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Bone turnover during high dose inhaled
corticosteroid treatment

N J Ali, S Capewell, M J Ward

Abstract
This study was performed to determine
the effects of high doses of two inhaled
corticosteroids, beclomethasone dipro-
pionate and budesonide, on biochemical
indices of bone turnover (urinary hy-
droxyproline:creatinine and calcium:
creatinine ratios, plasma alkaline phos-
phatase, and parathyroid hormone).
Twelve healthy male doctors, aged 25-36
(mean 30) years, were studied. After a

week's run in period eight subjects in-
haled beclomethasone dipropionate 2000
pg/day and eight inhaled budesonide
1800 pg/day for 28 days; this was followed
by a week without any treatment. During
treatment with beclomethasone dipro-
pionate there was a significant increase in
the hydroxyproline:creatinine ratio (a
46% increase at 28 days), and a fall in
serum alkaline phosphatase activity (a
7-4% fall at 28 days). There were no

significant changes during budesonide
treatment. Thus high dose inhaled be-
clomethasone dipropionate increased
biochemical markers of bone resorption
and reduced serum alkaline phospha-
tase, a marker of bone mineralisation. A
prospective study in asthmatic patients
is indicated to assess the long term effects
of high dose inhaled corticosteroids on

bone mass.

Since their introduction two decades ago
inhaled corticosteroids have become the
cornerstone of the treatment of chronic
asthma. Initially beclomethasone dipropionate
and later budesonide were used in doses of up
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to 800 Mug/day but higher doses, up to 2000 jug/
day, have become commonplace, to improve
control in patients with unstable asthma and
to allow the dose of oral corticosteroids to be
reduced."' This trend has been encouraged by
the undoubted efficacy and safety of inhaled
corticosteroids by comparison with oral cor-

ticosteroids.' Unwanted local effects of inhaled
corticosteroids such as dysphonia and oral
candidiasis are relatively common but usually
mild and reversible.4 Of more concern are the
systemic effects that may occur with higher
doses (1500 Mg/day or more), which include
adrenal suppression' and impaired metabol-
ism of glucose and lipids.6 Evidence of other
systemic effects, such as cutaneous
atrophy7 and cataract formation,8 is emerging
and raises the possibility of more serious un-

wanted complications of long term cortico-
steroid treatment, such as osteoporosis.
Reid et al reported that total body calcium

(and by inference bone mass) was 8-8% less in
asthmatic patients taking inhaled cortico-
steroids than in asthmatic control subjects.9
Although their conclusions have been ques-
tioned because information about the use of
systemic corticosteroids was obtained retro-
spectively,'0 the implications are serious
enough to require further study.
We therefore studied the effects of four

week's treatment with inhaled corticosteroids
on biochemical indices of bone turnover, com-
paring beclomethasone dipropionate 2000 tg
with budesonide 1800 Mg daily. The study was
conducted in normal men to avoid the con-

founding effects on bone metabolism of con-
current or previous treatment with cortico-
steroids, or differences in sex steroids between
the sexes.

Table 1 Mean (SD) valuesfor the ratios of hydroxyproline to creatinine concentration (,umoll/mmol) and of calcium
to creatinine concentration (pumol/mmol) andfor parathyroid hormone concentration (IU/I) and alkaline phosphatase
activity (IUII) before, during, and after treatment with beclomethasone dipropionate (BDP) and budesonide (BUD)
in 12 normal subjects*

Baseline Day 14 Day 28 Day 35

Hydroxyproline: creatinine BDP 13 7 (6 6) 17-1 (5 7) 20-1 (4 9) 14-8 (6 9)
BUD 13-4(56) 15-1 (68) 12-4(74) 11-5(68)

Calcium: creatinine BDP 139 (45) 156 (59) 181 (49) 124 (48)
BUD 155 (64) 136 (32) 148 (49) 133 (32)

Alkaline phosphatase BDP 73-6 (16-6) 69-1 (16-2) 68-1 (12-4) 66-8 (14-8)
BUD 78-7 (22 7) 79 7 (23 8) 77-5 (20 6) 76-8 (18)

Parathyroid hormone BDP 4-0 (1-2) - 4-2 (0-9) 4-4 (0-6)
BUD 36(11) - 3-4(1-2) 3-9(1 0)

*Eight took part in each limb of the study.
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Table 2 Summary of areas under the curves (A UC) for the individual subjects*

Beclomethasone Budesonide

Subject No HP:Cr Alk Ph Ca:Cr HP:Cr Alk Ph Ca:Cr

1 29 -196 -1652 33 -14 -890
2 177 -102 343 -18 7 -455
3 176 -228 490 185 -123 -315
4 131 -17 1711 11 7 -1218
5 -10 -189 -875 -129 -130 350
6 96 -55 1148 95 42 1213
7 92 -445 3283 -103 -28 1197
8 197 -19 805 -123 196 -5486

Sum ofAUC 886 -1251 5253 -49t -43t -5151

*Subjects 1-4 took part in both limbs of the study.
HP:Cr-hydroxyproline:creatinine ratio; Ca:Cr-calcium:creatinine ratio; Alk Ph-alkaline phosphatase activity.
tp < 0 05 in the comparison with beclomethasone.

