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Abstract
Background - Recent reports have suggested short term changes in serum parameters of bone metabolism with inhaled
corticosteroids. The relevance of these
findings to the balance between bone
formation and resorption during years of
corticosteroid treatment remains uncertain.
Methods - Two novel markers of bone
turnover were first compared with conventional markers in a pilot study and
subsequently measured in a long term
double blind study of inhaled corticosteroids. In study I 15 patients were newly
started on at least 800 tg inhaled corticosteroids daily. At entry and after four
weeks serum levels of alkaline phosphatase, osteocalcin, and PICP (procollagen
type I carboxy terminal propeptide; a
procollagen splice product) were
measured as markers of bone formation,
as well as the urinary hydroxyproline/
creatinine ratio and serum levels of ICTP
(type I collagen carboxy terminal telopeptide; a collagen degradation product)
as markers of bone resorption. In study II
70 patients with airways obstruction
received 800 jg beclomethasone daily in
addition to terbutaline and 85 received
bronchodilators only in a double blind
fashion. Serum levels of PICP and ICTP
were measured before and after 2 5 years
of treatment.
Results - In study I a decrease in osteocalcin levels was accompanied by an increase in levels of PICP and a small and
non-significant rise in alkaline phosphatase. There were no changes in hydroxyproline or ICTP. In study II no differences were found in serum levels of
PICP between the treatment groups; an
increase in serum ICTP was found in the
group treated without inhaled corticosteroids compared with the group
treated with inhaled corticosteroids.
Conclusions - No detrimental long term
effect of inhaled corticosteroids was
found with three conventional and two
novel parameters of bone metabolism.
The results indicate that long term
changes in bone turnover during treatment with inhaled corticosteroids should
not be deduced from short term studies
with single serum parameters of bone
metabolism, but well designed long term
studies of, for example, bone densito-

metry should be awaited before quoting
detrimental effects of inhaled corticosteroids on bone metabolism.
(Thorax 1994;49:652-656)

Inhaled corticosteroids are currently administered to more patients with asthma and chronic
obstructive pulmonary disease (COPD), at an
earlier stage, and in higher dosages than previously.'13 Long term use of inhaled steroids
has been shown to reduce exacerbations and
hospital stay and to delay further deterioration
of lung function.3 As far as current knowledge
goes, however, this requires patients to take
inhaled corticosteroids 2-4 times daily for
many years. Although the short term direct
adverse effects of inhaled corticosteroids seem
to be acceptable, there is increasing discussion
of possible adverse effects after years of usage.
One of the important adverse effects of oral
corticosteroids is osteoporosis, eventually
leading to fractures.4 A few studies on the
effects of inhaled corticosteroids on bone turnover have been published.'0 There are suggestions of growth deceleration in children6
and decreased bone formation in adults.7-'0 To
our knowledge, however, no controlled and
randomised studies have been performed to
investigate the long term (more than a few
months) effects of inhaled corticosteroids on
bone turnover in patients with asthma or
COPD.
In the present study two novel serum
markers of bone turnover were used to assess
the effects of treatment with inhaled corticosteroids for 2-5 years on bone formation and
resorption, respectively. The carboxy terminal
propeptide of type I collagen (PICP) is split
from procollagen during its transformation
into collagen."' The latter constitutes 90% of
the organic bone matrix. Elevated levels of
PICP are thus directly associated with
increased bone formation as determined by
biopsies. 12 13 Systemic corticosteroid treatment
is associated with decreased levels of PICP.14 A
novel serum marker of bone resorption was
also employed, namely the carboxy terminal
telopeptide of type I collagen, crosslinked via
pyridinoline crosslinks (ICTP) and liberated
during its degradation.'5 Increases in serum
ICTP concentrations are found in conditions
of increased bone lysis.'3 16 In a four week pilot
study with inhaled corticosteroids these novel
parameters were compared with serum levels
of osteocalcin and alkaline phosphatase as
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markers of bone formation, and with the
urinary hydroxyproline/creatinine ratio as a
marker of bone resorption.17

STUDY I

Fifteen patients (table 1) with airways obstruction (asthma and COPD) who had not received
any corticosteroids in the previous three
months were started on at least 800 pg inhaled
corticosteroids daily (eight budesonide, seven
beclomethasone). Before and after four weeks
of treatment with inhaled corticosteroids
serum levels of alkaline phosphatase, osteocalcin, PICP, and ICTP were measured, as well
as the 24 hour urinary hydroxyproline/creatinine ratio. Informed consent of all patients was
obtained.

