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The possibility of irreversible obstruction and therefore the 
need for early intervention is being much debated. Some inves- 
tigators suggested that delay in starting inhaled corticosteroids 
will result in irreversible obstruction. Our own long-term 
study, specifically designed to detect irreversible obstruction 
showed that a step-wise approach (starting with cromolyn 
sodium and switching to inhaled corticosteroids if clinical con- 
trol and pulmonary function tests are not satisfactorily con- 
trolled) resulted in an increase in pulmonary function and not 
a deterioration. There was no evidence that a delay in starting 
inhaled corticosteroids will result in irreversible obstruction or 
clinical worsening. However, delay in starting cromolyn sodi- 
um in patients treated with bronchodilators alone did result in 
worsening pulmonary function tests and worse clinical out- 
comes. One study from Finland and another study from Aus- 
tralia came to the same conclusion. Even though some studies 
with cromolyn sodium did not show benefit in the first year of 
life, other studies did show a good response. The choice 
between nonsteroidal drugs, such as cromolyn sodium and 
inhaled corticosteroids as first-line drugs, has to he made on 
the risk/benefit ratio of these drugs. Although in severe asthma 
inhaled corticosteroids have greater effkacy, in mild-to-moder- 
ate asthma there is comparable efftcacy, and the nonsteroidal 
drugs have better safety. A step-wise approach is still a logical 
approach (J Allergy Clin lmmunol 2000;105:S575-85.) 
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The idea of early intervention in asthma seems to be 
more frequently debated in the last few years. Consider- 
ing the importance of inflammation in asthma, any phar- 
macologic early intervention should be done with anti- 
inflammatory drugs. 

The first question that needs to be addressed is why 
one would consider early intervention: to prevent asthma 
from occurring at all (primary prophylaxis)-an exciting 
concept, but no data exists about pharmacologic means 
being able to achieve this goal; and to improve the long- 
term prognosis of asthma and perhaps to prevent the 
occurrence of irreversible airway obstruction. 

The second question that needs to be addressed is how 
early intervention should be performed. There are 2 pos- 
sible approaches: (1) Early intervention after the OnSet Of 

the disease has been mostly advocated by investigators 
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who proposed that in the absence of treatment with 
inhaled corticosteroids, childhood asthma has a progres- 
sive downhill course that results in the development of 
irreversible airway obstruction.1 (2) Anti-inflammatory 
drugs should be started in patients with milder asthma 
than those suggested by earlier guidelines.24 Studies of 
the natural history of childhood asthma agree on some 
basic facts: One is that a substantial proportion of chil- 
dren who wheeze in the first few years of life will stop 
wheezing (28%-43%).59’s The same studies also agree 
that severe disease is an important risk factor for chronic- 
ity in the long term.s,s 

A few studies have examined the possibility whether 
drug therapy can affect the long-term prognosis. Martin 
et al6 followed 37 1 children and evaluated them at age 7. 
10, 14, and 21 years. They concluded that adequacy of 
treatment did not have an effect on the long-term out- 
come. However, anti-inflammatory drugs became avail- 
able relatively late in their follow-up. Thus cromolyn 
sodium became available in Australia after the IO-year 
check-up, and inhaled corticosteroids became available 
only after the 1Cyear visit. In addition, the authors defi- 
nition of adequate treatment was cromolyn sodium or 
maintenance adrenergic agents. The latter is not consid- 
ered appropriate treatment in the absence of anti-inflam- 
matory drugs in the recent guidelines.24 

In a study from Finland, Kokkonen and Linna7 moni- 
tored 108 patients with asthma from childhood to ages 20 
to 24 years. Sixty percent of these patients were treated 
with as-needed bronchodilators; 20%, with cromolyn 
sodium; and 20%, with inhaled corticosteroids. These 
authors also concluded that drug therapy had no effect on 
the long-term outcome. Unfortunately, no explanation is 
given in the paper about the indications for these drugs; 
therefore no inferences can be made about the current 
indications of these drugs. Z-4 There is, in fact, some sug- 
gestion in their results that anti-inflammatory drugs 
might have an effect on the long-term outcome. Thus 
anti-inflammatory drugs were given to 70% of patients 
whose condition improved but only to 45% of those 
patients whose condition worsened. 

