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Abstract 

Background:  In severe asthma, high doses of inhaled corticosteroids (ICS) are used in order to achieve clinical and 
functional control. This study aimed to evaluate lung function in outpatients (children and adolescents) with severe 
asthma in Brazil, all of whom were treated with high doses of ICS. We evaluated all spirometry tests together and by 
ICS dose: 800 and > 800 µg/day.

Methods:  This was a 3-year longitudinal study in which we analyzed 384 spirometry tests in 65 severe asthma 
patients (6–18 years of age), divided into two groups by the dose of ICS (budesonide or equivalent): 800 and 
> 800 µg/day.

Results:  At baseline, the forced expiratory volume in one second (FEV1) and the FEV1/forced vital capacity (FVC) 
ratio were both < 80% of the predicted values in 50.8% of the patients. The median age of the patients was 10.4 years 
(interquartile range 7.8–13.6 years). In the sample as a whole, there were significant increases in FEV1% and in the 
FEV1/FVC% ratio (p = 0.01 and p < 0.001, respectively) over the course of the study. In the > 800 µg/day group, there 
were no statistical increases or decreases in FEV1, the FEV1/FVC ratio, or forced expiratory flow between 25 and 75% 
of the FVC (FEF25–75%), when calculated as percentages of the predicted values. However, the z-score for FEF25–75% 
showed a statistically significant reduction, in the sample as a whole and in the > 800 µg/day group. Also in the 
> 800 µg/day group, there was a significant reduction in the post-bronchodilator FEV1% (p = 0.004).

Conclusions:  The fact that the spirometric parameters (as percentages of the predicted values) remained constant 
in the > 800 µg/day group, whereas there was a gain in lung function in the sample as a whole, suggests an early 
plateau phase in the > 800 µg/day group. However, there was some loss of lung function in the > 800 µg/day group, 
as evidenced by a decrease in the z-score for FEF25–75%, suggesting irreversible small airway impairment, and by a 
reduction in the post-bronchodilator FEV1%, suggesting reduced reversibility of airway obstruction. Among children 
and adolescents with severe asthma, the use of ICS doses higher than those recommended for age does not appear 
to improve lung function.
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Background
In most children with asthma, the disease is controlled 
with low to moderate doses of inhaled corticosteroids 
(ICS). However, approximately 5% of such children pre-
sent with severe asthma that is uncontrolled or obtain 
asthma control only with the use of high doses of ICS, 
in combination with a long-acting β2 agonist (LABA) or 
leukotriene receptor antagonist, and still require frequent 
or prolonged treatment with oral corticosteroids [1–3]. 
In that population of patients, there is an increased risk 
of adverse reactions to the medications used, chronic 
morbidity, severe exacerbations, and death [1]. Pediatric 
asthma patients are also more likely to have presented 
with impaired lung growth and lung function during 
childhood, together with an early onset of asthma, as well 
as a more rapid decline in lung function, which can be 
lower than that expected, in adult life [4].

The finding of an abnormal trajectory through moni-
toring of the forced expiratory volume in one second 
(FEV1) can help identify pediatric patients at risk for 
abnormal lung function and irreversible airflow obstruc-
tion. Careful follow-up evaluation can identify the pla-
teau phase and a subsequent decline [5].

The evolution of lung function in asthma patients, as 
determined by monitoring FEV1, forced vital capacity 
(FVC), the FEV1/FVC ratio, and forced expiratory flow 
between 25 and 75% of the vital capacity (FEF25–75%), has 
been described in longitudinal studies [5–8]. In a study 
conducted in the United States [5], children with mild to 
moderate asthma on budesonide treatment were found to 
show an abnormal pattern of lung growth, as determined 
by assessing FEV1 as a percentage of the predicted value 
(FEV1%), which persisted into adult life. The authors also 
identified an early decline in lung function in 52% of the 
patients. Among children with moderate asthma in Europe 
[8], the use of 600 µg/day of budesonide resulted in a gain 
in lung function, as determined by measuring the post-
bronchodilator parameters related to the central and inter-
mediate airways. However, the authors also observed a loss 
of lung function in the distal airways. In a study in which 
38.7% of the pediatric patients had severe asthma, func-
tional alterations in the distal airways of those patients were 
associated with the persistence of asthma, as evidenced by 
a lower FEF25–75% [6]. In children with uncontrolled asthma 
symptoms, FEF25–75% can express airway obstruction better 
than can FEV1 and the FEV1/FVC ratio, both of which are 
often normal in children with asthma [7].