Because of non-normal distributions the data
are presented as medians; non-parametric
comparisons of medians were performed with
Wilcoxon and Mann-Whitney U tests. The
correlation coefficients in study I are parametric (Pearson's) as the variables tested were
normally distributed.

Results
STUDY I

Osteocalcin levels decreased significantly
within four weeks of commencing treatment
with inhaled corticosteroids (table 2, fig 1). In
contrast, PICP levels increased significantly,
as did the ratio of PICP to ICTP. There were
no significant changes in the urinary hydroxyproline/creatinine ratio, or in serum levels of
alkaline phosphatase and ICTP. The changes
in osteocalcin levels were significantly corre-

STUDY II

Stored serum samples of a recently completed
multicentre study of 274 patients with airways
obstruction were used.3 Serum samples were
drawn at the start and end of the study from
155 patients (table 1) who stayed on double
blind medication for 2 5 years.3 All patients
received a 2 agonist (terbutaline 2000 jig
daily), together with either an inhaled corticosteroid (beclomethasone 200jig four times a
day, n = 70) or an anticholinergic (ipratropium
bromide 160 jg daily, n = 44), or a placebo
(n =41). Serum samples were never drawn
within a month of a course of oral steroids.
The study protocol was approved by the medical ethics committees of all participating
centres; all patients gave written informed
consent.

PICP and ICTP levels were measured in
one batch with radioimmunoassay (RIA) kits
from Orion Diagnostica, Espoo, Finland; these
tests have an intra- and interassay variation of
3% and 5% for PICP,"1 and 6% and 8% for
ICTP, respectively.'5 Data on long term storage of PICP and ICTP are not yet available,
but repeated freezing and thawing of serum
samples can be applied with minor loss of
activity." '15 Blood drawn for osteocalcin
measurements was immediately stored on ice
until centrifugated and stored at - 80°C. It
was measured in one batch by RIA (Incstar
Corporation, Stillwater, USA). Serum levels
of alkaline phosphatase were measured with an
automated sequential analyser (Technicon
SMA), and urinary hydroxyproline was
measured by high performance liquid chromatography and spectrophotometry.

10075

COaI75
50

X

25

0

XL

0]

6
r-

4~~~~

4

2

0

In

0

O
150

*

100

m

-

(

Y)

50

01
a)

.£

40

a)

30
.: tN

20

0O0

10

I

6

4

Table I Patient characteristics in studies I and II
Study I

(n15)

M:F
Current smokers
Mean (SD) age (years)
Mean (SD) FEVy (% predicted)

7:8
7

441(19)
867(22)

Study II
(n= 155
101:54
59

40-0(12)
65-5(16)

0-29
PC20 histamine (geometric mean) 10-2
=
FEV, forced expiratory volume in one second; PC25= concentration of histamine causing a 20% fall in FEV, by the two minute

tidal breathing method.3

f-
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Figure 1 Study I: Short term changes in parameters of
bone turnover during four weeks of treatment with inhaled
corticosteroids. Medians ± interquartile ranges. *p < 0 05
changes from start to end of study.
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Table 2 Parameters of bone turnover before and after treatment with inhaled corticosteroids
Reference value

