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■ Abstract

Background: Guidelines recommend stepping down inhaled corticosteroids (ICS) in patients with well-controlled asthma. However, no 
information is available on the index that should be used to predict the outcome of reducing the ICS dose. 
Objective: The aim of this study was to investigate the degree of airway responsiveness to adenosine 5  monophosphate (AMP) as an index 
for deciding whether to reduce ICS dose.
Patients and Methods: The study population comprised 70 patients with asthma that was well controlled with ICS. Patients were treated 
for a 2-week baseline period with their usual dose of ICS. For the following 12 weeks, patients were treated with ICS at half their previous 
dose. Bronchial challenge with AMP was performed at the end of the baseline period and after 2 weeks of treatment with a reduced 
dose of ICS. Concentration-response curves were used to show the provocative concentration of AMP causing a 20% fall (PC20) in forced 
expiratory volume in 1 second (FEV1).    
Results: A decrease in the PC20 of AMP of at least 1 doubling concentration 2 weeks after reducing the ICS dose was a signifi cant predictor 
of the failure of dose reduction (P=.0011). In contrast, increased responsiveness to inhaled AMP at baseline did not predict the failure of 
dose reduction.
Conclusions: Our results suggest that, in patients whose asthma is well controlled with ICS, measurement of the modifi cation in the 
response to AMP 2 weeks after the dose of ICS was halved is a suitable method for assessing the risk of asthma exacerbation following 
a reduction in ICS dose. 
Key words: Inhaled corticosteroids. Adenosine 5 -monophosphate. Airway responsiveness. Asthma.    

■ Resumen

Antecedentes: En los pacientes asmáticos bien controlados, las guías recomiendan reducir las dosis de esteroides inhalados. No obstante, 
no existe ningún tipo de información acerca de qué determinaciones pudieran utilizarse para predecir el éxito o fracaso de esta estrategia 
terapéutica.
Objetivo: Investigar la utilidad de la determinación de la respuesta bronquial a AMP para predecir la evolución del asma tras reducir la 
dosis de esteroides inhalados.
Pacientes y métodos: Se estudiaron 70 pacientes asmáticos bien controlados con esteroides inhalados. Durante las primeras 2 semanas, 
los pacientes fueron tratados con sus dosis habituales de esteroides inhalados, para a continuación y durante las 12 semanas siguientes 
recibir tratamiento con la mitad de la dosis de estos fármacos indicada basalmente. Se realizaron estudios de la respuesta bronquial a 
AMP, tanto basalmente como al cabo de dos semanas de reducir la dosis de esteroides inhalados. Las curvas concentración-respuesta se 
caracterizaron mediante la concentración de agonista que inducía una caída del FEV1 del 20% (PC20).
Resultados: La identifi cación de una reducción de la PC20 AMP de al menos una concentración doble, 2 semanas después de reducir la dosis 
de esteroides inhalados, podía predecir el riesgo de exacerbación del asma como consecuencia de la disminución de la dosis de la medicación 
controladora (P=0.0011). Por el contrario, la determinación de la respuesta basal a AMP no tenía capacidad predictiva signifi cativa.
Conclusiones: Los resultados del estudio sugieren que, en pacientes asmáticos bien controlados con esteroides inhalados, la identifi cación 
de las modifi caciones de la respuesta a AMP al cabo de 2 semanas de reducir la dosis de esteroides inhalados a la mitad permite evaluar 
el riesgo de futuras exacerbaciones de la enfermedad.

Palabras clave: Esteroides inhalados. Adenosina 5’-monofosfato. Hiperrespuesta bronquial. Asma. 
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Introduction

Treatment with inhaled corticosteroids (ICS) is the basis 
for effective long-term control of asthma [1], because it 
reduces asthma symptoms, bronchodilator use, and airway 
hyperresponsiveness. When asthma has been controlled for 3 
to 6 months, asthma management guidelines [1,2] recommend 
stepping down the dose of ICS to minimize the risk of adverse 
effects. However, the index that should be used to predict the 
success or failure of reducing ICS dose has yet to be de  ned.

