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Inhaled corticosteroids have been used in the treatment of chronic obstructive pulmonary disease (COPD) for many years.

However the adverse effects of corticosteroids on bone formation may require special consideration in these patients. This

study was undertaken to investigate the effects of long-term inhaled beclomethasone dipropionate treatment on the bio-

chemical markers of bone formation. For this purpose, serum osteocalcin, alkaline phosphatase, free calcium, and inorganic

phosphate levels were measured in 65 male COPD patients. Patients in the control group (n 5 30) had not taken oral or inhaled

corticosteroids for at least 1 year. Only those patients using beclomethasone with metered-dose inhalers were included in the

treatment group (n 5 35). The mean age of the control group was 61.63 6 1.84 (mean 6 SEM). In the treatment group, the

mean age was 59.10 6 2.29 and patients in this group had taken beclomethasone for an average time of 23.94 6 2.72 months

(for at least 12 months) at an average concentration of 1,142.0 6 79.64 mg/d. The mean serum osteocalcin levels in the control

group and treatment group were 7.03 6 0.19 ng/mL and 3.74 6 0.12 ng/mL, respectively. Comparison of values between

groups indicates that serum osteocalcin levels in patients using beclomethasone were significantly lower than that of

patients in the control group. Serum alkaline phosphatase levels were 167.96 6 1.49 U/L and 168.17 6 1.60 U/L for the control

and treatment groups, respectively. There was no statistically significant difference among these values (Student’s t test; P >
.05). The mean values of total serum calcium and inorganic phosphate were not statistically different between the groups (P >
.05). These results indicate that long-term inhaled beclomethasone treatment in COPD patients may induce significant

changes in osteocalcin levels and require close monitoring for osteoporotic changes.
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I N RECENT YEARS, the role of inflammatory processes in
the pathogenesis of chronic obstructive pulmonary disease

(COPD) has been considered as an important phenomenon.1-4

In fact, approximately 20% to 25% of cases are responsive to
treatments with corticosteroids.5-9 Although the efficacy of
corticosteroids in treatment of COPD patients has been ques-
tioned,10-12 several early and recent studies indicate that corti-
costeroids have beneficial effects on the respiratory status of
COPD patients.13-16

One of the most important systemic side effects relevant to
the use of corticosteroids is osteoporosis.17-20 The effects of
several corticosteroids on the formation of bone structure have
been investigated in detail in several earlier studies.21,22 The
osteoporotic effect of corticosteroid use in COPD patients has
been especially important since the majority are elderly and
particularly vulnerable to debilitating effects of osteoporosis.23

In order to minimize the systemic toxicities of corticosteroid
use in patients with pulmonary diseases, inhaled preparations
with enhanced local effectiveness and lesser systemic effects
have been used for many years. Although inhaled corticoste-
roids act locally and have fewer side effects compared to
systemically administered drug, current research on this subject
indicates that inhaled corticosteroids are not devoid of the
toxicities seen with the systemically administered corticoste-

roids.24,25For example, osteoporotic effects of various inhaled
corticosteroids such as budesonide and beclomethasone have
been demonstrated in earlier investigations.26 Earlier studies on
corticosteroid-induced osteoporosis have suggested that sup-
pression of the function of osteoblasts and thus the inhibition of
bone formation is one of the mechanisms mediating this effect
on the bone metabolism.22,27

Osteocalcin (vitamin K–dependent bone G1a protein) is syn-
thesized by osteoblasts and is an important biochemical indi-
cator for the evaluation of osteoblast activity and bone forma-
tion.28-30 The measurement of serum osteocalcin and alkaline
phosphatase levels has been routinely used for this purpose.31,32

So far the majority of studies investigating the effects of
inhaled corticosteroids on bone formation have been performed
on either a population of asthmatic patients33-35 or on healthy
volunteers.29,36-38In addition, some of the earlier studies were
done in patients using inhaled corticosteroids either in the short
term or at higher than routine clinical doses.34,39Therefore, we
evaluated the effect of inhaled beclomethasone on the levels of
osteocalcin, a biochemical marker of bone formation, in COPD
patients using long-term corticosteroids as part of their treat-
ment regimen.