All the guidelines2-4 recommended that in children, 
anti-inflammatory drugs in the form of cromolyn sodium 
should be started at the level of moderately severe asth- 
ma, and inhaled corticosteroids should be used in 
patients with severe asthma, whose condition could not 
be controlled by cromolyn sodium. 

In 1994, Agertoft and Pedersent published a study of 
budesonide that was given to children with mild-to-mod- 
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erate asthma for 3 to 6 years, compared to a control 
group. They found that the annual increase in FEV, in 
the budesonide group was significantly greater in 
patients in whom the onset of the disease was less than 2 
years before start of the steroid therapy, compared with 
those in whom the onset was more than 5 years earlier. In 
the control group, an annual decrease in predicted FEV, 
value of 1% to 3% was measured. From this they sug- 
gested that perhaps delay in starting inhaled cortico- 
steroids can cause irreversible airway obstruction. 

There are several problems with these conclusions: 
1. The study was not designed to investigate irreversible 

airway obstruction. The results represent a prebron- 
chodilator baseline; no postbronchodilator results are 
given, and no short course of systemic steroids was 
attempted; therefore the authors really cannot say 
whether the obstruction was irreversible because they 
made no attempt to reverse it. 

2. The control group was much smaller than the treat- 
ment group, and it was not randomly selected but 
included patients who refused corticosteroid therapy 
(steroid-phobic). 

3. All patients received maintenance adrenergic therapy 
with terbutaline. According to some studies, this can 
cause worsening of clinical control and pulmonary 
function tests.9 in asthma and can increase late aller- 
gic reaction.iO 

This study generated a line of thought that assumed 
that childhood asthma, in the absence of inhaled cortico- 
steroid therapy, has a progressive downhill course, result- 
ing in irreversible obstruction. This hypothesis, if true, 
would strongly support early intervention soon after the 
onset of the disease and would mandate the use of 
inhaled corticosteroids as the only choice of anti-inflam- 
matory treatment. 

To test this hypothesis, we conducted a retrospective 
study of 175 children with asthma who were treated in a 
step-wise manner, very similar to that of the guidelines.* 
The study was designed to test the hypothesis that irre- 
versible obstruction occurs with delay in starting inhaled 
corticosteroids and was mostly aimed at examining the 
long-term outcome of the step-wise approach.* The 
patients were followed on average for 8.4 years (range, 
2.2-16.8 years). The data were based on chart review, 
end-of-study questionnaire, and spirometry.11 To test the 
reversibility of any degree of obstruction, at the end of 
the study all patients were given albuterol, and spirome- 
try was measured both before and after the treatment. 

The original classification by severity, at the start of 
the study, was mild (patients symptomatic on 3 or less 
days per week), moderate (patients symptomatic on more 
than 3 days per week), or severe. In patients old enough 
to perform spirometry, this was performed at every clin- 
ic visit, and the results were included in the decision- 
making process on the appropriate classification and 
therapy. The patients with mild disease were treated with 
“as needed” bronchodilators; the patients with moderate 
disease were treated with cromolyn sodium, and the 
patients with severe disease (defined as not controlled by 

cromolyn sodium) were treated with inhaled cortico- 
steroids.? 

If, during the follow-up, the severity of the disease 
changed, the treatment was stepped up or down, accord- 
ingly; therefore at the end of the study, many patients 
were on different treatment from the original regimen. 

The final clinical outcome showed that about 15% of 
patients were free of symptoms for at least 1 year, on no 
asthma medication. There was no significant difference 
between the 3 original groups of severity in terms of the 
proportion that became asymptomatic. This is different 
from what one would expect from the natural history of 
the disease, which is for the patients with more severe 
disease to be less likely to “outgrow” their asthma.536 

Approximately one half of the patients treated with 
anti-inflammatory drugs (cromolyn sodium or inhaled 
corticosteroids) improved sufficiently to move to a 
milder group, although only 17% of the original mild 
group did so (Fig 1). The proportion of patients whose 
condition remained the same or worsened was signifi- 
cantly higher in the mild group, treated with bron- 
chodilators-only compared with either the cromolyn 
sodium or the inhaled steroid group. 

