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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 = 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 = 35). The mean age of the control group was 61.63 + 1.84 (mean = SEM). In the treatment group, the
mean age was 59.10 + 2.29 and patients in this group had taken beclomethasone for an average time of 23.94 + 2.72 months
(for at least 12 months) at an average concentration of 1,142.0 = 79.64 png/d. The mean serum osteocalcin levels in the control
group and treatment group were 7.03 + 0.19 ng/mL and 3.74 + 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 + 1.49 U/L and 168.17 = 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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N RECENT YEARS, the role of inflammatory processes in roids24.25For example, osteoporotic effects of various inhaled
the pathogenesis of chronic obstructive pulmonary diseaseorticosteroids such as budesonide and beclomethasone have
(COPD) has been considered as an important phenoniehon. been demonstrated in earlier investigatiéhBarlier studies on
In fact, approximately 20% to 25% of cases are responsive t@orticosteroid-induced osteoporosis have suggested that sup-
treatments with corticosteroid$. Although the efficacy of pression of the function of osteoblasts and thus the inhibition of
corticosteroids in treatment of COPD patients has been quedone formation is one of the mechanisms mediating this effect
tioned10-12several early and recent studies indicate that corti-on the bone metabolisf#:2”
costeroids have beneficial effects on the respiratory status of Osteocalcin (vitamin K—dependent bone Gla protein) is syn-
COPD patient33-16 thesized by osteoblasts and is an important biochemical indi-

One of the most important systemic side effects relevant tgeator for the evaluation of osteoblast activity and bone forma-
the use of corticosteroids is osteoporasi&? The effects of ~ 1on2*° The measurement of serum osteocalcin and alkaline

several corticosteroids on the formation of bone structure hav@nosphatase levels has been routinely used for this pufpése.
been investigated in detail in several earlier stuéi€s.The So far the majority of studies investigating the effects of

osteoporotic effect of corticosteroid use in COPD patients hadh@led corticosteroids on bone formation have been performed
been especially important since the majority are elderly anoonI enher;gggggllatlodndpf asthmatic fpa;@ﬁt%sl_or on ZQaIthy

particularly vulnerable to debilitating effects of osteoporasis. \(;0 unt_eer t ; na _'t'ﬁnl’ Zomet_o tte e_gr |e_rt;tu_|etiwerr1e .

In order to minimize the systemic toxicities of corticosteroid ONe In patients using inhaled corticosterolds either in the Shor
. . . . . . term or at higher than routine clinical doses®° Therefore, we

use in patients with pulmonary diseases, inhaled preparations .

) . . evaluated the effect of inhaled beclomethasone on the levels of

with enhanced local effectiveness and lesser systemic effects

have been used for many years. Although inhaled Corticostegsteocalcm, a biochemical marker of bone formation, in COPD

. . atients using long-term corticosteroids as part of their treat-
roids act locally and have fewer side effects compared tofnent regimer? 9 P

systemically administered drug, current research on this subject
indicates that inhaled corticosteroids are not devoid of the MATERIALS AND METHODS
toxicities seen with the systemically administered corticoste-gxperimental Subjects

Sixty-five male COPD ambulatory patients with moderate to severe
stable airway obstruction were studied in our center. Because serum
From the Ataturk Center for Pulmonary Disease and Thoracic levels of osteocalcin differ significantly between the sexes and between
Surgery, Kecioren, Ankara, Turkey; Department of Nuclear Medicine,pre- and postmenopausal ages, only male patients were included.
Gazi University, Ankara, Turkey; and the Loeb Research Institute,Subjects who had a disease of bone metabolism, malignancy, diabetes
Ottawa, Ontario, Canada. K1Y 4E9 mellitus, chronic renal failure, primary or secondary hyperparathyroid-
Submitted November 28, 2000; accepted May 4, 2001. ism, hyperthyroidism, a history of spontaneous or recently acquired
Address reprint requests to Murat Oz, MD, PhD, National Institute bone fractures, long-term use of oral anticoagulants, or chronic alco-
on Drug Abuse, Intramural Research Program, 5500 Nathan Shock Drholism were excluded. Since it has been demonstrated that levels of

