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Aims To investigate the effect on the hypothalamo-pituitary-adrenal (HPA) axis of

treatment with budesonide, 400 mg once daily, morning or evening, or 200 mg twice

daily, and 800 mg twice daily via Turbuhaler in a randomized, placebo-controlled,

double-blind, double-dummy crossover study.

Methods Healthy men received budesonide, 400 mg in the morning (08.00±09.00 h)

or evening (20.00±21.00 h), budesonide, 200 mg twice daily, 800 mg twice daily, and

placebo twice daily, for 1 week each. Plasma and urine samples were obtained over

24 h on day 7 for cortisol determination. Twenty-®ve subjects completed all

treatments, and 27 were included in the analysis.

Results The 24 h plasma cortisol concentrations vs placebo (95% CI) were 98%

(89, 108) for 400 mg in the morning, 92% (83, 100) for 400 mg in the evening, 95%

(86, 104) for 200 mg twice daily, and 76% (70, 84) for 800 mg twice daily.

Conclusions Budesonide at a dose of 400 mg dayx1 via Turbuhaler had no statistically

signi®cant effect on 24 h cortisol production, irrespective of whether treatment is

given once or twice daily, whereas a dose of 800 mg twice daily resulted in a statistically

signi®cant suppression vs placebo. Neither could a signi®cant difference be found

between morning and evening dosing.
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Introduction

Inhaled glucocorticosteroids are now recommended as a

®rst line preventative treatment for patients with all but the

mildest asthma [1, 2]. Such treatment is normally given

twice daily, but more frequent dosing regimens can be

used if required. However, multiple dosing regimens can

lead to poor compliance with treatment [3], which is a

major cause of asthma-related morbidity [4]. A simple,

once daily dosage might be expected to promote

compliance with treatment and thereby improve standards

of asthma management, even if a once daily dosing

regimen is not indicated in all patients.

Studies with the inhaled corticosteroid budesonide

(Pulmicort, AstraZeneca R&D Lund, Sweden) have

shown that once daily treatment with doses of up to

400 mg delivered via the dry powder inhaler Turbuhaler1

has comparable effects on lung function and asthma

symptoms as the same total dose given in two daily

administrations [5, 6]. However, in addition to ef®cacy

measures comparisons of inhaled corticosteroid regimens

should include safety assessments, such as that of the

incidence of local adverse effects and the effect of

treatment on the hypothalamo-pituitary-adrenal (HPA)

axis [7]. In a previous study, there was no signi®cant

difference between the effects on plasma cortisol of

budesonide 800 mg dayx1, given twice daily or once daily

in the morning or evening. However, all three regimens

resulted in a statistically signi®cant suppression vs placebo

[8]. The present study was performed to investigate the

effect of once and twice daily dosing with inhaled

budesonide, 400 mg dayx1, on the HPA axis in healthy

volunteers. In addition, possible diurnal effects were

studied by giving the once daily dose both in the morning

and in the evening.

Methods

The study was a randomized, placebo-controlled, double-

blind, double-dummy, crossover trial conducted at a single
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centre in the UK. It was approved by the District Research

Ethics Committee, St Bartholomew's Hospital, London,

UK.

Subjects

Subjects were eligible for inclusion in the study if they

were men, aged between 18 and 40 years, and in good

health as determined by a medical history, physical

examination, ECG and routine clinical laboratory screen-

ing (including a negative narcotics screen). Subjects with a

known allergy or idiosyncrasy to steroids were excluded,

as were subjects who had experienced a respiratory tract

infection or other signi®cant illness within 2 weeks prior

to entering the study. Other exclusion criteria included

requirement for regular medication, evidence of severe

illness, donation of blood or participation in a drug trial

within the previous 3 months, substance abuse, or high

risk of human immunode®ciency virus infection. All

subjects received full verbal and written information about

the study, and provided written consent before inclusion.

Study procedures

Eligible subjects received ®ve treatments in random order:

budesonide, 400 mg in the morning (08.00±09.00 h) and

placebo in the evening (20.00±21.00 h); placebo in the

morning and budesonide, 400 mg in the evening;

budesonide, 200 mg in the morning and evening;

budesonide, 800 mg in the morning and evening; placebo

in the morning and evening. Each treatment was given for

1 week, with wash-out periods of at least 1 week between

study phases. All treatments were given via a Turbuhaler

dry powder inhaler; which was identical in appearance

for budesonide and placebo. Inhaler technique was

checked at the start of the study and at the beginning of

each study period (the morning inhalation on day 1). Both

inhalations on day 7 were performed under supervision.

