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One of the extrapulmonary effects of chronic obstructive pulmonary disease 
(COPD) is osteoporosis. Osteoporosis is characterized by a low bone mineral 
density (BMD). The aim: The aim of this study was to determine relationship 

between bone mineral density and severity of COPD and body mass index (BMI). 
Patients and methods: in this study 85 COPD patients were recruited. Diagnosis 
and severity of COPD was made according to the GOLD guidelines. Height and 
weight were measured, and BMI was calculated. BMD (at the lumbar spine and at 
the femoral neck) were performed using Dual energy X-ray absorptiometry (DXA). 
BMD was expressed in g/cm2 and standardized T-score. Results: The increase of 
COPD severity leads to the decrease of average values of BMD (femoral neck p 
=0,005; lumbar spine p=0,026), as well as T score (femoral neck p =0,026; lumbar 
spine =0,156). Also, the decrease of BMI leads to the decrease of average values of 
BMD (femoral neck p=0,034; lumbar spine p=0,269) and T score (femoral neck 
p=0,001; lumbar spine p=0,105), as well as to the increase of total osteoporosis 
(p=0,009). Conclusion: patients with severe COPD and lowe BMI have lower BMD 
and T score and more frequently have osteoporosis. Key words: chronic obstructive 
pulmonary disease, body mass index, bone mineral density, osteoporosis.
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1. INTRODUCTION
COPD is characterised by a progres-

sive airflow limitation that is not fully 
reversible and is associated with an ab-
normal inflammatory response of the 
lung to noxious particles and gases (1). 
Although primarily a pulmonary dis-
ease, there are significant extrapulmo-
nary effects in COPD (2). Indeed, the 
GOLD guidelines incorporated these 
systemic effects in their definition of 
COPD (1). Systemic effects of COPD im-
pair functional status, reduce quality of 
life and increase mortality (3).

Osteoporosis has been recognized 
as one of important and frequent the 

systemic effects of COPD. Osteoporo-
sis is often disabling in these patients, 
and may be equally disabling as COPD 
itself. In COPD, the prevalence of os-
teoporosis is assumed to be two- to five-
fold higher than in age-matched sub-
jects without airflow obstruction (4). 
The etiology of osteoporosis in COPD 
is probably complex. Systemic inflam-
mation is thought to play an important 
role in the development of osteoporo-
sis in COPD. Key inflammatory cyto-
kines such as tumor necrosis factor α 
(TNF-α) and IL-6 are known to induce 
expression of the receptor activator of 
nuclear factor –κB ligand (RANKL) and 

RANKL-mediated bone resorption (5). 
In addition, many other cytokines have 
been found to interact with the osteo-
protegerin (OPG)/RANKL system, sup-
porting the concept that inflamma-
tory mediators contribute to the regu-
lation of bone remodeling. One of the 
most obvious causes of osteoporosis in 
these patients is treatment with gluco-
corticoids (6). COPD patients are of-
ten smokers, as well as they have im-
paired mobility due to decreased mus-
cle mass and respiratory dysfunction. 
Furthermore, the group of patients with 
the most severe COPD also have lower 
weight than the general population. In 
COPD patients, hypogonadism is also 
more frequent as hypogonadism is com-
monly occurring in chronic diseases(7). 
All these factors are known to pre-dis-
pose to osteoporosis, and can explain 
the increased prevalence.

Osteoporosis is a systemic skele-
tal disease characterized by a low bone 
mass and/or microarchitectural dete-
rioration of bone tissue leading to in-
creased bone fragility and increased 
fracture risk (8). Fractures cause sig-
nificant morbidity such as pain, wors-
ened respiratory function, decreased 
mobility, and even mortality. The pre-
clinical state of osteoporosis is called 
osteopenia. World Health Organiza-
tion (WHO) definition for osteopo-
rosis is based on the measurement of 
bone mineral density (BMD) (8). Dual 
energy X-ray absorptiometry (DXA) is 
currently the “gold standard” and the 
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most frequently used method of BMD 
measurement. BMD is expressed in 
standard deviation of means, the T and 
Z scores. The T score is a standard de-
viation compared to a young adult sex-
matched control population. The Z 
score is a standard deviation compared 
to an age- and sex-matched control pop-
ulation. T scores of < -2.5 are defined as 
osteoporosis (8).

