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Abstract
Oral corticosteroids (OCS) are frequently used for asthma treatment. This medica-
tion is highly effective for both acute and chronic diseases, but evidence indicates
that indiscriminate OCS use is common, posing a risk of serious side effects and
irreversible harm. There is now an urgent need to introduce OCS stewardship
approaches, akin to successful initiatives that optimized appropriate antibiotic usage.
The aim of this TSANZ (Thoracic Society of Australia and New Zealand) position
paper is to review current knowledge pertaining to OCS use in asthma and then
delineate principles of OCS stewardship. Recent evidence indicates overuse and
over-reliance on OCS for asthma and that doses >1000 mg prednisolone-equivalent
cumulatively are likely to have serious side effects and adverse outcomes. Patient
perspectives emphasize the detrimental impacts of OCS-related side effects such as
weight gain, insomnia, mood disturbances and skin changes. Improvements in
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asthma control and prevention of exacerbations can be achieved by improved
inhaler technique, adherence to therapy, asthma education, smoking cessation, mul-
tidisciplinary review, optimized medications and other strategies. Recently, add-on
therapies including novel biological agents and macrolide antibiotics have demon-
strated reductions in OCS requirements. Harm reduction may also be achieved
through identification and mitigation of predictable adverse effects. OCS steward-
ship should entail greater awareness of appropriate indications for OCS prescription,
risk–benefits of OCS medications, side effects, effective add-on therapies and multi-
disciplinary review. If implemented, OCS stewardship can ensure that clinicians and
patients with asthma are aware that OCS should not be used lightly, while providing
reassurance that asthma can be controlled in most people without frequent use
of OCS.
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INTRODUCTION

Asthma is a highly prevalent chronic inflammatory airway
disease, affecting approximately 300 million people world-
wide1 and the disease has a considerable personal impact
and public health footprint. For example, in Australia and
New Zealand, more than 11% of the overall population are
reported to take asthma treatment.2

Inhaled corticosteroid (ICS) medications can achieve
adequate symptom control with acceptable disease stability
for most people with asthma. However, up to 10% of people
have difficult-to-treat asthma with ongoing troublesome
symptoms and recurrent exacerbations, despite optimized
inhaler technique with good adherence. This situation often
leads to use of recurrent bursts of oral corticosteroid (OCS)
therapy and/or long-term OCS treatments.3

How did we get here?

From the early 1900s, it was common for asthma to be treated
with anti-cholinergic agents, often as ‘asthma cigarettes’,4 with
subcutaneous administration of adrenaline employed for acute
attacks.5 It was not until the 1950s that limited observational
studies of the effectiveness of corticosteroids in asthma began
to appear.6 At this stage, the common adverse effects of ‘anti-
rheumatic substance X’ were apparent, including peptic ulcera-
tion, osteoporosis and psychological disturbance.7 In 1956, a
multicentre controlled trial of cortisone acetate for acute
asthma demonstrated markedly better short-term outcomes in
the intervention group8 (Figure 1).

A landmark publication by Morrow-Brown in 1958
demonstrated striking benefits of chronic prednisolone use
in individuals with sputum eosinophilia who had failed to
achieve a satisfactory response to bronchodilator drugs, but
little benefit in those without raised eosinophils.9 With the
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subsequent introduction of ICS, prednisolone remained the
cornerstone of severe asthma treatment and this approach
was enshrined in initial iterations of asthma guidelines,
although the need to demonstrate sputum eosinophilia was
not considered.10–12 It is therefore not surprising that after
such a long history of use, OCS prescribing and use have
remained embedded in the care of patients with asthma.
Alternative approaches are often not considered despite sev-
eral decades of asthma guidelines and health professional
education, awareness of side effects and the availability of
effective alternative treatments.

The need for OCS stewardship

Despite recent therapeutic advances, OCS use remains
very common, particularly in severe asthma.13 For exam-
ple, the National Asthma Registry Data collected from the
United Kingdom have shown that more than half of the
patients with difficult-to-control severe asthma referred
to a specialist asthma centre were prescribed daily OCS.14

Concerningly, a great deal of inappropriate OCS use
occurs in mild–moderate asthma that is poorly controlled
due to underuse of ICS and/or poor adherence.13

Frequent bursts as well as maintenance OCS therapy are
associated with a multitude of acute and chronic adverse
effects, which are outlined in subsequent sections. These
include short-term negative outcomes such as dyspepsia,
insomnia, fluid retention and mood changes13,15 and long-
term complications including weight gain, osteoporosis,
hypertension, glucose intolerance and increased risk of
infections.16–20 There is now an increasing body of evidence
indicating that serious adverse consequences of OCS arise at
lifetime cumulative doses as low as 500 mg.21,22

The proven benefits and clinical efficacy of OCS in
patients considered to have severe asthma have given rise to
widespread OCS prescription. A recent report from Australia
using healthcare prescription data illustrates this reality show-
ing that amongst people with asthma who were prescribed
regular inhaled therapy (many with poor adherence), more
than a quarter used OCS doses >1000 mg of prednisolone
(or equivalent) over a 5-year period.23 This and other evi-
dence13,24–26 suggest suboptimal decision-making regarding
the use of OCS in asthma. This situation is in some ways

analogous to over-prescribing of antibiotics for viral infec-
tions, a leading cause of bacterial resistance. Promulgation of
antibiotic and antimicrobial stewardship principles represents
a key initiative that reduced arbitrary antibiotic use27,28 and
an analogous strategy has been proposed in asthma.29

What is stewardship?

The Merriam-Webster Dictionary defines stewardship as:
‘the conducting, supervising or managing of something; espe-
cially the careful and responsible management of something
entrusted to one’s care’. Stewardship is therefore a behaviour
that embodies responsible planning and management of
resources applicable not only to health but also to the envi-
ronment, economics, property and cultural resources. It is
abundantly clear that OCS carry serious health risks and their
use in individual patients has become an indicator that
asthma management requires specialist review. However, col-
laborative and systematic initiatives as well as implementation
strategies are needed to highlight the risks of OCS and to curb
widespread use in asthma. Publicizing and implementing
OCS stewardship principles and ensuring their dissemination
to all stakeholders (including patients) can promote investiga-
tion of reversible complicating factors in patients taking OCS,
encourage consideration of alternative treatments and prompt
reduction of inappropriate OCS use.

This position paper aims to delineate OCS stewardship
principles in adults and adolescents with asthma. It is
intended for health professionals as well as other persons
interested in asthma and optimal disease management. We
highlight current use of OCS in asthma, review the nature
and prevalence of harm arising from OCS and provide
patient perspectives. Pathways for implementation and dis-
semination of an OCS stewardship initiative are outlined.

