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ABSTRACT  Short courses of systemic corticosteroids (SCS), both oral and injectable, are very effective
for the resolution of acute asthma symptoms, including exacerbations. However, the benefits of SCS, even
short courses, must be balanced against the impact of their side-effects. While the adverse consequences of
long-term use are widely recognised, there appears to be a perception in the medical community that short
courses of SCS are safe. Limited but growing evidence in the literature suggests that even very brief dosing
periods (3-7 days) of SCS are enough to cause significantly negative outcomes for patients. Short courses
of SCS are associated with increased risk of adverse events including loss of bone density, hypertension
and gastrointestinal ulcers/bleeds, in addition to serious impacts on mental health. Strategies to improve
asthma control are recommended, including: 1) as-needed combination therapies in mild asthma; 2) risk
factor reduction; 3) improving adherence/inhaler technique; 4) earlier initiation of add-on therapies; 5) use
of biologics in appropriate patients; 6) development of new therapies to better control the disease; and
7) widespread education of the medical community. We propose that patients and primary care physicians
should consider a cumulative SCS dose of 1 g per year as a highly relevant and easy-to-recall threshold.

Introduction

In 2015, asthma was listed as the most prevalent chronic respiratory disease in the world, affecting
approximately 358 million people. It is likely that much of the burden associated with this disease is
preventable or treatable with appropriate clinical and therapeutic interventions [1].

Since their efficacy in asthma was first described in the 1950s [2-4], use of systemic corticosteroids (SCS)
in the management of this disease has become widespread. SCS are frequently prescribed in chronic
airway diseases as both short- and long-term treatment options [5]. Short-course SCS are a very effective




and fast-acting option for the resolution of acute asthma symptoms including exacerbations [6]. Early
administration of SCS for the treatment of severe asthma exacerbations is considered a standard of care
and is recommended worldwide to be given to the patient within 1h of presentation [7]. The Global
Initiative for Asthma (GINA) recommends SCS for short-term (usually 5—7 days) treatment of severe
acute exacerbations [8]. This represents an appropriate use of SCS.

Highly accessible and available over the counter in some countries, SCS are prescribed as rescue
medication and are largely self-administered at home. It is noteworthy that SCS courses are used to treat
not only severe, but also moderate and even mild exacerbations and symptoms [9].

While we recognise the obvious importance and effectiveness of SCS during asthma-related acuity, we also
heed the importance of reducing the inappropriate use of SCS, as this can lead to potential deleterious
effects. Thus, this article aims to raise awareness among the medical community of the potential
side-effects associated with use of short courses of SCS in patients with asthma of any severity, as well as
suggesting strategies to ensure their appropriate use.

Use of SCS in asthma management

SCS exert an anti-inflammatory effect in asthmatic airways by inhibiting the production of potent
pro-inflammatory mediators and by reducing the chemotaxis of inflammatory cells to the lungs [10].
Possibly because of their efficacy, relative affordability or a perception that short courses are harmless,
substantial over-prescribing of SCS has been reported in both adults and children with asthma [9, 11].
Emergency SCS are prescribed as part of asthma self-management plans for patients at risk of
exacerbations [12]; when not correctly implemented, this may lead to incorrect use of the medication,
putting patients at risk of adverse events. Meanwhile, over-prescription of SCS may be an indicator of poor
asthma control which can result from many factors, including poor adherence to inhaled medication
(inhaled corticosteroids; ICS) and incorrect use of inhalers. In addition, patients with asthma may use SCS
not only for asthma but also for frequently associated comorbidities that present as flaring-up diseases, for
example rhinosinusitis with/without nasal polyps, atopic dermatitis, urticaria and conjunctivitis. SCS are
widely prescribed for a variety of conditions, even where there is a lack of supporting evidence for their
use [13]. An analysis of US national claims data found that more than one in five adults received at least
one outpatient prescription for short-term (<30 days) SCS over a 3-year period [14]. This suggests that
SCS are seen by prescribers as an effective and cheap option, viewed as low-risk or “benign” medications.
Patients with asthma often take SCS in addition to medium- or high-dose ICS, and sometimes also nasal
corticosteroids, all of which are known to have systemic bioavailability. Cumulative side-effects of ICS use
have been documented [15] and, therefore, patients taking both ICS and SCS may be at extra risk of
steroid-related side-effects.

