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ABSTRACT: This study was undertaken in order to determine whether long-term
treatment with inhaled corticosteroid can induce a remission in childhood asthma,
and to decide when stabilization of airway responsiveness occurred.  We therefore
carried out,  an extended follow-up of 28–36 months in one of two groups of chil-
dren who participated in a long-term intervention study.

This former study had shown that long-term (median follow-up 22 months) treat-
ment with inhaled corticosteroid plus beta2-agonist improves symptoms, airway
calibre and airway responsiveness in children with asthma, compared with beta2-
agonist alone.  On treatment with inhaled corticosteroid plus beta2-agonist, airway
calibre did not further improve after 4 months, whereas the provocative dose of his-
tamine which causes a 20% fall in forced expiratory volume in one second (PD20)
histamine showed gradual improvement without reaching an apparent plateau.
Remission was defined as being symptom free during any 8 month period.

Of the 58 children originally randomized to receive 0.2 mg salbutamol, plus
0.2 mg budesonide, t.i.d., five children withdrew: three due to lack of motivation,
one for psychological reasons, and one due to a deterioration of asthma.  One patient
was hospitalized because of an asthma exacerbation.  Airway calibre showed no
improvement after 4 months up to 36 months.  Mean PD20 histamine stabilized after
20 months at 2.1 doubling doses above baseline, but at a subnormal level of 80 µg.
Symptoms improved during the first 18 months, and may have been improving fur-
ther, but slowly, during the period between 18 and 36 months.  Thirty five patients
(60%) achieved a period of remission at some time during the 28–36 months of
treatment.  However, 23 (66%) of these had a relapse.

We conclude that long-term treatment with inhaled corticosteroid improves clin-
ical signs, airway calibre and airway responsiveness, although in most patients only
up to a subnormal level.  Only a minority of the patients achieve a long-lasting
remission.
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Asthma is a chronic inflammatory disease [1–4], which
is characterized by symptoms of airway obstruction such
as cough, wheezing and breathlessness.  Currently, the
most effective drug is inhaled corticosteroid, probably
because of anti-inflammatory properties [5, 6].  Inhaled
corticosteroids diminish symptoms, the need for addi-
tional beta2-agonists [7–9] and peak flow rate (PEFR)
variability [9]; they improve airway calibre [7–9], and
after long-term use they decrease airway responsiveness
to histamine and methacholine [7, 10].  One study sug-
gests that long-term anti-inflammatory treatment may
even induce remission [7].  According to international
consensus reports, the primary aim of asthma treat-
ment could be maximal control of symptoms [11–13].
It remains to be determined whether normalization of

airway responsiveness should also be an aim of treat-
ment, as this is one of the known risk factors for symp-
tomatic asthma in adulthood [14].

In an earlier paper we reported on the results of a
double-blind, randomized, multicentre intervention study
in children with moderate asthma, in which the effects
of treatment, either with a beta2-agonist plus an inhaled
corticosteroid or with a beta2-agonist alone, were com-
pared on airway calibre, bronchodilator response, airway
responsiveness to histamine and symptoms [9].  After
a median follow-up period of 22 months, this study
was stopped because of the high rate of withdrawals,
mainly due to an increase of symptoms in the group
of patients receiving beta2-agonist only.  At that time, a
significant improvement in lung function and airway



responsiveness and a reduction in symptoms were ob-
served in patients receiving inhaled corticosteroid.  How-
ever, it was not clear if the full benefits of inhaled
corticosteroid had been obtained by this time.  Therefore,
patients on beta2-agonist plus inhaled corticosteroid con-
tinued their treatment, being followed-up for 28–36
months in order to answer the important question as to
whether remission might be reached.  We report here on
the results of this extended follow-up.

Patients and methods

Patients

Fifty eight children, aged 7–16 yrs, with moderate
asthma were selected from the out-patient clinics of
two university children's hospitals and one general chil-
dren's hospital.  All children belonged to the group that
had been randomized to treatment with beta2-agonist plus
inhaled corticosteroid in the 22 month comparative study
[9].  Inclusion criteria were symptomatic asthma, forced
expiratory volume in one second (FEV1) 55–90% of pre-
dicted and/or ratio FEV1/forced vital capacity (FVC)
50–75%; and provocative dose of histamine which causes
a 20% fall in FEV1 (PD20 histamine) ≤150 µg (more than
two standard deviations below the mean value in healthy
children [15]).  Exclusion criteria were inability to fol-
low therapy instructions and to perform reproducible
lung function tests, use of oral corticosteroid, partici-
pation in a hyposensitization programme, or the pres-
ence of any concomitant disease.  The study was approved
by the Medical Ethics Committees of the three centres.
All children and their parents gave their informed con-
sent.

