests for 
continuous parameters or χ2 tests for categorical parame-
ters. To identify factors contributing to osteoporosis and 
HRQOL in patients with COPD, a multivariate regression 
was performed. Specifically, multivariate logistic analysis 
was performed to identify factors contributing to the prev-
alence of osteoporosis and beta regression was conducted 
to examine the factors associated with the HRQOL among 
patients with COPD by adjusting to normal distributions. 
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used 

for statistical analyses. The Institutional Review Board (IRB) 
of the Korea Centers for Disease Control and Prevention re-
viewed and approved the KNHANES survey annually and 

Table 1. Clinical characteristics of study subjects with and without 
osteoporosis

Characteristics Osteoporosis 
(n=191)

Non-osteopo-
rosis (n=890) P-value

Age (year) 69.91±0.66 63.51±0.35 <0.001

Sex (male) 63 (33.0) 744 (83.6) <0.001

Smoking <0.001

   Current smoker 47 (24.6) 308 (34.6)

   Ex-smoker 47 (24.6) 382 (42.9)

   Non-smoker 97 (50.8) 200 (22.5)

Education

   <Primary school 152 (79.6) 397 (44.6) <0.001

   Middle school 17 (8.9) 192 (21.6)

   High school 18 (9.4) 192 (21.6)

   ≥College 4 (2.1) 106 (12.0)

House incomea)

   Low 110 (58.8) 304 (34.8) <0.001

   Middle 43 (23.0) 231 (26.4)

   Upper middle 18 (9.6) 167 (19.1)

   High 16 (8.6) 172 (19.7)

BMI (kg/m2) 21.82±0.3 23.77±0.12 <0.001

Comorbidity

   Hypertension 82 (42.9) 372 (41.8) 0.516

   Diabetes 21 (11.0) 140 (15.7) 0.202

   Hyperlipidemia 17 (8.9) 109 (12.2) 0.088

   Depression 7 (3.7) 35 (3.9) 0.900

   Malignancy 6 (3.1) 52 (5.8) 0.243

BMD

   Lumbar spine 0.672±0.007 0.946±0.005 <0.001

   Total femur 0.695±0.008 0.910±0.005 <0.001

   Femoral neck 0.544±0.007 0.741±0.005 <0.001

   T-score (hip)  -2.45±0.063  -0.82±0.037 <0.001

Osteoporosis family history 21 (11.0) 103 (11.6) 0.993

Treatment of COPD 3 (1.6) 16 (1.8) 0.730

Pulmonary functions

   FVC (L)   2.81±0.07   3.74±0.04 <0.001

   FVC (predicted %) 89.62±1.45 90.17±0.59 0.728

   FEV1 (L)   1.78±0.05   2.35±0.03 <0.001

   FEV1 (predicted %) 77.21±1.49 76.53±0.66 0.680

   FEV1/FVC   0.63±0.01   0.63±0.03 0.630
a)House income was categorized into four groups based on its quartiles 
by sex and age. 
The data is presented as mean±standard deviation or number (%).
BMI, body mass index; BMD, body mineral density; COPD, chronic ob-
structive pulmonary disease; FVC, functional vital capacity; FEV1, forced 
expiratory volume in 1 second.
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the IRB approval numbers were 2008–04EXP-01-C, 2009– 
01CON-03–2C, 2010–02CON- 21-C, and 2011–02CON-06-C. 
All of the data can be downloaded from the official web-
site of the KNHANES (http://knhan-es.cdc.go.kr/). These 
data are open to the public after completing a designated 
registration process for access. 

RESULTS

The clinical characteristics of the 1,081 COPD patients 
according to osteoporosis status are shown in Table 1. Of 
the 1,081 patients, 191 (17.7%) were diagnosed with os-
teoporosis. There were significant differences in age, sex, 
smoking status, socioeconomic status, and BMI between 
the osteoporosis and non-osteoporosis groups. The osteo-
porosis group had lower lumbar spine, total femur, and 
femoral neck BMD, and lower T-scores than the non-osteo-
porosis group. The history of prescribing COPD treatment 
did not differ between the two groups (1.1% vs. 1.4%, P=  
0.730). FVC and FEV1 were lower in the osteoporosis group 
than in the non-osteoporosis group. However, the preva-
lence of osteoporosis by severity of COPD according to air-
flow limitation did not significantly differ between the groups 
(P=0.860) (Fig. 2). 

Table 2 shows the comparison of the HRQOL by EQ-5D 
questionnaires between the osteoporosis and non-osteo-
porosis groups. The total EQ-5D score was significantly low-
er in the osteoporosis group than in the non-osteoporosis 
group (0.84±0.02 vs. 0.92±0.01, P<0.001). More patients 
in the osteoporosis group answered that they had some 
problems or had problems in all of the survey dimensions.