METHODS

Writing group membership

The writing group was convened by the Thoracic Society of
Australia and New Zealand (TSANZ) following an open call
for participants. Applications were reviewed through the

F I G U R E 1 For every 10 people with acute
asthma, two will improve with bronchodilators
alone, six will improve if they were also given oral
corticosteroids and two will fail to improve.
Outcomes at day 4, data from the 1956 MRC
trial.8 This historic study predated introduction
of inhaled corticosteroids
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standardized TSANZ process and multidisciplinary members
and consumer representatives were selected on the basis of
their experience and complementary skills. The position
paper development group incorporated a range of professions
and disciplines that are relevant to the scope of the position
paper as well as two consumer representatives with asthma:
John Blakey—Consultant in Respiratory and Sleep Medicine;
Li Ping Chung—Respiratory Physician, Clinical Lead for Air-
ways Disease, Fiona Stanley Hospital; Vanessa McDonald—
Professor of Nursing; Laurence Ruane—community represen-
tative and Respiratory Scientist in Lung & Sleep Monash
Medical Centre; John Gornall—community representative
with long-term history of severe asthma; Chris Barton—
Senior Lecturer, Department of General Practice, Monash
University; Sinthia Bosnic-Anticevich—Professor, Sydney
Pharmacy School, University of Sydney and Research Leader,
Quality Use of Respiratory Medicines Group, The Woolcock
Institute of Medical Research; John Harrington—Clinical
Nurse Consultant Airway Disease, John Hunter Hospital;
Mark Hew—Professor, Head of Allergy, Asthma & Clinical
Immunology, The Alfred; Anne E. Holland—Professor of
Physiotherapy, Monash University and Alfred Health; Trudy
Hopkins—Clinical Nurse Consultant; Lata Jayaram—
Respiratory and Sleep Disorders Physician, Department of
Respiratory Medicine, Western Health and University of Mel-
bourne; Helen Reddel—Research Leader and Director,
Australian Centre for Airways disease Monitoring (ACAM);
John W. Upham—Professor of Respiratory Medicine, The
University of Queensland and Respiratory Physician, Princess
Alexandra Hospital; Peter G. Gibson—Senior Staff Specialist,
Department of Respiratory and Sleep Medicine, John Hunter
Hospital; Philip Bardin—Professor and Director, Respiratory
Physician, Monash Lung Sleep Allergy & Immunology,
Monash University and Medical Centre. Conflict of interest
declarations were made by all members and reviewed by
TSANZ. The group was chaired by Professors Philip Bardin
and Peter G. Gibson, with support from Professor Anne
E. Holland as a non-prescribing group member.

Outline of key aspects for inclusion in the
position paper

A broad outline of the position paper was drafted by a core
writing group and circulated. Input was received, changes
were implemented by consensus and working subgroups were
established. After the key components of the document were
agreed by consensus amongst the overall group following
broad discussion, subgroup members worked in teams to
gather information on their allocated topics and draft sections
of the document.

Information gathering and review process

Literature searches were conducted by subgroups to identify
English language articles published using search terms that

included: asthma AND ([corticosteroid OR corticosteroids
OR glucocorticoid OR glucocorticoids OR prednisone OR
prednisolone OR dexamethasone OR methylprednisolone
OR hydrocortisone]). We excluded reviews, letters and
information presented at scientific conferences. All studies
that reported information on frequency of systemic cortico-
steroids (SCS) use and treatment patterns, as well as clinical
complications and economic impacts were included.
Information was summarized qualitatively, and studies were
separated according to whether they reported long- or
short-term use.

Application of evidence to elicit principles of
OCS stewardship in asthma

All authors and consumer representatives had the oppor-
tunity to comment on, or revise, all drafted sections
through the use of a shared drive. The final draft was
crafted by the core writing group, circulated and then
edited before being finally approved by the overall group.
Throughout the process, the group held regular videocon-
ferences to discuss evidence and produce a position paper
outlining a proposed OCS stewardship programme in
asthma. A dissemination plan for the position paper was
discussed and included in the paper. This position paper
is to be reviewed within 24–36 months, given the develop-
ing nature of OCS stewardship and its evolving future role
in management.

Peer review was conducted jointly by TSANZ and
Respirology and the final position paper was approved by
the TSANZ Board and Editor-in-chief of Respirology.

RATIONALE FOR USE OF OCS

Acute indications and use

Mechanisms driving asthma exacerbations are complex but
are underpinned by inflammation. OCS and ICS therapy
suppresses inflammation, especially type 2 responses, and
has been demonstrated to reduce bronchial mucosal
oedema, mucus accumulation and late bronchoconstrictive
response to allergens.30,31 Clinical trials have therefore been
undertaken examining the role of OCS in the acute treat-
ment of asthma. However, these have been almost exclu-
sively undertaken in individuals presenting to emergency
departments (EDs). This raises questions over their general-
izability and the application of this finding to practice, as
most people with asthma are treated in primary care, where
most OCS prescribing also occurs.

Administration of SCS within the ED or on discharge
reduces the risk of relapse compared with placebo by more
than 50%.32 Early use of SCS (within the hour) following
presentation to the ED has been shown to be superior to
beta2-agonists alone, reducing the risk of hospitalization
by 60%.33
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Oral, intravenous or intramuscular administration
in asthma exacerbations?

Oral and intramuscular corticosteroids appear equally effective
at reducing hospitalization and relapse rate at 7–10 days.32

Intravenous hydrocortisone, methylprednisolone and dexa-
methasone at equivalent dosage are equally effective at improv-
ing forced expiratory volume in 1 s in acute asthma,34 but not
superior to OCS.35 Intramuscular triamcinolone appears less
effective than intravenous or oral steroids.36,37 The improve-
ment in lung function from SCS is only observed several hours
after administration, hence the importance of bronchodilator
therapy in the interim when treating an asthma exacerbation.38

There is no significant difference in length of stay between
those patients treated with intravenous or OCS, or in adverse
effects.36,39 In the light of these findings, there is no clear ratio-
nale for giving intravenous steroids to those individuals who
are capable of taking OCS.

What dose of OCS?

Various trials have explored the optimal dose and duration of
OCS use for acute exacerbations. Examples include a trial
comparing prednisolone (0.5 mg/kg) for 1 or 2 weeks follow-
ing initial treatment with methylprednisolone,40,41 and a
study comparing 40 mg prednisolone for 5 or 10 days.40,41

Neither of these found a difference in peak expiratory flow,
rate of readmission or unscheduled hospital visits during
follow-up. Despite the heterogeneity of the trials, subsequent
systematic reviews have concurred that there is no convincing
difference in clinical outcomes between higher or lower doses
of prednisolone, nor duration of use of prednisolone, nor
whether a tapering of dose was used.42–44 A study comparing
2 days of dexamethasone with 5 days of prednisone showed
similar rates of relapse and time to return to normal activity
suggesting the former strategy may be an option.45 Caution is
required in anyone taking dexamethasone for more than
2 days given its potent metabolic (diabetogenic) effects.