A recently published systematic review and meta-analysis by Mayers et al. [16] found that the SCS-sparing
effect of high-dose ICS is mostly due to systemic effects. Based on the dose equivalence for effects on
adrenal function, the authors of the review suggest that 1000 ug fluticasone propionate has similar
systemic effects to 5 mg prednisone [17], and that 2500 pg budesonide has similar systemic effects to 5 mg
prednisone [18]. It has been suggested that high doses of ICS should potentially be considered as harmful
as low doses of SCS [19] and that they are accumulative on top of SCS.

The many systemic effects associated with long-term SCS use are well studied and described. The most
common serious SCS-associated comorbidities include osteoporosis and osteopenia, type II diabetes,
obesity, cardiovascular disorders and adrenal suppression. In addition, use of SCS has been associated with
psychiatric symptoms such as insomnia, mania, anxiety or aggressive behaviour, dyspeptic disorder,
hypertension, dyslipidaemia, infections, muscle atrophy, cataracts, glaucoma, bruising, change in physical
appearance, skin striae and change in appetite [20-22].

Although the harmful side-effects of long-term use of SCS are widely known, there seems to be a
perception in the medical community that short courses of SCS are safe provided they are used
intermittently, rather than continuously. A nationwide cohort study in France reported that 59% of
patients with severe asthma were treated with SCS in 2012, with an average frequency of 3.3 courses per
patient in the year [23].

Respiratory diseases are the most frequent indication for short-, medium- and long-term use of SCS, with
a considerably higher frequency than other inflammatory conditions [5] and account for approximately
40% of total SCS prescriptions [24, 25].

There are risks associated with short-term intermittent use of SCS, as well as with longer-term use [26].
A recent report estimated that 93% of patients with severe asthma had at least one condition related to SCS
exposure [27]. This includes morbidity and, more importantly, mortality. Regular SCS use is associated



with greater all-cause mortality compared with non-SCS use [28, 29]. A nationwide asthma cohort study in
Sweden found that patients with asthma who had regular SCS use had a 1.34-fold greater risk of death than
those who did not use SCS [28]. The improvements in asthma symptoms seen with SCS, even short
courses, must be balanced against the impact of the side-effects of this therapy.

Side-effects of short-course SCS

In this section we review recent publications on the side-effects of short-term use of SCS in the literature.
These side-effects include a range of conditions that match those seen in long-term use of SCS (table 1). There
is variability in the definition of “short courses” of SCS in the literature, making it difficult to comprehensively
compare the adverse events associated with short-course SCS between studies [30]. GINA recommends a
short course of SCS as typically 40—50 mg-day ™' for 5—7 days [8]; previously published systematic reviews
have defined a short course as <14 days [26] and other studies have categorised SCS courses of up to 30 days
as short courses. Here we have included studies reporting SCS courses of up to 30 days.

The studies reviewed used database analyses to determine short course usage of SCS. This includes
pharmacy claims, days of supply and number of prescriptions.

In a 4-year longitudinal study by Marsumoto et al. [31], patients with asthma receiving >2.5 short courses
of SCS (3-14 days) per year suffered a significantly larger loss in bone mineral density and had a
significantly reduced Z-score (percentage of normal bone density predicted from age and sex) compared
with patients who received <2.5 courses in the year, highlighting that more than two courses of SCS in
1 year may negatively impact bone density [31]. This is an important concern due to the known detrimental
link between low bone mineral density and increased risk for developing osteoporotic fractures [32].

A recent matched cohort study by Price et al. [20] in 48234 patients who were naive to SCS at study entry
compared the impact of SCS exposure on adverse events over a minimum of 2 years, using longitudinal
medical record data drawn from the Optimum Patient Care Research Database (https://opcrd.co.uk) and
the Clinical Practice Research Datalink (www.cprd.com). Patients in the SCS arm of the study received at
least one additional prescription for SCS in the 18 months since their first SCS prescription. Compared
with the non-SCS arm, patients with prior exposure to SCS had a significantly higher risk of developing
an adverse event, including pneumonia, osteoporosis and fracture, type II diabetes, heart failure, cardio-/
cerebrovascular disease, cataract, myocardial infarction, sleep apnoea, renal impairment, depression/anxiety
and body mass index (BMI) increase (table 2). Of significant importance, cumulative doses of SCS were
associated with a clear dose-dependent increase in the risk of developing an adverse event in this study,
with the equivalent of just four short SCS courses over a lifetime associated with harmful effects [20]. The
dose-response relationship for cumulative SCS exposure with most adverse outcomes began at cumulative
exposures of 1 g to <2.5 g and for some outcomes at cumulative exposures of only 0.5 g to <1 g, equivalent
to four lifetime SCS courses. It should be noted that this is the only one of the studies reviewed here that
included a defined baseline or control group.