Blood samples (5 ml) were obtained via a venous

catheter before the ®rst dose in each treatment period and

immediately before and 1, 2, 4, 6, 8, 10, and 12 h after the

morning and evening doses on day 7. The 12 h sample

after the morning dose acted as the baseline sample for the

evening dose. Samples were centrifuged at 3000 g within

30 min of collection, and the plasma was stored at x20uC
prior to analysis. Urine samples were collected over 0±12

and 12±24 h after the morning dose on day 7. The samples

were weighed, and the volume calculated, assuming a

density of 1.02 g lx1. Samples were inverted three times

and three 10 ml portions stored at x20uC prior to

analysis.

Plasma concentrations of cortisol were measured by

high performance liquid chromatography at AstraZeneca

R & D Lund, Sweden. The limit of quanti®cation of the

assay was 25 nmol lx1, and the coef®cient of variation was

6.0% at a sample concentration of 52 nmol lx1. Urinary

cortisol concentrations were measured by gas chromato-

graphy plus mass spectrometry. Here, the limit of

quanti®cation was 5 nmol lx1 and the coef®cient of

variation 16.5% at a sample concentration of 15 nmol lx1.

Information about adverse events was obtained on

the ®rst day and the day after the end of each treatment

period (day 8). In addition, routine clinical chemistry and

haematology screening was performed at the beginning

and end of the study.

Statistical analysis

The primary study variables were 24 h urinary cortisol

excretion and the area under the curve of plasma cortisol

concentration vs time curve over 24 h (AUC(0,24 h)).

Because the observed cortisol concentrations were not

normally distributed, geometric means and coef®cients of

variation were used, rather than arithmetic means and

standard deviations. For both urine and plasma concentra-

tions, statistical analysis was performed by means of analysis

of variance (ANOVA), with factors for subject, period, and

treatment, followed by pairwise comparisons; principally

between the two 400 mg once daily regimens and the

200 mg twice daily regimen. The average plasma cortisol

concentration (CAv) during the last 24 h of dosing,

calculated from AUC(0,24 h)/24, was used for statistical

analyses.

It was estimated that a sample size of 24 subjects would

provide 80% power to detect a signi®cant difference in

urinary cortisol between treatments, using a paired t-test at

the 5% signi®cance level, if the true difference was 24% of

the placebo urinary cortisol level.

Results

A total of 33 subjects were recruited, of whom 27 were

included in the analysis. The mean age (s.d.) of the subjects

included was 24.8 (3.2) years, and their mean weight was

71.4 (7.8) kg.

Three subjects discontinued during the ®rst treatment

period and were lost to follow-up: In addition, ®ve

subjects discontinued during the subsequent course of the

study. The reasons for discontinuation in these latter

subjects were personal reasons (n=2), adverse events

(in¯uenza), use of prohibited medication, and refusal to

continue (n=1 each). A total of six major protocol

violations, which invalidated the actual treatments,

occurred during the course of the study. These were

plasma cortisol concentration outside speci®ed ranges

during placebo treatment (n=2), incorrect dose or

duration of treatment (n=3), or incorrect urine collection

period (n=1).
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Mean plasma cortisol concentrations during the treat-

ments with budesonide or placebo are shown in Figure 1.

Morning dosing with budesonide resulted in a small

decrease in plasma cortisol concentrations, compared with

placebo. Concentrations returned to normal within 6 h,

except for the 800 mg twice daily dose, where concentra-

tions did not return to normal until after approximately

12 h. Evening dosing with 400 mg and 800 mg reduced

nocturnal cortisol production little in absolute amounts,

since cortisol concentrations are low during the night.

The effects of budesonide on 24 h plasma and urine

cortisol concentrations are summarized in Table 1. There

were no signi®cant differences between the two 400 mg

once daily regimens and the 200 mg twice daily regimen.

Signi®cant decreases were seen only during treatment with

budesonide, 800 mg twice daily.

Although the magnitude of suppression vs placebo was

similar for both HPA-axis measurements, the coef®cient

of variation was about 40% for urinary cortisol concentra-

tion, which was very close to the assumption made in the

power calculation, and 16% for plasma cortisol concentra-

tion, indicating that plasma cortisol concentration AUC

was a more reproducible parameter. The highest

budesonide dose (800 mg twice daily) produced a 24%

and 26% suppression of plasma and urine cortisol

concentration vs placebo.