Until further evidence is available, short-course (5 days)
non-tapered OCS remains the first choice, while intravenous use
is reserved for patients unable to tolerate oral medications.44,46

Minimizing acute OCS exposure

Based on the need to minimize the lifetime expose to OCS,
strategies to minimize exposure are critical. The aim of
asthma management is to minimize exacerbations and
reduce symptom burden with minimal medication. This is
also the key to minimizing OCS bursts by optimizing
asthma management in order to prevent exacerbations.
Although limiting exposure to triggers (e.g., environmental
irritants, allergens and occupational sensitisers) can be use-
ful in some circumstances, the cornerstone of current thera-
peutic approaches is the prescription and appropriate usage
of ICS. Regular use of ICS reduces the risk of death due to

asthma by more than half,47 and severe exacerbations by
almost half, even in patients with very mild asthma.48–50

Increasing ICS exposure during times of increased symp-
toms by employing a maintenance and reliever therapy
(MART) with ICS-formoterol is associated with around a
third fewer severe exacerbations compared with the same
dose of ICS/long-acting beta-agonist (LABA) plus as-needed
short-acting beta-agonist (SABA)51 in eligible groups. In
contrast, simply doubling a regular ICS dose in response to
worsening symptoms is ineffective in preventing the need
for OCS,52 although quadrupling the dose may be helpful in
those on the lowest regular adult ICS doses.53 The addition
of regular LABAs to ICS further reduces the incidence of
severe exacerbations,54 with other add-on therapies such as
long-acting anti-muscarinic agents (LAMAs) having a mod-
est effect in addition to ICS–LABA.55

For patients with more severe asthma, early referral for
specialist or multidimensional asthma assessment reduces OCS
bursts by reducing exacerbations and improving asthma symp-
tom control.56–59 The key is to determine whether a patient is
likely to benefit from additional treatment which may reduce
the need for OCS. A specialist and/or multidimensional
approach to asthma diagnosis and management is vital in iden-
tifying those individuals most likely to benefit from biological
treatments. In this context, recent studies have confirmed the
benefits of using blood eosinophils, IgE and fractional exhaled
nitric oxide (FeNO) as biomarkers for type 2 asthma and use
of monoclonal therapies targeting the relevant pathways that
effectively reduce the need for OCS bursts.60–66 The reduction
in OCS and lower exacerbation rates seen in large randomized
trials are substantiated by data from real-world registries.67–69

Use of long-term azithromycin also shows promise in lowering
the exacerbation rate in a broader population of adults with
persistent severe asthma.70–72

Current Australian guideline recommendations

The Australian asthma guidelines provide recommendations
on strategies to reduce the risk of severe exacerbations
requiring OCS use (Australian Asthma Handbook update
August 2020). For treatment of severe exacerbations, guide-
lines currently recommend the use of oral prednisolone at
37.5–50 mg per day for 5–10 days and do not routinely rec-
ommend tapering doses except if treatment has continued
for more than 2 weeks. Similar, but not entirely consistent,
recommendations are seen in other guidelines. For example,
the 2019 BTS guidelines recommend 40–50 mg of predniso-
lone for all acute asthma attacks, and continuation ‘until
recovery (minimum 5 days)’.73

Chronic indications and use

Prior to the availability of ICS, patients with repeated attacks of
severe asthma or those with disabling symptoms affecting nor-
mal daily function were treated with daily SCS. A number of
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case series published in the 1960s showed clinical benefits in
asthma-symptom free days, reduced bronchodilator use and
improved daily function, usually measured as ability to return
to normal work duties.74,75 OCS can effectively suppress eosin-
ophilic inflammation, the key driver of exacerbations in most
people with asthma, and relationships between OCS dose and
eosinophilic inflammation and the lag between increases in
sputum markers and clinical features have been demonstrated
in longitudinal observational studies.76

ICS were subsequently shown to be as effective as low-dose
oral prednisolone for maintenance treatment in the majority of
patients with asthma, and with fewer adverse effects.77 Cur-
rently, ICS are the cornerstone for management of chronic
asthma across all severity levels, with the majority of benefit
seen with low ICS doses, and with medium-dose (400–800 μg
budesonide or equivalent) to high-dose ICS (>800 μg
budesonide or equivalent) providing an approximately equal
clinical benefit to a daily dose of oral prednisolone of 7.5–
10 mg,78 with greatly reduced risk of adverse events.

Maintenance OCS are prescribed for complex asthma
variants such as allergic bronchopulmonary aspergillosis
(ABPA) and eosinophilic granulomatosis with polyangiitis
(EGPA). However, recent evidence suggests that monoclonal
antibody treatment may be effective for these conditions, so
it is likely that the need for maintenance OCS in ABPA and
EGPA will decline further as new evidence emerges.79,80

Glucocorticoid resistance

Despite the broadly beneficial anti-inflammatory and immuno-
modulatory effects of corticosteroids, relative glucocorticoid

resistance is also recognized in asthma and other inflammatory
conditions such as rheumatoid arthritis and inflammatory
bowel disease. Current evidence supports a structured multi-
dimensional approach to confirm the diagnosis, then identify
and treat comorbidities and risk factors contributing to
difficult-to-treat asthma (Figure 2). This effectively reduces
asthma symptom burden and exacerbations59 and minimizes
the need for trials of chronic OCS use. In Britain, patients
assessed by multidisciplinary asthma services had lower OCS
burden with fewer OCS courses and reduction in mean daily
steroid dose at follow-up compared with the time of referral.58

Importantly, after careful evaluation, a minority of individuals
with difficult-to-treat asthma were discovered to have a signifi-
cant degree of OCS resistance.81–83

Glucocorticoid resistance, characterized by a lack of clin-
ical response and cushingoid features, was initially described
in the 1960s.84 Subsequent larger studies further illustrated
that some individuals with chronic asthma and reversible
airflow limitation may not benefit from oral predniso-
lone.77,85 Paradoxically, these particular individuals may
have higher eosinophil and lymphocyte counts in bronchial
lavages than steroid responders86 as well as different pat-
terns of airway remodelling-associated proteins.87 ‘Gluco-
corticoid resistance’ has been defined as no clinical
improvement after treatment with prednisolone 40 mg daily
for at least 2 weeks.88 However, this concept is best consid-
ered more broadly as a spectrum of ‘corticosteroid insensi-
tivity’. This wider definition includes individuals whose
disease cannot be effectively controlled despite adherence to
high-dose ICS treatment.67 It should also be emphasized
that the improvements seen in clinical parameters with
high-dose corticosteroids in this group are often modest81

F I G U R E 2 Stepwise multidimensional assessment of individuals who are potentially being considered for treatment with oral corticosteroid. Content
has been reproduced with permission from the Centre of Excellence in Severe Asthma, originally developed as part of the Centre of Research Excellence in
Severe Asthma (https://toolkit.severeasthma.org.au)
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and, even in those individuals with high levels of eosino-
philic inflammation, corticosteroid treatment may only be
partially effective (Figure 3).

Minimizing OCS exposure

It is firmly established that improvements in asthma con-
trol, prevention of exacerbations and reductions in the
need for OCS therapy can be achieved by improved
inhaler technique, adherence to therapy, asthma edu-
cation, smoking cessation, specialist and/or multi-
disciplinary review and optimized medications. Recently,
add-on therapies including novel biological agents have
also demonstrated reductions in OCS requirements. A full
consideration of the available published evidence around
monoclonal antibody (biologic) therapies targeting eosin-
ophilic or allergic pathways is beyond the scope of this
position paper. However, it is important to recognize that
there are robust data showing a substantial reduction in
exacerbations, unscheduled healthcare use and minimal
adverse effects in the majority of people with asthma who
meet criteria for treatment with these agents.