The scope of ICS treatment in preventing a loss of lung 
function in children and adolescents with asthma has also 
been a concern. In a study involving children with mild to 
moderate asthma in the United States, the use of budesonide 
was not found to increase the post-bronchodilator FEV1%. 
Because those patients entered treatment between 5 and 

12  years of age, the authors suggested that an irreversible 
loss of lung function might have occurred prior to the ini-
tiation of treatment [9]. It has been demonstrated that defi-
cits in the FEV1/FVC ratio, FEV1, and FEF25–75% observed 
at 2  months of age persist at 22  years of age, suggesting 
that reduced lung function is a risk factor for early airway 
obstruction in adulthood [10]. In a study involving chil-
dren and adolescents with severe refractory asthma treated 
with 1600 µg/day of budesonide in England [11], a gain in 
lung function, expressed as pre-bronchodilator FEV1  %, 
was observed only in the first year of follow-up. That gain 
was not progressive, reaching a plateau, with a mean FEV1 
below 80% of the predicted value, that was maintained over 
the following 3 years [11]. In pediatric patients with poorly 
controlled severe asthma, increasing the dose of ICS is rec-
ommended, because it is believed that doses > 500 µg/day of 
fluticasone or equivalent can be beneficial [12].

There have been few longitudinal studies of lung func-
tion in pediatric patients with severe asthma. Therefore, the 
objective of the present prospective study was to analyze the 
evolution of lung function over a 3-year period in a cohort 
of children and adolescents with severe asthma treated 
using high doses of ICS, considering all of the spirometry 
tests together and by dose of ICS: 800 and > 800 µg/day.

Methods
Study design and participants
This was a prospective cohort study in which 384 spirom-
etry tests of 65 patients with severe asthma, obtained over a 
period of 3 years, were referred by pediatric pulmonologists 
affiliated with the Wheezing Baby Program [13], which 
operates under the auspices of the Centro Multidisciplinar 
de Asma de Dif ícil Controle (CEMAD, Multidisciplinary 
Center for Difficult-to-Control Asthma), a university center 
in the city of Belo Horizonte, in southeastern Brazil. The 
methods of evaluation and therapeutic management of this 
cohort have previously been described [14]. We excluded 
192 spirometry tests: 108 because the patients had expe-
rienced exacerbations in the last 3 weeks; 33 because the 
tests were carried out in the learning phase; and 51 because 
the tests were performed less than 15 days apart.

Severe asthma is defined as asthma which requires 
treatment with high doses of ICS, plus a second con-
troller (with or without oral corticosteroids) to pre-
vent it from becoming “uncontrolled”, or which remains 
“uncontrolled” despite this therapy [1–3]. High doses of 
ICS (budesonide or equivalent) are defined as > 400 µg/
day for individuals between 6 and 11 years of age and as 
> 800 µg/day for those over 12 years of age [3]. Because 
all of the patients in our cohort were being treated with 
a minimum of 800 µg/day of ICS (budesonide or equiva-
lent), treatment with > 800 µg/day was classified as very-
high-dose treatment.
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Patients were recruited into the study between Septem-
ber 2010 and July 2015. At enrollment, all were in step 
4 or 5 of the Global Initiative for Asthma (GINA) treat-
ment plan and were using ≥  800  µg/day of budesonide 
or equivalent [3]. All of the patients were between 6 and 
18  years of age (median age, 10.4  years) and had been 
diagnosed with severe asthma. In all cases, the diagno-
sis had been confirmed after the factors associated with 
a lack of control (differential diagnosis, comorbidities, 
environmental factors, treatment adherence, and inhaler 
technique) had been reviewed and the treatment regimen 
had been adjusted according to the level of control [1–3].

The patients were evaluated periodically according to a 
standardized protocol that follows the recommendations 
of an expert panel convened by the World Health Organi-
zation to discuss severe asthma, in 2009 [1].

Evaluation of lung function
All spirometry tests were performed at the same place and 
time, with a spirometer (Spirobank II; Medical International 
Research, Rome, Italy). The tests were performed in accord-
ance with the recommendations of the American Thoracic 
Society [15]. Before and after administration of a bronchodila-
tor (400 µg albuterol by metered-dose inhaler), we measured 
FEV1, FVC, the FEV1/FVC ratio, and FEF25–75%. Increases of 
200  mL or 12% were considered significant post-broncho-
dilator variations in FEV1. The bronchodilator response was 
evaluated according to the proportional post-bronchodilator 
increase in FEV1 in relation to the baseline value [15].

The parameters are expressed as percentages of the 
values predicted value for age, gender, and height [15], 
as well as in z-scores, according to the Global Lung Ini-
tiative reference values [16], because the latter have been 
deemed valid for expressing and describing the changes 
over time in growing individuals [7].

Measurement of the fraction of exhaled nitric oxide
In all patients, the fraction of exhaled nitric oxide (FeNO) 
was measured prior to spirometry and only when the 
patients were free of upper airway infections. Using a 
portable analyzer (NIOX MINO; Aerocrine AB, Solna, 
Sweden), we obtained the FeNO values at an expiratory 
flow rate of 50 ml/s [17].

Optimizing treatment
At each visit, the level of asthma control was evaluated on 
the basis of the following parameters: daytime and night-
time symptoms; the ability to perform physical activities; 
and the need for rescue medication [18]. We also used 
the Asthma Control Test (ACT), on which a score < 20 
(out of a total of 25) indicates a lack of control [19]. At 
each visit, the treatment regimen and specific doses were 
adjusted according to the level of control [2, 3, 18].