Baltimore, MD, 21224. osteocalcin show significant seasonal variatithall of our sample
Copyright© 2001 by W.B. Saunders Company collections and measurements were completed during the fall.
0026-0495/01/5011-0022$35.00/0 All of the patients had a history of tobacco smoking. The mean
doi:10.1053/meta.2001.27231 duration of tobacco exposure was 28:t5.84 years (within the range
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of 2 to 55 years). On average, the duration of their diagnosed diseasklethods
was 27.82+ 1.81 years (in the range of 3 to 45 years). None of the

: . . . ) Blood samples were collected by nonvacuum sterile disposable
control subjects had received oral or inhaled corticosteroid treatment S ;
needles (Eczacibasi-Baxter, Istanbul, Turkey) by antecubital puncture.

for at least the last 12 months. Subjects were divided into those USING 5 minimize statistical variations, samples were collected by the same

corticosteroids as part of their treatment regimen and those who Wer%erson (M.D.) from each subject. Due to the circadian nature of
not us_ing corticosteroids. BOt.h groups had a simila_r distribution of a%€steocalcin secretiof,blood samples were collected at the same time
and history of tobacco smoking. In brief, confounding factors such as 2 to 4pu) of the day. Samples were immediately centrifuged at 3,000
age, sex, hormonal irregularities, seasonal, and circadian variation% '

L pm for 3 minutes and stored at <ZD for osteocalcin measurements.
were largely eliminated from the present study. . -
. . Serum levels of the osteocalcin were measured by a Radioimmunoas-
Control group. COPD patients who had not received oral, paren-

; : ) . . . say technique (Radim SpA, Rome, ltaly) using antiserum raised in
teral, or inhaled corticosteroids during the past year were included in Y que ( p Y) 9

. . . rabbits to bovine osteocalcin and fré&l-labeled osteocalcin in the
the control group. These patients were also being treated with theOpqéboratory of the Department of Nuclear Medicine, Faculty of Medi-
ylline, B,-agonists, and mucolytic agents. '

Treatment ar This ar included only the COPD patient cine, Gazi University. Coefficients of variation for intra-assay and
eatme . g c_)up. 1S group Included o y e' . patients interassay measurements were 11.8% and 7.8%, respectively. Serum
regularly using inhaled beclomethasone. Patients in this group wer

e . . . .
. ) - alkaline phosphatase, total calcium, and inorganic phosphorus were
receiving corticosteroids at an average dose of 1,14270.64 ug/d phosp 9 phosp

| hemi I iba-
for a mean duration of 23.94 2.72 months (in the range of 12 to 72 measured by standard automated blood chemistry analyzers (Ciba

. . . . . Corning Express 550, New York, NY) in the Biochemistry laboratory
months). All were using metered-dose inhalation aerosol units without L ; ; .

. L . . at our center. Statistical data and linear regression analysis were per-
spacer. Patients in this group, as in the control group, were also bein

treated by theophvliin nists. and mucolvi nts. The ar fbrmed using the data analysis software Origin version 5 (Microcal,
.ea € Y eqp i eﬁz-a}go sts, a . ucolytic agents. .e groups Northampton, MA). Student’s test was performed to compare the
did not differ significantly in age, duration of tobacco smoking, mean

¢ d irat | . d (FBvand bod differences among the groups. Results were presented as the arithmetic
isg;i (_Ie_:;E:;alc;ry volume in second (FEVand average body mass means and SEM of data, and levels of statistical significance were

indicated next to each result.
Healthy subjects. This group included 20 male, nonsmoking sub-

act idered healthy based on thei | ohvsical inati In spirometer recordings, each subject performed at least 3 forced
Jects considered heaiiny based on their general physical examina Ionesxpirations, but not more than 5. FEV was measured for each expira-
and histories. This group did not differ significantly in age and body

. tion judged acceptable by the examiner. The average of the best 2
mass index values from the control and treatment groups (Table 1). The ) .