Mepolizumab, benralizumab and dupilumab are cur-
rently available in Australia for the treatment of severe
eosinophilic asthma, and all three monoclonal antibody
therapies facilitate reduction in the dose of maintenance
OCS. Randomized controlled trials (RCTs) show a median
OCS dose reduction of 50% and complete steroid with-
drawal in 14% of mepolizumab-treated patients, compared
with 8% of patients in the placebo arm.84 In benralizumab
trials, median maintenance OCS dose was reduced by 75%
in those on active drug compared with 25% in placebo-
treated patients.89 More than half of the patients treated
with benralizumab were no longer using initial maintenance
OCS. The reduction in maintenance OCS use has been
sustained in subsequent open-label extension studies.85,86 In
general, these outcomes are supported by findings reported
from international and national registries, including the
Australian Mepolizumab Registry.68,87

Omalizumab also reduces exacerbations88 but evidence
for a reduction in OCS for those patients on maintenance
therapy is less robust. In the Australian Omalizumab Regis-
try, 150 of 180 patients with severe allergic asthma demon-
strated effective responses defined by improvement in
Asthma Control Questionnaire >0.5, and the proportion of
these patients who required maintenance OCS was reduced
from 54% to 47% at 6 months.67 A Cochrane analysis
reported no difference in median OCS dose or the propor-
tion of patients successfully withdrawn from maintenance
OCS in patients treated with omalizumab compared with
placebo, in the one study available at the time.90

Bronchial thermoplasty is a novel treatment modality by
which chronic OCS can potentially be reduced. However,
further research is essential as reductions in chronic OCS
found in initial clinical trials were not confirmed by ‘real-
world’ observational data.91

CURRENT USE OF OCS IN ASTHMA

Epidemiology of use

The chronic use of OCS amongst people with difficult-to-
treat asthma is high, particularly when balanced against the
harms of treatment.21,92 Data from the Australian Severe
Asthma Web-Based Database, a multicentre study enrolling
people with severe asthma from Australia, New Zealand and
Singapore, report the prevalence of maintenance OCS treat-
ment at 24%.93 Those patients using maintenance OCS were
prescribed a median dose of 10 mg/day, but the dose range
was wide (2–50 mg daily). These data are consistent with
regular OCS use (defined as >90 days of OCS use in a year)
across five countries reported by the International Severe
Asthma Registry (ISAR). The mean proportion of patients
with uncontrolled asthma at GINA step 4 and above using
regular OCS was 30% (95% CI 24.5, 35.7).3

A systematic review examined patterns of OCS in
64 published observational and registry studies. Overall,
long-term OCS use was reported in 1%–31% of people with
asthma. In people with severe or uncontrolled asthma, use
of long-term OCS (defined as frequent intermittent or daily
maintenance treatment) was between 20% and 60%.13 The
dosages of long-term OCS were reported in 23 of the
included studies, and the mean daily prednisolone-
equivalent dose ranged between 4 and 21 mg per day with
over half of the studies reporting a mean dose of 10 mg/day
or more. In the 58 studies reporting short-burst OCS use,
the number of prescriptions per year increased with increas-
ing asthma severity and was reported to be between 3% and
62% of patients managed in a variety of healthcare set-
tings.13 These findings on acute asthma and OCS prescrip-
tions are consistent with large-scale real-world studies.94,95

Evidence of overuse or over-reliance on OCS

Recent evidence from Australia supports the occurrence of
overuse and over-reliance on OCS for asthma. A study pub-
lished in 2020 by Hew et al.23 used analysis of a 10% sample
of Pharmaceutical Benefits Scheme dispensing data from
2014 to 2018 to assess the proportion of people dispensed
OCS for asthma management, and the proportion who were
dispensed a potentially toxic cumulative dose of ≥1000 mg
of prednisolone within that 5 years. Overall, more than half
of the individuals were prescribed OCS in the study period,
and more than a quarter (28%) were dispensed a cumulative
dose ≥1000 mg of prednisolone, consistent with primary
care data from the UK.96 A secondary outcome of this study
was to determine the number of people dispensed ≥1000 mg
of prednisolone-equivalent during 2018, stratified by the
dose of inhaled preventer. There were 4633 people with
asthma using high-dose ICS who were dispensed ≥1000 mg
prednisolone-equivalent; of these, 2316 (50%) had poor
adherence with treatment based on evidence of infrequent
dispensing of preventer medications.

1118 BLAKEY ET AL.



These data suggest that OCS use is excessive in relation
to asthma severity, and that OCS are being dispensed to
people with asthma who currently have suboptimal adher-
ence with ICS treatment. This situation may be more pro-
nounced in rural communities as, globally, regions with
limited access to specialist care demonstrate low use of effec-
tive preventative therapy in those individuals with recurrent
exacerbations.97

Current Australian guidelines

The Australian Asthma Management Handbook recom-
mends long-term OCS use for adults and adolescents, but
only as an option for those individuals with severe asthma
in whom the disease remains uncontrolled despite the use of
high-dose ICS in combination with LABAs. These recom-
mendations include trials of add-on therapies and referral to
specialist care, avoiding chronic OCS if at all possible. Other
international guidelines make similar recommendations98

but it is apparent that these proposals are often not followed,
and many patients are prescribed chronic OCS without spe-
cialist review or appropriate assessment.99

NATURE AND PREVALENCE OF HARM
ARISING FROM ORAL STEROIDS

Both long-term and short-term OCS use in patients with
asthma are associated with steroid-related adverse effects.13

Risks of OCS-related complications including ED presenta-
tions, hospitalizations and mortality escalate with increasing
OCS exposure.20,100,101 This is true both for the cumulative
dose derived from repeated acute courses and also for chronic
therapy as individuals taking at least 10 mg per day of
prednisolone-equivalent are at substantially higher risk of
developing musculoskeletal, metabolic and psychiatric
issues.102 Those who experience steroid-related adverse effects

also have a higher disease burden and exacerbation risk,103

compounding the detrimental effects on their health.

Risks associated with long-term/
maintenance use

Steroid-related comorbidities are highly prevalent in people
with severe asthma, with over half of this group having three
or more steroid-related comorbidities.92 The most common
steroid-related effects are shown in Figure 4.92,103

Multiple studies report the association between mainte-
nance OCS use and risk of hypertension, hypercholesterolaemia
and risk of cardiovascular complications.13,21 For example, a
retrospective study comparing individuals whose asthma was
treated with OCS against those on any other therapy found an
increased risk of all-cause mortality, coronary heart disease,
cerebrovascular disease and heart failure. Effect sizes were sub-
stantial, with hazard ratios (HRs) for coronary heart disease
and heart failure in patients using OCS being 2.6 and 3.5,
respectively.17 It should be noted that other confounders may
have played a role including the possibility that both severe
asthma per se and OCS contributed to increases in risk.

