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Oral corticosteroids for asthma exacerbations might be associated
with adrenal suppression: Are physicians aware of that?
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SUMMARY

Introduction: Oral corticosteroids (OCS) are a mainstay of treatment for asthma
exacerbations, and short-term OCS courses were generally considered to be safe.
Nevertheless, frequent short-term OCS courses could lead to hypothalamic-
pituitary-adrenal (HPA) axis dysfunction. Our study aimed at investigating the
integrity of the HPA axis in children with persistent asthma or recurrent wheezing
at the beginning of an inhaled corticosteroids (ICS) trial.

Method: Morning basal cortisol was assessed just before the beginning of ICS,
and 30, 60, and 90 days later, using Immulite® Siemens Medical Solutions
Diagnostic chemiluminescent enzyme immunoassay (Los Angeles, USA; 2006).
Results: In all, 140 children (0.3-15 years old) with persistent asthma or recurrent
wheezing have been evaluated and 40% of them reported short-term OCS courses
for up to 30 days before evaluation. Out of these, 12.5% had biochemical adrenal
suppression but showed adrenal recovery during a three-month ICS trial treatment.

Study conducted at Endocrinology and
Pneumology Division, Department of
Pediatrics, Faculdade de Medicina/
Hospital das Clinicas, Universidade
Federal de Minas Gerais (UFMG),

. _ No significant differences were observed among children with or without adrenal
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suppression, neither in the number of days free of OCS treatment before cortisol
evaluation (p=0.29) nor in the last OCS course duration (p=0.20). The number
of short-term OCS courses reported in the year preceding the cortisol evaluation
was also not different (p=0.89).

Conclusion: Short-term systemic courses of corticosteroids at conventional
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doses can put children at risk of HPA axis dysfunction. ICS treatment does not
impair adrenal recovery from occurring. Health practitioners should be aware
of the risk of a blunted cortisol response upon exposure to stress during the
follow-up of patients with persistent asthma or recurrent wheezing.

http://dx.doi.org/10.1590/1806-9282.63.10.899
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INTRODUCTION

Baseline cortisol measurements are classically per-

Corticosteroids are a mainstay of treatment for asthma
and in conjunction with inhaled short-acting beta,-ago-
nists (SABA) are responsible for lower children hospital-
ization rates during flare-ups.!

Short-term oral corticosteroids (OCS) courses used
in asthma exacerbations are normally considered to be
safe and the possibility of adrenal failure was disregarded.?
But children who recurrently visit a health care provider
and require multiple OCS courses may have hypothalam-
ic-pituitary-adrenal (HPA) axis dysfunction.?

formed to confirm the integrity of the HPA axis response
in several clinical situations, such as suspected adrenal
suppression (AS). Morning basal cortisol assessment is
a simple, inexpensive method with good correlation
with serum cortisol after corticotropin-releasing hor-
mone (CRH) stimulusand could be a screening tool in
children with asthma at risk of AS after corticosteroid
withdrawal.*¢

The study aimed at investigating the integrity of the
HPA axis in children with persistent asthma and infants
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with recurrent wheezing at the beginning of a first inhaled
corticosteroids (ICS) trial.

MeTHOD

This four-year prospective study was approved by the
Research Ethics Committee of Federal University of Minas
Gerais (UFMG), in Belo Horizonte, Brazil. The children,
adolescents and legal guardians agreed to participate and
signed an informed written consent after receiving all
pertinent information.

Participants were enrolled in a large Public Health
Program for asthma control in Belo Horizonte, Brazil.
The program is a partnership between UFMG and the
Brazilian public health system (SUS, in the Portuguese
acronym), which provides controller treatment according
to The Global Strategy for Asthma Management and
Prevention:” ICS (beclomethasone dipropionate CFC with
a spacer at daily doses of 100-200 mcg), inhaled broncho-
dilator SABA and OCS as needed (prednisone at 1-2 mg/kg).
As part of the treatment, training for the children’s par-
ents/guardians or carers and information on environ-
mental control were also provided.