All medications were provided free of charge to the 
patients by the pharmacies of secondary referral centers 
[13]. Over the course of the study, we monitored blood 
pressure, growth curves, body mass index, and the basal 
serum level of cortisol (measured annually), as well as 
monitoring clinical variables to identify any adverse 
effects of the medication prescribed. Annual evaluations 
were performed by ophthalmologists and by other spe-
cialists when indicated [2].

The patients were receiving one of two types of treatment: 
dry-powder inhalers delivering a combination of budeson-
ide and formoterol—Symbicort (AstraZeneca, Lund, Swe-
den) or Alenia (Aché Laboratórios Farmacêuticos S.A., 
Guarulhos, Brazil); or dry-powder or metered-dose inhal-
ers containing fluticasone, combined with salmeterol (Sere-
tide; GlaxoSmithKline, Stevenage, England), montelukast 
(Montelair; Aché Laboratórios Farmacêuticos S.A.), oral 
prednisolone (generic), or omalizumab (Xolair; Novartis 
Biociências S.A., São Paulo, Brazil).

Inhaler technique
Every patient used a dry-powder inhaler or a metered-
dose inhaler with a spacer fitted to the mouthpiece. The 
inhalation technique was evaluated at each visit, and the 
interventions proposed were reviewed at subsequent vis-
its [1, 20].

Adherence rate
We determined the rate of adherence to the use of the 
ICS by calculating the proportion of doses used in rela-
tion to the expected number of doses for each time 
period, on the basis of the dose counters of the devices or 
counting the empty capsules (for the dry-powder inhal-
ers) and the records of the dates on which the medicines 
were dispensed [1, 21].

Associated factors
In accordance with the criteria of the Allergic Rhinitis 
and its Impact on Asthma guidelines [22], the diagnosis 
of rhinitis was based on an adapted six-item clinical scale 
for rhinitis, each item scored from 0 to 3, corresponding 
to the best and worst scores, respectively [23]. Patients 
classified as having severe rhinitis were followed by spe-
cialists, underwent diagnostic assessments and received 
the necessary interventions.

We performed forearm skin prick tests using aller-
gens obtained from ALK-Abelló (Hørsholm, Denmark), 
and positivity for allergic sensitization was defined as a 
wheal 3  mm larger than that observed for the negative 
control. The positive and negative controls were hista-
mine and saline solution, respectively. We tested the fol-
lowing allergens [24]: Dermatophagoides pteronyssinus, 
Dermatophagoides farinae, Blomia tropicalis, Alternaria 
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alternata, Aspergillus fumigatus, cat dander, dog dander, 
and cockroach allergens (from Periplaneta americana 
and Blattella germanica). We determined total immuno-
globulin E by fluorescence enzyme immunoassay (Immu-
noCAP, Phadia, Uppsala, Sweden), considering reference 
values by age group [25].

At each visit, we reviewed the level of environmen-
tal control in the home, considering reports of exposure 
to mold, passive smoking, household dust, and domes-
tic animals, and the recommended interventions were 
reevaluated in subsequent visits [1, 20].

Patients with symptoms suggestive of gastroesophageal 
reflux disease were followed by specialists and under-
went diagnostic assessment as necessary [26]. Patients for 
whom there were reports of emotional or behavioral dis-
orders were referred to and monitored by specialists [18].

Statistical analysis
Descriptive analyses were performed by calculating fre-
quencies, means, medians, and standard deviations. 
Because of the considerable variability observed in the 
individual profiles, we employed a mixed-effects linear 
regression model, with a random intercept and a random 
slope, in our evaluation of lung function over time. The 
inclusion of the random effects allowed us to estimate a 
specific intercept for each patient, and the random slope 
evaluated the estimated trend for individual patients to 
gain or lose lung function over time.

The graphics for the longitudinal profiles were then 
constructed, considering all of the spirometry tests 
together and by treatment group: 800 µg/day of ICS; and 
> 800 µg/day of ICS. To smooth the longitudinal profiles 
and determine the mean behavior among the groups, 
we adopted the locally weighted scatter-plot smoothing 
method.

Separate models were adjusted for the pre- and post-
bronchodilator values of each of the response variables, 
calculated as percentages of the predicted values and as 
z-scores: FVC, FEV1, FEF25–75%, and FEV1/FVC ratio. 
The post-bronchodilator variation in FEV1 was expressed 
in mL and in percentage. For each of these variables, we 
constructed two models. An initial model included only 
the length of follow-up (in months) and allowed us to 
infer the longitudinal trend (slope) for the sample as a 
whole. A second model was constructed in order to deter-
mine the influence that an ICS dose > 800 µg/day has on 
the mean behavior of lung function over time. To identify 
factors associated with pulmonary function, we also cre-
ated a third model, which included the following covari-
ates: gender; age at first spirometry; duration of illness; 
self-reported exposure to passive smoking; ACT score; 
occurrence of exacerbation since the previous consulta-
tion; FeNO; and length of follow-up. The models were 

initially adjusted for all of the covariates listed above. 
The covariates were selected manually: at each step, the 
least significant covariant (that with the highest p value) 
was removed, and the process was repeated until all non-
significant covariates had been excluded. Covariates 
for which the estimated p value was less than 0.05 were 
considered significant. The suitability of the model was 
determined by visual inspection of residual plots, which 
did not indicate major deviations from the distributional 
assumptions. Data were analyzed with the program R (R 
Development Core Team—www.r-project.org). The level 
of significance was set at p < 0.05.