Delay in starting cromolyn sodium was 14.3 months in 
the patients whose condition remained the same or wors- 
ened but only 1.3 months in the patients whose condition 
improved; this difference was statistically significant. 
The respective numbers for delay in the start of inhaled 
corticosteroids were 20 and 18.7 months, and the differ- 
ence was not significant. Thus it seems that the important 
step is to start anti-inflammatory drugs, but it does not 
have to be inhaled corticosteroids. 

The best pulmonary function tests were in the mild 
group at the start of the study; but at the end of the study, 
the original moderate group had the best results. Even the 
original severe group had better results than the mild 
group in 2 of 3 spirometric tests (Fig 2). The results of 
the moderate group, started on cromolyn sodium, 
improved from start to end and were quite normal. Final 
pulmonary function tests were affected positively by 
treatment with cromolyn sodium and inhaled cortico- 
steroids and negatively affected by a delay in starting 
cromolyn sodium but not inhaled corticosteroids. There 
was no significant effect of age at onset or duration of 
asthma. 

When changes from start to end (end of study or point 
at which treatment was changed) within the original 
treatment regimens were analyzed, it was found that the 
group treated with bronchodilators only had a significant 
worsening in pulmonary function, that those treated with 
cromolyn sodium experienced no change, and those 
treated with inhaled corticosteroids had a trend for 
improvement, which reached statistical significance on 
forced vital capacity (Fig 3). 

This study does not support the hypothesis that child- 
hood asthma, in the absence of inhaled corticosteroids, 
has a progressive downhill course, resulting in irre- 
versible airway obstruction. The evidence shows that 
both anti-inflammatory drugs (cromolyn sodium and 
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FIG 1. Asthma severity classifications at end of the study. Severity categories are shown according to the 
original 3 treatment groups (as needed: P-agonist, mild asthma; cromolyn sodium, moderate asthma; 
inhaled corticosteroids, severe asthma). Open bars represent patients who were free of symptoms (not 
receiving any antiasthma medications); light gray bars represent patients with mild asthma (treated with 
bronchodilators only, as needed); darkgray bars represent patients with moderate asthma (treated with cro- 
molyn sodium); black bars represent patients with severe asthma (treated with inhaled corticosteroids). 
(From Konig P, Shaffer J. The effect of drug therapy on long-term outcome of childhood asthma: a possible 
preview of the international guidelines. J Allergy Clin lmmunol 1996;98:1103-11. By permission.) 
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FIG 2. Pulmonary function tests at start and end of follow-up. NC, Forced vital capacity; fFFzs.74 forced 
expiratory flow; A, mild asthma (bronchodilators, as needed); B, moderately severe asthma (cromolyn sodi- 
um); C, severe asthma (inhaled corticosteroids).(Modified from Konig F’, Shaffer J. The effect of drug thera- 
py on long-term outcome of childhood asthma: a possible preview of the international guidelines. J Aller- 
gy Clin (mmunol 1996;98:1103-11. By permission.) 
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FIG 3. Change in pulmonary function from start to end of initial 
treatment with either j3-agonists. sodium cromolyn, or inhaled 
corticosteroids. All values are prebronchodilator use. FVC, Forced 
vital capacity; FEF,,.,. forced expiratory flow; P&V, as needed. 
(From Konig P Evidence for benefits of early intervention with 
non-steroidal drugs in asthma. Pediatr Pulmonol 1997; 
15(supplh34-9. Copyright 1997. Reprinted by permission of 
Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.) 

inhaled corticosteroids) are disease-modifying agents 
and at least partially reversed the natural history of the 
disease, which is for the patients with mild asthma to 
experience better results than the patients with more 
severe asthma, although the opposite was true in this 
study. It seems that the crucial step is the jump from 
bronchodilators to an anti-inflammatory drug, and this 
can be cromolyn also, not necessarily inhaled steroids. 

The step-wise approach, on the whole, had a positive 
long-term outcome. However. the initiation of cromolyn 
sodium therapy, as defined by those guidelines,2 may be 
too late; and starting cromolyn in patients with milder 
disease could further improve the long-term outcome. 