Table 3 shows the multivariate logistic analysis for evalu-

Table 2. EQ-5D scores in COPD patients with and without osteoporosis

Osteoporosis 
(n=191)

Non-osteoporo-
sis (n=890) P-value

EQ-5D scores 0.84±0.02 0.92±0.01 <0.001

Mobility <0.001

   No problem 96 (50.3) 661 (74.3)

   Some problems/Unable 95 (49.7) 229 (25.7)

Self-care

   No problem 157 (82.2) 832 (93.5) 0.0004

   Some problems/Unable 34 (17.8) 58 (6.5)

Usual activities

   No problem 126 (66.0) 745 (83.7) <0.001

   Some problems/Unable 65 (34.0) 145 (16.3)

Pain/Discomfort

   No problem 109 (57.1) 635 (71.3) 0.004

   Some problems/Unable 82 (42.9) 255 (28.7)

Anxiety/Depression

   No problem 155 (81.2) 793 (89.1) 0.010

   Some problems/Unable 36 (18.8) 97 (10.9)

The data is presented as mean±standard deviation or number (%).
EQ-5D, EuroQOL-5 dimensions; COPD, chronic obstructive pulmonary 
disease.

Table 3. Risk factors of osteoporosis in COPD patients by multivari-
ate logistic analysis analysis

Variables OR (95% CI) P-value

Age (year) 1.10 (1.07-1.13) <0.001

Sex

   Male 0.06 (0.03-0.13) <0.001

   Female (ref) -

House income 0.75 (0.57-0.99) 0.045

Smoking

   Current smoker 1.51 (0.84-2.71) 0.365

   Ex-smoker 1.47 (0.68-3.20) 0.577

   Non-smoker (ref) -

BMI (kg/m2) 0.74 (0.65-0.84) <0.001

Currently treated COPD 0.76 (0.25-2.31) 0.623

FEV1 (L) 1.04 (0.61-1.77) 0.893

COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confi-
dence interval; Ref, reference group; BMI, body mass index; FEV1, forced 
expiratory volume in 1 second.

Fig. 2. Prevalence of osteoporosis according to the severity of chronic 
obstructive pulmonary disease. Stage I: forced expiratory volume in 1 
second (FEV1)≥80%, stage II: FEV1=50-80%, stage III: FEV1=30-50%, 
stage IV: FEV1<30% (P=0.860).
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ating risk factors associated with osteoporosis in COPD pa-
tients.  The risk for osteoporosis increased 1.1 times more 
with increased age (p<0.001). On the other hand, patients 
of male sex (odds ratio [OR]=0.06, P<0.001), high house in-
come (OR=0.75, P=0.045), and high BMI (OR=0.74, P<0.001) 
were less likely to have osteoporosis. FEV1 was not an inde-
pendent risk factor for osteoporosis (OR=1.04, P=0.893).
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To evaluate factors associated with HRQOL in patients 
with COPD, beta regression analysis was performed (Table 
4). Aging contributed negatively to HRQOL (β=-0.01, 
P=0.031). HRQOL increased by 0.09 with increased house 
income (P=0.007). The severity of airflow limitation showed 
no significant association with HRQOL, except for severity 
IV, which deteriorated HRQOL by 0.8 compared to severity 
I (P=0.004). Osteoporosis was associated with poor HRQOL 
(β=-0.21, P=0.023).

DISCUSSION

The prevalence of osteoporosis in our study was approx-
imately 17.7%. This result was lower than the prevalence in 
other COPD studies and higher than that in the general pop-
ulation.[6,16-18] Studies have shown that patients with 
COPD usually have low BMD, impaired bone quality, and 

low bone turnover.[4] The mechanisms by which osteopo-
rosis occurs in COPD patients are not yet known. However, 
clinical evidence has indicated that systemic inflammation, 
pulmonary dysfunction, and glucocorticoid use are associ-
ated with risk factors.[4] This study used KNHANES data; 
thus these patients were not physician-diagnosed with 
COPD, which suggests that clinically stable or asymptom-
atic patients were included in this dataset. In addition, the 
severity of airway obstruction in this study was mild (mean 
FEV1 of all patients was ~76-77%). The mean age was also 
relatively lower than in other studies. These findings may 
have affected the overall prevalence.

In this study, a low FEV1 was not an independent risk fac-
tor for osteoporosis. However, the prevalence of osteopo-
rosis increased slightly with increasing airflow limitation 
although not statistically significant (stage I, 17.8% vs. stage 
IV, 28.6%; P=0.860) (Fig. 2). The correlation between pul-
monary function and BMD has been inconsistent in previ-
ous studies. Several studies have reported that low FEV1 
increased the risk for osteoporosis in COPD patients.[19-
21] Patients with severe airflow limitation (predicted FEV1 
<30%) are particularly at risk for developing osteoporosis.
[20] Although the exact mechanism is unclear, systemic in-
flammation, low physical activity levels, and corticosteroid-
induced loss of bone mass are potential explanatory mech-
anisms.[20,22,23] The correlation between BMD and FEV1 
has also been demonstrated in the general population. Jeon 
et al.[17] reported that FVC and FEV1 are associated with 
BMD in healthy nonsmoking premenopausal women but 
not in postmenopausal women. Lee et al.[24] found that 
FEV1 was negatively correlated with lumbar spine BMD but 
not femur neck or total hip BMD in middle-aged Korean 
men. Both studies were conducted using KNHANES data, 
as in this study. Our study population was not physician-
diagnosed COPD patients, so there was a relatively higher 
level of physical activity and lower exposure to corticoste-
roids than in patients in other COPD studies. This may ex-
plain the lack of association between measures of lung func-
tion and bone mass.