Results
Table  1 presents the general characteristics of the 
patients, at enrollment and over the course of the 
study. At enrollment, the mean age of the patients was 
10.4 years (interquartile range, 7.8–13.6 years). All of the 
patients were referred from pediatric pulmonology clin-
ics, after a median follow-up of 6.1  years, having been 
in GINA treatment step 4 or 5 at enrollment [3]. In the 
12 months prior to enrollment in the study, 94.0% of the 
patients had experienced severe exacerbations, 20.0% had 
been admitted to an intensive care unit, and 12.3% had 
been under continuous treatment with oral corticoster-
oids, all of which indicate the severity of their asthma at 
enrollment. At the end of the follow-up period, only one 
patient was classified as obese.

The median FeNO was 22.5  ppb at enrollment and 
13.5 ppb at the end of the follow-up period. The majority 
of the patients were allergic, D. pteronyssinus, D. farinae, 
and B. tropicalis being the most common aeroallergens to 
which they were sensitized.

During the study, we addressed the factors that influ-
ence asthma control, such as allergic rhinitis (the median 
score for which dropped from 9.5 at baseline to 6.0 at the 
end of the study) and exposure to secondhand smoke 
within the home, adopting measures for its elimina-
tion. The patients with gastroesophageal reflux disease 
were treated by specialists, and two of those patients 
underwent fundoplication. All patients were reminded 
of the importance of correct inhalation technique and 
treatment adherence, both of which showed improve-
ment over the course of the study. During the study, the 
median dose of ICS increased from 800 to 876.1 µg/day 
and the maximum dose increased from 1600 to 2400 µg/
day. At enrollment, all of the patients were using a LABA 
in combination with the ICS. During the study, the pro-
portion of patients using leukotriene receptor antago-
nists increased from 16.9 to 61.5%, whereas there was a 
reduction in the proportion of patients on a regimen of 
continuous oral corticosteroid use. Omalizumab was 
started in 7.8% of the patients. During the follow-up 

http://www.r-project.org
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Table 1  Characteristics of children and adolescents with severe asthma (N = 65), at enrollment in the study and over the 
course of the follow-up period

ICU intensive care unit
a  Median (interquartile range)
b  Budesonide or equivalent

Variable At enrollment At the end of follow-up

Female gender, n (%) 41 (63.0) 41 (63.0)

Age (years)a 10.4 (7.8; 13.6) 13.5 (8.7; 16.1)

BMI 0.31 (− 0.64; 0.88) − 0.01 (− 0.65; 1.05)

Z-score > 3 0 1.0 (1.67)

Time followed by a pediatric pulmonologist (years)a 6.1 (4.3; 9.3) –

Age of onset symptoms (years) 0.6 (1.3; 0.3) –

Duration of disease (years)a 9.8 (6.1; 12.6) –

Duration of ICS treatment (years)a 7.0 (4.6; 9.7) –

Severe exacerbations in the last 12 months, n (%) 61 (94) 19 (29.2)

History of ICU admission due to asthma, n (%) 13 (20) 0

Asthma Control Test scorea 15.5 (12.0; 20.0) 22.0 (19.0; 24.0)

Treatment adherence, %a 92.0 (75; 100) 93.2 (80; 100)

Inhaler technique, n (%) 49 (75.4) 52 (80.0)

Lung function, n (%)

 FEV1 and FEV1/FVC ratio ≥ 80% of predicted 32 (49.2) 52 (80.0)

 FEV1 and FEV1/FVC ratio < 80% of predicted 33 (50.8) 13 (20.0)

 FEF25–75% < 70% of predicted 32 (49.2) 22 (44.4)

 FEF25–75% < 30% of predicted 1 (1.5) 1 (1.5)

Medication(s) used

 Dose of ICS (µg/day)a,b 800.0 (800.0; 1600.0) 876.1 (800.0; 2400.0)

 Long-acting β2 agonist, n (%) 65 (100) 65 (100.0)

 Leukotriene receptor antagonist, n (%) 11 (16.9) 40 (61.5)

 Oral corticosteroid (continuous use), n (%) 8 (12.3) 6 (9.2)

 Omalizumab, n (%) 0 6 (7.8)

Comorbidities

 Allergic rhinitis, n (%) 62.0 (95.4) 62.0 (95.4)

 Allergic rhinitis scorea 9.5 (5.3; 12.8) 6.0 (3.0; 10.0)

 Gastroesophageal reflux disease, n (%) 9.0 (13.9) 9.0 (13.9)

 Psychosocial problems, n (%) 10.0 (15.4) 15.0 (23.4)