. . _ . -~ efforts was calculated after correction for body temperature, ambient
same |ncl_US|on criteria described above (presenc_e of systemic dlsortémperature, and water saturation.
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 In patients not under corticosteroid treatment (control
of the Ataturk Center for Pulmonary Disease and Thoracic Surgery, an@roup), the mean serum level was 7.630.19 ng/mL. The
Gazi University, Ankara, Turkey. average serum level of osteocalcin in patients under long-term
corticosteroid treatment (treatment group) was 3740.12
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-

RESULTS

Table 1. Summary of the Results for Control, Treatment,
and Healthy Subject Groups

Control Treatment Healthy Subjects dent'st test; P < 01)
No. of subjects 35 30 20 The average levels of alkaline phosphatase were 16%.91
Average age (yr) 61.63+1.84 59.10+229 59.92%1.07 1.49 U/L and 168.17+ 1.60 U/L for the control group and
FEV, (L) 1122009  1.07+008 319+ 0121 treatment group, respectively. There was no statistically signif-
Bo(‘;y/mfss index 256 066 221+ 060 243+ 0.94 icant difference between these valuesP05).
A g/m’) R o o The means of the total serum calcium levels were 863
verage tobacco use .
(yr) 29.04 ~ 318 26.91 « 2.78 _ 0.03 mg/100 mL and 8.43 0.03 mg/100 mL in the control group
Dose of and treatment group, respectively. These values were not sig-
corticosteroid nificantly different (Student’s test;P > .05)
(ng/d) - 1,142.0 = 79.64 - The mean values for inorganic phosphorus levels were
Duration of 2.67 = 0.03 mg/100 mL and 2.95 0.02 mg/100 mL for the
corticosteroid use control group and treatment group, respectively. Although
(mo) - 23.94 x 2.72 - these values were found to be slightly below the normal range,
Serum Ca”” (mg/dl)  863+003 843:003 9.04:0.16 theye were not significantly different (Studertttest;P > .05).
Si::”}d’f;“phm”s 67~ 005 295002 321+ 012 A summary of the results is presented in Table 1.

Alkal?ne phosphatase R RN R We have also investigated the possible presence of a linear
(UIL) 167.91 « 1.49 168.17 « 1.60 164.81 « 2.81 correlation among daily dosages, duration of treatment, total
Osteocalcin level drug intake, and serum osteocalcin levels. There were no strong

(ng/mL) 7.03+0.19 3.74 +0.12*% 11.26 + 0.42t correlations between daily dosage< -0.24) or total intake of

NOTE. Values are means - SEM. beclomethasoner (= -0.18) and serum osteocalcin levels.

*Significantly different value between control and treatment
groups (Student’s t test; P < .01).

tStatistically significant difference between healthy subjects and
both control and treatment groups (Student’s t test; P < .01).

Similarly, no correlation between the duration of treatment and
serum osteocalcin levels was found among the patient popula-
tion using beclomethasone € -0.22).