Airway hyperresponsiveness is usually considered an 
abnormal response of the lower respiratory tract to a number of 
nonsensitizing bronchoconstrictive stimuli [3]. In the laboratory, 
airway hyperresponsiveness is most commonly assessed using 
direct bronchoconstrictor stimuli, such as methacholine or histamine, 
although it can also be assessed using indirect bronchoconstrictor 
stimuli such as adenosine 5 -monophosphate (AMP). AMP-induced 
bronchoconstriction mainly occurs indirectly via stimulation of 
A2-purinoceptors on mast cells, which facilitate the release of 
proinflammatory mediators (histamine and leukotrienes) and 
subsequent smooth-muscle contraction [4,5]. The provocative 
concentration of AMP required to produce a 20% fall (PC20) in forced 
expiratory volume in 1 second (FEV1) is thought to be more closely 
correlated with the extent of airway in  ammation and response to 
corticosteroids than the PC20 of methacholine [6,7]. These  ndings 
appear to support the concept that airway responsiveness to AMP 
might prove useful in tailored adjustment of the dose of ICS.

In a previous investigation [8], we showed that, in asthmatic 
patients whose disease was already stabilized and well controlled 
with ICS, baseline combined measurements of both AMP 
responsiveness and exhaled nitric oxide levels can be used to 
predict the success or failure of reducing the ICS dose. However, 
we also found that a decrease in the PC20 of AMP of at least 
1 doubling concentration 2 weeks after the reduction in ICS 
dose was a factor of borderline signi  cance for predicting loss 
of asthma control when the ICS dose was reduced. Therefore, 
in this study, we assessed whether determination of airway 
responsiveness to inhaled AMP at baseline or identi  cation of 
changes in the response to this bronchoconstrictor agent 2 weeks 
after reducing the ICS dose could be used as an index to assess 
reducing ICS dose in asthmatic patients. 

Patients and Methods

Patients

The study population comprised nonsmoking patients aged 
18 to 60 years with a previous history of asthma and treatment 
with an ICS for at least 6 months. Patients with stable asthma 
requiring medium to high doses of ICS (beclomethasone 500-
1000 g/d or equivalent twice-daily regimen) to maintain 
asthma control were also recruited. In the 3 months before the 
study, patients had asthma symptoms no more than twice a 
week and did not wake at night because of asthma. Their dose 
of ICS remained unchanged during the previous 6 months, and 
FEV1 at baseline had to be more than 80% of predicted. The 
study protocol was approved by the local ethics committee, and 
written informed consent was obtained from all the participants.

Study Design

This prospective study was performed in a single-blind 
manner at a single center. The study lasted 14 weeks and 
consisted of a 2-week run-in period (baseline), during which 
patients continued to take their habitual dose of ICS, and a dose 
reduction period (12 weeks), during which the patients’ current 
ICS dose was halved. At the screening visit, patients completed 
a questionnaire about their asthma history, and spirometry was 
performed. Additionally, patients completed a diary card to 
record peak  ow, asthma symptoms, and salbutamol use. During 
the run-in period, all patients were treated with their habitual 
dose of ICS in order to demonstrate stability of disease. They 
also recorded nighttime asthma symptoms daily using a score 
from 0 (no symptoms) to 3 (symptoms so severe that the patient 
was unable to sleep), daytime symptoms from 0 (no symptoms) 
to 3 (symptoms so severe that the patient could not perform 
normal daily activities), use of salbutamol, and morning and 
evening peak expiratory  ow (PEF) values (best of 3) using a 
Mini Wright peak  ow meter (Clement Clarke International). A 
prerequisite for study enrolment was a stable clinical condition 
during the run-in period de  ned as no more than 4 doses of 
albuterol as needed, 4 days with PEF variability 20%, and 
mean daytime and nighttime symptom scores <1.

  For the next 12 weeks, eligible patients were treated with 
ICS at half their previous dose using their habitual inhalation 
device. Patients completed a diary twice daily by recording 
PEF, daytime and nighttime symptoms, and use of rescue 
salbutamol. Bronchial challenge with AMP was performed at 
the end of the baseline period and after 2 weeks of treatment 
with a reduced dose of ICS; spirometry was performed at the 
screening visit, at the end of the baseline period, and after 2, 8, 
and 12 weeks of treatment with a reduced dose of ICS. Patients 
were asked not to take salbutamol for at least 6 hours, ICS for 
at least 12 hours, and antihistamines for at least 72 hours before 
each visit. The physician responsible for the follow-up visits 
and for identifying the asthma exacerbation was unaware of 
the results of the AMP challenge test. 