Reported passive smoking in the home, n (%) 26.0 (40.0) 0

Fraction of exhaled nitric oxide (ppb) 22.5 (10.0; 43.3) 13.5 (4.3; 36.5)

Serum IgE (IU/mL)a 821.0 (299.0; 1441.0) –

Serum IgE of 30–1500 IU/mL, n (%) 10 (15.4) –

Positive skin prick test result, n (%) 62 (95.4) –

Dermatophagoides pteronyssinus, n (%) 51 (78.5) –

Dermatophagoides farinae, n (%) 43 (66.2) –

Blomia tropicalis, n (%) 49 (75.4) –

Periplaneta americana, n (%) 13 (20.3) –

Cat dander, n (%) 7 (10.8) –

Blattella germanica, n (%) 12 (18.5) –

Dog dander, n (%) 10 (15.4) –

Interval between spirometry tests (months)a

 Cohort as a whole – 3.03 (1.87; 3.97)

 > 800 µg/day subgroup – 2.57 (1.63; 4.20)
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period, there was improvement in the median ACT score 
(which increased from 15.5 at enrollment to 22.0 at the 
end of the study), a reduction in the frequency of severe 
exacerbations, and no intensive care unit admissions, 
showing that treatment optimization provided clinical 
improvement.

Table 2 shows the pre- and post-bronchodilator values 
for the 384 spirometry tests evaluated. The results were 
analyzed in the cohort as a whole, and, to understand the 
influence of dose, the subgroups of patients treated with 
800 and > 800 µg/day of ICS were analyzed separately [3]. 
The mixed-effects linear regression model provided esti-
mates of lung function parameters, with the intercepts 
and their respective 95% CIs, together with the slopes, 
indicating the monthly variation in response.

In the cohort as a whole, statistically significant increases 
were observed in the pre-bronchodilator FEV1%, in the 
FEV1/FVC ratio, and in FEF25–75% (% predicted). In the 
> 800 µg/day subgroup, the intercept values were lower and 
no gain in lung function was observed for any of the parame-
ters evaluated. However, we observed a significant reduction 
in the z-score for FEF25–75%. That phenomenon was observed 
in the cohort as a whole and in the > 800 µg/day subgroup.

In the longitudinal evaluation, the post-bronchodilator 
lung function parameters remained constant throughout 
the study in the cohort as a whole, with the exception 
of the z-score for the FEV1/FVC ratio, which showed a 
statistically significant increase. In the > 800 µg/day sub-
group, most of the parameters remained constant, with 
no gain or loss of function, although there was a reduc-
tion in the FEV1%. Over the course of the study, there 
was a significant reduction in the FEV1 response to bron-
chodilator administration in the cohort as a whole. In the 
>  800  µg/day subgroup, the post-bronchodilator vari-
ation in FEV1 remained unchanged over the 3 years of 
follow-up.

Figure 1a, b depict the evolution of the pre- and post-
bronchodilator spirometry parameters, expressed in 
z-scores, for the cohort as a whole and for the > 800 µg/
day subgroup.

The evolution of the pre- and post-bronchodilator 
spirometry parameters, in z-scores, can be seen in Fig. 1. 
In the > 800 µg/day subgroup, there was a decline in lung 
function, especially in FEV1 and FEF25–75%, for which the 
values were below the lower limit of the normal range at 
several points.

Table 2  Longitudinal evaluation of spirometry tests, including pre-and post-bronchodilator values

a  Monthly variation in response

Variables Cohort as a whole (65 
patients; 384 spirometry 
tests) Intercept (95% CI)

Slope (95% CI)a p Subgroup of patients 
receiving > 800 µg/day 
of ICS (22 patients; 57 
spirometry tests)
Intercept (95% CI)

Slope (95% CI)a p

Pre-bronchodilator

 FVC (% predicted) 90.87 (87.54; 94.20) 0.09 (−0.05: 0.22) 0.20 84.65 (76.69; 92.60) 0.15 (−0.30; 0.60) 0.50

 FVC (z-score) − 0.73 (− 1.01; − 0.45) 0.00 (− 0.01; 0.01) 0.70 − 1.24 (− 1.92; − 0.55) − 0.01 (− 0.05; 0.03) 0.60

 FEV1 (% predicted) 81.24 (77.35; 85.13) 0.20 (0.05; 0.34) 0.01 77.07 (67.92; 86.22) − 0.04 (− 0.60; 0.51) 0.90

 FEV1 (z-score) − 1.22 (− 1.58; − 0.86) 0.01 (− 0.01; 0.02) 0.40 − 1.80 (− 2.56; − 1.03) − 0.01 (− 0.04; 0.03) 0.80

 FEV1/FVC ratio 81.58 (79.31; 83.85) 0.12 (0.04; 0.20) 0.00 81.97 (75.49; 88.44) − 0.11(− 0.39; 0.17) 0.50

 FEV1/FVC ratio (z-score) − 0.89 (− 1.21; − 0.57) 0.01 (0.00; 0.03) 0.03 − 1.15 (− 1.97; − 0.32) 0.01 (− 0.03; 0.05) 0.50

