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SUMMARY

Background: inhaled corticosteroids (ICS) are re-

commended in the treatment of asthmatic patients.

They have been said to be efficacious in the treatment

of asthma in respect to cortisol and bone metabolism.

Methods: the effects of the two inhaled corticoste-

roid, budesonide (BUD) and fluticasone propionate (FP)

on bone metabolism, morning cortisol and their effects

on the clinical parameters (FEV1, diurnal variation of

peak expiratory flow rate = PEFR and log PC20) were

examined in a group of 16 asthmatic patients. Eight pa-

tients used 800 mg/daily BUD and 8,400 mg/daily FP

during 6 months period.

Results: both BUD and FP improved clinical para-

meters as determined by FEV1 (p < 0.05) and PEFR

(p < 0.01). There was no difference in respect to log

PC20 values in either group (p > 0.05). Both treat-

ments didn’t change morning cortisol (p < 0.05). Both

FP and BUD didn’t change any indices of bone for-

mation as determined by serum alkalin phosphata-

se, bone alkalin phosphatase, osteocalcin and car-

boxyterminal propeptide of type 1 procollagen and

bone resorption as determined by urinary calcium

and deoxypyridinoline (p > 0.05). ln addit ion there

was no significant effect on calcium and phosphate

metabolism (serum calcium, phosphate and parathy-

roid hormone).

Conclusion: as a result, having no adverse effect

on bone metabolism and adrenal function, in the re-

gard to clinical efficacy, FP is as effective as the dou-

ble dose of BUD on PEFR and FEV1.
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propionate. Budesonide. Inhaled corticosteroids. Cor-
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INTRODUCTION

Inhaled corticosteroids (ICS) have proved to be

very effective in the treatment of asthma (1). It  is

well accepted that the inhaled administration of ste-

roids is efficacious and has fewer side effects than

the systemic use. Higher doses of ICS are associated

with systemic effects such as a decrease in morning

cortisol (2), the biochemical markers of bone forma-

tion (3, 4) and increase indices of bone resorption

(5).

Fluticasone propionate (FP) is a new  ICS w ith a

higher topical antiinflammatory effect. In clinical stu-

dies the systemic potency ratio for FP: budesonide

(BUD) is ranged from 1.7 to 2.9 (6, 7). In healthy vo-

lunteers, it has been shown that both BUD and FP

may provoke a short-term reduction in bone resorp-

tion (8).

The aim of this study was to compare the effects

of FP 400 mg/daily and BUD 800 mg/daily as a pres-

surized metered dose inhaler (pMDI) for 6 months on

clinical indices determined by FEV1 (forced expiratory

volume in one second), diurnal variation of PEFR

(peak expiratory flow  rate) and by PC20 (provocative

concentration of histamine causing 20 % fall in FEV1)

and on the markers of bone metabolism, calcium,

parathyroid hormone and cortisol in adult patients

with asthma.
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MATERIAL AND METHODS

Patients

A total of 20 nonsmoking subjects (6 males) aged

24 to 55 years (mean, 40.6 ± 2.0) entered the study.

The patients were selected on the basis of symptoms

and lung function parameters compatible w ith the

diagnosis of asthma according to the American Tho-

racic Society (9). All women were premenopausal. No

patient had any other pulmonary disease or serious

concomitant disease. Patients had been receiving re-

gular treatment w ith FP or BDP for an average of

15.2 ± 5.1 months (range, 0 to 60 months).

No patient had a history of chronic systemic ste-

roid use (defined as any dose taken for more than

1 month continuously) more than 4 booster courses

of systemic steroids in the past, or in systemic ste-

roid use in the previous 6 months. All subjects gave

informed consent for entering to the study. Patients

were not receiving drugs affecting bone metabolism,

or having concomitant bone disease.

Protocol

After a two-week run-in period 10 patients were gi-

ven 400 mg/daily FP and 10 patients 800 mg/daily BUD

by pressurized metered dose inhaler (pMDI) divided

by two doses. They used salbutamol 100 mg pMDI as

rescue medication. Patients were instructed how to

use their pMDI correctly. Three patients were given

long acting b2 agonist to control the symptoms. No

other pulmonary medication was allowed.