Median

Interquartile

Median

pt

30-120
1 8-6 6
F50-170, M38-202
10-33
1 8-5 0

Start
81
39
96
25 2
4-1
Start

75-95
2-5-49
60-119
20-36
2 6-48

4 weeks
87
2-7
103
20 5
32
2-5 years

75-96
1 1-3 5
72-142
15-25
2 5-40

NS
0-04
0 03
NS
NS

F50-170, M38-202

117
107

91-152
83-139

119
106

97-148
95-124

NS

30
29

26-37
25-37

32
37

23-37
30-44

001

18-50

+

PICP = carboxy terminal propeptide of procollagen type I; reference values from ref. 11; ICTP = carboxy terninal telopeptide region
of type I collagen crosslinked via pyridinoline crosslinks; reference values from ref. 15; hydroxyproline/creatinine=
hydroxyproline/creatinine ratio in 24 hour urine; ICS = inhaled corticosteroids; F = female, M = male; tp value for comparison
between begin and end of four weeks of treatment with inhaled corticosteroids; t p value for comparison of the changes between
treatment groups with 2-5 years of treatment; NS = non-significant (p > 005, two sided).

lated with changes in ICTP (r = 0.79, and ICTP levels at the start were significantly
p < 0 005) but not with changes in PICP lower in older patients (Spearman's
(r= 0.14,- p> 005). No significant differences rho = - 0 15 and -032 respectively; p < 0 05),
could be detected in changes in serum levels of but changes in PICP and ICTP levels were not
osteocalcin, PICP, and ICTP between patients age dependent. When all 20 women over 40
on budesonide (n= 8) or beclomethasone years of age were omitted thereby excluding
(n = 7), nor between patients on 800 gg (n = 10) possible influences of changes in oestrogen
and 1600 gg of inhaled corticosteroids (n = 5). status, the same results were obtained.
STUDY II

Discussion

No clear evidence of a detrimental effect of
inhaled corticosteroids on bone metabolism
was found when several parameters of bone
metabolism were used in a short term open
study and a long term randomised controlled
clinical trial.
We have confirmed the results of Pouw and
others that osteocalcin levels decrease with
short term use of inhaled corticosteroids.89
The other markers of bone formation, however, increased non-significantly (alkaline
phosphatase) and significantly (PICP).
The exact relation of osteocalcin to bone
metabolism has not yet been elucidated.'8 Although osteocalcin is generally presented as a
150
marker of bone formation since it is released
from the osteoblast, it is also to some extent
released from the bone matrix during bone
=> 100resorption.'9 Moreover, osteocalcin is chemocL
tactic for osteoclastic cells and could play a
c 50.
part in the induction of bone resorption and
bone turnover.202' In postmenopausal women
higher osteocalcin levels are associated with an
---- Bronchodilators only
increased risk of hip fractures.22 These find- Inhaled corticosteroids
ings relate well to the much closer correlation
5of changes in osteocalcin levels to ICTP levels
(bone resorption) than to PICP levels (bone
formation) found in our study. A histomorphometric study has suggested that PICP is a
cm
2more specific indicator of bone formation than
0L
osteocalcin.'2 These observations taken
together suggest that osteocalcin might not be
a valid marker of bone formation alone, but
also of bone resorption, and it might therefore
0 years
2-5 years
be more useful in metabolic bone disease than
Figure 2 Study II: Long term changes in parameters of in assessing changes with inhaled corticobone turnover during 2 5 years of double blind therapy.
steroids.
Medians ± interquartile ranges. *p < 0 05 differences in
A significant increase in levels of PICP was
changes from start to end of study between the two
treatment groups.
detected with four weeks of treatment with
The parameters of bone formation were not
significantly different between the two groups
receiving only bronchodilators (terbutaline
with ipratropium or with placebo) and are
consequently pooled in the analyses presented.
PICP levels remained unchanged after 2-5
years of treatment in both groups (table 2).
ICTP levels rose slightly in the corticosteroid
treated group and significantly in the noncorticosteroid treated group, the difference
being significant (p < 0.01; table 2, fig 2). PICP

-

0-

4-

1

0-
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Study I:
Alkaline phosphatase (U/1)
Osteocalcin (pg/i)
PICP (pg/i)
Hydroxyproline/creatinine
ICTP (pg/i)
Study II:
PICP (pg/i)
ICS group
No ICS group
ICTP (pg/i)
ICS group
No ICS group

Interquartile
range

range
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over, we followed patients in a double blind
manner for 2 5 years on inhaled corticosteroids.