 FEF25–75 % (% pre-
dicted)

71.53 (65.48; 77.58) 0.43 (0.20; 0.65) 0.00 72.75 (55.33; 90.18) − 0.24 (− 1.25; 0.76) 0.60

 FEF25–75 % (z-score) − 1.43 (− 1.74; − 1.11) − 0.02 (− 0.02; − 0.01) 0.00 − 2.02 (− 2.60; − 1.44) − 0.02 (− 0.04; 0.00) 0.03

Post-bronchodilator

 FVC (% predicted) 93.96 (90.96; 96.96) − 0.01 (− 0.16; 0.13) 0.90 89.45 (81.62; 97.28) − 0.07 (− 0.47; 0.33) 0.70

 FVC (z-score) − 0.42 (− 0.71; − 0.13) − 0.01 (− 0.02; 0.00) 0.10 − 0.89 (− 1.59; − 0.19) − 0.02 (− 0.04; 0.01) 0.30

 FEV1 (% predicted) 88.09 (84.61; 91.56) 0.06 (− 0.06; 0.18) 0.30 89.58 (80.62; 98.50) − 0.48 (− 0.93; − 0.03) 0.04

 FEV1 (z-score) − 0.79 (− 1.11; − 0.46) 0.00 (− 0.01; 0.01) 0.10 − 1.38 (− 2.20; − 0.55) − 0.01 (− 0.05; 0.03) 0.70

 FEV1/FVC ratio 93.31 (90.75; 95.87) 0.09 (− 0.04; 0.23) 0.20 92.02 (85.11; 98.94) 0.04 (− 0.21; 0.30) 0.70

 FEV1/FVC ratio (z-score) − 0.44 (− 0.71; − 0.15) 0.02 (0.00; 0.03) 0.02 − 0.45 (− 1.43; 0.52) 0.01 (− 0.05; 0.07) 0.70

 FEF25–75 % (% pre-
dicted)

90.60 (83.46; 97.75) 0.11 (− 0.24; 0.46) 0.50 87.98 (69.48; 106.47) − 0.17 (− 1.12; 0.78) 0.70

 FEF25–75 % (z-score) − 0.51 (− 0.87; − 0.16) 0.01 (− 0.01; 0.02) 0.30 − 0.72 (− 1.64; 0.20) − 0.01 (− 0.05; 0.04) 0.80

 Increase in FEV1 (%) 9.48 (7.12; 11.84) − 0.18 (− 0.32; − 0.03) 0.02 12.07 (6.18; 17.97) − 0.28 (− 0.67; 0.11) 0.20
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Table 3 shows the final multivariate model of the fac-
tors associated with a decrease in FEF25–75%. The covari-
ates that remained in the final model were the length of 
the follow-up period (p < 0.001), age (p < 0.001), and the 
FeNO (p = 0.001).

Discussion
In individuals without lung disease, a normal pattern of 
growth and decline in lung function, based on the FEV1%, 
has been shown to be characterized by a phase of elevation 
during childhood and adolescence, a plateau in young adult-
hood, and a subsequent decline after 30 years of age [27]. 
A pattern of reduced growth or early decline in lung func-
tion was demonstrated by the pre-bronchodilator FEV1% in 
patients with mild to moderate asthma in a cohort studied 
in the United States [5]. The authors found that lower lung 
function in childhood was one of the predictors of abnormal 
evolution and an early decline in adult life.

During follow-up at our referral outpatient clinic, 
the patients in our cohort showed a statistically signifi-
cant increase in lung function, as determined by meas-
urements of FEV1, the FEV1/FVC ratio, and FEF25–75% 
(% predicted). However, in the >  800  µg/day subgroup, 
FEV1, the FEV1/FVC ratio, and FEF25–75% remained con-
stant over time, a behavior that suggests an early plateau. 
At the end of the study, the median age of our patients 
was 13.5 years, when they would be expected to be in the 
FEV1 gain phase.

In a four-year longitudinal study involving 47 chil-
dren and adolescents (mean age, 11.2 years) with severe 
asthma that was refractory to treatment with 1600  µg/
day of budesonide or equivalent, an early plateau phase 
was also observed [11]. The authors reported an annual 
gain in FEV1 of 2.6% only in the first year, with a plateau 
in the following 3 years.

In the Tucson birth cohort [10], which comprised 
children with below-normal lung function, that pat-
tern was maintained until the age of 22. In a long-term 
cohort study conducted in Australia, the authors found 
that adults who subsequently developed chronic obstruc-
tive pulmonary disease had not presented the expected 
increase in lung function during adolescence [28].