During run in period patients were recorded their

peak expiratory flow rate (PEFR) in the morning (7:00 to

8:00 AM) and in the evening (7:00 to 8:00 PM) using a

mini wright peak flow meter, preferably not w ithin

4 hours after rescue bronchodilator use. On each occa-

sion they made three readings and entered the highest

one on a diary card. The diary cards were filled in during

the run-in period and 15 day before the end of treatment

period of 6 months and during these periods symptom

scores of patients were determined using American

Thoracic Society shortness of breath scale (10).

Patients were followed up monthly. Three measu-

rements of FEV1 were made and the best one was

recorded. FEV1 measurements w ere made w ith

dry-bellow s spirometry (M odel S; Vitalograph, Ltd.

Buckingham, UK).

Histamine challenge

Bronchial reactivity to histamine was measured in

accordance with a method described by Cockroft and

coworkers (11) using a Pari bronchoprovocateur. His-

tamine dihydrochloride was inhaled in doubling con-

centrations from 0.03 to 8 mg/ml. The results were

expressed as PC20 histamine, w hich w as obtained

from the log dose-response curve. All challenge tests

and FEV1 measurements w ere done betw een

8:30-10:30 AM to avoid the diurnal effects.

Laboratory measurements

Venous blood samples on the mornings of the first

and last visits from patients by antecubital venipunc-

ture and morning urine samples were collected at the

same time. Blood samples were centrifuged at 4 °C,

2,500 rpm, then serum and urine samples were stored

at −20 °C until assayed. The samples were thawed

just before the assay. Total alkaline phosphatase acti-

vity and total calcium, phosphate levels in sera and

creatinin levels in urine were measured by BM- Hita-

chi 911 automated analyser using its original kits.

Bone formation markers, namely bone isoenzyme of

alkaline phosphatase, osteocalcine and collagen type I

c-terminal propeptide levels were measured commer-

cially available ELISA kits (Metra Biosystems, Inc. Cali-

fornia, USA). Bone resorption marker, deoxypyridinoline

(Dpd) concentrations in urine samples were analysed

by a competitive enzyme immunoassay (Pyrilinks-DTM

Kit; Metra Biosystems, lnc. California, USA).

Urinary Dpd and calcium levels were corrected by

the creatinin concentration of the urine sample and

expressed as a ratio nMDpd/mM creatinin and mg/dl

Ca/mg/dl Cr respectively.

PTH and cortisol levels were determined with IM-

MULITE PTH and IMMULITE cortisol chemilumines-

cent enzyme immunometric assay for use w ith the

IMMULITE automated analyser (Immulite, Diagnostic

Products Corporation, Los Angeles, California, USA).

Statistical analysis

The first and second measurements were compa-

red between the FP and BUD treatment groups. Wil-

coxon signed rank test or the Mann Whitney-U tests

w ere used for analysis w hen appropriate; p values

less than 0,05 w ere considered as significant. Re-

sults are reported as means ± SEM . The personal

computer program SPSS-WlN was used for all calcu-

lations.

RESULTS

Tw o patients from FP group and 2 from BUD

group w ere discharged from the study because of
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uncompliance in three and acute attack in one. The

remaining sixteen patients completed the study.

Their characteristics are summarized in Table I. The

baseline characteristics of the two groups were not

different (ie; age, variability of PEFR, FEV1 and PC20

valves; p > 0.05).

Clinical effects

Clinical parameters in both group are before and af-

ter the treatment in Table II. Mean values of FEV1

were increased significantly in both treatment groups.

In BUD group, FEV1 was increased from 65.8 ± 3.2%

to 73.8 ± 2.9 % , p < 0.05; in FP group, from

69.6 ± 4.5% to 74.4 ± 4.2%, p < 0.01. The diurnal va-

riation in PEFR decreased significantly in both treat-

ment groups, from 19.3 ± 2.3% to 11.8 ± 2.5% in FP

group (p < 0.01) and from 19.6 ± 3.0% to 11.4 ± 1.2%

(p < 0.05) in BUD group. However mean PC20 values

changed from 0.28 ± 0.14 mg/ml to 0.29 ± 0.18 mg/ml

after BUD (p > 0.05) and from 0.42 ± 0.24 mg/ml to

0.46 ± 0.24 mg/ml after FP (p = 0.06). There were no

significant differences between PC20 values before

and after the treatment of both drugs.

