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Summary
Inhaled corticosteroids have been the cornerstone of
atopic, allergic asthma management for more than half
a century. They have side effects (as does every medication), but they have transformed the control of asthma
and saved many lives since their introduction. The current
review revisits local and systemic side effects of inhaled
corticosteroids and explores the prevalence and nature
of parental fears (“corticophobia”) in different parts of the
world. The empathetic physician treating asthma should
bear in mind the impact of parental concerns on the management of this potentially life-threatening disease and try
to dispel myths at every opportunity by emphasising the
well-established benefits and excellent safety profile of inhaled corticosteroids.
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Introduction
Inhaled corticosteroids (ICSs) have been the bedrock of
asthma therapeutics for more than 50 years [1, 2], in particular for those with the treatable trait of eosinophilic airway
inflammation [3]. Families, patients and clinicians recognise that these drugs have improved quality of life and
saved so many lives, and many adopt a realistic approach
regarding treatment benefits as well as their safety profile
[4]. The Global Initiative for Asthma (GINA) guidelines
have highlighted the risks of managing even step 1 asthma
without a preventer, and no longer recommend salbutamol
only treatment in adolescents and adults. This combined
reliever is recommended at all stages in this age group [5].
Corticophobia is something that many practitioners have
to deal with, since the risk-benefit ratio of ICSs troubles
many families all over the world [6–9]; no consultation can
be regarded as holistic, unless there is empathetic exploration of parental and patients’ concerns, with the aim of
improving adherence [10].
Correspondence:
Dr Dimos Gidaris FRCPCH, MRCPE, PhD,
MSc, PGCertMed, 9A, Pantazopoulou str, Ampelokipi
56121, Thessaloniki, Central Macedonia, Greece,
dgidaris[at]doctors.org.uk

ICSs reduce asthma morbidity and mortality, but – as with
every medication – they are not perfect [11]. The ideal
ICS would have maximal efficacy (high lung deposition
and long duration of action) combined with low systemic
bioavailability and rapid systemic clearance [12].

Local and systemic side effects of inhaled corticosteroids
Side effects from the use of ICSs are potentially local or
systemic. Potential side effects upon the skin and mucous
membranes of the respiratory tract are shown in table 1.
These local side effects are frequently underreported by
the families [13] and can be minimised by proper education regarding inhalation technique (use of a spacer and
immediate mouth rinsing after inhalation) [10]. Occasionally, changing to a different inhalation device may be warranted, depending on the specific local side effect [14]. Devices have different balances between oropharyngeal and
lower airway deposition, and may be more or less convenient to use. Thus a spacer will ensure better lower airway
deposition than a pressurised metered dose inhaler alone,
but is less convenient than dry powder or breath-actuated
devices, which have intermediate effects on lower airway
deposition. Nebulisers have no place in home management
of asthma, because they have repeatedly been shown not
to be more efficient than a pressurised metered dose inhaler and spacer. Systemic side effects of inhaled corticosteroids are outlined in table 2. It is worth emphasising that
these systemic adverse effects occur only when these medications are systemically available [15].
Suggested low, intermediate and high doses for different
age groups for the different steroids are summarised in tables 3a and 3b [5].