The risk of osteoporosis and fractures is also dose-
dependent.15,21 Compared with patients without SCS
exposure, the risk of musculoskeletal complications is
1.36-, 2.28- and 2.42-fold higher in those on lower
(<5 mg/day), medium (5-10 mg) and higher dose
(>10 mg) prednisolone-equivalent, respectively.102 Fur-
thermore, fractures are more likely to occur in steroid-
dependent asthma patients with bone mineral density
above the fracture threshold value than in those with
non-steroid-related involutional osteoporosis.104

Depression and anxiety are three times more likely in
patients with asthma requiring maintenance OCS than in
those with severe asthma who do not take oral steroids.105

Metabolic complications such as weight gain, fluid retention
and electrolyte abnormality have been documented for over

F I G U R E 3 Depiction of inhaled or oral glucocorticoid efficacy and
responsiveness in the treatment of asthma. In mild asthma, benefit can be
achieved at low doses, efficacy is reduced in moderate severity disease
whereas in patients with corticosteroid insensitivity limited benefit is
gained, even at high doses

F I G UR E 4 Harmful effects of oral corticosteroids in asthma are
common and widespread and affect all organ systems. VTE, venous
thrombo-embolism
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50 years.106 The risk of type 2 diabetes and obesity is higher
in asthma patients with greater or longer OCS use compared
with patients with milder disease.15,19,21

As a consequence of these complications, healthcare costs
of managing patients with severe asthma on maintenance
OCS are at least 40% higher than for those not using mainte-
nance OCS.107 In a primary care study of over 15,000 people
with asthma, age-adjusted annual healthcare costs were much
greater in regular OCS users than in non-OCS users and
intermittent OCS users.108 Furthermore, the annualized incre-
mental costs of managing OCS-related complications increase
with higher maintenance OCS dosages.101

Risk associated with short-term use

The risk associated with short-term OCS use appears often
underestimated. In a study of 1.5 million adults, those indi-
viduals treated with short-term OCS for respiratory indica-
tions, mostly asthma, were three times more likely to have
sepsis or venous thromboembolism within the first 30 days
of initiation; the risk of fracture was also increased by two-
fold. Risk persisted for at least 3 months despite a relatively
brief duration of treatment (median 6 days) and a modest
median dose of 20 mg prednisolone-equivalent.109 Other
adverse effects such a mood disorders and hyperglycaemia
were not assessed.

Adrenal insufficiency

An important consideration for people with asthma is the
potential impact of corticosteroid use on normal hypotha-
lamic and/or anterior pituitary function. Exogenous cortico-
steroids can suppress secretion of steroid hormones from
the adrenal cortex (adrenal suppression). Consequently, ces-
sation, decrease in dose or changing the type of exogenous
corticosteroid administered may trigger features of second-
ary adrenal insufficiency (AI). While exogenous corticoste-
roid therapy is the most common cause of AI, it is under-
recognized in adults with asthma.110,111

A meta-analysis of studies in adults with asthma identi-
fied cortisol suppression in 18%, 27% and 36% of patients
prescribed low-, medium- or high-dose ICS, respectively.112

A recent systematic review of patients with severe asthma
determined that up to 25% of people with asthma prescribed
high-dose, long-term ICS and 68%–100% of those pre-
scribed high-dose, long-term ICS and OCS experienced
AI.113 Even though higher doses and longer duration of use
are associated with higher risk of AI, this cannot be excluded
with certainty in any patient taking corticosteroids. Ideally,
screening for AI should be undertaken in selected patients
with asthma, especially people using high-dose ICS, OCS or
both.111,114

The clinical presentation of AI can vary widely, but often
includes non-specific features.115–117 Signs and symptoms
include weakness, fatigue, malaise, gastrointestinal upset

(nausea, vomiting, diarrhoea, abdominal pain), anorexia/
weight loss, headache, fever, myalgia, arthralgia and psychi-
atric symptoms.117,118 It is not surprising, therefore, that AI
often goes unnoticed until a physiological stress (surgery,
trauma, intercurrent illness) precipitates an acute adrenal
crisis.119

The National Patient and Safety Alert (National Health
Service UK) has developed a ‘Steroid Emergency Card’
aimed at supporting early identification and treatment of
adrenal crisis in adults.120 The NSW Steroid Emergency
Card can be issued by community pharmacies, general prac-
titioners (GPs) or hospital physicians and is intended to be
carried by high-risk patients at all times, leading to increased
awareness of the need to promptly commence corticosteroid
treatment in this patient population.121

Cumulative risk

Repeated short-term OCS use increases the risk of complica-
tions. For example, a study from the United States compared
over 70,000 people with asthma who had received OCS and
twice as many matched individuals with asthma who had
not been treated. Individuals prescribed four or more
courses of OCS were at significantly higher risk (OR 1.29) of
adverse events in the first year including a new diagnosis of
osteoporosis, hypertension, obesity, type 2 diabetes, gastro-
intestinal ulcers or bleeds, fractures and cataracts. This risk
appeared additive, with those who had three successive years
of ≥4 OCS prescriptions having an OR of 1.73 for adverse
events by the third year compared with patients not exposed
to OCS.15 Similar findings arose from a primary care study
in the United Kingdom where over 24,000 individuals
receiving OCS (and matched controls) were followed up for
as long as records were available or until an adverse event
occurred.21 Compared with matched controls without any
OCS exposure, those prescribed OCS had significantly
higher incidence of developing a variety of adverse outcomes
including osteoporosis/fracture (HR 3.11), pneumonia
(HR 2.68), cardio/cerebrovascular disease (HR 1.53), cata-
racts (HR 1.50), sleep apnoea, (HR 1.40) and renal impair-
ment (HR 1.36). Importantly, there was a clear dose–response
relationship between adverse events and cumulative OCS
exposure, with substantial increases in risk seen above a
cumulative dose of 1000 mg.

Despite diverse and individual susceptibilities, the con-
cerning clinical implication from several studies is that a
potentially toxic threshold dose (approximately 1000 mg
prednisolone or equivalent) is reached with lifetime expo-
sure to just four OCS scripts at dosages typically used for
management of asthma exacerbations. The repercussions
associated with cumulative use of OCS are supported by
data from large retrospective cohort studies and are of con-
cern particularly in Australia and other countries where an
initial prescription for a short burst of OCS often results in
the dispensing of far more tablets than are needed for treat-
ment of the current event.
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Estimating the harm from OCS in asthma

Concordant with studies from the United States and Europe,
recent Australian research indicates that OCS use is wide-
spread and leads to considerable harm. As described above,
a 10% random sample of the Australian Pharmaceutical
Benefits Scheme was used to identify people with asthma
aged over 12 years based on inhaled controller dispensing.23

In the primary analysis of 124,011 people with asthma, 52%
were dispensed OCS at some point over a 5-year period.
More than a quarter were prescribed cumulative doses of
over 1000 mg prednisolone-equivalent. As detailed above, a
secondary analysis of data from 2018 found that approxi-
mately half of these individuals had evidence of suboptimal
adherence with preventer treatment. Importantly, patients
who had been dispensed >1000 mg prednisolone-equivalent
were significantly more likely to require medication for dia-
betes mellitus and osteoporosis (Figure 5).

OCS USE IN PRACTICE: PERSPECTIVES
FROM PEOPLE WITH ASTHMA

I just came off the prednisone and the pictures
are not flattering. I’m embarrassed [about the
weight gain] ‘cos I can see that I’m so puffy.
(female, 45 years).122

The benefits and risks from the use of OCS in inflam-
matory diseases have been increasingly and thoroughly
documented over the last 70 years. Despite having the
potential for both marked positive and negative impacts on
the lives of people with asthma, until recently there has
been little academic examination of patient perspectives in
this area.