Recurrent wheezing infants and children with persis-
tent asthma who have been referred for ICS controller
therapy trial were randomly recruited for a cross-section-
al investigation of HPA axis integrity. Subjects who have
previously received ICS or presented any other chronic
disease that could interfere with adrenal function were
not included.

Morning cortisol level was assessed just before the
beginning of ICS and 30, 60 and 90 days later. Following
overnight fasting, blood samples were collected between
7:00 and 8:00 a.m., processed at the Hospital das Clinicas
(HC) UFMG Laboratory Medical Service and evaluated
using Immulite Siemens Medical Solutions Diagnostic
chemiluminescent enzyme immunoassay, Los Angeles -
USA, 2006. Lab work results were presented in mcg/dL
(conversion factor: nmol/L = mcg/dL x 27.59). The par-
ticipants’ basal serum cortisol levels were analyzed ac-
cording to the manufacturer’s data. The manufacturer’s
range is 5-25 mcg/dL, the detection limit (sensitivity) is
> 0.2 mcg/dL and the working range is 1-50 mcg/dL.

At each visit, all participants filled out a clinical
data form.

Statistical analysis

Descriptive statistics were performed, and the data were
presented as measures of central tendency and dispersion
(median and mean+SD) for continuous variables and as
proportions for categorical and quantitative variables.

Chi-square or Fisher exact test were used to evaluate
the association between categorical variables. To compare
numeric variables between independent groups, Student’s
t-test or Kruskal-Wallis test was used. A 95% confidence
interval was calculated using the Fleiss quadratic method.
The statistical package Software Epilnfo version 6.04 was
used; differences were considered significant at p<0.05
for all analyses.

ResuLts
One hundred and forty (140) children, 60.7% male, with a
median age of 2.5 (0.3-15) years were included in the study.

Ninety-six patients (96, 68.6%) reported short-term
OCS courses in the past 12 months, and 56 of them re-
ceived an OCS course for up to 30 days before the evalu-
ation. The distribution of morning cortisol levels accord-
ing to a reference range and follow-up characteristics are
presented in Table 1.

Seven out of the 56 children (12.5%) showed suppressed
morning basal cortisol (< 5 mcg/dL): median of 2.6 (1.6-4.9)
mcg/dL. They were all male subjects with a median age of
1 (0.3-4.6) year, and didn’t present signs or symptoms of
adrenal insufficiency. The 87.5% remaining children (n=49)
aged 2.7 (0.3-15) years presented a median morning basal
cortisol within the reference range: 12.8 (5.2-25.8) mcg/dL.
The serum cortisol of these two groups of children showed
a statistical significant difference (p<0.0001).

The parents/guardians reported 2.8+2.0 short-term
OCS courses for the whole group in the 12 months preced-
ing the cortisol evaluation. No statistically significant dif-
ferences were observed neither in the number of days free
of OCS treatment (p=0.29) nor in the last OCS course du-
ration (p=0.20) among patients with low and normal basal
cortisol levels. The number of short-term OCS courses re-
ported in the year preceding the evaluation was also not
different (p=0.89) among both groups of children (Table 1).

Adrenal function recovery was observed throughout
the 90-day ICS trial period in the seven patients who
presented suppressed cortisol levels; they achieved nor-
mal values (> 5 mcg/dL) within a month. A progressive
increase of mean cortisol values was observed in these
seven children compared to the results of the other 133
participants with normal adrenal function since the
first assessment (Table 2).

Also during the 90-day trial period, we observed a
decline of 62.5% in the need of rescue treatment for pa-
tients using ICS: the percentages of OCS use in the first,
second and third month of evaluation were 5.6, 3.5 and
2.1%, respectively. During the follow-up, no children pre-
sented signs or symptoms of adrenal insufficiency.
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TABLE 1 Basal serum cortisol in asthmatic children and variables related to short-term oral corticosteroid courses before

inhaled corticosteroid trial.