The interpretation of lung function in the transition 
from childhood to adolescence is complex and is influ-
enced by the multitude of predictive equations of nor-
mal values and the differences among the various age 
groups. Unlike the majority of biological indices in medi-
cine, such as plasma concentrations of chemical ana-
lytes or hormones, lung function varies with age, height, 
gender, and ethnicity. Few equations take into account 
the changing relationship between lung function and 
height during the adolescent growth spurt [7]. The per-
centage of predicted does not necessarily correspond 
to the z-score, and, in growing individuals, the Global 
Lung Initiative reference equations have been deemed 
adequate to express and describe the changes over time 
[7, 16]. The use of these two reference criteria in our 
study (% predicted and z-score) provided an expanded 
view of the evolution of lung function. Although some 
results were discordant, the main parameter used in the 
assessment of obstructive diseases, the FEV1/FVC ratio, 
showed the same tendency in percentage of predicted 
and in z-score—an increase in the cohort as a whole 
and stability in the > 800 µg/day subgroup. In our study, 
the z-scores revealed a statistically significant reduction 
in the pre-bronchodilator FEF25–75%, in the cohort as a 
whole and in the > 800 µg/day subgroup.

A low FEF25–75% is a sensitive indicator of small airways 
disease and has been shown to be useful in distinguishing 
patients with persistent symptoms from those with tran-
sient symptoms [7]. Small airway obstruction, evaluated 
by determining FEF25–75%, could function as a predictor 
of persistent asthma and of difficult-to-control asthma. 
Unlike FEV1, FEF25–75% is independent of abnormalities 
indicative of alterations in large airways [6]. Studies have 
indicated that low FEF25–75% in childhood is predictive of 
asthma in adult life, whereas it is not necessarily the case 
for FEV1 [29].

The use of FEF25–75% as a diagnostic tool has limitations 
related to its reproducibility and interindividual variabil-
ity, which are usually greater than those associated with 
FEV1 and FVC. The coefficient of variation for FEF25–75% 
is approximately 6%, which is high but acceptable [6]. 
It is possible that FEF25–75% is more sensitive to detect-
ing increased airway resistance because the growth of 
the pulmonary parenchyma can be disproportionate or 
because of “distal displacement” of the middle portion of 
the forced expiratory curve when there is lung deflation 
[28]. In our study, the variables associated with a decrease 
in FEF25–75% were the length of follow-up, age, and FeNO. 
These findings are consistent with those of a study 
involving patients with severe asthma with a median age 
of 10 years (range, 6–17 years), in whom changes in the 
obstructive pulmonary function pattern and elevated 
FeNO persisted over time despite high doses of ICS. 

Table 3  Variables associated with  a decline in  the z-score 
for FEF25–75 %

a  Monthly variation in response

FEF25–75% (z-score) Slope (95% CI)a p

(Intercept) 1.74 (0.97; 2.50) 0.000

Study follow-up (months) − 0.02 (− 0.02; − 0.01) 0.000

Age at first spirometry − 0.26 (− 0.33; − 0.20) 0.000

FeNO − 0.01 (− 0.01; 0.00) 0.001
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This suggests that persistence of airway inflammation 
defines a subpopulation of pediatric patients with severe 
asthma [30]. The prolonged early wheezing and persis-
tent wheezing phenotypes have been associated with 
the FEV1/FVC ratio and FEF25–75% both being lower at 
14–15 years of age than at 8–9 years of age, whereas the 
persistent wheezing phenotype has been associated with 
higher ratios of FeNO at 14–15  years of age [31]. Chil-
dren with severe asthma have been found to show per-
sistent, progressive airflow limitation despite treatment 
with high doses of ICS and other asthma controller medi-
cations. That raises major questions about corticosteroid 
sensitivity, as well as about whether this decline in lung 
function represents a reduction in the rate of lung growth 
or the progression of airway remodeling [32].

In a 4-year, placebo-controlled study of the use of bude-
sonide and nedocromil sodium in children with mild 
persistent asthma (mean age, 9.2  years), conducted by 
the Childhood Asthma Management Program Research 
Group [9], budesonide was found to provide no gain in 
pulmonary function, as determined by monitoring the 
post-bronchodilator FEV1% over the course of the study, 
in comparison with the placebo and nedocromil sodium. 
The authors stated that, as a measure of lung function, 
post-bronchodilator FEV1% presents less variability over 
time than do pre-bronchodilator values.

The use of pre- or post-bronchodilator spirometry val-
ues to determine the degree of airway obstruction is open 
to discussion. Although post-bronchodilator spirometry 
is recommended in patients with chronic obstructive 
pulmonary disease, its use in asthma patients, especially 
in younger patients, is more controversial [6]. A high 
degree of reversibility of airway obstruction is a recog-
nized marker of a lack of asthma control [4].

Among the post-bronchodilator parameters evaluated 
in the present study, we observed a decrease in FEV1% in 
the group of asthma patients that required even higher 
doses of ICS. In a study involving adults with severe 
asthma [33], there was a significant decline in post-
bronchodilator FEV1 % over time (p < 0.001) and asthma 
severity was associated with a greater decline in lung 
function, supporting the concept that there is a specific 
endotype of progressive airway remodeling.