Over the last decade, there have been a number of stud-
ies that have examined the patient experience of OCS in a
severe asthma population. A systematic review of the experi-
ence of living with severe asthma emphasized the emotional
as well as the physical burden of OCS treatment.123 Hyland
et al. conducted a qualitative study in people with severe
asthma to compare the burden of disease and treatment
with items in eight asthma-specific quality of life scales.124

The authors reported significant negative impacts of OCS in
people with severe asthma and patients specifically discussed
the major impact of OCS on depression, irritability, sleep,
hunger, weight, skin, gastric, pain and anxiety. They con-
cluded that the burden of OCS in this population is
neglected in both policy and practice.124 These findings are
supported by those of Foster et al.,122 who conducted a qual-
itative study in an Australian severe asthma population to
explore the experiences of living with severe asthma. The
burden of treatment emerged as a theme in this study, with
particular reference to the concerns of OCS side effects.
Clark et al. also examined the experiences of people with
severe asthma who were prescribed either a monoclonal
antibody therapy or a macrolide antibiotic.125 In this study,
20 patients who had been using these treatments for at least
4 months were interviewed. From these interviews, one of
the four emergent themes was ‘Prednisone—a necessary
evil’. Patients related that, despite the perceived effectiveness
of biological therapies and macrolides, prednisone use was
an ongoing concern. They shared their frustration of being
‘still stuck on prednisone’, and of their concerns for the
‘damaging side effects’. Despite these concerns, there was an
acceptance of OCS treatment and they stated, ‘but it keeps
me breathing’.125

The importance of OCS reduction was highlighted in a
cross-sectional study by the same group,126 who sought to
understand the outcomes that patients wanted to improve

F I G U R E 5 Natural frequency diagram
highlighting the prevalence of high cumulative
dose oral corticosteroid exposure in asthma.
Based on data from studies by Hew et al.23

CORTICOSTEROID STEWARDSHIP IN ASTHMA 1121



following initiation of add-on asthma treatments for severe
asthma. When participants were asked to select their top five
outcomes, the most important were improving quality of
life, followed by a reduction in acute exacerbations,
increased participation in physical activity and less OCS
treatment. These were the four most highly ranked priorities
from a selection of 17 options.126 There also appears to be a
significant gap between clinicians and people with severe
asthma in terms of their perspectives and goals.123 Costello
et al. (2017) reviewed the perspective of individuals with
chronic diseases towards various adverse effects of OCS in
an online health community survey. Only 9% of the study
population had respiratory disease, despite this being the
most common indication for OCS.127 The 604 respondents
consistently placed a high importance on the side effects of
weight gain, insomnia and facial changes. Categories of
adverse effects that might be perceived by clinicians to be
more significant (such as cardiovascular disease and diabe-
tes) were rated as less important by patients.

In addition to potentially misjudging what side effects
matter most to patients, clinicians are also poor at apprais-
ing the chance of adverse outcomes. For example, a UK sur-
vey found healthcare professionals appeared to consistently
underestimate the risk of commonly reported side effects
such as excessive bruising (Figure 6).128 Concerns regarding
overuse of OCS by patients were also associated with lower
adherence with therapy. The perception of chronic OCS use
was studied specifically in airways disease prior to the avail-
ability of biological therapy for asthma.128 In that era, people
with asthma acknowledged the severity of their condition
and generally felt OCS were a necessary evil. However, this
study also highlighted that patients want more information
about OCS side effects than they are often given, and that
this information should be provided when therapy is com-
menced. Subsequent studies have also found that people
with asthma perceive OCS to be effective, but they are con-
cerned regarding side effects.

The adverse effects experienced or anticipated from OCS
use have been identified as a ‘push factor’ that motivates
people with asthma to use complementary therapies such as
homeopathy and supplements not meticulously examined in
clinical trials.129 There is also evidence that patients may
have considerable apprehension about using ICS. A Cana-
dian study found that approximately 50% of patients were
hesitant to take ICS treatment for reasons that included pos-
sible side effects, decreased bone density and reduced effi-
cacy over time.130 Two-thirds had not discussed their
concerns with the physician. This may mean that patients
avoid the very treatment that has least adverse effects and
that represents their best chance to avoid OCS medication.

Personal stories relating to OCS use for severe asthma
can be found on the Health Talks website (https://
healthtalkaustralia.org/severe-asthma/overview/). Indi-
viduals often highlight the apparently casual attitude of
some prescribers to starting OCS, but also the great
symptomatic benefit they can experience. We recommend
listening to descriptions of patients’ experiences detailing
side effects that include weight gain, AI, increased risk of
infection and impaired wound healing.

PRINCIPLES OF ACUTE OCS USE AND
PREVENTION OF OVERUSE

Primary prevention of OCS use

Guideline-recommended asthma care reduces the risk of
acute asthma exacerbations requiring OCS. Given the high
rates of asthma misdiagnosis in the community, every effort
should be made to confirm or exclude asthma objectively to
reduce the risk of erroneous use of OCS. Guidelines recom-
mend attention to inhaler technique, adherence to therapy
and regular medical review. Self-management education,
including the provision of an action plan, can reduce

F I G U R E 6 Proportion of people with
asthma who reported experiencing specific
symptoms attributable to oral corticosteroid side
effects and the median proportion of patients
estimated by clinicians to experience these side
effects. Redrawn from Cooper et al.128
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exacerbations requiring emergency presentations and hospi-
tal admissions. All these measures should reduce the
requirement for OCS prescription for acute exacerbations.

In selected patients with mild asthma, use of combina-
tion ICS and formoterol as needed for symptoms can reduce
exacerbations requiring OCS. Patients with moderate
asthma also experience reduced exacerbations with a combi-
nation of maintenance and as-needed (reliever) therapy. An
alternative strategy of quadrupling the dose of fixed-dose
ICS at the first sign of instability has been shown to reduce
the likelihood of progression to exacerbations in some
adults,53 but quintupling the dose was not effective in chil-
dren with good adherence to treatment.131

Clarification of acute indications

It can be challenging to identify an exacerbation requiring
OCS. Guidelines define exacerbations as ‘a change in symp-
toms or lung function from baseline’. Increasing the dose of
ICS in response to a fall in peak flow of 20%–40% may reduce
the likelihood of requiring OCS. In patients with mild asthma,
a single day of asthma symptoms leading to use of two or more
inhalations of as-needed ICS-formoterol was associated with a
75% reduction in need for OCS in the subsequent 3 weeks
compared with SABA alone132; similar but smaller reductions
in short-term need for OCS were seen in patients prescribed
MART, after a day with >6 reliever inhalations.133

Dose and duration

Doses of between 37.5 and 50 mg of prednisolone-
equivalent for approximately 5–10 days are recommended.
To date, there are few data to support a specific dose or
duration of treatment.

Secondary prevention

Patients with frequent exacerbations, despite the use of
high-dose ICS, may have multiple contributors to their dis-
ease instability. Such patients benefit from medical review
of all aspects of their asthma management, ideally by a
multidisciplinary team. Observational data demonstrate a
reduction in the frequency of exacerbations following such
assessment, associated with a reduction in OCS
requirements.