The adverse event pro®le of budesonide in this study

was comparable with that of placebo. Only one patient

withdrew from the study because of an adverse event

(in¯uenza).

Discussion

Integrated measurements of plasma cortisol and 24 h

urinary cortisol concentrations, and stimulation tests using

low dose tetracosactrin or ACTH are widely accepted as

being among the most sensitive markers of HPA axis

function [9]. The sensitivity of integrated plasma

measurements is underlined by the results in a previous

study, in which a daily dose of 400 mg (200 mg twice daily)

produced a statistically signi®cant suppression of 24 h

plasma cortisol concentration [10]. The same daily dose of

budesonide had no signi®cant effect on the HPA axis in

the present study, whereas a dose of 800 mg twice daily

(considerably higher than that required by the majority of

asthma patients) produced statistically signi®cant reduc-

tions in plasma and urinary cortisol concentrations. The

plasma sampling technique used in the present study

caused minimum disturbance to the subject, and has

previously been shown not to affect the HPA-axis [11].

The clinical signi®cance of these relatively small changes

is questionable. Nevertheless, measurement of inhaled

corticosteroid effects on the HPA axis remains a preferred

safety assessment, because of the well established nature of

the procedure [12]. Administration of exogenous corti-

costeroids decreases plasma cortisol concentrations via

normal feedback control mechanisms [13], and the total

exposure of the body to corticosteroids can remain within

physiological limits [9]. Thus, statistically signi®cant

changes in laboratory measures may simply re¯ect the

normal functioning of the HPA axis rather than clinically

relevant abnormalities. Indeed, even treatment with high

doses of systemic corticosteroids for long periods does not
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Figure 1 Geometric mean plasma cortisol concentrations

(nmol lx1) in healthy volunteers after inhalation of budesonide

(% 400 mg morning, % 400 mg evening, c 200 mg twice daily,

+ 800 mg twice daily) and placebo (x) via Turbuhaler.

Table 1 24 h average plasma cortisol and urinary cortisol concentrations. Results are presented as geometric means and coef®cients of variation

(CVs), and as percentages of placebo treatment (95% CI).

Plasma cortisol 24 h Cav (nmol lx1) 24 h urinary cortisol (nmol lx1)

Dose regimen Geometric mean (CV %) % of placebo (95% CI) Geometric mean (CV %) % of placebo (95% CI)

400 mg once daily (morning) 182.2 (25.6) 98.3 (89.5, 108.1) 71.4 (53.7) 98.1 (77.9, 123.6)

400 mg once daily (evening) 174.0 (18.0) 91.5 (83.4, 100.4) 69.6 (54.3) 95.3 (75.9, 119.7)

200 mg twice daily 177.1 (13.5) 94.6 (86.4, 103.6) 66.7 (49.9) 93.9 (75.0, 117.6)

800 mg twice daily 140.9 (16.0) 76.3 (69.5, 83.8) 52.4 (73.5) 74.2 (59.0, 93.2)

Placebo 185.7 (16.0) 100 72.2 (53.4) 100

Inhaled budesonide and cortisol production
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consistently produce clinically signi®cant changes in HPA

axis function [14].

A once-daily dose in the evening of oral corticosteroids

[15±17] and of inhaled beclomethasone dipropionate [18]

have shown a tendency to produce a greater effect than

morning dosing or twice daily administration. However,

more recent studies with inhaled corticosteroids, including

the present study have shown that the effects on the HPA

axis are similar, irrespective of the time of administration

[19, 20].

Although the use of healthy volunteers in studies of

corticosteroid effects on HPA axis function, rather than

patients with moderate or severe asthma, may be

questioned, this approach has the advantage of eliminating

the potential confounding effects of previous or con-

current inhaled steroid therapy, and of variation in the

degree of airway in¯ammation and obstruction. Indeed,

the use of healthy volunteers is recommended in current

guidelines for the assessment of the ef®cacy and safety of

inhaled corticosteroids [12].

In conclusion, this study has shown that budesonide had

no statistically signi®cant effect on the HPA axis in healthy

volunteers when given at a dose of 400 mg dayx1 via

Turbuhaler, irrespective of whether treatment is given

once daily or twice daily, whereas a dose of 800 mg twice

daily resulted in a statistically signi®cant suppression vs

placebo. Furthermore, no signi®cant difference was found

between morning and evening dosing.
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