Methods

Details of methods and protocols are described in our
previous publication [9], and so we give only a brief
summary here.  Clinical end-points for this study were
symptom scores and additional beta2-agonist usage,
exacerbations for which prednisolone was prescribed,
absence from school because of asthma symptoms, and
hospitalization.  During the two week period prior to
each visit, patients kept diaries of additional beta2-
agonist use, and recorded whether symptoms of asthma
were experienced.  In addition, they measured their peak
expiratory flow rate (PEFR) using a mini-Wright peak
flow meter at home on three occasions each day: in the
morning within half an hour of rising and prior to bron-
chodilation, 10 min after bronchodilation with 0.2 mg
salbutamol, and prior to bronchodilation in the late after-
noon.  Each measurement consisted of three attempts,
and the highest value was recorded.  The number of days
on which symptoms were recorded during the 14 day
period prior to a clinic visit was used as a measure of
symptom burden.  Functional end-points were airway
calibre, measured as FEV1, and airway responsiveness,

expressed as PD20 to histamine.  PEFR prior to medica-
tion, both in early morning and late afternoon, was
also used as a measure of airway calibre, and both its
day-to-day variability and its within-day variability as
additional measures of airway responsiveness.  Broncho-
dilator response was measured both as FEV1, 20 min
after 0.8 mg salbutamol, and as PEFR 10 min after 0.2
mg salbutamol.  The co-ordinating centre in Rotterdam
collected and checked all data to ensure completeness,
and to prevent bias due to local procedures.

Our study had to be terminated on October 1 1991,
because the financial support stopped at that time.  Thus,
not all patients could be followed for the period of 3 yrs
originally planned.  The range of follow-up was 28–36
months.

Baseline characteristics and lengths of follow-up

Between October 1987 and April 1989, 58 patients
were randomized to receive beta2-agonist plus inhaled
corticosteroid in the comparative study [9].  Table 1
shows their baseline characteristics.  All patients who
had not withdrawn from this treatment continued their
medication until October 1991, or until 36 months after
randomization if this was earlier.  Five patients withdrew
from treatment.  Three withdrawals occurred during the
blinded comparative phase (after 4, 6 and 14 months,
respectively), one because of many asthma symptoms,
one for social reasons (lack of motivation), and one for
psychological reasons.  Two patients withdrew during
the open phase (at 22 and 24 months, respectively), both
due to lack of motivation.  All the remaining 53 patients
completed a minimum of 28 months of treatment with
beta2-agonist plus corticosteroid; 50 completed 30 months
and 34 finished 36 months.

Definition of remission

Since there is some ambiguity about the definition of
asthma remission; we defined remission in terms of symp-
tomatic outcome during any 8 month period preceding
a clinic visit.  A patient was said to be in a remission if
he reported no symptoms and used no additional beta2-
agonist during each of the 2 week periods prior to the
four clinic visits during the 8 month period, and also
took no prednisolone course, and had no hospitalization
or absence from school due to asthma during the same
period.  The choice of an 8 month period is arbitrary,
but was motivated by the fact that the group behaviour
of the study cohort appeared to be stable after 20 months
and up until the minimum length of follow-up of 28
months, a period spanning 8 months.

Statistical methods

To assess whether FEV1, PD20 and PEFR were chang-
ing after at least 18 months on treatment, a linear
regression line was fitted to each subject's sequence of
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measurements from the visits at and after 18 months.
A t-test was then used to test whether the average rate of
change across subjects (the average slope of the in-
dividual regressions) was significantly different from
zero.  To assess whether the rate of reporting of symp-
toms and of additional beta2-agonist was changing after
18 months, a simple linear regression was fitted to the
rates at each visit, and the hypothesis that the slope of
this regression is zero was tested. 

