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Background: Osteoporosis is a well-known comorbidity in COPD. It is associated with poor 

health status and prognosis. Although the exact pathomechanisms are unclear, osteoporosis is 

suggested to be either a comorbidity due to shared risk factors with COPD or a systematic effect 

of COPD with a cause–effect relationship. This study aimed to evaluate whether progression 

of osteoporosis is synchronized with that of COPD. 

Materials and methods: Data from 103 patients with COPD included in the Hokkaido 

COPD cohort study were analyzed. Computed tomography (CT) attenuation values of thoracic 

vertebrae 4, 7, and 10 were measured using custom software, and the average value (average 

bone density; ABD
4,7,10

) was calculated. The percentage of low attenuation volume (LAV%) 

for each patient was also calculated for evaluation of emphysematous lesions. Annual change 

in thoracic vertebral CT attenuation, which is strongly correlated with dual-energy X-ray 

absorptiometry-measured bone mineral density, was compared with that in FEV
1.0

 or emphy-

sematous lesions. 

Results: In the first CT data set, ABD
4,7,10

 was significantly correlated with age (ρ=-0.331; 

p=0.0006), body mass index (BMI; ρ=0.246; p=0.0136), St George’s Respiratory Question-

naire (SGRQ) activity score (ρ=-0.248; p=0.0115), eosinophil count (ρ=0.229; p=0.0198), 

and LAV% (ρ=-0.372; p=0.0001). However, ABD
4,7,10

 was not associated with FEV
1.0

. After 

adjustment for age, BMI, SGRQ activity score, and eosinophil count, no significant relationship 

was found between ABD
4,7,10

 and LAV%. Annual change in ABD
4,7,10

 was not associated with 

annual change in LAV% or FEV
1.0

. 

Conclusion: Progression of osteoporosis and that of COPD are not directly related or 

synchronized with each other.

Keywords: osteoporosis, quantitative CT analysis, FEV
1.0

, low attenuation volume, automatic 

analysis, systemic effect

Introduction
COPD is characterized by progressive airflow limitation caused by enhanced chronic 

inflammatory response of the airways and lungs to cigarette smoke. Comorbidities 

of COPD have recently attracted considerable attention because they have a great 

impact on disease severity and prognosis and the quality of life of patients.1 While 

some comorbidities may arise from shared risk factors, others may be influenced by 

the features of COPD,2 such as systemic inflammation.1

Osteoporosis is a well-known comorbidity in COPD. It is associated with poor 

health status and prognosis. In patients with COPD, osteoporosis has been reported to be 

associated with age, low body mass index (BMI), tobacco exposure, physical inactivity, 
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systemic inflammation, intake of corticosteroids, extent of 

emphysematous lesions, and FEV
1.0

.3–6 Although the mecha-

nisms associated with osteoporosis and COPD are not entirely 

clear, osteoporosis is suggested to be either a comorbidity 

due to shared risk factors (eg, age and smoking habits) or a 

systemic effect of COPD with a cause–effect relationship.7

Emphysematous lesions assessed by computed tomogra-

phy (CT) and FEV
1.0

 are important indices of COPD which 

correlate with the severity of COPD and mortality.8 Several 

cross-sectional studies have shown the association of bone 

mineral density (BMD) with FEV
1.0

 and emphysematous 

lesions in patients with COPD.3–4,7,9–12

In this study, we evaluated whether progression of osteo-

porosis is synchronized with that of COPD. The relationship 

of annual change in BMD with annual changes in pulmonary 

function and emphysematous lesions was evaluated.

Materials and methods
Study design and subjects
This study used data from the Hokkaido COPD cohort study. 