Even though it may be argued that this study was ret- 
rospective,tt while the study by Agertoft and Pedersent 
was prospective, it is also true that the first was specifi- 
cally designed to look for irreversible obstruction and 
had a much longer follow-up’ t than the Danish study.1 

A cross-sectional study of Finnish school children,tz 
managed according to the same guidelines2 as our 
study,’ ’ came to very similar conclusions. They treated 
the patients with mild disease with “as needed” bron- 
chodilators, the patients with moderately severe disease 
with cromolyn sodium or nedocromil sodium, and the 
patients with severe disease with inhaled corticosteroids. 
They also found the best pulmonary function results in 
the moderate group, and the difference reached statistical 
significance compared with the mild group on peak expi- 
ratory flow rate and FEV, value and compared with the 
severe group on peak expiratory flow rate. They also con- 
cluded that the initiation of nonsteroidal inhaled anti- 
inflammatory drugs in patients with milder disease than 
the recommendations of the guidelines2 might benefit 
some patients. 

Oswald et aIt3 followed a group of children from 7 to 

35 years old, for a total of 28 years. They were also test- 
ing the hypothesis that the lack of treatment with inhaled 
corticosteroids will result in irreversible obstruction; they 
found no evidence to support this hypothesis. 

Some studies with cromolyn sodium suggested that it 
may not work in the first year of life, thus making it a 
questionable candidate for intervention early after onset 
of the disease.tJ,t5 On the other hand, Henry et a1,t6 in a 
group of children under 2 years of age, found that, even 
though the cromolyn responders tended to be older. some 
children under 1 year were clearly responders. 

Yilksel and Greenought’ treated a group of premature 
infants and children aged 4 to 31 months. They showed 
significantly fewer symptoms and bronchodilator use 
with cromolyn sodium compared with placebo and con- 
cluded that cromolyn responsiveness did not correlate 
with either gestational or postnatal age. The same authors 
performed a similar study with nedocromil sodium with 
the same positive results.ls 

Reijonen et aIt9 studied a group of children under 2 
years of age who had bronchiolitis. The patients were 
treated for 4 months with cromolyn sodium or budes- 
onide and compared with a group who were receiving no 
therapy. The number of children with at least 1 subse- 
quent wheezing episode was significantly lower in both 
anti-inflammatory treatment groups, compared with the 
no treatment group (Fig 4). There was no significant dif- 
ference between the groups treated with cromolyn sodi- 
um and those treated with budesonide. 

The number of hospitalizations for the whole group 
was significantly lower in the budesonide group com- 
pared with the control group but not significant for cro- 
molyn. However, in a subgroup of atopic children, who 
had the most problems. the number of hospitalizations 
were equally reduced by both anti-inflammatory drugs. 
Thus, in this study, there was comparable efficacy at a 
very young age between cromolyn sodium and an 
inhaled corticosteroid. 

In making the choice which anti-inflammatory drug 
should be used for early intervention, the risk-benefit 
ratio should be considered. 

In terms of efficacy, head-to-head comparisons 
between cromolyn sodium and inhaled corticosteroids 
can be divided into 2 types of studies. In studies in which 
the patient population had severe asthma, the superiority 
of inhaled corticosteroids is obvious.20-22 On the other 
hand, in studies were the children had mild-to-moderate 
asthma, 3’3-25 of the 5 studies showed equal efficacy, 
while only 2 (1 of them an uncontrolled study) showed 
better results with inhaled corticosteroidsW7 Thus in 
the patient with mild-to-moderate asthma, there is com- 
parable efficacy. 

As one moves towards patients with milder asthma, one 
should tolerate fewer side-effects. Both cromolyn sodium28 
and nedocromil sodium29 have excellent safety records. 
The safety of inhaled corticosteroids, although very good,30 
is not as good as that of the nonsteroidal drugs. 