In patients with previous exacerbations on ICS and
LABA combinations, therapeutic options to reduce the risk
of future exacerbations include use of maintenance plus
reliever ICS-formoterol, azithromycin three times per week
and/or the addition of tiotropium.

Among patients with previous exacerbations, despite the
use high-dose ICS and LABAs, randomized trials of
omalizumab, mepolizumab, benralizumab, reslizumab and
dupilumab all demonstrate reductions in exacerbations

requiring OCS. Bronchial thermoplasty reduces exacerba-
tions in moderate to severe asthma (if complications in the
peri-procedural period are excluded), but there is a need to
obtain further evidence, so guidelines do not currently rec-
ommend routine use of thermoplasty for severe asthma.

Special groups

In pregnancy, the occurrence of exacerbations requiring
OCS is associated with an increased incidence of pre-term
and low birth weight infants. Balanced against this is an
increased risk of adverse foetal outcomes in untreated status
asthmaticus. Therefore, OCS should be prescribed whenever
clinically indicated. Non-adherence to inhaler medication is
strongly associated with increased risk of exacerbations dur-
ing pregnancy134 and this aspect should be carefully
reviewed in pregnant patients with unstable asthma.

Rescue packs for home administration

To commence OCS as part of an action plan, patients are
often provided with prescriptions that can be filled urgently.
This prevents delays in implementing the agreed action
plan. However self-management requires that patients are
able to monitor symptoms and/or peak flows, detect deterio-
ration appropriately and decide when to institute OCS ther-
apy. This is most likely to succeed when self-management is
regularly taught and may involve many hours of coaching,
over repeated sessions. It is possible that provision of OCS
rescue packs without appropriate education may have
unwanted effects including inappropriate increases in OCS
use, a potential problem that requires further study.

PRINCIPLES OF CHRONIC OCS USE AND
PREVENTION OF OVERUSE

Primary prevention of OCS use

Maintenance OCS are required in some patients who have
severe asthma. Chronic use should be restricted to those
who have had their diagnosis of asthma confirmed and
have been unable to achieve adequate asthma control
despite the use of high-dose ICS and a controller. This
treatment pathway should only be considered when
patients have trialled alternate add-on therapies, or they
are either not eligible or have not responded to biological
treatments.135

Patients who are being considered for maintenance
OCS should undergo specialist or multidimensional assess-
ment that involves review of asthma management skills
and adherence, comorbidities and assessment of inflamma-
tory phenotype.59,136,137 Should asthma management skills
and adherence be suboptimal, an attempt to address these
should be performed.138
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In the era of biological treatment for severe asthma,
there are now distinct opportunities to reduce overuse of
maintenance OCS whilst avoiding toxicity of these agents.
The advent of biologics will substantially change OCS use in
many patients who qualify for biological therapy and main-
tenance OCS should not be used as a ‘holding position’
prior to initiation of biological therapy. Importantly,
patients who do not qualify for biological therapy (high
symptom burden, low exacerbation rate, absence of type
2 asthma biomarkers) may be given a therapeutic trial of
OCS, but it is critical that this should be ceased if there is no
objective evidence of benefit.

When OCS are considered for maintenance asthma
treatment, they should be prescribed at the minimum dose
required to achieve adequate asthma control and treatment
should be regularly reviewed. Doses of OCS can be mini-
mized through the use of biomarkers and by prescribing
treatment on alternate days. A schema for this process is
outlined in Figure 2 (see also Box 1).

Harm reduction strategies

Biomarker-driven treatment decisions such as those used to
choose therapies may also possibly be deployed to reduce
exposure to OCS. An Australian proof-of-concept study
showed that OCS for severe asthma could potentially be
reduced by more than 50% using a blood eosinophil bio-
marker algorithm.139 In contrast, an RCT in patients with
severe asthma failed to show a significant reduction in OCS
use employing a strategy based on a composite type 2 bio-
marker endpoint (FeNO, periostin and blood eosinophils)
compared to usual care.140 However, in this study, many par-
ticipants did not follow treatment advice. When the findings
were analysed on a per-protocol basis, a greater proportion of
those in the intervention group were on a lower dose of OCS
(31%) at 48 weeks compared with control (5%, p = 0.026),
but the difference in daily OCS dose (�2 mg) was not signifi-
cant. This study highlights the need for good patient–clinician
partnerships and shared decision-making when implementing
novel strategies.

A further challenge to minimizing chronic OCS expo-
sure is the lack of asthma-specific guidance for reducing the
dose or ceasing OCS in clinical practice. An international
consensus paper has suggested a tapering strategy for this
purpose, and the results of the subsequent evaluation study
are awaited with interest.141 Harm reduction may also be
attempted by early identification and mitigation of predict-
able adverse effects. A checklist based on expert consensus
has also been developed for identifying OCS-related prob-
lems.141 Practical strategies to taper and stop long-term OCS
maintenance therapy are outlined in Box 1.

Effective OCS-sparing strategies are now available which
will lead to reduced OCS requirements and therefore
adverse effects of treatment. Add-on therapies including
novel biologicals such as mepolizumab,84 benralizumab142

and dupilumab143 are also effective in reducing OCS

requirements.144 Long-term macrolide antibiotics reduce
exacerbations71,72,144 significantly in severe asthma which in
turn may lead to reduced OCS requirements, but the risk of
microbial resistance must be considered.

Finally, when OCS are prescribed as maintenance treat-
ment, bisphosphonates are recommended for the prevention
of fractures in patients with glucocorticoid-induced osteopo-
rosis or in the presence of osteopenia. This is particularly
important if the dose of OCS is ≥7.5 mg prednisolone/day
(or equivalent) for 3 months or more.135

Monitoring adverse effects

In the absence of an evidence-based guideline that makes
recommendations for standard monitoring of adverse effects
of OCS in asthma, a recent international study has promul-
gated a checklist based on expert consensus.145 The checklist
recommends at minimum, glycaemic control, bone mineral
density, blood pressure, cataracts and glaucoma, weight
change and fracture risk score. These measures should also

BOX 1 Recommended principles for weaning and stopping of
maintenance OCS in asthma

I. Assess and manage disease control

a. Maintenance OCS can be weaned (‘back-titrated’) whilst
monitoring asthma disease control using symptoms of asthma
(e.g., Asthma Control Questionnaire scores) and exacerbation
history

b. These parameters should be supplemented by objective markers
including lung function and blood eosinophil counts

c. The interval for dose reduction needs to allow time for a change in
disease activity to be reflected in the outcome measure—this is
usually for a period of 1–4 weeks

d. The quantum dose reduction needs to be a meaningful change to
allow for detection of any increase in disease activity. It can be
expressed as a percentage of total daily dose, typically 25% or 50%
reduction; or a dose amount, such as 5 or 10 mg of prednisone (or
equivalent)

e. Patients should be provided with clear printed/written information
regarding the steroid weaning plan in terms of the dosing schedule
and monitoring