Fisher's exact test, the two-sample t-test or the Wil-
coxon test were used to assess for factors that were pre-
dictive of remission.  For all tests undertaken, p-values
are only reported when <0.2.

Results

Clinical signs

The number of days on which symptoms were re-
corded during the 14 day period prior to a clinic visit
is used as a measure of symptom burden.  Figure 1
shows the percentages of patients by the number of days
affected.  Symptom burden decreased over time during
the first 18 months.  Thereafter, about one-third of
patients reported symptoms on at least one day during
the 2 week period prior to each clinic visit, although
there was evidence of marginal significance (p=0.06)
that this rate may still have been decreasing slowly dur-
ing the period between 18 and 36 months.

At baseline, 50% of patients reported no use of addi-
tional beta2-agonist during the 14 days prior to the clinic
visit.  By 18 months, 83% of patients reported no use.
There was no further improvement between 18 and 36
months.

Fourteen of the 58 patients (24%) received a total of
26 courses of prednisolone.  This represents an average
of 0.17 courses per patient-year of treatment.  This rate

was fairly constant from year to year: 0.16 courses in the
first year, 0.20 in the second, and 0.13 in the third.

One patient was hospitalized because of severe asthma
symptoms for 7 days after 18 months of treatment.  He
was treated with prednisolone, nebulized beta2-agonist
and theophylline iv.

Twenty five patients (43%) had absences from school
due to asthma.  The total days absent was 293, repre-
senting 1.9 days per patient-year of treatment with
beta2-agonist plus corticosteroid.  This remained stable
from year to year: 1.8 days in the first year, 2.0 in the
second, and 1.5 in the third.

Lung function measurements

Average prebronchodilation FEV1 had increased from
76% predicted at baseline to 86% at 4 months, and did
not improve further over time.  Average postbroncho-
dilator FEV1, showed an increase from 94% at baseline
to 97% by 2 months, after which it remained stable dur-
ing the complete follow-up period.

There was an acute effect of treatment in raising PEFR
by 36.6 l·min-1 between baseline and 2 months.  Thereafter,
the upward trend in both pre- and postbronchodilation
PEFR (averaging 12.3 l·min-1 per year between 18 and
36 months, p=0.03) was similar to that expected due to
the children's growth [16].  The average evening PEFR
(before bronchodilation) showed the same trend, being
consistently between the pre- and postbronchodilation
morning levels.

The geometric mean PD20 histamine increased stead-
ily over time, and reached a plateau at a subnormal level
(just below 80 µg) between 20 and 24 months (mean
increase 2.1 doubling doses (DD)) (fig.  2).

The average standard deviation in day-to-day vari-
ability of the morning PEFR before bronchodilation was
reduced by 5.9 l·min-1 within 2 months, and stabilized
after 8 months at a level of about 20 l·min-1, which was
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Table 1.  –  Characteristics at baseline for the whole group, and according to whether patients were in remis-
sion or not at the end of follow-up

Whole group             No remission               Remission             p-value
n=58                      n=38                        n=20

Male sex n  % 42   72% 25  66% 17  85% 0.22

Age*  yrs 11   (1.9) 11  (2.0) 11  (1.8) 0.77

Prior use of inhaled 
corticosteroids  n  % 29   50% 21  55% 8  40% 0.41

Prior use of
cromoglycate  n  % 28   48% 20  53% 8  40% 0.42

FEV1*  % pred 76 (10.8) 76  (9.7) 76  (12.8) 0.95

Postbronchodilation FEV1* % pred 94  (11.4) 94  (9.1) 94  (15.2) 0.95

Morning PEFR*  l·min-1 287   (73) 291  (78)                 280  (59) 0.60

PD20** µg histamine                         21.5   (8, 38) 21  (9, 35) 25.5  (8, 45) 0.36

Days in two weeks with
symptoms** 4   (1, 9) 6  (2, 9) 2.5 (0, 4) 0.045

*: data presented as mean, and SD in parenthesis;  **: median, and quartiles in parenthesis.  FEV1: forced expiratory vol-
ume in one second;  % pred: percentage of predicted;  PEFR: peak expiratory flow rate;  PD20: provocative dose produc-
ing a 20% fall in FEV1.   



maintained until the end of the study period.  Average
change in PEFR between morning and afternoon meas-
urements declined from 24.7 l·min-1 at baseline to a level
of about 18 l·min-1 after 8 months, and was maintained
thereafter.