The aims and design of the Hokkaido COPD cohort study 

have been described elsewhere.13 In brief, the participants ful-

filled the spirometric criteria presented in the Global Initiative 

for Chronic Obstructive Lung Disease (GOLD) documents 

(ratio of post-bronchodilator FEV
1.0

 to FVC ,0.70) more 

than once within a year from the first visit.1 The inclusion 

criteria were the following: (1) diagnosis of COPD by a 

pulmonologist; (2) current or former smoker with a smok-

ing history of at least 10  pack-years; (3) age $40  years; 

and (4) willingness to provide written informed consent. 

The exclusion criteria were the following: (1) diagnosis of 

bronchial asthma, bronchiectasis, or bullous lung disease; 

(2) presence of active tuberculosis; (3) history of lung can-

cer, cystic fibrosis, allergic alveolitis, or pulmonary fibrosis; 

(4) history of lung resection; (5) long-term oxygen therapy 

for 12 h or more per day; (6) exacerbation experienced within 

a month before enrollment for visit 1; and (7) withdrawal of 

consent.13 In the present study, 105 patients who underwent 

chest CT at least twice between June 2003 and October 2006 

at the Hokkaido University Hospital were enrolled. Of the 

411 CT images of the 105 patients, 28 images were found to 

be ineligible for measurement of vertebral bone attenuation; 

in addition, two patients were excluded because some of their 

CT images were found to be ineligible. As a result, this study 

included 383 CT images from 103 patients (Figure 1).

The study was approved by the ethics committee of 

Hokkaido University and conformed to the tenets of the 

Declaration of Helsinki, and all participants provided written 

informed consent.

Assessment of clinical parameters
Data regarding gender, age, height, weight, smoking and 

medical history, medication, and pulmonary symptoms 

were recorded at the first visit. Changes in smoking status, 

medical history, and pharmacotherapy were monitored every 

6 months. Health-related quality of life was assessed every 

year using St George’s Respiratory Questionnaire (SGRQ). 

Blood tests were performed every year for evaluation of 

circulating blood cell counts and serum immunoglobulin E 

(IgE) and C-reactive protein (CRP) concentrations.

Pulmonary function tests and CT
We confirmed that all respiratory medicines were discon-

tinued before evaluation. Spirometry was conducted on 

every visit, before and after inhalation of a bronchodilator. 

Predicted values of spirometric measurements were derived 

from the guidelines for pulmonary function tests issued 

by the Japanese Respiratory Society.14 Chest CT images 

were acquired at full inspiration in the supine position. 

Computerized three-dimensional CT analysis of the lungs 

was performed using custom software, and the extent of 

emphysema was expressed as the percentage of low attenu-

ation volume ,-950 Hounsfield units (HU) (LAV%).13,15 

Airway lesions were assessed by measuring the square root 

of airway wall area of the hypothetical airway with an internal 

perimeter of 10 mm (√Aaw at Pi10), which is a standard-

ized index of airway wall thickness, using Apollo® software 

(VIDA Diagnostics, Coralville, IA, USA).16–19

Measurement of CT attenuation of 
thoracic vertebral bone
Using the custom software,20,21 CT attenuation values of 

all thoracic vertebral bodies were measured (Figure 2). 

Figure 1 Patient disposition and reasons for exclusion.
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The software contains an algorithm for the automatic extrac-

tion of vertebral bodies and the measurement of bone densi-

ties. The average bone densities of thoracic vertebrae 4, 7, 

and 10 (ABD
4,7,10

) and of all thoracic vertebrae (ABD
1–12

) 

were calculated and expressed in HU.

Statistical analyses
All statistical analyses were performed using JMP9.0.2® soft-

ware (SAS Institute, Cary, NC, USA). Relationships among 

the variables were assessed by Spearman’s rank correlation 

test. Multivariate regression analysis was performed to evalu-

ate the relative contributions of associated factors to ABD
4,7,10

. 

A mixed-effects model was used for the evaluation of data on 

all subjects (103 patients). The best linear unbiased predic-

tions of annual changes in FEV
1.0

 (ΔFEV
1.0

; mL/year), LAV% 

(ΔLAV%, %/year), and ABD
4,7,10

 (ΔABD
4,7,10

; HU/year) 

were estimated using a random coefficient regression model. 