  The primary outcome was identi  cation of an asthma 
exacerbation, which was based on at least 1 of the following 
criteria: (1) a decrease in morning PEF of >20% on at least 2 
consecutive days, as compared with the mean of the second 7 
days of the run-in period; (2) awakening on 3 nights or more 
per week; (3) bronchodilator use 1 to 2 times daily for at least 
4 consecutive days; or (4) use of systemic corticosteroids for 
asthma. Patients who experienced an exacerbation went to the 
laboratory as soon as possible within the following 24 hours 
to undergo the investigations used in the study. Secondary 
outcomes speci  ed in the protocol included measures of 
pulmonary function (morning and evening peak expiratory 
 ow rate and FEV1) and measures of asthma symptoms and 

salbutamol use from the patients’ diary cards. 

Lung Function

Lung function was measured using a calibrated 
pneumotachograph (Jaeger MasterScope; Erich Jaeger GmbH) 
according to standardized guidelines [9]. The reference 
values were those of the European Community for Coal and 
Steel [10].
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AMP Challenge

Airway responsiveness to AMP was assessed using a 
standardized dosimetric method, as described in detail elsewhere 
[11]. Immediately before administration, AMP (Sigma Chemical 
Co) was dissolved in 0.9% saline solution to produce a doubling 
concentration range of 0.39 mg/mL to 400 mg/mL. Each 
solution was administered from a jet nebulizer attached to a 
breath-activated dosimeter (model MB3; Mefar) for 1 second 
with a pause of 6 seconds. Normal saline solution was inhaled 
initially, followed by 5 breaths of doubling concentrations 
of AMP at 2 to 3–minute intervals. Single measurements of 
FEV1 were taken 60 to 90 seconds after the inhalation of each 
concentration, unless the forced expiratory maneuver was 
judged to be technically unsatisfactory. The test was interrupted 
when a fall in FEV1 of at least 20% from the postsaline value 
was recorded or the maximum concentration had been given. 
The PC20 was calculated using an algebraic formula [12].

Statistical Analysis

If patients withdrew because of an asthma exacerbation, 
we analyzed their data by intention to treat (last observation 
carried forward). Data were analyzed with a standard 
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Figure 1. Kaplan-Meier survival curve based on the change in PC20 from the run-
in period to the visit performed 2 weeks after the reduction of ICS dose at a cut 
point of 1 doubling concentration. The dashed line represents the group with a 
positive result, and the continuous line represents the group with a negative result.

statistical software package (InStat for Windows version 
3.0, GraphPad Software). All PC20 values were log-
transformed before analysis and presented as geometric 
means with 95% con  dence intervals (CI). All other 
numerical variables are reported as arithmetic means 
with a 95%CI. Changes in PC20 were expressed in terms 
of doubling concentrations of methacholine calculated 
as log PC20/log 2.

Possible predictors for failure of ICS reduction were 
determined using the log-rank test. A 2 analysis and 
Kaplan-Meier survival curves were used to demonstrate 
differences in the probability of failure of ICS reduction 
between patients with increased responsiveness to AMP 
and those with normal responsiveness to AMP. The cut-
off points evaluated were 200 mg/mL and 400 mg/mL at 
baseline and increase in 1 doubling concentration over the 
baseline value 2 weeks after the dose of ICS was halved. 

The variables recorded in the diaries were expressed 
as mean values, and the means for the run-in period 
were used as the reference value. For FEV1 and PC20, 
the values measured at the end of the run-in period were 
used as the reference. Comparisons of treatment effects 
with a reduced dose of ICS on FEV1 and variables 
recorded in the diaries were made using 2-factor 
repeated-measures analysis of variance to analyze the 
effect of the 2 independent variables group and time on the 
variables described previously. A P value of .05 (2-sided) 
was considered the limit of signi  cance.

Results

The demographic data for the 70 patients who were 
included in the analysis are given in Table 1. An asthma 
exacerbation was recorded in 19 patients when the dose of ICS 

was halved; no exacerbations were recorded in the remaining 
51 patients. 