A 2017 retrospective cohort study in the USA assessed the frequency of short-course SCS prescriptions
and the adverse events related to their use in adults using a nationwide dataset of private insurance claims
(n=1548945; not specifically limited to asthma). A high prevalence of short-course SCS prescriptions was
observed in this study, with 21.1% (n=327452) of patients receiving an outpatient prescription during a
3-year period, and with 8.8% prescribed three or more courses. In this study, a short course was defined
by a treatment period of <30 days. The duration of corticosteroid use was based on the “days’ supply”
variable provided within the pharmacy claim. Only sepsis, venous thromboembolism and fractures were
specifically recorded in this study; however the prevalence of all three adverse events was significantly
increased in patients with respiratory conditions receiving short-course SCS compared with those who did
not (table 2) [14].

TABLE 1 Common adverse effects associated with systemic corticosteroids

Ophthalmologic Cataracts, glaucoma, central serous retinopathy

Cardiovascular Heart failure, myocardial infarction, hypertension, thromboembolism, dyslipidaemia
Musculoskeletal Osteoporosis, fracture, osteopenia, myopathy

Psychiatric Depression/anxiety, mood swings

Sleep disorders Sleep apnoea, sleep disturbances

Infections Pneumonia, sepsis

Endocrine Type Il diabetes, obesity, growth retardation

Other complications  Renal impairment, adrenal suppression, gastrointestinal ulcers, skin changes

Data from [20-22].




TABLE 2 Reported risk of adverse outcomes associated with exposure to systemic corticosteroids (SCS)

Adverse outcome

HR (95% CI) SCS versus

non-SCS [20]

OR (95% CI) incident

new AEs* [33]

Incident rate ratio

(95% c1) 7 [14]

15-year cumulative incidence

SCS versus non-SCS [34]

Osteoporosis diagnosis

Fractures

Pneumonia

Cardiovascular/
cerebrovascular disease

Myocardial infarction

Venous thromboembolism

Cataract

Sleep apnoea

Renal impairment

Depression/anxiety

Type Il diabetes

BMI increase

Obesity

Gastrointestinal ulcer/bleeds

Sepsis

1.96 (1.63-2.34) 1.44 (1.28-1.63) 8.0 versus 2.0
3.11 (1.87-5.19) 1.21 (1.04-1.40) 1.87 (1.69-2.08)
2.68 (2.30-3.11) 11.3 versus 3.5
1.53 (1.36—1.72) 9.9 versus 3.6
1.41 (1.15=1.73) 7.3 versus 2.8
3.33 (2.78-3.99)
1.50 (1.31-1.73) 1.26 (1.03-1.52) 11.0 versus 4.4
1.40 (1.04—1.86)
1.36 (1.26—1.47)
1.31 (1.21-1.41)
1.26 (1.15-1.37) 1.30 (1.13-1.50)
1.14 (1.10-1.18)
1.28 (1.13-1.45)
1.33 (1.15—1.54)
5.30 (3.80-7.41)

Data are presented as %, unless otherwise stated. BMI: body mass index; AEs: adverse events. #: patients with >4 prescriptions for SCS in the
current year; 1: 5-30 days from date when corticosteroid prescription was filled, reference period was 5—180 days before prescription date.

In a recent retrospective cohort study of the MarketScan insurance claims database by SurLivan et al. [33],
patients receiving at least four intermittent SCS prescriptions in 1 year had a 1.29-times greater risk of
experiencing an adverse event within the year compared with those in the non-SCS cohort. This study
considered the number of prescriptions, regardless of dose or duration. Logistic regression analyses showed
that even fewer SCS courses per year (one to three courses) remained significantly associated with the
incidence of an adverse event [33]. There was greater likelihood of osteoporosis, fracture, hypertension,
obesity, type II diabetes, gastrointestinal ulcers/bleeds and cataracts in patients receiving at least four SCS
prescriptions in 1 year. The odds ratios for these adverse events was 1.21-1.44 (table 2). Indeed the risk of
many of these adverse events remained statistically significant for one to three SCS courses in the year,
also including fracture, hypertension and gastrointestinal ulcers/bleeds. This study also highlighted that the
risk of experiencing an SCS-induced adverse event increased with each previous year of exposure to SCS.
As well as demonstrating the adverse events associated with intermittent courses of SCS, these results show
that the incidence of adverse events increased with each year of exposure, suggesting a cumulative toxic
effect of short courses of SCS.