Linear growth
Despite the dictum that “short stature never killed anybody” [16] and the well-known fact that ICSs control a
potentially life-threatening disease, parents’ main concerns
regarding these medications understandably centre around
linear growth suppression [17]. Systemically available corTable 1: Potential local adverse effects of inhaled corticosteroids.
Reflex cough
Candidiasis (oropharyngeal – oesophageal)
Dermatitis (perioral)
Hoarse voice
Feeling thirsty – dry mouth
Foul breath (halitosis)
Increased risk of tuberculosis, atypical mycobacterial infection and
pneumonia, at least in adults
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ticosteroids can affect linear growth through several mechanisms: growth hormone suppression, down-regulation of
growth hormone receptors, inhibition of insulin-like
growth factor-1 and suppression of collagen synthesis at
the epiphyseal growth plate [18, 19]. A Cochrane review
in 2014 concluded that “regular use of ICS at low or medium daily doses is associated with a mean reduction of 0.48
cm/y in linear growth velocity and a 0.61-cm change from
baseline in height during a one-year treatment period in
children with mild to moderate persistent asthma” [20]. In
the same review it was pointed that the growth effects of
ICSs are molecule dependent, with newer drugs such as
ciclesonide and mometasone – albeit with fewer patients
in relevant papers – appearing to be safer [20]. The common-sense approach to use the lowest effective dose has
been substantiated by another Cochrane review published
the same year, which reported that low doses produced a
smaller reduction of growth velocity compared with medium doses in prepubescent school-aged children with mild
to moderate persistent asthma [21]. It must be emphasised
that before escalating ICS doses it is essential to check
that all the basics of asthma management have been addressed [22], given that the dose-response curves of pulmonary anti-inflammatory effects and undesired systemic
adverse effects differ substantially [23] (fig. 1). Indeed,
most children have no additional benefit from increasing
ICS dose beyond 200 μg/day [24]. More recently, Axelson
et al concluded that the effects of ICSs may also be device
dependent [25]. However, it should be noted that the randomised controlled trials which inform these systematic
meta-analyses do not mirror what happens in real life.
Table 2: Potential systemic adverse effects of inhaled corticosteroids.
Effects on linear growth (suppressed growth velocity –reduced final
height)
Adrenal insufficiency/crisis due to hypothalamus-hypophysis-adrenal
axis suppression
Effects on bone health
– Osteoporosis
– Bone fractures
Effects on immunity
Ophthalmological complications
– Cataract
– Glaucoma
Impairment of glycaemic control

Specifically, in these studies fixed doses of ICSs were
used, whereas in clinical practice doses are reduced when
asthma is controlled. Additionally, most of these studies
enrolled prepubertal children with mild persistent asthma
who may exhibit more steroid-induced growth suppression
than children with more severe asthma [15]. The best longitudinal study is the Children’s Asthma Management Program (CAMP) study, which showed that mean adult height
of children who received budesonide 400 μg/day for 4.5
years was only 1.2 cm lower compared with the placebo
group [26]. However, it should not be forgotten that uncontrolled asthma per se, as well as atopy, also may impair linear growth [17, 27–29]; additionally, some of the asthmatic patients prescribed an ICS have an extra steroid burden
(topical steroids for allergic rhinitis and atopic dermatitis) [30] and/or may be on other medications that may affect growth, such as central stimulants (methylphenidate or
dextroamphetamine) for the treatment of attention deficit
hyperactivity disorder or antiepileptic drugs [31–33]. Measuring the height and showing the growth chart to the family is a sine qua non of every asthma consultation [17, 22].
Adrenal insufficiency / crisis due to hypothalamus-hypophysis-adrenal axis suppression
Exogenous administration of high-dose corticosteroids
may produce adrenal suppression through negative feedback at the level of hypothalamus and hypophysis [34].
This may go unnoticed until the impact of a new physiological stress or reduction in asthma treatment leads to
adrenal insufficiency [19]. Suppression of the hypothalamus-hypophysis-adrenal axis secondary to ICS use was
considered extremely rare, until Todd et al. published in
2002 a survey of UK paediatricians and endocrinologists
that identified 33 asthmatic patients (28 children and 5
adults) with adrenal crises [35]. This iatrogenic adrenal
failure typically initially produces a nonspecific clinical
picture of fatigue, malaise, vomiting, poor weight gain,
arthralgias, myalgias, dizziness and psychiatric symptoms.
Adrenal crisis presents with hypotension and hypoglycaemia which –if left untreated – will lead to seizures
and coma. Longer duration (>18 months) and higher doses
(>400 μg/day of beclomethasone or equivalent) are obvious risk factors [36], but idiosyncratic responses to low-

Table 3a: Total inhaled corticosteroid dose (μg/day) in children 6–11 years old.
ICS

Low dose

Intermediate dose

High dose

Beclomethasone (pMDI, HFA)

100–200

>200–400

>400

Budesonide (DPI)

100–200

>200–400

>400

Budesonide (nebules)

250–500

>500–1000

>1000

80

>80–160

>160

50–100

>100–200

Ciclesonide (pMDI, HFA)
Fluticasone propionate (pMDI, HFA or DPI)
Mometasone furoate (pMDI, HFA)