II. Assess and manage AI

a. Once the maintenance OCS dose is approximately 10 mg
prednisone (or equivalent) daily, consider the possibility of AI.
This can be identified by clinical history and optimally by
laboratory testing

b. The tests used differ widely but a minimum benchmark would be a
morning serum cortisol measurement

c. For test interpretation, cortisol values of <100 nmol/L are
considered to be indicative of AI until further testing can confirm
or refute the diagnosis

d. In the absence of confounding factors, measurements of morning
cortisol >400 nmol/L reasonably exclude hypocortisolism (some
centres use thresholds of 350 nmol/L or lower)

e. Dose reduction of OCS in patients with or considered at risk of AI
should be done at a slower rate with periodic assessment of the
emergence of symptoms of AI

Abbreviations: AI, adrenal insufficiency; OCS, oral corticosteroid.
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be performed routinely on patients using regular OCS. The
National Asthma Council’s Asthma Management Handbook
suggest that an annual dual-energy x-ray absorptiometry
scan be obtained at baseline and repeated every 1–5 years
(depending on age, sex and initial result).135

The Glucocorticoid Toxicity Index (GTI) was developed
to assess corticosteroid-related morbidity and corticosteroid-
sparing ability of therapies.146 GTI was then used to examine
individual glucocorticoid toxicity in patients with steroid-
dependent severe asthma147 in a study of patients from a UK
Regional Severe Asthma Specialist Clinic. Measurements
using GTI were found to be strongly correlated with age and
asthma quality of life (rather than with corticosteroid expo-
sure in the preceding year) and was reported to be a useful
tool to identify and quantify toxicity in individual patients.
The authors recommended its use in facilitating assessment
of patient response to corticosteroid-sparing asthma therapy,
both in clinical trials and in routine practice.147

SUMMARY OF CORE PRINCIPLES OF OCS
STEWARDSHIP IN ASTHMA

• OCS have proven benefit in both acute exacerbations and
in chronic severe asthma.

• Prescription of OCS for asthma is common.
• OCS have potentially severe adverse effects, both acutely
and long term.

• Strong evidence indicates that there is overuse of OCS to
treat asthma and a harmful dose (lifetime dose >1000 mg
prednisolone-equivalent) may be exceeded in up to 25% of
patients.

• OCS have a significant impact on patients’ quality of life.
• Optimal dose and duration of OCS in acute and chronic
asthma have not been established.

• Reductions in OCS use are essential and primary strate-
gies should focus on optimizing inhaler technique,
improving treatment adherence, smoking cessation, use of
add-on treatments such as LABA and LAMA as appropri-
ate and ensuring adequate doses of ICS are prescribed.

• Comorbidities should be identified and managed, if possi-
ble, using multidimensional assessments and other initia-
tives such as online resources (e.g., Severe Asthma Toolkit:
https://toolkit.severeasthma.org.au/resources/infographics/
), written action plans and OCS treatment report cards.

• Novel biological agents (e.g., targeting IL-5, IgE and IL-4/13
activities) mitigate OCS use in patients with type 2 asthma.
As they are expensive and require appropriate application
and specialist prescription, biological agents are chiefly pre-
scribed in specialist centres. In this context, referral of people
with asthma controlled only by frequent OCS courses or
maintenance OCS prescription is a priority for primary care.

• Restrictions on OCS prescription may be considered in
future. For example, regulatory approaches have potential
to address OCS stewardship effectively and minimize
inappropriate prescribing. Examples include creating an
OCS rescue pack with ten 25 mg tablets only (instead of

providing 30 tablets), rescheduling maintenance OCS use
to authority prescription only and allowing prescribers
better access to data on ICS adherence to facilitate detec-
tion of and counselling for non-adherence.

• Mechanisms for review of OCS prescriptions that can be
conducted within hospital and/or national jurisdictions
can permit long-term monitoring of OCS use (Box 2).

CLINICAL RESOURCES AND
DISSEMINATION

Clinical resources are available to assist both clinicians and
patients with prescription and use of OCS. The Severe Asthma
Toolkit (see below) contain useful resources including:

1. OCS report cards,
2. Infographics for chronic use of OCS in asthma (not

including ABPA),
3. Infographics relating to OCS use and harms,
4. Written asthma action plan and
5. A patient charter.

Most resources can be downloaded from the Severe
Asthma Toolkit (https://toolkit.severeasthma.org.au/resources/

BOX 2 Summary of core principles of OCS stewardship in asthma

• OCS have proven benefit in acute and chronic severe asthma

• OCS have potentially severe adverse effects and a significant impact
on patients’ quality of life

• Prescription of OCS for asthma is common

• A substantial proportion of people with asthma appear to be exposed
to a harmful lifetime dose of over >1000 mg of prednisolone-
equivalent

• Primary strategies to reduce OCS use should focus on optimal
delivery of inhaled medicines through improvement in inhaler
technique and treatment adherence, and selection of appropriate
medicines at adequate doses

• Comorbidities including smoking should be identified and managed
using multidimensional assessments (e.g., Severe Asthma Toolkit:
https://toolkit.severeasthma.org.au/resources/infographics/)

• Biological agents are highly effective in reducing OCS use in patients
with eosinophilic or allergic asthma. As these agents are chiefly
prescribed in specialist centres, referral of people with uncontrolled
asthma for individualized and expert review is a priority for
primary care

• Restrictions on OCS prescription may be considered including
regulatory approaches to minimize toxic prescribing. Modifications
may include: creating an OCS rescue pack with 10 �25 mg tablets
only (instead of providing 30 tablets), rescheduling maintenance OCS
use to authority prescription only and allowing prescribers better
access to ICS adherence data to facilitate detection of and counselling
for non-adherence

• Mechanisms for review of OCS prescriptions that can be conducted
within local and national jurisdictions can permit long-term
monitoring of OCS use in asthma

Abbreviations: ICS, inhaled corticosteroid; OCS, oral corticosteroid.
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infographics/), an online resource for clinicians caring for peo-
ple with severe asthma.148

SUMMARY

OCS are frequently used to treat asthma during acute flares
(burst therapy) and for chronic disease (maintenance treat-
ment). Indiscriminate use of burst and maintenance OCS ther-
apy is common, posing a risk of irreversible harm affecting
multiple organ systems. Patient perspectives have also empha-
sized detrimental impacts of OCS-related side effects such a
weight gain, insomnia, mood disturbances and skin changes.
Careful and thorough assessment of poorly controlled asthma
is key to improved asthma control, preventing exacerbations
and reducing OCS use. This can be achieved by improved
inhaler technique, adherence to therapy, asthma education,
smoking cessation, specialist/multidisciplinary review, opti-
mized medications and other strategies. Recently, add-on thera-
pies including novel biological agents have demonstrated
reductions in OCS requirements. Harm reduction may also be
gained by early identification and mitigation of predictable
adverse effects.

Introduction and application of OCS stewardship
programmes have become imperative and this TSANZ posi-
tion paper outlines principles applicable to this vital initia-
tive. We indicate how steps can be taken to minimize use of
OCS, minimize exposure when they are indicated and
reduce harm through vigilance for emerging adverse effects.
Following the strategies outlined in this paper, OCS use can
be minimized and harm mitigated if OCS stewardship prac-
tises are established and implemented.
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