Remission

Of the 58 patients, 35 (60%) experienced at least one
period of symptomatic remission.  The number of patients
in remission increased with time on treatment.  For
instance, in the first 8 months of the study, seven pa-
tients (12%) were in a remission; in the eight month
periods prior to the visits at 20, 28 and 36 months, the
numbers in remission were 10 (17%), 15 (26%) and 13

(34%, of those completing 36 months), respectively.
However, the majority of patients achieving a remission
as we had defined (an 8 month period without symp-
toms) (23 of the 35, (66%)) had a relapse at a later stage,
during the further follow-up.

At the end of the follow-up, 20 patients (35%) were
in remission.  Of these, only 8 also had normal PD20

histamine (>150 µg) and FEV1 (>90% predicted) at the
clinic visits over the previous eight months; 3 other
patients had one, but not both, levels of PD20 histamine
or FEV1, % predicted within the normal range at each
visit.  Comparison of baseline characteristics for pa-
tients in remission at the end of follow-up versus those
who were not, showed that the former group reported
significantly fewer days with symptoms at baseline
(table 1).  FEV1 % predicted and postbronchodilator
response showed no predictive value, and there is little
difference in average PD20 histamine or PEFR levels.

Side effects

Twenty patients mentioned side-effects.  All side-
effects were minor (cough, hoarseness, trembling) and
were never a reason to stop study medication.  In a sep-
arate paper, MERKUS et al. [17] described the increase in
height of the study patients in two of the three centres
compared with longitudinal data of matched healthy con-
trols, and showed no difference.

Discussion

This study describes the results of 28–36 months treat-
ment with inhaled corticosteroid plus inhaled beta2-
agonist on asthma in children.  Average levels of all
lung function measurements had stabilized after 20
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Fig. 1.  –  Percentage of patients plotted against days with symptoms during two weeks over the follow-up period.     : 0 days;     : 1–3 days;     : 4–7
days;     : 8–14 days.
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Fig. 2.  –  Geometric mean PD20 histamine (SEM) increased stead-
ily over time, and reached a plateau at a subnormal level (just
below 80 µg) between 20 and 24 months, (mean increase 2.1 dou-
bling doses).  PD20: provocative dose of histamine producing a
20% fall in forced expiratory volume in one second.



months of treatment, but at levels outside the normal
range.  Symptom burden reduced markedly over the first
few months of treatment, but there may still have been
a continued slow improvement beyond 18 months, as
evidenced, in particular, by the increasing numbers ach-
ieving symptomatic remission.  In general, individual
patients improved with treatment: the majority showed
a decrease in symptoms, PD20 levels were improved in
all but four patients, and FEV1 in all but five.  We found
no pretreatment characteristics which identified a sub-
group of patients for whom the treatment had no bene-
fit.  Although both symptoms and objective measurements
improved over time, a permanent remission was rarely
seen, and mean levels of airway calibre and airway respon-
siveness remained abnormal.

This is the first study in children to have considered
whether a long-lasting remission from asthma can be
induced by drug treatment.  Although it has been shown
that about 50% of children will reach a remission
spontaneously in puberty or adolescence [18–21] (espe-
cially amongst those with mild asthma), it is an impor-
tant question, because children with more severe asthma
are more likely to suffer from asthma in adulthood [20–
22].  We arbitrarily defined a symptomatic remission as
a period of 8 months without any symptoms reported.
During 28–36 months of treatment with inhaled corti-
costeroid plus beta2-agonist, 35 patients (60%) achieved
a remission, although fewer (20 patients, (35%)) were
in a remission at the end of the follow-up, and only
about half of these had normal levels of PD20 histamine
and FEV1 % predicted at that time.  Lower symptom
burden at baseline seemed to be the only predictor of
patients likely to reach remission; notably measures of
lung function had no predictive value.