100

>200
200

DPI = dry powder inhaler; HFA = hydrofluoroalkane propellant; ICS = inhaled corticosteroid; pMDI = pressurised metered-dose inhaler
Table 3b: Total inhaled corticosteroid dose (μg/day) in patients older than 12 years.
ICS

Low dose

Intermediate dose

High dose

Beclomethasone (pMDI, HFA)

200–500

>500–1000

>1000

Budesonide (DPI)

200–400

>400–800

>800

Ciclesonide (pMDI, HFA)

80–160

160 – 320

>320

Fluticasone propionate (pMDI, HFA or DPI)

100–250

>250–500

Mometasone furoate (pMDI, HFA)
Mometasone furoate (DPI)

>500

200

400

200–400

>400

DPI = dry powder inhaler; HFA = hydrofluoroalkane propellant; ICS = inhaled corticosteroid; pMDI = pressurised metered-dose inhaler
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moderate doses cannot be ruled out, meaning that a high
index of suspicion in children presenting with nonspecific
symptoms is mandatory [37]. The clinician should also
inquire about co-administration of other medications that
potentiate the systemic effects of steroids (for example,
some antifungals, antiretrovirals, antidepressants and ciclosporin) or other prescriptions of exogenous steroids that
increase the steroid burden [38]. Symptomatic and highrisk patients should be investigated for adrenal suppression
with the help of an experienced paediatric endocrinologist.
There is a lack of consensus regarding the optimal test
[39], but dynamic testing of the axis with low-dose (1 μg)
adrenocorticotropic hormone (ACTH) stimulation is considered superior to early morning cortisol screening, since
the latter may be affected by disturbances of the sleepwake cycle [37]. The management of adrenal suppression
should ideally be guided by a paediatric endocrinologist
and the asthma specialist should ensure that patients and
families are educated about recognising this potentially
lethal adverse event and have a rescue plan in the event of
it occurring [38].
Effects on bone health
It is well known that systemic administration of glucocorticosteroids modifies osteoblastic and osteoclastic activity leading to osteoporosis and pathological fractures [40].
Loke et al. in their meta-analysis (2015) did not demonstrate any significant association between ICSs and fractures in children (pooled odds ratio [OR] 1.02, 95% confidence interval [CI] 0.94–1.10, two studies), or adults
(pooled OR 1.09, 95% CI 0.45–2.62, four studies). In the
same work no bone mineral density reduction was reported
with ICS prophylaxis as compared with controls [41]. In
a more recent population-based nested case-control study,
Gray et al. showed no significant association between first
fracture after asthma diagnosis and current use (OR 1.07,
95% CI 0.97–1.17), recent use (OR 0.96, 95% CI
0.86–1.07), or past use (OR 1.00, 95% CI 0.91–1.11) of
ICSs compared with controls [42]. However, in the same
population, use of systemic corticosteroids led to a greater
Figure 1: Pulmonary anti-inflammatory effects (—) and undesired
systemic side effects (- - -) if inhaled corticosteroids (ICSs) at different daily doses. The figure is intended to illustrate the basic principle of these two different dose-response curves. The curves depicted here belong to a hypothetical ICS; exact values on the X
axis may differ between ICSs and patients. (Reproduced with permission of the © ERS 2020: European Respiratory Journal.
2001;17(2):287–94.)
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odds ratio for fracture (OR 1.17, 95% CI 1.04–1.33) [42].
Clinicians should exercise greater caution when there are
additional risk factors for reduced bone mineral density,
such as poor diet, other chronic diseases or a family history
of osteoporosis. Nutritional interventions that ensure adequate intake of vitamin D and calcium are essential for
every child’s bone health [43, 44]. Additionally, given that
vitamin D deficiency may influence the inflammatory response of the respiratory tract, monitoring vitamin D levels
in asthmatic children is advised [45, 46]. Weight-bearing
exercise should be encouraged to increase bone mineral
density. The Pediatric Endocrine Society Drugs and Therapeutics Committee recently concluded that routine dualenergy X-ray absorptiometry screening is not justified in
children taking ICS without other major risk factors [18].
Effects on immunity
Systemic administration of corticosteroids leads to immunosuppression and therefore there is an understandable
concern that ICSs may also impair innate airway defence
mechanisms [17]. In the adult population, recent work
points towards an increase in the incidence of pneumonia
in patients with asthma prescribed ICSs [47]. Similar concerns exist regarding tuberculosis in adults with obstructive lung diseases who are treated with inhaled steroids
[48]. Finally, nontuberculous mycobacterial pulmonary
disease has been associated with preceding ICS use, with
evidence for a dose-response relationship [49]. Data in
children are too sparse to draw any firm conclusions [50].
Ophthalmological complications (cataract and glaucoma)
Because systemic steroids lead to an increased risk of
cataract formation and glaucoma, the association between
inhaled steroid therapy and ocular side effects has been investigated [51–53]. The CAMP study was reassuring regarding cataract formation; out of 311 children who were
randomly assigned to receive budesonide, only one child
was classified as having a barely measurable (<0.5 mm)
posterior subcapsular cataract [54]. Similarly, no increase
of glaucoma has been found in children prescribed ICSs
[55].
Impairment of glycaemic control
Glycaemic effects of ICSs in children have been investigated in only one small study. A Turkish group reported
that levels of glycated haemoglobin (HbA1c) in asthmatic
children were significantly higher than in controls, but
no significant correlation between cumulative steroid dose
and HbA1c levels was demonstrated [56]. It is clear that
more data are needed. Clinical experience is that glycaemic
complications of ICSs are incredibly rare if indeed they occur.