We considered p-values ,0.05 to be statistically significant.

Results
Patient characteristics
Table 1 presents the characteristics of the 103 included 

patients. Seven patients (6.8%) were female, and the median 

follow-up period was 3 years. With regard to osteoporosis 

treatment, two patients were prescribed vitamin D, and none 

was prescribed bisphosphonate at the first visit. There was no 

change in the prescription for osteoporosis treatment during 

the study period.

Relationship between baseline ABD 
and other variables
ABD

4,7,10
 and ABD

1–12
 correlated well (ρ=0.982; p,0.001). 

However, neither ABD
4,7,10

 nor ABD
1–12

 was associated 

Figure 2 Images of thoracic vertebral bodies for measurement of computed tomography attenuation.
Notes: (A) Sagittal image of thoracic vertebral bodies. (B) Images of identified thoracic vertebral bodies. Each vertebrae was automatically identified and painted using 
different colors.

Table 1 Patient characteristics (N=103)

Characteristic

Age (years) 69.8±7.8
Gender (female/male) 7/96
Current smoking status at enrolment 26 (25.2)
Smoking history (pack-years) 61.4±27.8
Follow-up period (years) (1/2/3/4) 9/15/50/29
BMI (kg/m2) 22.7±3.0 (n=100)
MRC dyspnea score (0/1/2/3/4/5) 8/12/37/44/1/1
SGRQ activity score 41.4±22.4
Osteoporosis medication

Vitamin D 2 (1.9)
Laboratory tests

White blood cell count (cells/m2) 6,505±1,674
Neutrophil count (cells/m2) 3,804±1,378 
Eosinophil count (cells/m2) 204±145
CRP (mg/dL) 0.34±0.43 (n=100)
IgE (IU/mL) 212.1±651.2 (n=88)

Lung function tests
FEV1.0 (L) 1.81±0.66
%FEV1.0 66.8±20.2
FEV1.0/FVC 0.52±0.12
GOLD stage (0/1/2/3/4) 7/25/48/21/2
LAV% 24.6±13.9 (n=102)
√Aaw at Pi10 (mm) 3.98±0.07 (n=94)
ABD4,7,10 (HU) 132.2±43.1
ABD1–12 (HU) 138.0±43.0
ΔABD4,7,10 (HU) 3.07±3.02
ΔABD1–12 (HU) 2.91±2.67
ΔFEV1.0 (mL) 23.0±22.0
ΔLAV% 0.69±0.46

Note: Data are expressed as mean ± SD or n (%).
Abbreviations: BMI, body mass index; MRC, Medical Research Council; 
SGRQ, St George’s Respiratory Questionnaire; CRP, C-reactive protein; 
IgE, immunoglobulin E; %FEV1.0, percentage of FEV1.0 predicted in accordance with the 
guidelines for pulmonary function tests issued by the Japanese Respiratory Society; 
GOLD, Global Initiative for Chronic Obstructive Lung Disease; LAV%, percentage 
of low attenuation volume; √Aaw at Pi10, square root of airway wall area of the 
hypothetical airway with an internal perimeter of 10 mm; ABD, average vertebral 
bone density; HU, Hounsfield unit; ABD4,7,10, average bone densities of thoracic 
vertebrae 4, 7, and 10; ABD1–12, average bone densities of all thoracic vertebrae; 
Δ, annual change in each variable.
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with FEV
1.0

, annual change in LAV% (ΔLAV%), or FEV
1.0

 

(ΔFEV
1.0

). As shown in Table 2, ABD
4,7,10

 at baseline was 

significantly correlated with age (ρ=-0.331; p=0.0006), 

BMI (ρ=0.246; p=0.0136), SGRQ activity score (ρ=-0.248; 

p=0.0115), eosinophil count (ρ=0.229; p=0.0198), and 

LAV% (ρ=-0.372; p=0.0001). Similarly to ABD
4,7,10

, 

ABD
1–12

 exhibited significant relationships with age, BMI, 

SGRQ activity score, eosinophil count, and LAV%. After 

adjustment for age, BMI, SGRQ activity score, and eosino-

phil count (variables which exhibited significant correlation 

with baseline ABD
4,7,10

), the correlation between ABD
4,7,10

 

and LAV% was no longer significant (Table 3).