Body weight loss and cachexia are frequently found in 
COPD, particularly at advanced levels of airflow limitation.
[25] Low BMI has been shown to predict osteoporosis among 
COPD patients.[5,19,26] In this study, low BMI independent-
ly increased osteoporosis risk. This finding is consistent with 
other studies. Although the mechanism is unclear, there 

Table 4. Factors associated with HRQOL in COPD patients by multi-
ple regression analysis

Variables β SE P-value

Age (year) -0.01 60.01 0.031

Sex

   Female (ref) - -

   Male 0.17 0.10 0.120

House income 0.09 0.03 0.007

Smoking

   Current smoker -0.03 0.11 0.750

   Ex-smoker -0.05 0.11 0.635

   Non-smoker (ref) - -

Severity of airflow limitation

   Severity I (ref)a) - -

   Severity IIb) -0.05 0.07 0.461

   Severity IIIc) -0.13 0.16 0.401

   Severity IVd) -0.80 0.27 0.004

BMI (kg/m2) -0.01 0.01 0.463

Comorbidity

   Hypertension -0.05 0.07 0.460

   Diabetes 0.05 0.09 0.566

   Depression -0.23 0.13 0.093

   Malignancy -0.01 0.15 0.934

Currently treated COPD (ref: no) 0.09 0.20 0.644

Osteoporosis (ref: no) -0.21 0.09 0.023
a)Forced expiratory volume in 1 second (FEV1)≥80%. b)FEV1=50-80%.  
c)FEV1=30-50%. d)FEV1<30%.
HRQOL, health-related quality of life; COPD, chronic obstructive pulmo-
nary disease; SE, standard error; Ref, reference group; BMI, body mass 
index.
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are several obvious points: body weight impacts both bone 
turnover and bone density; therefore, it is a most impor-
tant determinants of BMD and fracture risk.[27] Both fat 
and lean mass contribute to this relationship. In addition, 
cachexia in severe COPD has been attributed to systemic 
inflammation, with increased levels of cytokines and oxi-
dative stress.[28] 

HRQOL in COPD patients can be assessed by generic and 
disease-specific instruments. EQ-5D is a generic instrument 
for assessing health status. It is a brief, simple, and cost-ef-
fective measure.[14] Studies have shown that generic in-
struments such as the EQ-5D or the Short Form 12 are suit-
able for measuring HRQOL for both stable status and acute 
exacerbations in COPD patients.[29] The EQ-5D score is also 
capable of differentiating among patients with COPD se-
verity, as defined by GOLD criteria.[30] Dimensions of mo-
bility, self-care, and usual activity in particular are signifi-
cantly associated with pulmonary function.[30] In our study, 
the EQ-5D score of the osteoporosis group was significant-
ly lower than that of the non-osteoporosis group. The di-
mensions of mobility and usual activity differed strongly 
between the two groups. 

The association between osteoporosis and poor HRQOL 
in COPD patients is well established in the general popula-
tion. The main factor for low HRQOL in patients with osteo-
porosis is osteoporosis-related fractures, particularly verte-
bral fractures.[31,32] However, there is a paucity of data re-
garding osteoporosis with HRQOL in COPD patients. Os-
teoporosis-related fractures may play an important role in 
poor HRQOL in COPD patients.[33,34] Poor HRQOL, as as-
sessed by EQ-5D, was significantly associated with osteo-
porosis. We could not collect data on the presence of frac-
tures, but we speculate that fracture status and HRQOL may 
be related. In the future, it will be necessary to investigate 
whether treatment of osteoporosis can improve the QOL 
in COPD patients. 

This study is significant in that it analyzed the prevalence 
of osteoporosis and HRQOL in COPD patients through a 
large national database. However, there were some limita-
tions in this study. First, this study is cross-sectional study, 
therefore, it does not allow definite determintation of caus-
al associations. Second, the subjects were only diagnosed 
by pulmonary function rather than by hospital physicians. 
Therefore, patients who do not have COPD may have also 
been included, because asthma patients may also have 

decreased pulmonary function, and in some older people, 
pulmonary function is asymptomatically decreased. Third, 
COPD is mostly caused by smoking in Korea, but many non-
smokers were included in the dataset. Finally, information 
regarding possible risk factors such as systemic corticoste-
roid use was unavailable during our study. Instead, a histo-
ry of prescribing COPD treatment was suggested, and it 
was assumed that this treatment involved steroids. 

CONCLUSION

In conclusion, the prevalence of osteoporosis in mild or 
asymptomatic COPD patients was relatively lower than 
that in moderate to severe COPD patients. Older age, fe-
male sex, low household income, and low BMI increased 
the risk for osteoporosis in patients with mild COPD. Pa-
tients with these risk factors should be advised to check 
BMD regularly. Osteoporosis is independently associated 
with poor HRQOL; therefore, if osteoporosis is diagnosed, 
aggressive treatment is necessary. 
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