Change in
HP: Cr SUBJECTS
ratio Twelve healthy men (mean age 30, range 25-

20 - 36 years) were recruited from hospital medical
staff. Four took part in both limbs of the study.

15 PROTOCOL

3> After a seven day run in period without treat-
ment (days -7 to 0) subjects inhaled 2000 jug

10 beclomethasone dipropionate or 1800 Mg
budesonide daily via the appropriate spacer

5 L / 2% , device (Volumatic or Nebuhaler) for four.
5 ______________V 5 weeks (days 0 to 28). This was followed by a

week without any treatment (days 29 to 35).
0 A For the four subjects who took part in both

limbs of the study at least three months
elapsed between treatments.

-5
SAMPLES

Samples were collected at the beginning and
-10 end of the run in period (days -7 and 0), after

0 7 14 21 28 35 two and four weeks' treatment (days 14 and
Days of treatment 28), and a week after treatment had stopped

(a) (day 35). Subjects refrained from heavy exer-

tion and from alcohol for 24 hours before
Change in collections were made.
HP: Cr The following samples were collected, after
ratio a 12 hour overnight fast: (a) Urine produced
20 - in the first two hours after initial voiding, for

measurement of hydroxyproline, calcium, and
creatinine; (b) uncuffed blood for measurement

15 of urea, electrolytes, calcium, phosphate,
creatinine, alkaline phosphatase, and para-

10 thyroid hormone.Total urinary hydroxyproline was measured
by a colorimetric method," parathyroid
hormone by immunoassay,'2 and alkaline

/ / - < phosphatase by standard methods.

0 ANALYSIS
The means of the values for the two pretreat-
ment samples were taken as the baselines for

-5 each subject. To determine whether the treat-
ments had a significant effect on bone turnover,

-10
Lthe area under the curve of the change in each

-10 o 7 I421 28 35 variable plotted against time was calculated
0 7 14 2 1 28 35 for each subject. The significance of this

Days of treatment change was tested by the paired t test on the
(b) assumption that without treatment the base-

line would have remained stable-that is, that
Figure I Change in the ratio of hydroxyproline to creatinine (Hp:Cr) concentration the area under the baseline would be zero.'3
(4umol/mmol) from baseline during treatment with (a) beclomethasone dipropionate
2000 pg/day and (b) budesonide 1800 pg/dayfor individual subjects. Thefour subjects To compare the effects of the two treatments
who took tDart in both limbs of the studv are indicated by filled in symbols. on indices of bone tumover the areas under
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Change in hydroxyproline to creatinine concentration for
alkaline the eight subjects during beclomethasone

phosphatase treatment are shown in figure la. The area

15 - under the curves of change in the hydroxy-
proline:creatinine ratio differed significantly

10 from zero (p < 0-005). The ratio had risen by
14 days in all but one subject and was maximal
in all after 28 days (mean increase 6-4 ,umol/
mmol, a 46% rise at 28 days). After treatment

A had stopped values had fallen towards baseline
O _ in seven of the eight subjects. With budesonide

treatment there was no significant change from
-5 baseline, and no consistent pattern of change\\\X*(fig lb). The areas under the curves for
\\X__- beclomethasone and budesonide were sig-

-10 nificantlydifferent(p < 0 05).

-15
ALKALINE PHOSPHATASE

\20 The area under the curves of change in alkaline
-20

0 7 14 21 28 35 phosphatase activity during beclomethasone
treatment was significantly different from zero

(a) Days of treatment (p < 0O02)-mean fall 5-5 IU/l, a 74%

decrease (table 1). There was no significant
Change in change during budesonide treatment (fig 2).
alkaline Comparison of the areas under the curves for

phosphatase the two drugs showed them to be significantly
15 different (p <005).

10 / CALCIUM:CREATININE RATIO AND PARATHYROID
HORMONE

5 There were no significant changes in the ratio of//.\v_l-4 urinary calcium to creatinine concentration or|A_ in parathyroid hormone during treatment with
0/either drug, and no significant difference in the

X \ :$areas under the curves for the calcium:
5 ~_/ !*creatinine ratio between the two drugs (fig 3 and

table 1).
-10 A.

Discussion
-15 The potential confounding effects of previous

corticosteroid treatment in asthmatic subjects
-20 led us to study the effect of high dose inhaled

0 7 1 4 21 28 35 corticosteroids in normal subjects. We
Days of treatment observed a significant increase in a biochemical

(b) marker of bone resorption (hydroxyproline:
creatinine ratio) and a fall in a marker of

Figure 2 Change in alkaline phosphatase activity (IU/I) from baseline during mineralisation (alkaline phosphatase) during
treatment with (a) beclomethasone dipropionate 2000 pglday and (b) budesonide tinre liatmentwh highadose inhopaaledbeclometh
1800 ,ug/day for individual subjects. Symbols as in figure 1. treatment with high dose mhaled beclometh-

asone.
The urinary hydroxyproline:creatinine ratio

in fasting subjects is a measure of bone resorp-
the curves of each measured variable were tion that correlates well with histological and
compared by means of the unpaired t test. kinetic measures. Raised values are almost

always seen in cond,itions with high bone
The study was approved by the local medical turnover-for example, Paget's disease of
ethics committee and all subjects gave in- bone, perimenopausal bone loss, and hyper-
formed consent. parathyroidism.'415 In our study the hydroxy-

proline:creatinine ratio rose by 46% after 28
days' treatment with beclomethasone. The