Adrenal function

The mean values of morning cortisol changed

from 14.1 ± 1.9 mg/dl to 12.6 ± 1.4 mg/dl after BUD

(p > 0.05) and from 27.5 ± 6.0 to 14.7 ± 1.3 mg/dl af-

ter FP (p > 0.05). There were no significant differen-

ces in both of treatment groups (Table II).

Effects on calcium and phosphate metabolism

There w ere no differences in serum Ca, P and

PTH levels of both group before and after the treat-

ment (p > 0.05; Table II).

Bone formation

Markers of bone formation AP, BAP, OC, and P1CP

did not changed after FP and BUD (p > 0.05; Ta-

ble III). There were no differences between baseline

and posttreatment values of these markers in FP and

BUD group (p > 0.05).

Bone resorption

M arkers of bone resorption urinary Dpd/Cr and

Ca/Cr did not change after both of the treatments (Ta-

ble III). There were differences between the baseline

and posttreatment values of these markers in the

groups of FP and BUD (p > 0.05).

DISCUSSION

The present study shows that BUD 800 mg/daily

and FP 400 mg/daily by metered dose inhaler for
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Table I

Baseline characteristics of the patients in the two
groups*

BUD FP p

Subjects, n 8 8 –

Sex M/F 1/7 3/5 –

Age, years 40.8 ± 2.4 41.1 ± 4.0 NS

Duration of asthma, years 5.5 ± 1.9 7.3 ± 2.4 NS

Baseline FEV1, % pred. 65.8 ± 3.2 69.6 ± 4.5 NS

Variability in PEFR, % 19.6 ± 3.0 19.3 ± 2.3 NS

Duration of ICS use, months 12.5 ± 4.9 19.4 ± 6.8 NS

PC20, mg/ml 0.29 ± 0.18 0.42 ± 0.24 NS

* Values are mean ± SEM.

BUD: budesonide; FP: fluticasone propionate; ICS: inhaled corticosteroids;

NS: nonsignificant; PC20: provocative concentration of histamine dose;

PEFR: peak expiratory flow rate.

Table II

Effects of FP and BUD on clinical parameters, cortisol 
and calcium metabolism*

Variable ICS Baseline After treatment p

FEV1, % pred. BUD 65.8 ± 3.2 73.8 ± 2.9 < 0.05

FP 69.6 ± 4.5 74.4 ± 4.2 < 0.01

Variability in PEFR, % BUD 19.6 ± 3.0 11.4 ± 1.2 < 0.05

FP 19.3 ± 2.3 11.8 ± 2.5 < 0.01

Symptom score BUD 3.4 ± 0.2 2.3 ± 0.3 < 0.01

FP 3.6 ± 0.4 2.2 ± 0.3 < 0.01

PC20, mg/ml BUD 0.28 ± 0.18 0.29 ± 0.14 NS

FP 0.42 ± 0.24 0.46 ± 0.24 NS

Morning cortisol BUD 14.1 ± 1.9 12.6 ± 1.4 NS

(mg/dl) FP 27.5 ± 6.0 14.7 ± 1.3 NS

Ca metabolism

Serum calcium BUD 8.9 ± 0.5 8.9 ± 0.5 NS

(mgldl) FP 8.9 ± 0.5 8.6 ± 0.5 NS

Serum phosphate BUD 3.3 ± 0.2 2.9 ± 0.3 NS

(mg/dl) FP 3.1 ± 0.2 3.4 ± 0.3 NS

Serum PTH BUD 42.2 ± 4.2 49.9 ± 5.7 NS

(pg/ml) FP 33.2 ± 4.9 41.1 ± 3.5 NS

* Values are mean ± SEM.

BUD: budesonide; FEV1: forced expiratory volume in 1 sec; FP: fluticasone

propionate; ICS; inhaled corticosteroids; NS: nonsignificant; PC20: provocative

concentration of histamine dose causing%20 fall in FEV1; PEFR: peak

expiratory flow rate; PTH: parathyroid hormone.