The onset of type II diabetes is one of the most common adverse outcomes related to SCS exposure [20]
and there is evidence of a cumulative effect of increased exposure. Patients with asthma receiving an
average daily SCS dose of >7.5 mg-day”' had a 15-year cumulative incidence of type II diabetes (37.5%)
that was five times greater than those receiving <0.5 mg-day~'. Even three steroid bursts per year, over the
long term, leads to increased risk of developing type II diabetes [34]. Weight gain, also a side-effect of SCS
use, has been shown to worsen glycaemic control and increase the risk of diabetes progression. Obesity is
a risk factor for many comorbidities of type II diabetes including cancer, gastrointestinal disease,
osteoarthritis, liver and kidney diseases, sleep apnoea, respiratory disease and depression [35]. This
highlights the potential negative consequences of short-term SCS and how their use for certain patients
should be carefully considered.

Short-course SCS are widely used for the treatment of asthma in children; however, studies on the
potential harm of these anti-inflammatory drugs are particularly limited for this patient cohort. A
systematic literature review including 3200 patients aged <18 years of age (not specifically limited to
treatment of asthma) revealed that vomiting, mood swings/behavioural issues and sleep disturbance were
three common adverse events caused by short courses of systemic corticosteroids (defined by a treatment
period of <14 days) in this patient population [26]. Most patients across three randomised controlled trials
experienced significant biochemical hypothalamic pituitary adrenal axis suppression linked to SCS. This is
a particularly important observation because hypothalamic pituitary adrenal axis suppression can lead to
stress-induced acute adrenal crisis or growth impairment [26].

A cohort follow-up substudy of the Childhood Asthma Management Program trial demonstrated a
sex-specific, dose-dependent decrease in bone mineral accretion and associated increased risk for



osteopenia in boys who received at least five intermittent short courses of SCS during the 7-year
observation period [36]. Osteocalcin is a protein found in abundance in bone with a key role in bone
growth, and is an early predictor for the development of osteoporosis [37]. A study examining the effects
of short-course SCS on bone mineralisation in children with asthma reported a transient decrease in
serum osteocalcin after 5 days of treatment with SCS. Osteocalcin levels returned to normal within
30 days, but indicate that the effects of SCS last much longer than their administration period [38].

Studies of the pharmacokinetics and pharmacodynamics of systemically administered corticosteroids have
suggested that the detrimental mineralocorticoid effects of glucocorticoid treatment are pronounced when
the capacity of the type 2 hydrogenase 11B-HSD, is exceeded [39]. Higher steroid doses might have
enhanced undesired mineralocorticoid effects when administered as multiple doses because of the
prolonged time that mineralocorticoid receptors are occupied.

Impact of short-course SCS on mental health
Such is the frequency of mental health issues in patients receiving SCS, that a treatment algorithm has
been developed to identify and manage corticosteroid-induced psychiatric syndromes [40].

A study in outpatients with asthma revealed a substantial effect of short-course SCS on mood change.
After only 3-7 days of prednisone therapy, significantly increased symptoms of mania and mood changes
were reported by both physicians and patients [41]. In this study, a significant correlation was also
reported between worsening symptoms of mania and the number of prior courses of SCS, again suggesting
a cumulative effect of multiple courses of intermittent SCS.

Similarly, 8 days of SCS therapy in patients with ophthalmic complaints caused an organic mood disorder
in a significant proportion of patients; approximately 30% of patients experienced hypomania and 10-12%
experienced a depressive syndrome [42].

Patient perception of short bursts of SCS should also be considered. A qualitative study in adults with
severe asthma revealed significant patient concerns about current and future side-effects of SCS, including
embarrassment about side-effects which altered their physical appearance, such as weight gain [43].
Patients with asthma and parents/guardians of children with asthma often have strong concerns about the
safety of short courses of SCS, a factor which may prohibit full adherence [44, 45].

To mitigate some of these side-effects of SCS, it is suggested to monitor bone mineral density, blood
pressure, blood lipids and glucose levels and assessment for adrenal insufficiency; use of bisphosphonates
is recommended for patients at risk of osteoporosis [46].