Interestingly, the severity of the disease affects not 
only the efficacy but also the safety of inhaled cortico- 
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FIG 4. Children with at least 1 physician-diagnosed wheezing episode during anti-inflammatory therapy 
administered after bronchiolitis. For weeks 1 to 8, P= .35; weeks 9 to 16, P= .Ol; weeks 1 to 16, P= .08. Aster- 
isks indicate that, in weeks 9 to 16, P-z .05 compared with patients in the control group (~2 test). (From Rei- 
jonen T, Korppi M, Kuikka L, Remes K. Anti-inflammatory therapy reduces wheezing after bronchiolitis. Arch 
Pediatr Adolesc Med 1996;150:512-7. Copyright 1996, American Medical Association.) 

steroids. Thus Harris and Fuller,“t treated adults with 
asthma with fluticasone propionate, which showed 
greater adrenal suppression in patients with milder asth- 
ma. It is possible, that in patients with more open air- 
ways, more of the drug penetrates and gets absorbed 
from the lungs, resulting in a greater systemic impact. 

In children, the earlier studies with inhaled cortico- 
steroids were performed on patients with severe asthma 
and found no growth suppression with regular doses 
(around 400 p&/day of beclomethasone dipropionate).3’.33 
More recently, several studies in patients with mild-to- 
moderate34 or mild35 asthma showed significant growth 
suppression with beclomethasone dipropionate 400 @day. 

As to why there would be more growth suppression in 
patients with milder asthma, the possible explanation is 
that, in patients with severe asthma, there is frequently a 
need for short or more prolonged courses of systemic 
corticosteroids. which have growth suppressive effect. 
The introduction of inhaled corticosteroids will eliminate 
or reduce the need for systemic corticosteroids. Poorly 
controlled asthma in itself causes growth suppression.36 
Treatment with inhaled corticosteroids will result in a 
great improvement in the control of asthma. Thus inhaled 
corticosteroids have 2 beneficial effects on growth, 
which balance out the negative effect and no growth sup- 

pression occurs. In patients with mild asthma, there is 
rarely any need for systemic corticosteroids, and the 
impact of inhaled corticosteroids on the control of asth- 
ma is not as dramatic as in patients with severe asthma. 
Thus the 2 beneficial effects on growth that were present 
in severe cases are absent or weaker, and the balance tilts 
toward growth suppression (Fig 5). 

Weighing the pros and cons of how early pharmaco- 

Severe asthma 
Inhaled steroids 

Inhaled steroids 

growth suppression 

FIG 5. Growth suppression with inhaled corticosteroids in severe 
versus mild asthma. (From Konig P Evidence for benefits of early 
intervention with non-steroidal drugs in asthma. Pediatr Pul- 
mono1 1997;15(suppl):34-9. Copyright 1999. Reprinted by permis- 
sion of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.) 

logic intervention (early after the onset of the disease or 
starting anti-inflammatory drugs in milder cases) should 
begin, several points need to be considered. 

The main argument for starting early after the onset of 
disease was the hypothesis that, in the absence of inhaled 
steroid therapy, the course is progressively downhill, 
resulting in irreversible obstruction. This hypothesis has 
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now been refuted by several studies.1 t-13 Treating all 
patients with asthma with inhaled anti-inflammatory 
drugs would be costly and difficult to implement or to 
justify, especially in today’s trend toward managed care 
and cost containment. Obtaining good compliance with 
maintenance medication is difficult enough in patients 
with frequent symptoms. In those patients with infrequent 
symptoms (especially in the absence of data that this 
approach will have a definite beneficial effect on the long- 
term outcome), compliance would be extremely difficult. 

To start anti-inflammatory treatment in milder cases 
than previously recommended,* a step-wise approach, is 
justified in 2 recent studies.tt.t* The most recent set of 
international guidelines, the Global Initiative for Asth- 
ma,37 recommended exactly this approach: to change the 
point of initiating inhaled anti-inflammatory treatment 
from patients symptomatic on more than 3 days per 
week* to patients symptomatic on more than 1 day per 
week.37 This approach needs close clinical follow-up of 
patients with frequent measurements of pulmonary func- 
tion tests to assess the severity of the disease and the 
changes in severity, which occur frequently in childhood 
asthma, both toward improvement (necessitating step- 
down in treatment) and sometimes toward worsening 
(necessitating step-up in therapy). 