Predictive Power Using Modifi cations in the PC20 of 
AMP 2 Weeks After Reducing the Dose of ICS

Changes in PC20 values of at least 1 doubling concentration 
2 weeks after the reduction in ICS dose were recorded in 
17 patients (positive group); the remaining 53 patients had 
changes <1 doubling concentration (negative group). An 
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Table 1. Patient Characteristics at Baselinea

  
Number of patients 70
Age, y 34 (31-36)
Male/female, No.  18/52
Duration of asthma, y 16.7 (14.9-18.5)
Skin test positive, No. 51
Duration of ICS use, mo 29.0 (22.7-35.2)
ICS dose, g/d
(beclomethasone equivalent)b 546 (494-598)
FEV1, % predicted 98.3 (95.0-101.6)
FEV1/FVC, % 80.4 (78.9-82.9)
PC20 400 mg/mL, No 35
PC20 200 mg/mL, No 31

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, 
forced vital capacity; ICS, inhaled corticosteroid; PC20, provocative 
concentration of adenosine 5’monophosphate causing a 20% fall in 
FEV1.
a Data are presented as mean (95% confi dence interval) unless 
otherwise indicated.

b Beclomethasone dipropionate equivalent dose of ICS was calculated 
on the basis of fl uticasone propionate being twice as potent as 
beclomethasone dipropionate and budesonide equipotent, so that 
the equivalent fl uticasone propionate dose was multiplied 2-fold. 
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asthma exacerbation over the 12 weeks of treatment with 
a reduced dose of ICS was detected in 9 of 17 patients 
(53%) in the positive group and in only 10 of 53 patients 
(19%) in the negative group (P=.011). A change in the 
PC20 of AMP of at least 1 doubling concentration 2 weeks 
after the reduction in ICS dose increased the relative risk 
of exacerbation by 2.8 (95%CI, 1.4-5.7). Figure 1 shows 
the Kaplan-Meier plot for time to  rst asthma exacerbation 
using the modi  cations in the PC20 of AMP values 2 weeks 
after the dose of ICS was halved. A decrease in the PC20 of 
AMP (cut point, 1 doubling concentration) was a signi  cant 
predictor of failure of dose reduction (P=.0011).

In the positive group, a signi  cant reduction in FEV1 was 
observed at week 2, but not at weeks 8 and 12 (Table 2). In 
the negative group, changes from baseline were signi  cant 
at week 12, but not at weeks 2 and 8. The difference 
between the 2 groups was signi  cant at weeks 2 (mean, 
0.15 L; 95%CI, 0.05-0.25; P=.005) and 8 (mean, 0.10 L; 
95%CI, 0.02-0.19; P=.02), but not at week 12 (mean, –0.01 
L; 95%CI, –0.12 to 0.11; P=.96).

  In the positive group, a signi  cant reduction in evening 
PEF values was recorded at all time points (Figure 2). In the 
negative group, these changes did not reach signi  cance at 
any time point. The difference between the 2 groups was 
signi  cant at weeks 2 (mean, 21 L/min; 95%CI, 6-36; 
P=.007) and 8 (mean, 19 L/min; 95%CI, 4-34; P=.02), 
but not at week 12 (mean, 19 L/min; 95%CI, –3 to 41; 
P=.10). In both groups, changes in morning PEF were 
not signi  cant (Table 2). However, the change in morning 
PEF from baseline was consistently larger in the positive 
group, the mean difference in the change between the 
groups being 22 L/min (95%CI, 7-38; P=.005) at week 2, 
22 L/min (95%CI, 5-39; P=.01) at week 8, and 24 L/min 
(95%CI, 1-47; P=.04) at week 12.

In the negative group, changes in symptom scores 
(Table 3) did not reach signi  cance, whereas changes 
in rescue salbutamol increased signi  cantly at week 12 
compared with baseline. By contrast, patients in the positive 

Figure 2. Mean change from baseline in the morning (A) and evening (B) peak expiratory 
fl ow (PEF). Filled circles represent the group with a decrease in PC20 1 doubling 
concentration; open circles represent the group with a decrease in PC20 <1 doubling 
concentration. Error bars represent SEM. P values indicate signifi cant differences between 
the groups. 
aP<.05.
bP<.01.
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Table 2. Changes in Peak Expiratory Flow (PEF) and Forced Expiratory Volume in 1 Second (FEV1)a