MATERIALS AND METHODS

Experimental Subjects

Sixty-five male COPD ambulatory patients with moderate to severe
stable airway obstruction were studied in our center. Because serum
levels of osteocalcin differ significantly between the sexes and between
pre- and postmenopausal ages, only male patients were included.
Subjects who had a disease of bone metabolism, malignancy, diabetes
mellitus, chronic renal failure, primary or secondary hyperparathyroid-
ism, hyperthyroidism, a history of spontaneous or recently acquired
bone fractures, long-term use of oral anticoagulants, or chronic alco-
holism were excluded. Since it has been demonstrated that levels of
osteocalcin show significant seasonal variations,40 all of our sample
collections and measurements were completed during the fall.

All of the patients had a history of tobacco smoking. The mean
duration of tobacco exposure was 28.156 1.84 years (within the range
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of 2 to 55 years). On average, the duration of their diagnosed disease
was 27.826 1.81 years (in the range of 3 to 45 years). None of the
control subjects had received oral or inhaled corticosteroid treatment
for at least the last 12 months. Subjects were divided into those using
corticosteroids as part of their treatment regimen and those who were
not using corticosteroids. Both groups had a similar distribution of age
and history of tobacco smoking. In brief, confounding factors such as
age, sex, hormonal irregularities, seasonal, and circadian variations
were largely eliminated from the present study.

Control group. COPD patients who had not received oral, paren-
teral, or inhaled corticosteroids during the past year were included in
the control group. These patients were also being treated with theoph-
ylline, b2-agonists, and mucolytic agents.

Treatment group. This group included only the COPD patients
regularly using inhaled beclomethasone. Patients in this group were
receiving corticosteroids at an average dose of 1,142.06 79.64mg/d
for a mean duration of 23.946 2.72 months (in the range of 12 to 72
months). All were using metered-dose inhalation aerosol units without
spacer. Patients in this group, as in the control group, were also being
treated by theophylline,b2-agonists, and mucolytic agents. The groups
did not differ significantly in age, duration of tobacco smoking, mean
forced expiratory volume in second (FEV1), and average body mass
index (Table 1).

Healthy subjects. This group included 20 male, nonsmoking sub-
jects considered healthy based on their general physical examinations
and histories. This group did not differ significantly in age and body
mass index values from the control and treatment groups (Table 1). The
same inclusion criteria described above (presence of systemic disor-
ders, a history of spontaneous or recently acquired bone fractures,
chronic alcoholism, etc) were applied to this group.

Each patient participating in the study gave informed written con-
sent. Permission for the study was obtained from the ethics committees
of the Ataturk Center for Pulmonary Disease and Thoracic Surgery, and
Gazi University, Ankara, Turkey.

Methods

Blood samples were collected by nonvacuum sterile disposable
needles (Eczacibasi-Baxter, Istanbul, Turkey) by antecubital puncture.
To minimize statistical variations, samples were collected by the same
person (M.D.) from each subject. Due to the circadian nature of
osteocalcin secretion,41 blood samples were collected at the same time
(2 to 4PM) of the day. Samples were immediately centrifuged at 3,000
rpm for 3 minutes and stored at -20CC for osteocalcin measurements.
Serum levels of the osteocalcin were measured by a Radioimmunoas-
say technique (Radim SpA, Rome, Italy) using antiserum raised in
rabbits to bovine osteocalcin and free125I-labeled osteocalcin in the
laboratory of the Department of Nuclear Medicine, Faculty of Medi-
cine, Gazi University. Coefficients of variation for intra-assay and
interassay measurements were 11.8% and 7.8%, respectively. Serum
alkaline phosphatase, total calcium, and inorganic phosphorus were
measured by standard automated blood chemistry analyzers (Ciba-
Corning Express 550, New York, NY) in the Biochemistry laboratory
at our center. Statistical data and linear regression analysis were per-
formed using the data analysis software Origin version 5 (Microcal,
Northampton, MA). Student’st test was performed to compare the
differences among the groups. Results were presented as the arithmetic
means and SEM of data, and levels of statistical significance were
indicated next to each result.

