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Summary

Background: A recent case-controlled study reported an increased risk of diabetes mellitus in
patients treated with inhaled corticosteroids for asthma or COPD, versus age-matched
controls.
Objective: The purpose of the current study was to evaluate whether there was an increased
risk of new onset diabetes mellitus or hyperglycaemia among patients with asthma or COPD
treated with inhaled corticosteroids.
Methods: A retrospective analysis evaluated all double-blind, placebo-controlled, trials in
patients �4 years of age involving budesonide or budesonide/formoterol in asthma (26 trials;
budesonide: n Z 9067; placebo: n Z 5926), and in COPD (8 trials; budesonide: n Z 4616; non-
ICS: n Z 3643). A secondary dataset evaluated all double-blind, controlled trials in asthma
involving the use of inhaled corticosteroids (60 trials; budesonide: n Z 33,496; fluticasone:
n Z 2773).
Results: In the primary asthma dataset, the occurrence of diabetes mellitus/hyperglycae-
mia adverse events (AEs) was 0.13% for budesonide and 0.13% for placebo (HR 0.98 [95%
CI: 0.38e2.50], p Z 0.96) and serious adverse events (SAEs) was 0% for budesonide and
0.05% for placebo. In the secondary dataset, the occurrence of diabetes/hyperglycaemia
as AE and SAE was 0.19% and 0.03%, respectively. In the COPD dataset, the occurrence of
diabetes mellitus/hyperglycaemia AEs was 1.3% for budesonide and 1.2% for non-ICS (HR
0.99 [95% CI: 0.67e1.46], p Z 0.96) and SAEs was 0.1% for budesonide and 0.03% for
non-ICS.
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Conclusion and clinical relevance: Treatment with inhaled corticosteroids in patients with
asthma or COPD was not associated with increased risk of new onset diabetes mellitus or
hyperglycaemia.
ª 2012 Elsevier Ltd. All rights reserved.

Introduction

Inhaled corticosteroids (ICS) are the mainstay of treatment
for patients with asthma1,2 and are an important part of the
management of patients with chronic obstructive pulmo-
nary disease (COPD), particularly those who have recurrent
exacerbations.3 While oral glucocorticosteroids may
contribute in a dose-dependent manner to hyper-
glycaemia/impaired glucose tolerance and diabetes melli-
tus in vulnerable patients, the systemic concentrations
achieved during ICS treatment for asthma or COPD are
thought to be too low to affect plasma glucose in most
patients. However, a large nested case-controlled study,
involving patients treated with ICS for asthma or COPD,
reported a 34% increase in the incidence of diabetes mel-
litus over 5.5 years of follow-up versus age-matched
controls who were not treated with ICS.4 By contrast, two
other studies of ICS in elderly patients failed to demon-
strate any increased risk of diabetes related to ICS expo-
sure.5,6 In a prospective cohort study of US veterans over 1
year, ICS exposure was associated with a dose-dependent
increase in serum glucose concentrations in patients with
established diabetes mellitus, but not in patients without
diabetes.7 Similarly, in a small, prospective, crossover
study in patients with established type 2 diabetes mellitus,
glycosylated haemoglobin levels rose significantly after 6
weeks of treatment with inhaled fluticasone.8 Together,
these observations suggest that ICS may exacerbate dia-
betes in asthma or COPD, by increasing blood glucose levels
in patients with established diabetes mellitus. Their impact
on incidence of diabetes mellitus, however, remains
uncertain.

The ICS budesonide first became available in the early
1980s and is also available as a fixed-dose combination with
the long-acting b2-agonist formoterol for the treatment of
asthma and COPD. The extensive clinical trial programme
conducted for budesonide provides a considerable pool of
patient data from which to examine the impact of ICS
therapy on a variety of patient outcomes, including the risk
for diabetes mellitus. The present pooled analysis was
undertaken to determine whether ICS increases the risk of
new onset diabetes mellitus or hyperglycaemia among
patients with asthma or COPD treated with budesonide
compared with those who did not receive budesonide in the
randomised controlled trials.

Methods

Datasets

This study analysed data from all trials which used inhaled
budesonide, and were randomized, double blinded,

involved patients �4 years of age, who had either asthma
or COPD, had a follow-up of more than 3 months (asthma)
or >6 months (COPD) and were fully completed by
December 2010.

Trials involving either placebo or active control thera-
pies were included. This comprised 26 double-blind,
placebo-controlled trials of budesonide or budesonide/
formoterol in patients with asthma (included in the
primary asthma dataset) (online repository Table), 34
double-blind active controlled trials of budesonide or
budesonide/formoterol in patients with asthma (combined
to give a total of 60 asthma trials in the secondary asthma
dataset), and 8 double-blind trials of budesonide-
containing products in patients with COPD, of which 7
were placebo-controlled (included in the COPD dataset)
(online repository Table). Three trials with a duration of >1
year were censored at 365 days to allow cross-comparisons
with other trials that were included in the analysis. Over-
all, the mean follow-up duration was 210 days in the 60
asthma trials and 268 days in the 8 COPD trials. The
number of steroid naı̈ve patients ranged from approxi-
mately 50% in the COPD trials, to between 0 and 100% in
the asthma trials. Diabetes mellitus was not an exclusion
criterion for any of these trials. The prevalence of diabetes
was <1% in all of the asthma trials and between 5 and 10%
in the COPD trials.

Outcome variables

Diabetes mellitus cases were identified as any adverse
event (AE) or serious adverse event (SAE) coded to the
MedDRA dictionary (version 13) as the term ‘Diabetes
mellitus (including subtypes)’; ‘Diabetic ketoacidosis’;
‘Diabetic hyperglycaemic coma’ or ‘Diabetic hyperosmolar
coma’. Hyperglycaemia cases were identified as any AE
(serious or non-serious) coded to the MedDRA dictionary
(version 13) as the terms ‘Hyperglycaemic conditions NEC’,
‘Blood glucose increased’, ‘Carbohydrate tolerance
decreased’, Glucose tolerance decreased, ‘Glucose toler-
ance test abnormal’ or ‘Glycosylated haemoglobin
increased’. Thus, diabetes AEs were defined as any new
onset diabetes mellitus or worsening of existing diabetes.
Patients with existing diabetes mellitus were not excluded,
as the AEs were examined post randomization to either ICS
or non-ICS treatment.

Statistical analysis

The risk of diabetes mellitus/hyperglycaemia as an AE or
SAE was compared between patients assigned to bude-
sonide or non-ICS treatments. KaplaneMeier curves were
generated to visually compare the time to the first re-
ported cases of diabetes mellitus/hyperglycaemia AEs
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