2. AIM OF THe STUDY
The aim of this article was to de-

termine the relationship of osteopo-
rosis based on DXA in a population of 
patients with COPD as well as to cor-
relate the severity of COPD and BMI.

3. MATeRIAL AND MeTHODS
Clinically stable patients (85 pa-

tients) with a history of COPD were re-
cruited at Clinical for pulmonary dis-
ease Knez Selo. Recruiting period was 
from January 2010 until Decembre 
2010. Diagnosis and category of COPD 
was made according to the GOLD 
guidelines. Lung function parameters 
were assessed using the Master Lab Er-
ich Jaeger Germany; postbronchodila-
tor forced expiratory volume in the first 
second (FEV1) and forced vital capacity 
(FVC) were measured, and FEV1/FVC 
was calculated. All included patients 
had an FEV1/ FVC of<70%. According 
to the GOLD guidelines, patients with 
an FEV1 ≥ 80% predicted were classi-
fied as GOLD I (mild), patients with 
an FEV1 between 50% and 80% of pre-
dicted were classified as GOLD II (mod-
erate), patients with an FEV1 between 
30% and 50% were classified as GOLD 
III (severe), and finally, patients with an 
FEV1<30% were classified as GOLD IV 
–very severe(1).

Height and weight were measured, 
and body mass index (BMI) was calcu-
lated and defined as low (≤20 kg/m2), 
normal (20 – 24,9 kg/m2), overweight 
(25 – 29,9 kg/m2), and obese (≥30 kg/
m2)(9).

Bone mineral parameters were per-
formed using a Lunar DPX-IQ bone 
densitometer. BMD were measured 
at the lumbar spine (vertebrae L2–L4) 
and at the femoral neck. BMD were ex-
pressed in standard globally accepted 
term (g/cm2), and as T-score. Accord-
ing to theWHO, T-score values between 

-1.0 and -2.5 are definable 
for osteopenia, T-scores 
below -2.5 are definable for 
osteoporosis and T-score 
above -1 definable as normal 
bone mass (8). The lowest T-
score at either region deter-
mined the diagnosis.

All statistical analyses 
werw perfomed using the 
SPSS statistical software 
package, version 10.0.

4. ReSULTS
Eighty-five patients with 

COPD were included. There 
were 58 (68.24%) men and 
27 (31,76%) women. The 
mean age was not signifi-
cantly different between 
the sexes (t=0,952 p>0.05). The male 
patients had significantly often severe 
and very severe COPD (c2=8,60 p<0,05).

The mean age was not significantly 
different with regard to the categories 
of COPD (F=0,347, p=0,791) nor was 
the disease duration with regard to the 
categories of COPD (F=2,128 p=0,103).

With the increase of disease se-
verity the average values of bone den-
sity parameters decrease significantly, 
only T score lumbar spine varies in the 
range that is not statistically impor-
tant. Table 1.

According to that, the increase of 
disease severity leads to the increase 
of percentage of patients with osteopo-
rosis of both lumbar spine and femoral 
neck, as well as of patients with osteo-
porosis in general. Figure 1.

By analyzing nutritive status of pa-
tients shown by the values of body mass 
index (BMI) it was determined that 14 
patients were undernourished (BMI 
≤ 20kg/m2), 28 were normally nour-
ished (BMI 20-24,9kg/m2), and also 
there were 28 patients which were al-
most obese(BMI 25-29,9kg/m2), and 15 
patients were obese (BMI ≥30kg/m2). 
With the increase of disease severity 
the average values of BMI decrease, but 
in the range that is not statistically sig-
nificant. (p<0,293).

Average values of BMD and T score 
are decreasing with the decrase of BMI 
values, so that there is a significant dif-
ference of BMD and T score among the 
categories of nourishment in all pa-

tients, while BMD and T score lumbar 
spine vary in the range that is not sta-
tistically significant. Table 2.

Increase of finding of osteroposis of 
femur is generally seen in the patients 
with lower BMI, thus the distribution 
of categories of osteroposis of femure 
and total osteroposis among catego-
ries of nourishment is statistically im-
portant. Distribution of categories of 
lumbal osteoporosis among categories 
of nourishment in all patients varies in 
the range that is not statistically signifi-
cant for all 85 patients.. Table 3.