In spirometer recordings, each subject performed at least 3 forced
expirations, but not more than 5. FEV was measured for each expira-
tion judged acceptable by the examiner. The average of the best 2
efforts was calculated after correction for body temperature, ambient
temperature, and water saturation.

RESULTS

In patients not under corticosteroid treatment (control
group), the mean serum level was 7.036 0.19 ng/mL. The
average serum level of osteocalcin in patients under long-term
corticosteroid treatment (treatment group) was 3.746 0.12
ng/mL. Comparison of mean values indicated that the differ-
ence in serum osteocalcin levels between the control group and
the treatment group was statistically highly significant (Stu-
dent’s t test;P , .01)

The average levels of alkaline phosphatase were 167.916
1.49 U/L and 168.176 1.60 U/L for the control group and
treatment group, respectively. There was no statistically signif-
icant difference between these values (P. .05).

The means of the total serum calcium levels were 8.636
0.03 mg/100 mL and 8.43 0.03 mg/100 mL in the control group
and treatment group, respectively. These values were not sig-
nificantly different (Student’st test;P . .05)

The mean values for inorganic phosphorus levels were
2.676 0.03 mg/100 mL and 2.956 0.02 mg/100 mL for the
control group and treatment group, respectively. Although
these values were found to be slightly below the normal range,
theye were not significantly different (Student’st test;P . .05).
A summary of the results is presented in Table 1.

We have also investigated the possible presence of a linear
correlation among daily dosages, duration of treatment, total
drug intake, and serum osteocalcin levels. There were no strong
correlations between daily dosage (r 5 -0.24) or total intake of
beclomethasone (r 5 -0.18) and serum osteocalcin levels.
Similarly, no correlation between the duration of treatment and
serum osteocalcin levels was found among the patient popula-
tion using beclomethasone (r 5 -0.22).

In healthy subjects, serum osteocalcin levels were signifi-

Table 1. Summary of the Results for Control, Treatment,

and Healthy Subject Groups

Control Treatment Healthy Subjects

No. of subjects 35 30 20
Average age (yr) 61.63 6 1.84 59.10 6 2.29 59.92 6 1.07
FEV1 (L) 1.12 6 0.09 1.07 6 0.08 3.19 6 0.12†
Body mass index

(kg/m2) 23.6 6 0.66 22.1 6 0.69 24.3 6 0.94
Average tobacco use

(yr) 29.04 6 3.18 26.91 6 2.78 —
Dose of

corticosteroid
(mg/d) — 1,142.0 6 79.64 —

Duration of
corticosteroid use
(mo) — 23.94 6 2.72 —

Serum Ca21 (mg/dL) 8.63 6 0.03 8.43 6 0.03 9.04 6 0.16
Serum phosphorus

(mg/dL) 2.67 6 0.03 2.95 6 0.02 3.21 6 0.12
Alkaline phosphatase

(U/L) 167.91 6 1.49 168.17 6 1.60 164.81 6 2.81
Osteocalcin level

(ng/mL) 7.03 6 0.19 3.74 6 0.12* 11.26 6 0.42†

NOTE. Values are means 6 SEM.
*Significantly different value between control and treatment

groups (Student’s t test; P , .01).
†Statistically significant difference between healthy subjects and

both control and treatment groups (Student’s t test; P , .01).
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cantly higher than both control and treatment groups (Student’s
t test;P , .01). This group did not differ significantly in total
alkaline phosphatase, serum calcium, and inorganic phosphorus
levels compared to the control and treatment groups (Table 1).

DISCUSSION

The results of our study indicates that the long-term use of
the inhaled corticosteroid, beclomethasone, at clinical doses
causes a highly significant decrease on the level of osteocalcin
in COPD patients.

Since the introduction of inhaled steroids, several studies
have investigated their effects on bone formation, but most
were performed either in asthmatic patients or in healthy vol-
unteers. Thus, there is a paucity of data on the biochemical
indicators of bone formation in COPD patients who are using
inhaled corticosteroids in clinically relevant concentrations
during long-term treatments.