Corticophobia
The topic of corticophobia in families of asthmatic children has been explored in 13 original studies in the English-language literature from 1996 to 2018 [7, 8, 57–66].
Only two research groups used the Beliefs about Medicine
Questionnaire (BMQ) [63–66]; BMQ is considered a psychometrically sound instrument that explores commonly
held beliefs about medicines [67]. The other papers used
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unvalidated questionnaires that each group devised for the
purposes of their study. Corticophobia appears to trouble
5.23–67.3% of families of asthmatic children. This wide
range may be attributed to many factors, including but
not limited to the following: using different and often unvalidated tools, sociocultural differences, populations that
have received different educational approaches, and
changing eras. It is worth emphasising that steroid phobia
in different parts of the world may have different qualities
[68]. Lim et al. (1996) interviewed parents from Singapore
and reported general concerns regarding use of inhalers, including fears of addiction and drug overdosage [57]. Chan
et al. compared parents in Malaysia with and without concerns regarding use of inhalers and found no significant
differences regarding worries about steroid use [58]. This
study leads to the important conclusion that the fear may
be of devices, not ICS, and therefore it is important to determine what exactly the family fears. If it is the device,
talking about the safety of ICSs will not allay those fears.
Yoos et al., in a study that explored barriers to asthma management, found that ethnic minority families in the USA
were more likely to have negative attitudes towards prophylactic ICSs [59] Conversely, Conn et al. reported that
“non-minority parents were more likely to have necessity scores that exceed concern scores (79% vs 68%; p =
0.03) compared with ethnic minority parents” [64]. In a
small study from Israel, Gazala et al. highlight that parental
fears focus on addiction, irritability and steroid effects on
weight and height [60]. Zedan et al. – in the only study
from Africa – reported that in the majority of parents the
fear of nonspecific side effects and, interestingly – in a minority of patients – concerns regarding immunity and bone
density [8]. Zhao et al – in the largest study published on
this topic to date – reported that 24% of the Chinese families they studied are worried about potential adverse effects
of steroids on their child’s intelligence [61]. Another facet
of parental corticophobia is the pragmatic concern about
the high cost of these medications in some healthcare systems [69]. Anecdotally, some families may confuse ICSs
with anabolic steroids and need to have fears that, for example, their child may grow a beard, allayed. Clearly corticophobia is a complex phenomenon with many different
underlying factors that vary with ethnicity and geographical location.