Cortisol (mcg/dL)* Statistical test p-value
Group <5 (n=07) > 5 (n=49)
Age (years)° 1.0 (0.3-4.6) 2.7 (0.3-15) KW=1.84 0.0708
Basal cortisol® 2.6 (1.6-4.9) 12.8 (5.2-25.8) KW=18.01 <0.0001
Duration of last OCS course (days) 5.7%2.2 4.6+2.1 t=1.31 0.20
Number of OCS courses (last 12 months) 2.7+1.4 2.8+2.0 t=0.14 0.89
Interval free of OCS courses (days) 4.0 (1-27) 14.0 (1-30) KW=0.22 0.29

*Reference value > 5 mcg/dL.
“Median (range).
OCS: short-term oral corticosteroid.

TABLE 2 Early basal serum cortisol recovery during inhaled corticosteroid trial in 140 asthmatic children.

n Cortisol* n Cortisol KW p-value
Median (range) Median (range)
Basal 7 2.6 (1.6-4.9) 133 12.0 (5.2-41.6) 27.71 <0.0001
30 days 7 9.5 (1.3-14.6) 92 11.3(3.7-26.2)  4.48 0.0344
60 days 6 9.2(3.9-19.8) 77 11.6 (4.9-27.3)  1.20 0.2756
90 days 4 121 (10.2-14.4) 46 12.6 (4.6-35.3)  0.02 0.8862

Reference value > 5 mcg/dL.

Discussion

We investigated the HPA axis integrity of wheezing infants
and asthmatic children and adolescents enrolled in a large
Public Health Program for asthma control. Short-term
OCS courses proved to be related with biochemical adre-
nal suppression in 12.5% of them. These results cause
concern because systemic corticosteroids are widely used
for acute asthma treatment. Children with poor adherence
to the maintenance treatment are at major risk.

Adrenal crisis prevalence is unknown and may be quite
rare.’ Indeed, no signs and symptoms of adrenal crisis after
steroid withdrawal such as hypotension, shock, lethargy,
unexplained hypoglycemia or seizures have been reported
in our series. Nevertheless, adrenal atrophy was described
at autopsy in asthmatic children who had been submitted
to corticotherapy and presented unexpected deaths.’

Adrenal gland hypoplasia and atrophy are preceded by
HPA-axis suppression, which in turn has been demon-
strated to occur after exposure to courses as short as five-day
duration of oral corticotherapy.'® It has been described that
any subject who has taken 20 mg of prednisone for 5 days
or longer is at risk of HPA axis suppression.'!

As previously shown'? and corroborated in our study,
HPA axis dysfunction at baseline conditions may already
be detected at the very first week after discontinuation of
OCS treatment. After corticosteroid withdrawal, central
recovery precedes the peripheral recovery but AS may take

longer to cure. Prolonged HPA axis suppression has been
reported in otherwise asymptomatic adult patients un-
dergoing 14-day steroid treatment for acute exacerbation
of chronic obstructive pulmonary disease.'* And for chil-
dren presenting other chronic disease, biochemical eval-
uation at twenty months after OCS withdrawal could
reveal a persistent risk of 11% of AS.*

Prolonged AS is more likely to be associated to long
durations of OCS treatment and more potent corticoste-
roids or multiple doses."*!'® Mortimer et al. observed that
the risk of adrenal failure doubles per corticotherapy
course per year.!” But this cumulative effect of OCS on
AS is not always clear. In our series, the number of OCS
courses received in the preceding year was similar among
children with or without HPA-axis suppression.

Systemic adverse effects such as AS have been clearly
associated with OCS and to a lesser degree with ICS
use.!21%16 In asthma controller treatment, side effects due
to ICS use may be triggered by many variables such as
bioavailability related to dosage, delivery device, particle
size and lung versus upper airway deposition.'®

Evidences of HPA dysfunction due to ICS have been

10.19-23 of cases and

reported in the literature in up to 40%
due to OCS in up to 80%.2* Symptomatic AS can be seen
in children treated with inhaled beclomethasone even at
initial doses as low as 200 mcg/day, depending on indi-

vidual sensitivity and genetic predisposition.*®
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The Canadian Society of Allergy and Clinical Immunol-
ogy recommends screening for AS in children receiving
high-dose ICS based on morning serum cortisol level.'®
The current recommendation is to use the lowest effective
dose of ICS to maximize the benefit-risk ratio,’ but some
children will really need high-dose ICS to control asthma
symptoms. Among available high-dose ICS drugs and de-
vices, both inhaled beclomethasone dipropionate and
fluticasone propionate have a bigger effect on the HPA axis
than budesonide due to metabolic issues.?>?°

It seems that for both OCS and ICS, corticosteroid
dose and duration of treatment, despite being important
risk factors, are not good predictors of which patients
will actually develop adrenal insufficiency.'>'** Surpris-
ingly, the most reliable predictors of AS described in asth-
matic children are related to clinical features such as low
body mass for age,?® decreased lung function and poor
symptom control.?’