In healthy subjects, serum osteocalcin levels were signifi-
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cantly higher than both control and treatment groups (Student'significant difference between the groups. Total serum calcium
t test;P < .01). This group did not differ significantly in total levels were slightly below normal values in both corticosteroid-
alkaline phosphatase, serum calcium, and inorganic phosphorussing and nonusing groups.
levels compared to the control and treatment groups (Table 1). Interestingly, in our study, COPD patients who are not under
corticosteroid treatment were also found to have lower serum
DISCUSSION osteocalcin levels than the healthy subjects. The average level
of osteocalcin measured in 20 healthy, nonsmoking, male sub-
The results of our study indicates that the long-term use ijects with an average age of 59.921.07 years was 11.26
the inhaled corticosteroid, beclomethasone, at clinical doseg 42 ng/mL ¢ 7.03 + 0.19 ng/mL in the control grou® <
causes a highly significant decrease on the level of osteocalci_r@l, Student's test). In earlier studies, several factors such as
in COPD patients. age, sex, and tobacco use have been shown to have significant
Since the introduction of inhaled steroids, several studiessfects on bone formation and to decrease serum osteocalcin
have investigated their effects on bone formation, but mosjgye|s4e.49Some of these factors in our patient population, such
were performed either in asthmatic patients or in healthy vol-54 history of long-term tobacco smoking, may contribute to the
unteers. Thus, there is a paucity of data on the biochemical,yer serum osteocalcin levels in COPD patients who are not re-
indicators of bone formation in COPD patients who are usingcejying inhaled corticosteroids. Since no previous investigation
inhaled corticosteroids in clinically relevant concentrations o the Jevels of osteocalcin in COPD patients versus a healthy
during long-term treatments. control group, we cannot compare this finding with other clin-
Earlier studies using short-term (3 months) or long-term oralicq studies. Nevertheless, in agreement with our findings,
corticosteroids in asthmatic patiefft¢® demonstrated a de- igpacco smoking has been demonstrated to be an important
crease of serum osteocalcin levels. In another study, high-dosgctor causing a decrease of serum osteocalcin |696%_a-
oral beclomethasone (0.65 mg/h) use in asthmatic patients wg$)che et a° compared 24 volunteers, both tobacco smokers
investigated;* and found to cause a decrease in osteocalcingng nonsmokers, and found that osteocalcin levels were signif-
levels as early as 13 hours after the beginning of treatment. jcantly lower in smokers. Since all of our COPD patients had a
_ More recent stud!es have examlned_ the_ effgct of oral ar}chistory of tobacco smoking for an average duration of 29 years,
inhaled corticosteroids on bone formation in either asthmatiqgyer osteocalcin levels in this patient population who are not
patient8® or in healthy volunteer$:“¢In almost all of these  sing inhaled corticosteroids would also be expected. Because
studies, osteocalcin levels in subjects using oral corticosteroidg,e history of tobacco smoking in asthmatic patients is not as
steroids were found to be lower than the levels found inglear g causal factor as it is in COPD patients, these findings
subjects using inhaled corticosteroids. _ _ may not have been emphasized in earlier investigations focus-
As mentioned earlier, the effect of inhaled corticosteroid usejng on asthmatics. A recent investigation studied the effects of
on the biochemical markers of bone formation was investigated jtferent inhaled corticosteroids, beclomethasone and budes-
either in asthmatic patients or in healthy volunteers, and in botrbnide’ on osteocalcin levels of 33 COPD patients of both sexes
cases it was used short-term. This is the first study to examingng with a wider age range (33 to 75 years). Similar to our
the effect of long-term inhaled beclamethasone in COPD payegits, decreased levels of osteocalcin were repétted.
tients who were taking standard dose. A previous stiyind In conclusion, our findings suggest that the use of inhaled
that in young and healthy doctors, inhaled beclamethasone (Zo(ticosteroids decreases serum osteocalcin levels in COPD
mg/d for 28 days) significantly increased the biochemical marker%atients. On the other hand, most of the factors discussed here,
of bone resorption and reduced the serum levels of alkaline phosfhcluding age and history of tobacco smoking, are not neces-
phatase. Unfortunately, serum osteocalcin levels were not measyyily the major causes of lowered serum osteocalcin levels in
sured. In our study, serum alkaline phosphatase levels were foungkihmatic patient populations. Thus, physicians should exercise
to be in the normal range in both groups and did not differ betweenyyireme caution in the treatment of COPD patients with inhaled

the groups. Although alkaline phosphatase is considered to be ongyticosteroids and should closely monitor patients for the signs
of the biochemical indicators for bone formation, it is not as gnq symptoms of osteoporosis.

sensitive and specific as serum osteoc&kifhus, it is not sur-

prising that studies in which serum osteocalcin levels were found ACKNOWLEDGMENT
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