of families who had greater fears regarding medication use
were more likely to miss 25% of the prescribed steroid
doses compared to families with no such concerns [58].
Gazala et al. found that concerned Israeli mothers reduced
the recommended dosage far more frequently than mothers
with no such concerns [60]. Similarly, one fourth of the
families in a recent study from Turkey stopped or reduced
ICSs owing to corticophobia [9]. Conn et al. in a study
of 150 families using a self-reported medication adherence
scale and the necessities and concerns subscales of the
BMQ reported that “parental concerns about medications
independently predicted medication adherence (α= −0.317,
p = 0.03, overall model r2 = 0.168)” [63]. However, note
that more than 80% of non-adherence could not be accounted for by corticophobia, at least in this study. Two
years later, the same group, using the same methodology in
a sample of 622 families, concluded that the mean adherence score increased as the necessity – concern differential
score increased [64]. This score is the difference in scores
between the necessity subscale and the concern subscale of
the BMQ, with a positive score indicating greater necessity or need for the medications, and a negative score indicating greater concern about the medications [67]. Carroll
et al., in an international study(the Room to Breathe Survey) found that those parents who self-reported “concerns
about steroid medication” were more likely to have a child
with very poor control (three or more GINA-uncontrolled
items) (OR 1.65, 95% CI 1.23–2.23; p = 0.0006) [74].
Koster et al. showed that “children whose parents had high
concerns about medication also showed a two times higher risk for uncontrolled asthma at age 8” despite no differences in self-reported adherence between parents with
strong and parents with minor concerns regarding prophylactic medication [66]. These findings are likely to reflect
the well-known shortcomings of subjective measurements
of medication adherence [73] and also confirm that nonadherence is multifactorial [75]. The findings of Ip et al.
from Hong Kong [62] echo Koster’s results and at the same
time highlight that concerned parents resort to alternative
medicine more frequently. We agree with the views of Hui
et al. that poor asthma control may reflect the impact of
parental steroid phobia more accurately than reported medication adherence, especially when the latter is not supported by objective measurements [70].

A recent review article highlighted the paucity of data on
the perspective of adolescents and called for papers that
compare the views of parents and their asthmatic children
on their concerns regarding inhaled steroids [70]. Physicians have been shown to overestimate parental and patients’ concerns [71]. Therefore we need studies that will
explore the views of all stakeholders (patients, families and
health professionals) using validated tools. Rich and novel
insights into adolescent and parental corticophobia can be
derived by using data from online asthma forums that minimise geographical and other restrictions in participating in
research studies [72].

Engelkes et al in a systematic review concluded that “the
majority of the papers of good quality indicated that higher
levels of adherence were associated with a reduced risk
of severe asthma exacerbations” [76]. Given that adherence is a multifaceted and difficult to quantify phenomenon, this causal relationship is not always easy to prove
[77, 78]. It is worth noting that some studies have even
reported the inverse association, probably because of the
bias that treatment need is higher in patients with uncontrolled asthma, who are by definition at risk of asthma attacks [76]. It should never be forgotten that poor adherence
may be totally rational if in fact unnecessary or excessive
treatment has been prescribed! Chongmelaxme et al. in a
recent meta-analysis concluded that “the highest reduction
in the odds of exacerbation was associated with patients
achieving 80% or more adherence, and the odds were also
reduced among those with greater than equal to 50% adherence”; they also demonstrated a substantial increase in
asthma attacks with discontinuation of therapy [79].

Corticophobia and its consequences on asthma
Clearly, a substantial proportion of parents have significant
concerns regarding steroid therapy [70]; whether corticophobia has a significant effect on adherence is not completely clear [73]. A Malaysian study showed that children
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Summary and conclusions
Through this paper we have used the term “corticophobia”.
According to the Cambridge Dictionary, phobia is defined
as “an extreme fear or dislike of a particular thing or situation, especially one that is not reasonable” [80]. Given
that ICSs – as any other medication – do have side effects,
we urge the medical community to reconsider whether this
term is useful. We believe that using the words “fears” or
“concerns” is more appropriate, since they do not imply
that parental worries are irrational.
ICSs are now and for the foreseeable future the cornerstone
of the management of asthma, and have dramatically reduced morbidity and mortality. They are not perfect, but
they are far safer that systemic corticosteroids or any other
alternative. Until a cure for asthma is found, we need to
continue educating families, being clear about potential
great benefits and likely minimal side effects of this prophylactic therapeutic approach [5, 70]. Dispelling the
myths regarding corticosteroids is of the utmost importance [81].
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