   Baseline Week 2 Week 8 Week 12

Positive groupb    
   FEV1, L 3.47 (2.94-4.00) 3.32 (2.77-3.88) 3.37 (2.84-3.90) 3.39 (2.84-3.95)
   P Value  <.05 NS NS
   Morning PEF, L/min 449 (388-509) 436 (381-491) 433 (379-487) 433 (383-484)
   P Value  NS NS NS
   Evening PEF, L/min 456 (396-515) 437 (382-492) 437 (382-492) 438 (383-492)
   P Value  <.05 <.05 <.05    
Negative groupc    
   FEV1, L 3.18 (2.97-3.38) 3.18 (2.97-3.39) 3.17 (2.98-3.37) 3.10 (2.89-3.30)
   P Value  NS NS <.01
   Morning PEF, L/min 424 (396-453) 433 (400-466) 430 (398-463) 432 (398-467)
   P Value  NS NS NS
   Evening PEF, L/min 430 (400-461) 433 (401-466) 431 (399-462) 431 (398-464)
   P Value  NS NS NS

Abbreviations: NS, nonsignifi cant; PC20, provocative concentration of AMP required to produce a 20% fall in FEV1.
aP values indicate statistical signifi cance compared to baseline within the group. 
bPositive group: patients with a decrease in PC20 1 doubling concentration.
cNegative group: patients with a decrease in PC20 <1 doubling concentration.
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Figure 3. Mean change from baseline in daytime (A) and nighttime (B) symptom 
scores in patients with a decrease in PC20 1 doubling concentration (fi lled circles) 
and patients with a decrease in PC20 <1 doubling concentration (open circles).    P 
values indicate signifi cant differences between the groups. ICS indicates inhaled 
corticosteroid.
aP<.01.

group reported increments in the severity of symptoms 
and salbutamol use at weeks 8 and 12 (Figures 3 and 4). 
Differences between the groups for both daytime and 
nighttime symptoms were signi  cant at weeks 8 and 12, 
but not at week 2. At week 8, the mean difference (95%CI) 
in the change between the groups was 0.22 (0.06-0.37,  
P=.008) for daytime symptoms, 0.20 (0.08-0.33, P=.004) 
for nighttime symptoms, and 0.34 (0.10-0.58,  P=.008) for 
salbutamol use. At week 12, the mean difference (95%CI) 
in the change between the groups was 0.27 (0.11-0.43,  
P=.002) for daytime symptoms, 0.22 (0.10-0.34,  P=.002) 
for nighttime symptoms, and 0.41 (0.19-0.64,  P=.001) 
for salbutamol use (Figures 3 and 4).  
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Figure 4. Mean change from baseline in salbutamol inhaler use in 
patients with a decrease of PC20 1 doubling concentration (fi lled circles) 
and patients with a decrease of PC20 <1 doubling concentration (open 
circles). P values indicate signifi cant differences between the groups. ICS 
indicates inhaled corticosteroid.
aP=.001.
bP<.01.

Table 3. Changes in Clinical Signsa

   Baseline Week 2 Week 8 Week 12

Positive Groupb    
   Daytime symptom score 0.02 (0.00-0.06) 0.14 (0.00-0.30) 0.26 (0.11-0.42) 0.33 (0.18-0.48)
   P Value  NS <0.01 <0.01  
   Nighttime symptom score 0.03 (0.00-0.05) 0.13 (0.00-0.26) 0.23 (0.11-0.35) 0.25 (0.13-0.36)
   P Value  NS <0.001 <0.001
   Salbutamol use 0.03 (0.00-0.07) 0.25 (0.00-0.49) 0.44 (0.20-0.67) 0.55 (0.33-0.78)
   P Value  NS <0.001 <0.001    
Negative groupc    
   Daytime symptom score 0.06 (0.03-0.09) 0.07 (0.04-0.10) 0.08 (0.04-0.12) 0.09 (0.05-0.14)
   P Value  NS NS NS
   Nighttime symptom score 0.03 (0.01-0.06) 0.03 (0.01-0.05) 0.04 (0.02-0.05) 0.04 (0.02-0.06)
   P Value  NS NS NS
   Salbutamol use 0.05 (0.02-0.07) 0.11 (0.04-0.17) 0.12 (0.06-0.17) 0.16 (0.09-0.22)
   P Value  NS NS <0.01