Relationship between ΔABD and 
other variables
As shown in Table 4, ΔABD

4,7,10
 was not associated with 

age, BMI, FEV
1.0

, ΔFEV
1.0

, LAV%, ΔLAV%, or systemic 

inflammatory factors such as white blood cell count and 

CRP concentration.

Discussion
In this study, annual change in ABD was not associated with 

that in LAV% or FEV
1.0

 in patients with COPD. At the first 

visit, ABD was associated with LAV%, which is consistent 

with the findings of previous studies.7,10,22 However, after 

adjustment for age, BMI, physical activity, and eosinophil 

count, LAV% was no longer associated with ABD
4,7,10

. Our 

findings suggest that progression of osteoporosis and COPD 

are not synchronized with each other.

Only a few studies have examined the association of 

annual change in BMD with that in emphysematous lesions 

or FEV
1.0

. Kiyokawa et al observed 42 patients with COPD 

without osteoporosis treatment for 2 years and concluded that 

annual change in BMD was not associated with that in low 

attenuation area percentage or FEV
1.0

.22 The present findings, 

Table 2 Association between ABD and other evaluated variables

Factor ABD4,7,10 ABD1–12

ρ p-value ρ p-value

Age -0.331 0.0006* -0.317 0.0011*
BMI 0.246 0.0136* 0.236 0.0179*
Smoking history -0.004 0.9718 0.029 0.7728
SGRQ activity score -0.248 0.0115* -0.261 0.0078*
White blood cell count 0.082 0.4117 0.089 0.3693
Neutrophil count 0.017 0.867 0.02 0.8452
Eosinophil count 0.229 0.0198* 0.234 0.0175*
Hb 0.132 0.1826 0.102 0.3034
CRP -0.023 0.8209 -0.02 0.8455
IgE 0.019 0.8622 0.036 0.7361
FEV1.0 (L) 0.179 0.0713 0.168 0.0906
%FEV1.0 0.125 0.2092 0.112 0.2607
FEV1.0/FVC 0.17 0.0857 0.139 0.1626
FVC 0.129 0.1929 0.142 0.1517
LAV% -0.372 0.0001* -0.367 0.0001*
√Aaw at Pi10 0.099 0.345 0.103 0.3213
Annual change

ΔFEV1.0 0.12 0.2263 0.106 0.2866
ΔLAV% 0.08 0.4241 0.088 0.3788

Notes: Relationships were assessed by Spearman’s rank correlation test. *Significant 
difference (p,0.05).
Abbreviations: ABD, average vertebral bone density; ABD4,7,10, average bone 
densities of thoracic vertebrae 4, 7, and 10; ABD1–12, average bone densities of 
all thoracic vertebrae; BMI, body mass index; SGRQ, St George’s Respiratory 
Questionnaire; Hb, hemoglobin; CRP, C-reactive protein; IgE, immunoglobulin E; 
%FEV1.0, percentage of FEV1.0 predicted in accordance with the guidelines for pulmonary 
function tests issued by the Japanese Respiratory Society; LAV%, percentage of low 
attenuation volume; √Aaw at Pi10, square root of airway wall area of the hypothetical 
airway with an internal perimeter of 10 mm; Δ, annual change in each variable.