5. DISCUSSION
A higher GOLD stage and/or a 

lower FEV1 have been shown to be 
correlated with osteoporosis and/or a 
low BMD (10). These relationships be-
tween lung function parameters and 
BMD are complex and not yet clear. 
Again, in COPD patients, systemic in-
flammation can be a key factor, as re-
duced lung function has been found to 
be associated with increased inflam-

Mean values COpD ANOVA

Mild Moderate Severe Very severe p

BMD femoral 
neck (g/cm2)

0,854±0,109 0,817±0,179 0,765±0,153 0,681±0,143 F=4,534

(0,659-1,051) (0,32-1,244) (0,541-1,063) (0,48-1,076) p=0,005

T-score 
femoral neck

-1,08±0,828 -1,396±1,36 -1,616±1,183 -2,256±1,163 F=3,245

(-2,1-0,6) (-4,8-1,2) (-3,5-0,9) (-3,8-0,8) p=0,026

BMD lumbar 
spine (g/
cm2)

0,917±0,175 0,995±0,190 0,9699±0,169 0,849±0,171 F=3,265

(0,677-1,189) (0,631-1,373) (0,619-1,29) (0,594-1,2) p=0,026

T-score 
lumbar spine

-1,89±1,108 -1,432±1,554 -1,288±1,548 -2,188±1,559 F=1,790

(-3,4-0,1) (-4,6-1,3) (-4-1,1) (-4,5-1) p=0,156

Tabele 1. Correlates of bone density parameters and severity of COPD BMD: bone mineral density; 
Bold represents p values of less than 0,05. normal: without osteopenia or osteoporosis

 13 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

no
rm

al

os
te

op
en

ia

os
te

op
or

os
is

no
rm

al

os
te

op
en

ia

os
te

op
or

os
is

no
rm

al

os
te

op
en

ia

os
te

op
or

os
is

Femur neck Lumbar spine Osteoporosis total

very severe
severe
moderate
mild

 

normal: without osteopenia or osteoporosis 
 
Figure 1. Shows the relationship between severity of COPD and osteopenic and 
osteoporotic patients 
 

Figure 1. Shows the relationship between severity of COPD and 
osteopenic and osteoporotic patients

Mean values Undernourished
Normal 
nourishment 

Almost obese Obese 
Anova F
p

BMD femur 
neck

0.699 ± 0.122 0.725 ± 0.133 0.799 ± 0.194 0.842 ± 0.155
F=3,035
p=0, 034

T-score femur 
neck

-2.271±0.777 -2.061±0.882 -1.496 ± 1.557 -0.740 ± 0.969
F=5,817
p=0,001

BMD lumbar 
spine 

0.884±0.187 0.919±0.178 0.936 ± 0.189 1.013 ± 0.174
F=1,333
p=0, 269

T-score lumbar 
spine

-2.129±1.396 -1.900±1.569 -1.632 ± 1.511 -0.860 ± 1.532
F=2,112
p=0, 105

Table 2. Show average values of BMD and different groups of nourishment in COPD patients . BMD: 
bone mineral density; Bold type represents p values of less than 0,05.
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matory markers, which is a risk factor 
for osteoporosis (11). It is also possible 
that reduced physical activity because 
of impaired lung function is the reason 
for reduced BMD (12). However, COPD 
patients have several other risk factors 
that might contribute to development 
of osteoporosis such as use glucocor-
ticsteroids (GCSs). Systemic GCSs are 
used as evidence-based treatment of 
COPD exacerbations despite their del-
eterious effect on BMD. Exacerbations 
are more frequent in patients with se-
vere COPD. A meta-analysis by van Staa 
et al (13) showed a strong inverse cor-
relation between bone density and to-
tal cumulative dose of GCSs. Several 
studies were found mild effects of high 
doses of inhaled corticosteroids (ICSs) 
on bone turnover (14).

Analysis of our results showed that 
with the increase of COPD severity the 
average values of BMD decrease signif-
icantly and that there is increase of the 
percentage of patients with osteoporo-
sis of not only lumbar spine and femoral 
neck osteoporosis but of total osteopo-
rosis as well. (Table1 and Figure 1). Our 
results is completely in line with find-
ings of literature that claim that BMD 
is in correlation with COPD severity.