The decision whether steroidal or nonsteroidal drugs 
should be used for early intervention needs to take in 
consideration the following facts: 

1. In mild-to-moderate asthma, inhaled nonsteroidal 
agents have comparable efficacy with the inhaled 
corticosteroids.*s-2s 

2. Nonsteroidal drugs have a more favorable safety pro- 
file.*sJs 

3. In addition to the known systemic and topical side 
effects of inhaled corticosteroids, there are several 
side-effects shown to occur in adults, but not studied 
in children, such as reduced skin collagen synthe- 
sis,38 easy bruising and dermal thinning.ss-4’ 

4. An increase in IgE synthesis has been shown in 
human subjects with systemic corticosteroids42 and 
with topical application of corticosteroids to the 
skin.43 At the same time, there is evidence, at least in 
vitro, that both cromolyn sodium4J and nedocromil 
sodium45 inhibit IgE production. 

In conclusion, the introduction of anti-inflammatory 
therapy in patients with milder asthma in a step-wise 
manner starting with inhaled nonsteroidal drugs is sup- 
ported by studies,! tqt* represents the recommendation of 
the latest guidelines,37 and should now be the standard 
clinical practice. 

Even though the hypothesis that without inhaled corti- 
costeroids childhood asthma has a progressive downhill 
course is not supported by the latest data,tt,t* it is possi- 
ble that starting anti-inflammatory drugs early after the 
onset of the disease will result in even better long-term 
outcome than the approach of introducing these drugs in 
milder cases. This needs to be proved by prospective 
studies comparing the 2 approaches head-to-head. 

Primary prophylaxis of asthma is an exciting possibil- 

ity. Studies are needed to prove whether this can be 
achieved by treating with anti-inflammatory drugs early 
in life, before the occurrence of clinically manifest asth- 
ma, in children who are especially at risk to the develop- 
ment of persistent asthma, such as those children with a 
positive family history of asthma and an elevated IgE 
level in the first year.& 
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DISCUSSION 

O’Connor: First, could you define an anti-inflammatory 
drug? Second, do we have evidence that either chromones or 
inhaled steroids alter inflammation as measured by bron- 
choalveolar lavage, sputum, or bronchial biopsy? Third, 
why do chromones work in mild-to-moderate but not severe 
asthma? 

P. Kiinig: My personal definition of an anti-inflammatory 
drug is one that reduces bronchial hyperreactivity and 
inflammation in humans, as shown by bronchoalveolar 
lavage or biopsy. Diaz et a147 have shown that cromolyn 
sodium reduces eosinophils in bronchoalveolar lavage. With 
nedocromil sodium the only evidence48 at this time is that, 
compared with maintenance adrenergic therapy, nedocromil 
sodium is significantly better. Mild asthma could well have 
a different pathogenesis than severe asthma. There are 
numerous studies that show the efficacy of nedocromil sodi- 
um in severe, steroid-dependent asthma. There is no such 
evidence with cromolyn sodium. 
Costello: When you talk about suppression of growth, are 
you talking about growth velocity or about final height? Also, 
in the study by Tinkehnan et al,49 only the growth of boys was 
affected by inhaled corticosteroids. Is there a general view 
that boys are more susceptible to growth inhibition? 

R KSnig: There is some hint that boys may be more sus- 
ceptible but no solid evidence. The studies showed that 
growth velocity was reduced by inhaled corticosteroids in 
mild-to-moderate, but not severe, asthma. Data published to 
date on final height attained showed no effect from inhaled 
steroids, but those studies are in patients with severe asthma. 
The use of inhaled steroids in patients with milder asthma is 
a relatively recent development, and the long-term effect is 
not known. 
C. Page: In the study by Tinkleman et a1,49 theophylline was 
compared with inhaled beclomethasone and produced com- 
parable efficacy. There is now increasing evidence that sub- 
bronchodilator levels of theophylline have anti-inflammato- 
ry actions in patients with asthma. It is orally active and 
inexpensive, having fewer side effects at the lower plasma 
levels. What is your view on the place of theophylline in the 
treatment of pediatric asthma? 
P. Kikig: In view of the systemic side-effects and the lack 
of evidence on reduced bronchial hyperreactivity and 
reduced inflammation by bronchoalveolar lavage or biopsy, 
I think that theophylline should be used only as an addition- 
al treatment to cromolyn sodium or with nedocromil sodium 
or inhaled corticosteroids in difficult to treat cases. 