In a study involving children with moderate asthma in 
Europe [8], the group treated with ICS for approximately 
2 years showed a significant, sustained increase in pre- 
and post-bronchodilator expiratory flows. However, the 
expiratory flows in the peripheral airways remained low, 
even after bronchodilator administration. The authors 
speculated that, even in asymptomatic individuals, resid-
ual lung function abnormalities persist, and that those 
abnormalities could be the result of irreversible changes 

or peripheral deposition of budesonide that is insufficient 
to reduce the distal inflammatory process.

The post-bronchodilator FEV1 response is a charac-
teristic of asthma, and the magnitude of that response 
can decrease over the course of treatment [28]. In the 
present study, the z-scores for spirometry parameters 
remained below the lower limit of the normal range in 
the > 800 µg/day subgroup, even after administration of 
the bronchodilator. These data suggest persistent airflow 
limitation [34].

In one long-term study, the slopes for changes in the 
FEV1/FVC ratio indicated that a reduction in lung func-
tion occurs in early childhood [35]. Among atopic chil-
dren, that reduction can occur as early as 3 years of age 
[10].

The patients in our study used high doses of ICS, 
always in combination with a LABA. Other controllers, 
such as leukotriene receptor antagonists and oral cor-
ticosteroids, were prescribed as needed. Omalizumab 
was prescribed for patients over 6 years of age who had 
a serum immunoglobulin E level of 30–1500 IU/mL and 
in whom asthma was uncontrolled despite treatment 
with high doses of ICS and a LABA. Over the course of 
the study, the mean treatment adherence rate was 93.2%. 
The inhalation technique, reviewed at all visits, was 
found to be adequate. In addition, after initial efforts to 
educate the patients and their relatives, exposure to sec-
ondhand smoke in the home was reportedly eliminated 
and the comorbidities were addressed. All of our patients 
were treated within the public health care system, via the 
CEMAD and Wheezing Baby Program, which is the first 
of its kind in Brazil [13]. Since 1994, it has been offering 
specialized treatment with medications provided free of 
charge. Given these considerations, we believe that the 
loss of lung function observed in our cohort, as deter-
mined from the FEF25–75% z-score and post-bronchodila-
tor FEV1%, was not due to insufficient doses of ICS, lack 
of other controllers, or potentially modifiable factors.

The high treatment adherence rates observed in the 
present study were likely due to the fact that the CEMAD 
is a referral center structured for the treatment of asthma 
patients. A study involving adult patients with severe 
asthma in the city of Salvador, Brazil, also showed high 
treatment adherence rates, which the authors suggested 
was attributable to the fact that those patients were under 
treatment at specialized centers [36].

Our study has certain limitations. The results might 
have limited external validity, because the patients with 
severe asthma were recruited from among those who had 
been referred to our university center and had already 
been followed for a median of 6 years. Our patients, all 
of whom were referred by pediatric pulmonologists, had 
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not achieved control despite being in GINA treatment 
step 4 or 5. Nevertheless, we believe that our sample was 
representative of this specific patient population.

It has been postulated that an irreversible loss of pul-
monary function occurs early in life [10]. Our 3-year 
follow-up evaluation did not include the spirometry 
parameters during the first years of life. At patient enroll-
ment, the mean duration of illness was 9.8 years and the 
mean time of ICS use was 7.0 years.

Our results indicate that the need for higher doses of 
medication is associated with greater asthma severity. 
Over the course of our study, we observed an improve-
ment in asthma control, as evaluated by the ACT score, 
although functional alterations in the distal airways 
persisted, as did low post-bronchodilator FEV1%. We 
observed an early plateau phase in an age group in which 
the majority of individuals should be gaining lung func-
tion. In the group of patients studied here, higher doses 
of ICS doses >  800  µg/day of budesonide or equiva-
lent did not improve lung function parameters and the 
decrease in FEF25–75% might reflect remodeling of the 
smaller airways.

Conclusions
In conclusion, among children and adolescents with 
severe asthma undergoing treatment in a referral out-
patient clinic in Brazil, our longitudinal evaluation evi-
denced a gain in lung function, based on the majority of 
the spirometric variables evaluated. However, there was a 
decline in the z-scores for pre-bronchodilator FEF25–75%. 
Nevertheless, in the >  800  µg/day subgroup, there was 
also a significant reduction in the post-bronchodilator 
FEV1%. The significant reduction in FEF25–75% in the 
cohort as a whole and, more clearly, in the >  800  µg/
day subgroup, suggests small airway impairment that is 
unresponsive to ICS and to the other controllers used. 
It is possible that the FEF25–75% z-score is a more sensi-
tive measure of asthma obstruction. The behavior of 
lung function in the >  800  µg/day subgroup (no signifi-
cant gain over the 3-year follow-up period) suggests an 
early plateau phase. The results of our study corroborate 
those of previous studies showing an abnormal pattern 
of growth or a decline in lung function among children 
with asthma, provide new evidence that treatment with 
ICS, even at very high doses, is insufficient to prevent 
the problem, and underscore the fact that low FEF25–75% 
might be a sensitive biomarker of asthma severity, poten-
tially indicating a subpopulation of pediatric patients 
with severe asthma.
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