Economic impact of SCS-induced morbidity in asthma

While the benefits of short courses of SCS outweigh the risks in patients with acute asthma, we believe
these therapies are not warranted in all patients who currently receive them. As well as the health risks of
short-course SCS, the economic impact of their use should be noted. Although SCS are inexpensive
medications, SCS-related comorbidities/complications pose a high cost to the health system. The direct
cost of steroid-induced morbidity in asthma is of major interest and concern [47].

A recent study in the UK showed a significant association between the extent of corticosteroid exposure
and the number of comorbidities in patients with asthma. Furthermore, healthcare costs increased with
corticosteroid exposure. In this study, data from the Optimum Patient Care Research Database were
analysed for patients who had received at least four short courses of SCS in the previous 2 years versus
patients with milder asthma or without asthma. Estimated annual cost of corticosteroid-induced morbidity
in asthma was nearly six times higher for patients with high- versus low-SCS exposure [47].

In an observational cohort study in Sweden (PACEHR), similar results were observed. Age-adjusted total
annual cost of comorbidities associated with SCS use was three times higher in the regular SCS group
(=5 mg per day) compared to the non-SCS users and more than twice as high as in the periodic SCS
group (<5 mg per day). In this study, pneumonia, diabetes, hypertensive disease, ischaemic heart disease,
heart failure, cerebrovascular disease, depression and osteoporosis were significantly more frequent
amongst patients who regularly received SCS compared with periodic users, and the non-SCS group [48].
However, it should be acknowledged that the association between healthcare costs and SCS use is also a
reflection of disease severity.

Strategies to reduce SCS use

We suggest that awareness of the potentially harmful effects of SCS, regardless of the dose, duration or
frequency of administration, needs to be raised further among healthcare professionals. We propose that
patients and primary care physicians should heed the annual cumulative dose of SCS as a highly relevant
and easy to access red alert. A cumulative dose of 1 g per year can be considered as an easy-to-recall



threshold; this is equivalent to four short courses of SCS at the usual doses for treating an asthma
exacerbation, and studies have suggested that the prevalence of many corticosteroid-induced comorbidities
is increased at doses beyond this level [20, 27, 33]. Patients with asthma may be also be prescribed SCS to
treat nasal polyps or rhinosinusitis, or other comorbidities, and so we recommend the 1g per year
threshold as a total dose which should include prescription of SCS for any indication. It is likely that
significant savings could be made if corticosteroid-avoidance strategies could be considered in day-to-day
clinical practice. We believe that several steps should be taken to reduce the use of SCS [7]. While
guidelines are clear on the use of SCS for treatment for severe exacerbations it would be useful to consider
further measures to enforce the appropriate use, i.e. consider stringent recommendations for both
short-term and chronic SCS use. Implementing strategies to improve asthma control may also prove
helpful, such as: 1) as-needed combination therapies in mild asthma; 2) risk factor reduction; 3) improving
adherence/inhaler technique [49]; 4) increasing ICS dose during exacerbations [50]; 5) earlier initiation of
add-on therapies; 6) use of biologics in appropriate patients; and 7) development of new therapies to
better control the disease and avoid acute asthma symptoms/exacerbations that will require SCS. Above all,
widespread education of the medical community is needed. Furthermore, education of our patients on the
cumulative side-effects of SCS and high-dose ICS is critical to engage them in the care process. All these
measures would help to limit the use of SCS to appropriate patients.

Conclusions

We acknowledge the crucial role of SCS in the treatment of acute asthma exacerbations and the
effectiveness of these therapies in appropriate patients. However, we also believe that it is important to
avoid the inappropriate use of these treatments, in order to prevent SCS-induced morbidity in asthma.
Striking this balance between efficacy and safety is paramount; otherwise patients with asthma bear not
only the burden of the disease, but also that of steroid-related morbidities.

The evidence in the literature on the association between short-course SCS and harmful adverse events is
strengthening. It is clear that even very brief dosing periods (3-7 days) of SCS are enough to cause
significantly negative outcomes for patients. The relatively high healthcare costs associated with SCS use
combined with the side-effects of these drugs highlights the unmet need for steroid-sparing therapies for
the treatment of patients with asthma.

Inappropriate short-term use of SCS for treatment of mild exacerbations or symptoms of asthma should
be recognised as a significant healthcare problem which can be addressed through education of the
medical community, by maximising the use of other effective treatments for asthma to reduce the need for
SCS, and by limiting the annual cumulative dose to 1 g.
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