6 months would result in similar clinical effects w it-

hout effecting any markers of bone, calcium meta-

bolism and cortisol levels. After 6 months treatment

the diurnal variation of PEFR and FEV1 were impro-

ved significantly in both BUD and FP group. But the

improvement of these clinical markers more promi-

nent in FP. Our findings are consistent w ith the pre-

vious clinical studies that reveal FP results in a simi-

lar antiasthma effect at half the dose of BDP (3, 12)

or BUD (13).

Although there was a slight increase in the mean

PC20 values in the FP group, there was no statistically

significant improvement in bronchial hyperreactivity

after the both treatment groups. That unchangement

in PC20 values after ICS has been shown previously

w ith improvement in respiratory functions (14, 15).

This lack of improvement in PC20 values perhaps re-

sulted from our small number of groups studied.

All mean morning cortisol levels for both ICS re-

mained unchanged within normal upper and lower li-

mits. No differences were found between both tre-

atments in morning cortisol. Although the single

morning measurements of serum cortisol is not a

sensitive method of detecting changes in HPA axis,

in the clinical studies it has been widely used to me-

asure the effects of ICS on HPA axis. And as a mar-

ker of adrenal suppression, morning cortisol has

been shown to be unchanged in some studies as in

our study (3, 12).

Osteoporosis is a well known side effect of syste-

mic steroids which is mainly caused by depression of

bone formation. High dosages of ICS may decrease

bone formation (4) and increase of bone resorption

(5). We measured the effects of 400 mg/daily FP and

800 mg/daily BUD on biochemical markers of bone

metabolism. The serum levels of alkaline phosphata-

se (AP) and bone specific alkaline phosphatase (BAP)

are higher at times of high osteoblastic activity. It is

rather insensitive measure of acute changes in bone

formation. The other marker of bone formation is

procollagen type 1 synthesis and mainly produced by

osteoblasts. In addition, osteocalcin (OC) is a very

sensitive marker of osteoblast activity. We found no

significant change in serum markers of bone forma-

tion AP, BAP, P1CP and OC in either group.

After 12 hr fast, urinary calcium excretion is a me-

asure of the calcium coming mainly from bone. CS

inhibit the intestinal absorption of Ca, and P, and they

may increase urinary Ca excretion and decrease in

serum Ca which may cause secondary hyperparathy-

roidism, reflected in an increased serum PTH. We

found no significant change in serum or urinary cal-

cium, serum P and PTH levels in both FP and BUD.

Desoxypyridinoline (Dpd) a marker of bone resorp-

tion, is released by the osteoclast during bone re-

sorption. There were not significant differences in se-

rum Dpd levels after both FP and BUD in our pa-

tients.

There are several studies in w hich BUD and FP

have shown to affect the markers of bone metabo-

lism (8, 16). But this effect was said to be dose de-

pendent (16). However, there has not been any agre-

ement about w hich bone markers effected by the

ICS. 800 mg/daily BUD has signif icantly reduced

P1CP (16) suggesting a reduction in bone formation

but in another study BUD and FP show ed a short

term reduction in bone resorption (8). The net effect

of bone formation and resorption is clinically impor-

tant. If, for instance, formation and resorption decre-

ase to the same extent, the changes may not be im-

portant, since the net effect may be zero. In contrast

to these findings BUD 800 mg/daily for 2.5 yr did not

effect bone formation and resorption in patients w ith

asthma (17). And in long term studies FP, at half dose

of BDP, results in a similar antiasthma effect but a

more safety profile w ith respect to bone metabolism

(3, 12). Only a few  studies have directly compared

the effects of inhaled FP and BUD on bone markers.

In two studies, both BUD and FP did not affect the

baseline markers of bone metabolism as in our study

(18, 19).

Certainly a lot of factors may affect the results of

the study. For example, OC and P1CP exhibits diur-

nal variation. In the present study, all samples were

immediately determined or frozen and processed at
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Table III

The values of markers of bone formation and resorption*

ICS Baseline After treatment p

Bone formation
AP, U/l BUD 153 ± 19.9 158.3 ± 10.2 NS

FP 154.8 ± 17.0 161.5 ± 18.3 NS
BAP, U/l BUD 15.0 ± 2.2 17.3 ± 1.9 NS

FP 16.2 ± 1.9 21.0 ± 3.4 NS
OC, ng/dl BUD 7.4 ± 1.3 8.2 ± 1.7 NS

FP 10.5 ± 2.9 9.8 ± 2.2 NS
P1CP BUD 70.2 ± 12.2 83.7 ± 6.1 NS

FP 87.9 ± 18.1 93.0 ± 18.9 NS

Bone resorption
U Dpd/Cr BUD 3.43 ± 0.1 3.24 ± 1.73 NS

FP 6.11 ± 0.91 6.54 ± 0.75 NS
U Ca/Cr BUD 3.5 ± 2.3 3.3 ± 1.7 NS

FP 8.3 ± 2.1 6.4 ± 1.9 NS

* Values are mean ± SEM.