Bone mass is directly correlated 
with BMI. Both men and women with 
high BMI have higher BMD. This is 
thought to be partially due to the ef-
fect of the greater weight-bearing load 
on the bone. (7). Weight loss and a low 
BMI has been reported in patients with 
COPD. Several studies found low BMI 
to have a significant correlation with 
osteoporosis and/or BMD (15,16). The 
link between low BMI and osteoporosis 
in COPD patients is not entirely clear 
yet. It might be decreased physical ac-

tivity, increased in-
flammation, or other 
mechanisms leading 
to proteolysis.(17). 
Another explanation 
for more osteoporo-
sis in patients with 
lower BMI could be 
that bone formation 
is decreased because 
there is relatively low 
mechanical loading 
on these bones.

We have deter-
mined in our studt that with the in-
crease of COPD severity the average 
values of BMI are decreasing but in 
the range that is not statistically sig-
nificant. (p<0,293). After stratification 
of patients according to BMI values 
into categories of nourishment (under-
nourished, normally nourished, almost 
obese, obese) the analysis showed that 
generally the patients with lower BMI 
had lower average values of BMD and 
T score, wherein BMD and T score of 
femur showed statistically significant 
difference among categories of nour-
ishment, and BMD and T score of lum-
bar spine vary in the range that is not 
statistically significant. (Table 2). Fur-
ther analysis of obtained results showed 
that the decrease of BMI leads to the in-
crease of findings of femur osteoporosis 
and total osteoporosis, so that the dis-
tribution of categories of femur osteo-
porosis and total osteoporosis among 
categories of nourishment was statis-
tically significant. However, distribu-
tion of lumbal osteoporosis among the 
categories of nourishment varies in the 
range that is not statistically signifi-
cant. (Table 3).

Hip bone density is slightly more 
predictive of hip fracture risk than 
BMD measured at the spine; for other 
fracture types, DXA measurements at 
the spine and hip have similar predic-
tive value. In this regard, hip bone den-
sity is preferred for estimating fracture 
risk, whereas for treatment monitoring, 
spine bone density is often selected be-
cause the trabecular bone of the spine is 
more rapidly affected by treatment (18).

6. CONCLUSION
 Given the current definition of 

COPD as a multicomponent disease, 

the awareness of a high prevalence of 
osteoporosis should be raised. Corre-
lates of osteoporosis in COPD are body 
composition measurements (BMI) and 
measures of disease severity. It is im-
portant to screen these patients for os-
teoporosis in order to initiate treat-
ment for the disorder before they de-
velop fractures.
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BMI

Under-
nourished

Normal 
nourishment

Almost 
obese

Obese
Chi-Square 

test

Femur neck
osteoporosis

normal 1 (7,1%) 4 (14,3%) 10 (35,7%) 10 (66,7%) c2=20,825

osteopenia 5 (35,7%) 13 (46,4%) 10 (35,7%) 5 (33,3%) p=0,002

osteoporosis 8 (57,1%) 11 (39,3%) 8 (28,6%) 0 (0,0%)

total 14 (100%) 28 (100%) 28 (100%) 15 (100%)

Lumbar spine
osteoporosis

normal 4 (28,6%) 9 (32,1%) 8 (28,6%) 8 (53,3%) c2=6,654

osteopenia 4 (28,6%) 7 (25%) 12 (42,9%) 5 (33,3%) p=0,354

osteoporosis 6 (42,9%) 12 (42,9%) 8 (28,6%) 2 (13,3%)

total 14 (100%) 28 (100%) 28 (100%) 15 (100%)

Total
osteporosis

normal 1 (7,1%) 2 (7,1%) 7 (25%) 8 (53,3%) c2=16,952

osteopenia 4 (28,6%) 12 (42,9%) 9 (32,1%) 5 (33,3%) p=0,009

osteoporosis 9 (64,3%) 14 (50%) 12 (42,9%) 2 (13,3%)

total 14 (100%) 28 (100%) 28 (100%) 15 (100%)

Table 3. The distribution of categories of osteroposis among categories of nourishment . BMI: body mass 
index; normal: without osteopenia or osteoporosis; Bold type represents p values of less than 0,05.