Earlier studies using short-term (3 months) or long-term oral
corticosteroids in asthmatic patients42,43 demonstrated a de-
crease of serum osteocalcin levels. In another study, high-dose
oral beclomethasone (0.65 mg/h) use in asthmatic patients was
investigated,44 and found to cause a decrease in osteocalcin
levels as early as 13 hours after the beginning of treatment.

More recent studies have examined the effect of oral and
inhaled corticosteroids on bone formation in either asthmatic
patients35 or in healthy volunteers.45,46 In almost all of these
studies, osteocalcin levels in subjects using oral corticosteroids
steroids were found to be lower than the levels found in
subjects using inhaled corticosteroids.

As mentioned earlier, the effect of inhaled corticosteroid use
on the biochemical markers of bone formation was investigated
either in asthmatic patients or in healthy volunteers, and in both
cases it was used short-term. This is the first study to examine
the effect of long-term inhaled beclamethasone in COPD pa-
tients who were taking standard dose. A previous study39 found
that in young and healthy doctors, inhaled beclamethasone (2
mg/d for 28 days) significantly increased the biochemical markers
of bone resorption and reduced the serum levels of alkaline phos-
phatase. Unfortunately, serum osteocalcin levels were not mea-
sured. In our study, serum alkaline phosphatase levels were found
to be in the normal range in both groups and did not differ between
the groups. Although alkaline phosphatase is considered to be one
of the biochemical indicators for bone formation, it is not as
sensitive and specific as serum osteocalcin.32 Thus, it is not sur-
prising that studies in which serum osteocalcin levels were found
to be decreased also showed serum alkaline phospatase levels
to be either increased,39,47 decreased,44 or not changed.29,35,42

The mean levels of inorganic phosphorus were found to be
below normal in both groups, and there was no statistically

significant difference between the groups. Total serum calcium
levels were slightly below normal values in both corticosteroid-
using and nonusing groups.

Interestingly, in our study, COPD patients who are not under
corticosteroid treatment were also found to have lower serum
osteocalcin levels than the healthy subjects. The average level
of osteocalcin measured in 20 healthy, nonsmoking, male sub-
jects with an average age of 59.926 1.07 years was 11.266
0.42 ng/mL (v 7.03 6 0.19 ng/mL in the control group;P ,
.01, Student’st test). In earlier studies, several factors such as
age, sex, and tobacco use have been shown to have significant
effects on bone formation and to decrease serum osteocalcin
levels.48,49Some of these factors in our patient population, such
as history of long-term tobacco smoking, may contribute to the
lower serum osteocalcin levels in COPD patients who are not re-
ceiving inhaled corticosteroids. Since no previous investigation
of the levels of osteocalcin in COPD patients versus a healthy
control group, we cannot compare this finding with other clin-
ical studies. Nevertheless, in agreement with our findings,
tobacco smoking has been demonstrated to be an important
factor causing a decrease of serum osteocalcin levels.49,50 La-
roche et al49 compared 24 volunteers, both tobacco smokers
and nonsmokers, and found that osteocalcin levels were signif-
icantly lower in smokers. Since all of our COPD patients had a
history of tobacco smoking for an average duration of 29 years,
lower osteocalcin levels in this patient population who are not
using inhaled corticosteroids would also be expected. Because
the history of tobacco smoking in asthmatic patients is not as
clear a causal factor as it is in COPD patients, these findings
may not have been emphasized in earlier investigations focus-
ing on asthmatics. A recent investigation studied the effects of
2 different inhaled corticosteroids, beclomethasone and budes-
onide, on osteocalcin levels of 33 COPD patients of both sexes
and with a wider age range (33 to 75 years). Similar to our
results, decreased levels of osteocalcin were reported.51

In conclusion, our findings suggest that the use of inhaled
corticosteroids decreases serum osteocalcin levels in COPD
patients. On the other hand, most of the factors discussed here,
including age and history of tobacco smoking, are not neces-
sarily the major causes of lowered serum osteocalcin levels in
asthmatic patient populations. Thus, physicians should exercise
extreme caution in the treatment of COPD patients with inhaled
corticosteroids and should closely monitor patients for the signs
and symptoms of osteoporosis.
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