Overall, our results indicate that long term
changes in bone turnover during treatment
with inhaled corticosteroids should not be
deduced from short term studies with single
serum parameters of bone metabolism. Using
three conventional and two novel parameters
of bone metabolism no clear detrimental effect
on bone formation or resorption was found,
except for a fall in osteocalcin levels. The exact
place of osteocalcin as a parameter of bone
formation in patients with inhaled corticosteroids, however, is uncertain.
Our results are in line with the clinical
impression that the number of fractures has
not increased since inhaled corticosteroids
were introduced 20 years ago. It is clear that
randomised controlled studies which use more
specific measures of bone status (such as bone
densitometry or preferably number of fractures) and which evaluate inhaled corticosteroid effects over periods of at least several
years, are needed.
Osteocalcin measurements, as well as the routine laboratory
analyses in study I, were supported by a grant from the Jan
Komelis de Cock Foundation. Study II was supported by a

government grant from the Netherlands Health Research Promotion Program (SGO). The medication for study II was
supplied in identical metered dose inhalers by Astra Pharmaceuticals, Boehringer Ingelheim, and Glaxo. The RIA kits for
PICP and ICTP in both studies were supplied by Orion
Diagnostica Finland.
We thank Karim Meeran and Edwin Groen for their useful

suggestions.
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inhaled corticosteroids compared with a small
and non-significant rise after 2-5 years of treatment. This suggests that the short term
changes found in serum parameters of bone
metabolism may become balanced after a
longer period of time. A similar difference
between short term and long term effects on
bone metabolism has been seen in children
where short term reduction in linear growth
rate as measured with knemometry (0-36 mm/
week) cannot be extrapolated to a reduction of
18&6 cm after 10 years of treatment with
inhaled corticosteroids.6
Next to a decrease in bone formation,
increased bone resorption has also been suggested as a side effect of inhaled corticosteroids.7 In our short term study, however, no
such evidence was found. If increased bone
resorption occurs an increase in the urinary
hydroxyproline/creatinine ratio would be
expected, but instead a non-significant fall was
found, accompanied by a non-significant fall in
ICTP, a collagen degradation product. With
2-5 years of treatment with inhaled corticosteroids no change in ICTP levels was found,
but with 2-5 years of treatment with bronchodilators an unexpected rise in ICTP was
detected. Several explanations have been considered. It is unlikely that a change of activity
of the prestudy serum samples that had been
stored for 2-5 years explains the relative rise in
ICTP, since all serum samples were stored
identically for the same period of time; the
relative difference between the groups treated
with and without inhaled corticosteroids is
therefore still meaningful. It is also unlikely
that the assay has been disturbed by the medication still present in the serum samples; the
rise in ICTP was equally present in both
groups that received bronchodilators only (terbutaline with or without ipratropium) but not
in the group that received terbutaline and
beclomethasone. A more likely explanation is
that the level of physical activity was lower in
the group without corticosteroids than in the
group treated for 2-5 years with inhaled corticosteroids. Immobilisation leads to increased
bone resorption with the reverse occurring
after subsequent mobilisation.23 After 2 5 years
of corticosteroid treatment PICP levels had
not changed significantly, signifying no effect
on bone formation.
The absence of differences between budesonide and beclomethasone in effects on bone
metabolism, and also between 800 and 1600 jg
of inhaled corticosteroid in study I, should be
interpreted with care as patients were not
randomised to the different inhaled corticosteroids and groups were small.
Results of several studies suggest that short
term treatment with inhaled corticosteroids
reduces bone formation and perhaps increases
bone resorption in adults.7-'0 However, these
studies were performed in healthy volunteers,79 were retrospective10 or uncontrolled,7910 and all were performed with high
doses of corticosteroids.7'0 Our results are
different from the above mentioned studies
and were performed in patients with conventional doses of inhaled corticosteroids. More-
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