Abbreviations: NS, nonsignifi cant; PC20, provocative concentration of adenosine 5  monophosphate required to produce a 20% fall in forced expiratory 
volume in 1 second.
aP values indicate statistical signifi cance compared to baseline within the group.
bPositive group: patients with a decrease in PC20 1 doubling concentration
cNegative group: patients with a decrease in PC20 <1 doubling concentration.
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Predictive Power of Airway Responsiveness 
to AMP at Baseline

Increased responsiveness to inhaled AMP at baseline 
(cut points for PC20 of 200 mg/mL or 400 mg/mL) was 
not a predictor of failure of reducing ICS (Figure 5). 
An asthma exacerbation occurred in 10 of 30 patients 
(33%) with a PC20 value 200 mg/mL at baseline, 
compared with 9 of 40 patients (23%) with a PC20 
value >200 mg/mL (P=.42). In addition, an asthma 
exacerbation was identi  ed in 12 of 35 (34%) patients 
with a PC20 of AMP at baseline 400 mg/mL and 
in 7 of 35 (20%) with a PC20 of AMP >400 mg/
mL (P=.28).   

Discussion

The results of the present study demonstrate that 
in asthma patients whose disease is stabilized and well 
controlled with ICS, measurement of the change in 
AMP responsiveness 2 weeks after reducing the dose 
of ICS can be used to predict the success or failure of 
the reduction. The identi  cation of a decrease in the 
PC20 of AMP of at least 1 doubling concentration 2 
weeks after the dose of ICS was halved is associated 
with a greater risk of asthma exacerbation over a 
3-month period. Therefore, this change in the response 
to AMP is a clear predictor of failure of reducing the 
dose of ICS. By contrast, the presence of increased 
responsiveness to AMP at baseline is not a useful 
predictor.

International guidelines [1,2] agree that the ICS 
dose should be reduced to reach the minimum effective 
dose in patients with well-controlled asthma. However, 
this recommendation is largely based on clinical 
experience, and few studies have examined the options 
and most favorable conditions for stepping down 
treatment. In 19 of the 70 patients (27%) in the current 
study, an exacerbation was detected after reduction 
of ICS; therefore, it is evident that in a signi  cant 
proportion of patients with well-controlled asthma 
and a moderately high ICS dose, the dose of the drug 
can be reduced without clinical deterioration. These 
data are consistent with those reported in previous 
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Figure 5. Kaplan-Meier survival curve based on the baseline determination of 
AMP PC20 at a cut point of 200 mg/mL (A) and 400 mg/mL (B). The dashed line 
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investigations [8,13-16]. Consequently, for patients whose 
asthma is well controlled with a moderately high dose of ICS, 
a reduction in dose may be considered.

Although the strategy for stepping down therapy is            
evident [17,18] in patients receiving high-dose ICS, strategies for 
stepping down therapy in patients with well-controlled asthma 
receiving conventional doses of ICS have not been well de  ned. 
Everyday clinical practice is also severely hindered by the lack of 
readily available reliable markers that can be used to optimize ICS 
therapy in patients with asthma. Our study indicates that a decrease 
in PC20 of at least 1 doubling concentration 2 weeks after the dose 
of ICS was halved is associated with an increased risk of asthma 
exacerbation over the following weeks of treatment with a reduced 
dose of ICS. Moreover, a 50% reduction in ICS dose was possible 

in patients with a decrease in PC20 of <1 doubling concentration 
without evidence of a signi  cant deterioration in the parameters 
of asthma control (symptoms, use of rescue salbutamol, and 
pulmonary function). On the contrary, in the group with a 
decrease in PC20 of 1 doubling concentration, reducing the 
ICS dose was associated with a decrease in evening PEF and 
with an increase in symptoms and bronchodilator use. These 
results con  rm and extend our previous observations [8], 
where we showed that, when asthma is well controlled with 
ICS, the presence of both AMP-induced bronchoconstriction 
and fraction of exhaled nitric oxide (FENO) levels of 15 ppb 
is a clear predictor of failed ICS reduction. In our previous 
study [8], we also hypothesized that a decrease in the PC20 of 
AMP of at least 1 doubling concentration 2 weeks after the dose 
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of ICS was halved might be a predictor of the failure of ICS 
reduction. However, the difference in the risk of exacerbation 
following ICS dose reduction between patients with a decrease 
in PC20 of 1 doubling concentration and those with a decrease 
of <1 doubling concentration did not reach statistical signi  cance 
(P=.06). The present study was performed on a larger number 
of patients, and the results demonstrate conclusively that a 
decrease in the PC20 of AMP of 1 doubling concentration is 
associated with an increased risk of exacerbation over a 3-month 
period. Furthermore, the results of the present study con  rm 
our previous observations [8] that a single baseline assessment 
of the PC20 of AMP is not useful for predicting the progress of 
asthma after reduction of the ICS dose. 