Table 3 Relative contribution of each variable for prediction 
of ABD4,7,10

Factor t p-value

LAV% -0.48 0.6305
Age -3.15 0.0022*
BMI 2.56 0.012*
SGRQ activity score -0.67 0.504
Eosinophil count 1.18 0.2392

Notes: LAV%, age, BMI, SGRQ activity score, and eosinophil count were included 
as candidate-independent variables. *Significant difference (p,0.05).
Abbreviations: ABD4,7,10, average bone density of thoracic vertebrae 4, 7, and 
10; LAV%, percentage of low attenuation volume; BMI, body mass index; SGRQ, 
St George’s Respiratory Questionnaire.

Table 4 Association between ΔABD and each variable

Factor ΔABD4,7,10 ΔABD1–12

ρ p-value ρ p-value

Baseline
Age 0.094 0.345 0.092 0.3539
BMI 0.099 0.3269 0.155 0.1243
Pack-year 0.058 0.5606 0.038 0.7066
SGRQ activity score -0.127 0.2015 -0.083 0.4022
White blood cell count -0.054 0.5852 -0.009 0.9286
Neutrophil count -0.099 0.3227 -0.069 0.488
Eosinophil count 0.053 0.5945 0.034 0.7365
Hemoglobin 0.133 0.1809 0.131 0.1864
CRP 0.031 0.7616 0.077 0.4469
IgE 0.037 0.7312 0.059 0.5838
FEV1.0 0.066 0.506 0.059 0.5567
%FEV1.0 0.024 0.8098 0.034 0.7355
FEV1.0/FVC 0.049 0.6267 0.058 0.5643
FVC 0.084 0.4008 0.042 0.6756
LAV% -0.011 0.9107 -0.023 0.8218
√Aaw at Pi10 -0.032 0.763 -0.018 0.86

Annual change
ΔFEV1.0 0.092 0.3531 0.144 0.1482
ΔLAV% -0.021 0.8339 -0.073 0.4616

Note: Relationships were assessed by Spearman’s rank correlation test.
Abbreviations: ABD, average vertebral bone density; ABD4,7,10, average bone 
densities of thoracic vertebrae 4, 7, and 10; ABD1–12, average bone densities of 
all thoracic vertebrae; BMI, body mass index; SGRQ, St George’s Respiratory 
Questionnaire; CRP, C-reactive protein; IgE, immunoglobulin E; %FEV1.0, percentage 
of FEV1.0 predicted in accordance with the guidelines for pulmonary function tests 
issued by the Japanese Respiratory Society; LAV%, percentage of low attenuation 
volume; Δ, annual change in each variable.
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which were obtained with a greater number of patients and 

longer follow-up periods, using a mixed-effects model, help 

to confirm these previous results.

Several cross-sectional studies have used multivariate 

models to demonstrate that emphysematous lesions are signifi-

cantly correlated with BMD in patients with COPD even after 

adjustment for age, BMI, smoking index, FEV
1.0

, and partial 

pressure of oxygen in arterial blood.7,10,12 Bon demonstrated 

in a cross-sectional study that radiographically evaluated 

emphysema is a strong, independent predictor of low BMD 

in current and former smokers.11 Unlike in the present study, 

the previous author evaluated BMD by dual-energy X-ray 

absorptiometry and emphysematous change by visual assess-

ment. It has been reported that BMI is negatively correlated 

with LAV% but not with airway lesions.23 In this study, √Aaw 

at Pi10 did not correlate with ABD. This is the only study exam-

ining the association between √Aaw at Pi10 and BMD.12

Although both BMI and LAV% are correlated with ABD, 

LAV% was not correlated with ABD after adjustment for 

BMI. Thus, low BMI may influence both emphysema and 

osteoporosis in patients with COPD. In this study, eosinophil 

count was positively associated with ABD; however, after 

adjustment for age, BMI, SGRQ activity score, and LAV%, 

this association was no longer apparent. We excluded patients 

with clinically diagnosed bronchial asthma in this study. 