Results prompt return of the ratio towards baseline one
Mean values of the different variables at the week after the end of treatment suggests that
different times of measurement and the areas this increase was a direct effect of the inhaled
under the time-response curves are given in drug. No such trend was apparent in the group
tables1 and 2. taking budesonide. Budesonide treatment in a

dose that has been shown to be clinically
HYDROXYPROLINE: CREATININE RATIO equivalent (1800 yg/day)'6 did not cause sig-
The changes from baseline in the ratio of nificant changes in any of the indices of bone
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ge in creatinine ratio.20 Our results therefore suggest
Cr that 2000 jug of inhaled beclomethasone a day

ti0 has at least halfthe magnitude ofeffect of20 mg
of prednisone on bone resorption. Beclometh-
asone is thought to be about five to six times as

/ v\ potent as prednisone in terms of its ability to
suppress the hypothalamo-pituitary-adrenal
axis when administered systemically.2' This
implies either that much of the inhaled drug is

\As acting systemically (which is unlikely as an
appreciable amount is deposited in the
mouth,22 absorbed via the gastrointestinal tract,

_____________ v*and inactivated by the liver)23 or that bone
metabolism is more sensitive to beclometha-
sone than is the hypothalamo-pituitary-adrenal
axis, the traditional method for comparing
corticosteroid potency.
Although the mean calcium:creatinine ratio

rose by 33% after 28 days of beclomethasone
treatment this did not reach statistical sig-

o 7 1 4 2 1 28 35 nificance. Toogood et all7 have suggested that
oays of treatment

high dose inhaled budesonide may alter the
Days of treatment diurnal excretion of calcium, less being

produced in the early morning. We may there-
fore have missed a significant effect on 24 hour

ge in calcium excretion by collecting morning
o0 samples only. Nevertheless, the size of the

increase in the calcium:creatinine ratio re-
sembles that of the hydroxyproline:creatinine
ratio and again suggests that bone resorption
had increased.

Alkaline phosphatase is produced by osteo-
blasts during bone formation, and in the
absence of liver dysfunction the total serum

___~/4 levels reflect mineralisation rates.'5 16 The sig-
* _ ______nificant fall in alkaline phosphatase activity
_\\7v during beclomethasone treatment suggests that

in addition to the increase in bone resorption
there may be a fall in mineralisation, indicating
that bone metabolism had been uncoupled.

Corticosteroids are thought to cause osteo-
porosis by several mechanisms, which have
been reviewed recently.24 The mechanisms
include a direct effect on bowel mucosa, leading
to reduced calcium absorption, and a degree

o 7 14 21 28 35 of hyperparathyroidism. In this study beclo-
Days of treatment methasone did not increase parathyroid hor-

mone significantly. In addition to increasing
e 3 Change in the ratio of calcium to creatinine (Ca:Cr) concentration (gumol/ renal calcium excretion corticosteroids interact
) from baseline during treatment with (a) beclomethasone dipropionate 2000 pg/ with osteoclast receptors to increase bone
nd (b) budesonide 1800 pg/day for individual subjects. Symbols as infigure 1. resorption and suppress adrenal androgen

production and osteoblast protein synthesis.
High dose inhaled beclomethasone produced

tumover measured. This is consistent with the effects on bone tumover even when given for
results ofToogood et al, who used a higher dose the relatively short period of four weeks.
of budesonide for a shorter period.'7 The Admittedly, none of the measured variables
apparent differences in effect between beclo- moved outside their normal ranges, and the
methasone and budesonide on bone metabol- effects we have found may not represent the
ism may reflect the lower systemic bio- state of affairs during long term treatment.
availability of budesonide. Budesonide has a Nevertheless, bone mass is the result of a
much higher first pass clearance, with a bio- dynamic balance between formation and
availability of only 11% after oral administra- resorption and small shifts in the balance, if
tion. It is degraded to its major inactive sustained, may lead to significant loss of bone
metabolite four times faster than beclometha- mass and symptomatic osteoporosis. Inhaled
sone, and this is the suggested reason for its corticosteroids will remain the drugs of choice
smaller effect on the hypothalamic-pituitary- in chronic asthma for the forseeable future.
adrenal axis.8 19 Prospective studies of bone mass in asthmatic

In a study of patients treated with 20 mg patients taking inhaled corticosteroids are
prednisone for one month Gennari et al found therefore required to determine whether the
at 77% increase in the urinary hydroxyproline: changes we have found are translated into
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substantial loss of bone mass with prolonged
treatment.

We are grateful to Dr K W Davies for the biochemical assays,
and above all to the 12 volunteers: AS, JT, ST, DM, NA, MW,
JB, RW, PD, JS, AP, and SC.
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