Therefore, we have 2 different strategies to predict the 
response to reducing ICS dose in patients with well-controlled 
asthma: determination of AMP responsiveness plus FENO 

values at baseline and measurement of the response to AMP 
at baseline and after 2 weeks of treatment with a reduced dose 
of ICS. The more convenient strategy should be determined 
in prospective studies designed to compare the sensitivity and 
speci  city of each method for predicting the stability of asthma 
after ICS dose reduction.

Our study is subject to a series of limitations. First, the 
design was chosen to closely emulate normal clinical practice 
when the dose of ICS is reduced (single-blind approach and 
use of different ICS products and doses). One might argue that 
some patients could report more severe clinical manifestations 
because they were informed that the ICS dose was reduced. 
However, this effect would be independent of the response to 
inhaled AMP and, therefore, would not have biased the study 
results. Furthermore, although our study was not double-blind, 
exacerbations were identi  ed without knowledge of the results 
of the AMP challenge; therefore, any bias from not blinding 
probably had no marked effect on our results. Second, the 
ICS dose was reduced by 50% only if strict criteria for stable 
asthma were met. The reason for selecting patients with stable 
well-controlled asthma was that this group would most likely 
be considered for a reduction in their ICS dose. Our  ndings 
are therefore pertinent to the population for which step-down 
is recommended. It is possible, however, that inclusion in a 
trial leads to improved adherence to treatment. If one assumes 
this to have been the case in our study, then a degree of caution 
should be adopted when extrapolating our results to the clinical 
setting. Third, as our study was limited to patients receiving 
500 g to 1000 g of inhaled beclomethasone dipropionate or 
daily equivalent, we should be cautious when extrapolating our 
 ndings to patients who receive higher or lower doses of ICS. 

Finally, although the current study suggests that step-down 
can be commenced after a long period of established control 
with ICS in most patients, it was of relatively short duration        
(12 weeks after step-down). Over a longer period of follow-up, 
slow but steady deterioration could be observed. Prospective 
evaluations of the level of asthma control over a longer period 
of follow-up are required. 

Our results show that the absence of bronchoconstriction 
in response to AMP at baseline is not a reliable index when 
assessing the opportunity for reducing the dose of ICS in 
asthmatic patients whose disease is well controlled with 
ICS. Although no studies have investigated the utility of 

determining responsiveness to AMP as a marker of the safety 
of reducing the dose of ICS, our results are supported by 
those reported by Leuppi et al [19]. The authors demonstrated 
that airway hyperresponsiveness to mannitol (an indirect 
bronchoconstrictor) was not a signi  cant predictor of the 
failure of step-down.

The present results have clinical implications. ICS have 
been associated with a number of dose-related side effects 
including bruising, cataract formation, glaucoma, reduced bone 
density, and adrenal suppression [20,21]. Therefore, titration 
of the dose of ICS to the lowest possible level is recommended 
to minimize the risk of adverse effects [22]. The results of 
the present study suggest that, in stable asthmatic patients 
receiving ICS treatment, a decrease in the PC20 of AMP of 

1 doubling concentration 2 weeks after the dose of ICS was 
halved can predict the risk of asthma exacerbation following 
ICS dose reduction. 

In summary, in asthmatic patients whose disease is well 
controlled with ICS, we found that measurement of the 
modi  cation of the PC20 of AMP after 2 weeks of treatment 
with a reduced dose of ICS is an ef  cient method for assessing 
the risk of asthma exacerbation following step-down. This 
approach facilitates implementation of the recommendations 
of guidelines [1,2], which recognize the need to control asthma 
with the lowest adequate doses of ICS. 
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