Impaired adrenal function in asthmatic children
was believed to contribute to the development of more
severe asthma, but current data suggest that asthma
itself may down regulate the HPA activity so that ICS
treatment may actually improve adrenal function in
well-controlled patients.*

In our series, biochemical adrenal suppression was
resolved in a short period during follow-up both by con-
trolling asthma symptoms with inhaled corticosteroid
treatment and by ceasing systemic drug treatments. There-
fore, controlling asthma symptoms better could have had
an important impact on HPA axis recovering possibly by
reducing inflammatory mediators.

Our findings reinforce the idea that treating children
with asthma and recurrent wheezing infants during flare-
ups with short-term OCS courses at conventional doses
can put them at risk of HPA axis dysfunction. In childhood,
in the absence of a good predictive marker or forecast, the
most important method to prevent adrenal crisis might
be risk awareness and clinical follow-up.

We conclude that short-term systemic courses of cor-
ticosteroids at conventional doses were related to bio-
chemical adrenal suppression, which can put children at
risk of HPA axis dysfunction. A blunted cortisol response
upon exposure to stress could occur after corticosteroid
withdrawal and basal cortisol should be promptly assessed
in case of any suspicion or presence of symptoms such as
fatigue, myalgia and reduced vitality in clinical practice.
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Resumo

Uso de corticosteroides orais nas exacerbacdes da asma
pode estar associado a supressdo adrenal: os médicos
estdo alertas?

Introducio: A corticoterapia oral (CO) é um dos pilares
do tratamento na exacerba¢io da asma, e cursos de
curta duracdo sio geralmente considerados seguros. No
entanto, crianc¢as submetidas a repetidos cursos estdo
sujeitas a disfunc¢do do eixo hipotdlamo-hipéfise-adre-
nal (HHA).

Objetivo: Investigar a integridade do eixo HHA em crian-
¢as com asma persistente ou sibildncia recorrente com
indica¢do para corticoterapia inalatéria (CI).

Método: Avaliacio do cortisol sérico basal antes da in-
troducido da CI e 30, 60 e 90 dias apds iniciado o trata-
mento, utilizando-se o imunoensaio Immulite® Siemens
Medical Solutions Diagnostic chemiluminescent (Los
Angeles, EUA; 2006).

Resultados: Das 140 criancas avaliadas (0,3 a 15 anos
de idade) com asma persistente ou sibilincia recorrente,
40% relataram ter recebido CO no altimo més antes da
avaliacido. Cerca de 12,5% delas apresentaram supressio
adrenal bioquimica e evoluiram com recuperagio do
eixo HHA durante os primeiros trés meses em CI. O
nimero de dias livres de CO e a durac¢io do dltimo cur-
so antes da avaliacdo do cortisol nio foram significati-
vamente diferentes entre as criancas com ou sem supres-
sdo adrenal (p=0,29 e p=0,20, respectivamente). O
namero de cursos de curta duracio relatados no ano
anterior 4 avaliacio também nio esteve associado a su-
pressdo adrenal (p=0,89).

Conclusio: A utilizacdo dos corticosteroides nas doses
convencionais, em cursos de curta dura¢io, pode colo-
car as criangas em risco de disfuncio do eixo HHA. A
recuperacio desse eixo é possivel durante a CI. Profissio-
nais de satide devem estar atentos para a possibilidade
de resposta inadequada ao estresse durante o acompa-
nhamento de crian¢as com asma persistente ou sibilan-
cia recorrente.

Palavras-chave: asma, corticosteroides, supressio, crianca.
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