We have previously demonstrated that eosinophil count 

is negatively correlated with annual decline in FEV
1.0

.24 

Patients with COPD with high eosinophil counts may exhibit 

a different phenotype from patients without high eosinophil 

counts. Further study is needed.

In this study, we used custom software for measuring 

bone CT attenuation. Takahashi et al validated this software 

in 526 cases and found that bone CT attenuation was strongly 

corrected with dual-energy X-ray absorptiometry-measured 

BMD (R2=0.829) in patients with COPD.20,21

Some studies on the assessment of bone health status in 

patients with COPD by measurement of CT bone attenuation 

have considered the average attenuation values of thoracic ver-

tebrae 4, 7, and 10 (ABD
4,7,10

) for analysis.7,10,22,25 In the pres-

ent study, we additionally measured the average attenuation 

values of all vertebrae (ABD
1–12

). Our results demonstrated that 

ABD
4,7,10

 and ABD
1–12

 correlated well (ρ=0.982; p,0.001). 

Thus, we thought it sufficient to use ABD
4,7,10

, a previously 

used parameter,7,10,22,26 in the measurement of BMD.

Only a few studies have reported on osteoporosis medi-

cations for patients with COPD. In previous studies, bis-

phosphonate was prescribed to 5.8% of 190 smokers and 

5.7% and 7% of 210 and 658 patients with COPD,3,12,27 

respectively. In the present study, none of the patients was 

prescribed bisphosphonate, and only two patients were 

prescribed vitamin D. Systemic corticosteroids also affect 

BMD.5 In this study, seven out of 103 patients used inhaled 

corticosteroids (ICS) and one patient used oral corticosteroids 

at entry to this study. Eighteen patients began to use ICS and 

five patients began to use oral corticosteroids after study 

entry. We excluded these patients and reanalyzed the data. 

However, the main results did not change.

In this study, seven female patients were included. Since 

gender differences may affect the correlations between ABD 

and COPD parameters,5 we excluded the female patients and 

analyzed the 96 male patients. The relationships between 

ABD or ΔABD and other parameters did not change.

This study has several limitations. First, details regarding 

prescribed medicines, except for those prescribed for COPD 

treatment, were not fully available. However, as described in 

“Patient characteristics” in the Results section, we were able 

to collect data regarding osteoporosis medications.

Second, clinical data regarding vertebral compression 

fractures were lacking. It has been reported that CT scan 

density showed a highly significant positive correlation 

with pathological measurements of vertebral bone density.22 

However, fracture and deformation of vertebral bodies could 

affect the ABD. While most of the previous studies on COPD 

and osteoporosis have not referred to vertebral compression 

fractures,3,7,9,10,22,25 the TOwards a Revolution in COPD Health 

study reported a low incidence of fractures (5.1%–6.3%) in 

patients with COPD during the 3 year study period.27 Thus, 

in this study, we visually assessed all CT images for signs of 

vertebral fracture and found no such instances. In addition, 

we used our custom software,20,21 and measured the height of 

each vertebral body in all subjects. We found three subjects 

whose vertebral bodies showed more than 20% decrease in 

height compared with the adjacent vertebral bodies. We then 

excluded these three subjects from the analysis, but the main 

result did not change.

Third, the disease duration of COPD may affect ABD. 

However, we do not have the data about the duration of 

COPD. Further study is needed to clarify this point.

Notwithstanding the several limitations, the patients 

were followed up for as long as 4 years, and the median 

follow-up period was 3  years, which is longer than that 

reported in previous studies.7,22,26,27 We also confirmed the 

present results by evaluating the data on 79 other patients, 

who were followed up for 3 years or more; the results of both 

study cohorts were the same. By evaluating a total of 383 CT 

images (an average of 3.72 CT images per patient), we were 

able to calculate the annual changes in ABD, LAV%, and 

FEV
1.0

 using a mixed-effects model.
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Conclusion
Progression of osteoporosis and that of COPD are not directly 

correlated or synchronized with each other.
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