It is unlikely that the patients reaching remission had
had a spontaneous recovery, since they had moderate
asthma which required maintenance treatment for a
long period before entering the study.  In puberty and
adolescence a fair percentage of children become symp-
tom free.  Usually these children have mild asthma [23].
Also, comparison of the number of remissions during
the comparative phase of the study showed that only 7
patients (12%) of those taking beta2-agonist alone ach-
ieved remission, compared with 20 (34%) of those tak-
ing corticosteroid plus beta2-agonist.  However, our
results also showed that two-thirds of patients achieving
a symptomatic remission suffered a relapse.  Thus, although
28–36 months of treatment with inhaled corticosteroid
improves both symptoms and objective measures of lung
function, it does not cure asthma.  This is underlined by
our findings in a subsequent study, in which cessation
of inhaled corticosteroid from our cohort was followed
by a rapid increase in symptoms and a deterioration in
lung function [24].

Recently JUNIPER et al. [7] investigated the effect of
long-term therapy with inhaled corticosteroid on remis-
sion rate in adults.  In this double-blind, randomized
study, 16 adult patients with mild asthma received 200
µg budesonide b.i.d., 16 others received placebo.  The
steroid-group showed an improvement in symptoms,
which was maximal after 9 months of treatment.  In 8

patients, airway responsiveness reached a plateau after
6–12 months on budesonide.  Nevertheless, mean provoca-
tive concentration of methacholine producing a 20% fall
in FEV1 (PC20) had increased by 2 DD, but had not yet
stabilized after 12 months on this treatment.  Five patients
on budesonide (31%) reached a value of PC20 metha-
choline within the normal range (>8 mg·ml-1).  They
were among those who became symptom-free and no
longer needed additional bronchodilator.  Our results
differ in some respects from those of JUNIPER et al. [7].
We found that mean PD20 histamine stabilized after
20 months; this difference might be explained by the
longer duration of treatment, and the higher dose of
inhaled corticosteroid taken.  Findings regarding normal-
ization in airway responsiveness were similar: even after
36 months on inhaled corticosteroid, airway responsive-
ness remained abnormal in the majority of patients.

HAAHTELA et al. [8] studied 103 newly detected adult
asthmatics in a 22 month study, and randomized them
to budesonide 600 µg b.i.d or terbutaline 375 µg b.i.d.
In the patients on budesonide, symptoms and the need
for additional bronchodilator decreased within one week
after randomization, but did not diminish thereafter.
They did not provide data on the rate of patients who
became symptom-free after such a long treatment period.
Provocative concentration of histamine producing a
15% fall in FEV1 (PC15) histamine showed a marked
increase within 6 weeks on budesonide, and a further
increase at a slower rate thereafter.  At 16 months a
plateau was reached at a mean value of 1.6 DD above
baseline.  Since HAAHTELA et al. [8] used a different
method to assess airway responsiveness, the results are
not fully comparable.  However, the shift of PC15 (1.6
DD after 1 yr) is in the same range as the shift of PC20

in the study of JUNIPER et al. [7] (2 DD after 1 yr), and
of PD20 in our study (2.1 DD after 20 months).

These findings suggest that the underlying inflam-
matory process is still present after years on inhaled
corticosteroid.  Little is known about the effect of inhaled
corticosteroid on airway morphology in asthma.  Some
short- and long-term studies in adult asthmatic patients
show a beneficial effect of inhaled corticosteroid on
characteristics of airway inflammation [25, 26].  Studies
in children are lacking.

What do these findings imply for clinical practice?
It seems that long-term follow-up of airway calibre,
bronchodilator response, and airway responsiveness
are not useful guides for a strategy in the treatment of
asthma, once inhaled corticosteroid has been started.
Almost all patients will improve, both in symptoms and
in objective measurements, independent of the level
from which they start.  A normalization of airway re-
sponsiveness will only occur in a minority of patients.
Treatment should, therefore, be aimed at a symptomatic
remission, i.e. normalization in symptoms, without need
of additional bronchodilator.  This is in agreement with
recently published consensus reports on the treatment of
asthma, in which a normalization of airway sensitivity
was not stated as an aim to achieve [11–13].  In our
study, all patients used both inhaled corticosteroid and
beta2-agonist on a regular basis.  It is uncertain to what
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extent a normalization in symptoms can be reached with
inhaled corticosteroid as the only regular drug taken.
Therefore, new long-term studies in which the effect of
regular treatment with inhaled corticosteroid only is
compared with inhaled corticosteroid plus beta2-agonist
are needed to answer this question.
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