AP: alkaline phosphatase; BAP: bone alkaline phosphatase;

BUD: budesonide; Cr: creatinin; Dpd: deoxypyridinoline;  FP: fluticasone

propionate; ICS: inhaled corticosteroids; OC: osteocalcine;

P1PC: carboxyterminal propeptid 1 procollagen.



once to exclude any influence of laboratory handling.

To avoid diurnal effects, samples were taken at the

same moment of the day and urinary samples were

taken after an overnight fast and corrected for creati-

nin. We couldn’t used a placebo group to compare

because of ethical limitations, cause in a view  of

some previous studies supporting delayed onset

of treatment with ICS cause reduced improvement of

lung function and irreversible remodeling of the air-

w ays due to chronic airw ay limitation and ungoing

inflammation (20, 21).

Another point of view to our study is that although

our patients did not use a spacer device to inhale

their ICS, there was no change in bone markers of the

patients. It is also important because, the use of spa-

cer device was said to increase the proportion of in-

haled aerosol that is deposited in the lungs and to re-

duce the amount of swallowed. Thus, the effect on

bone metabolism is less than when ICS was taken

directly (22).

In addition due to the effects of some other fac-

tors on bone turnover, the patients were not different

in each group with respect to age, healthy premeno-

pausal nonsmoking status.

We conclude that chronic treatment w ith FP

400 mg/daily and BUD 800 mg/daily results in a similar

antiasthma effect w ithout effecting bone metabo-

lism. It may be of potential interest in the long term

with higher doses.

RESUMEN

Antecedentes: en el tratamiento de pacientes as-

máticos se recomiendan corticoides inhalados (CSI).

Se ha documentado que son eficaces en el trata-

miento del asma con respecto al cortisol y al me-

tabolismo óseo.

Métodos: en un grupo de 16 pacientes asmáticos,

se examinaron los efectos de dos corticoides inhala-

dos, budesonida (BUD) y propionato de fluticasona

(PF), sobre el metabolismo óseo, cortisol matutino y

sus efectos sobre los parámetros clínicos (FEV1) y va-

riación diurna de la tasa de flujo espiratorio máximo

(PEFR y log PC20). Durante un período, de 6 meses,

8 pacientes utilizaron 800 mg/día de BUD y 8,

400 mg/día de PF.

Resultados: tanto la BUD como el PF mejoraron

los parámetros clínicos según lo determinado me-

diante el FEV1 (p < 0,05) y el PEFR (p < 0,01). No se

identificaron diferencias con respecto a los valores

log PC20 en ninguno de ambos grupos (p > 0,05). Nin-

guno de ambos tratamientos modificó los valores de

cortisol matutino (p < 0,05). El PF y la BUD no modi-

ficaron ningún índice de formación ósea según lo de-

terminado por los valores séricos de fosfatasa alcali-

na, fosfatasa alcalina ósea, osteocalcina y propépti-

do carboxiterminal del colágeno tipo 1 y de resorción

ósea según lo determinado por los valores urinarios

de calcio y desoxipiridinolina (p > 0,05). Además, no

se identificó un efecto significativo sobre el metabo-

lismo del calcio y del fosfato (valores séricos de cal-

cio, fosfato y paratormona).

Conclusión: como consecuencia, puesto que el PF

carece de efectos adversos sobre el metabolismo

óseo y la función suprarrenal, desde un punto de vis-

ta clínico, es tan eficaz como una dosis doble de BUD

sobre el PEFR y el FEV1.

Palabras clave: Asma. Metabolismo óseo. Propiona-

to de fluticasona. Budesonida. Corticoides inhalados.

Cortisol.
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