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ABSTRACT: In adolescence, some paediatric asthma patients will become symp-
tom-free and require no further treatment. There is little information on the atopic
status, lung function and bronchial responsiveness of these patients.

Symptom-free asthma patients (n=118) aged 7.7–19.2 yrs, were evaluated 1 year
after termination of therapy. Bronchial asthma had previously been diagnosed on
the basis of recurrent wheezing episodes. Atopic status was assessed by skin-prick
testing. Baseline lung function was measured by spirometry, flow-volume curve
and plethysmography. Bronchial responsiveness was assessed nonpharmacologi-
cally by cold dry air challenge.

Eighty one patients had at least one positive skin test result, and the remaining
37 were defined as nonatopic.  In atopic subjects, the prevalence of bronchial
hyperresponsiveness was significantly higher than in nonatopic patients (41 out of
81 versus 7 out of 37; p=0.001). Atopic subjects showed a significantly lower max-
imal expiratory flow at 25% remaining vital capacity (p<0.05) and a higher res-
idual volume (p<0.05) than nonatopic subjects. Nonatopic subjects were significantly
younger than atopic patients (p<0.01).

These symptom- and medication-free paediatric and adolescent asthma patients
could, thus, be divided into two groups: 1) atopic subjects with a tendency towards
bronchial hyperresponsiveness; and 2) nonatopic subjects with better lung func-
tion and normal bronchial responsiveness. In view of the increased understanding
of the epidemiology of early childhood wheezing, these findings support the con-
cept of different pathogenic mechanisms underlying wheezing episodes in early
childhood.
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In adolescence, some paediatric asthma patients become
symptom-free and require no further antiasthma treat-
ment. Studies that have focused on the natural history
of asthma from childhood to adulthood indicate that 16–
57% of paediatric asthma patients go into a clinically
defined remission [1–8]. One would assume that such
a remission should be associated with normalized lung
function. Indeed, some studies have demonstrated nor-
mal lung function values in asthma patients without cur-
rent respiratory symptoms [9, 10]; others, however, have
documented persisting functional abnormalities in cur-
rently symptom-free patients [11, 12].

Bronchial hyperresponsiveness (BHR) is considered
an important feature of the asthma syndrome [13, 14].
Only a few studies on the outcome of childhood asth-
ma have subsequently evaluated bronchial responsive-
ness (BR) in symptom-free adolescents and adults. These
studies have produced widely differing results, with the
prevalence of BHR ranging 7–63% [4–6, 9, 10, 15, 16].
All these studies used pharmacological challenges
for assessing BR. However, nonpharmacological chal-
lenges, i.e. provocations that use physical stimuli, might
be more specific for indicating bronchial asthma [17–19].
Thus, it would be of special interest to evaluate BR in

symptom-free paediatric and adolescent asthma patients
by a nonpharmacological challenge.

Atopy, indicated by skin reactivity to common aller-
gens, has a special relationship to the development, the
prevalence, and the severity of bronchial asthma [20–23].
Several studies have documented that atopy occurs in
close association with BHR, and this was found both
for asthma patients and random population samples [20,
24–31]. So far, however, the association of atopy and
BR has not been studied in symptom- and medication-
free paediatric and adolescent asthma patients.

In the present study, we therefore assessed atopic sta-
tus, lung function and BR in a group of paediatric and
adolescent patients who were in clinical remission of
their asthma.

Materials and methods

Subjects

This investigation was part of an ongoing epidemio-
logical study, evaluating asthma patients at the local
paediatric respiratory centre, who have become free of
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asthma symptoms and have stopped taking antiasthma
medication for 1 year. Of a total of 132 patients meet-
ing this definition, 118 were recruited successively from
1989 to 1993; this group consisted of 45 females (38%)
and 73 males (62%), with a mean±SD age of 13.0±2.6 yrs
(range 7.7–19.2 yrs). All patients had previously been
diagnosed as having bronchial asthma on the basis of
clinical criteria [13, 14]. Thus, this diagnosis was based
mainly on the clinical observation of recurrent episodes
of bronchial obstruction responsive to bronchodilators
and separated by symptom-free intervals of varying dura-
tion. Other chronic obstructive airway disorders had been
excluded by relevant investigations in all patients. When
necessary, clinical data were obtained retrospectively by
reviewing the files of the out-patient clinic.

Informed consent for this investigation was obtained
both from the patient and the parents.

Atopic status

The atopic status was assessed by skin-prick testing with
14 common environmental allergens (ALK, Copenhagen,
Denmark), including house dust mites (Dermatophagoides
pteronyssinus, Dermatophagoides farinae), weed pollen
(mugwort, ragweed, plantain), tree pollen (birch, hazel,
alder), grass pollen (grass mix, rye), moulds (Alternaria
alternata, Cladosporium herbarum), and animal dander
(cat, dog). Skin testing included a positive histamine
and a negative saline control, and was performed by
pricking through the droplets of allergen, using a stan-
dard 1 mm prick lancet (ALK, Copenhagen, Denmark).
The maximum wheal diameter was measured after 15
min. A test was regarded as positive when producing a
wheal of ≥3 mm [32]. A positive response to histamine
and a negative response to the diluent were considered
prerequisites for accepting the test result as valid. The
subject was defined as atopic when there was a positive
response to one or more of the tested allergens.

Baseline lung function

Measurements were performed in accordance with stan-
dardized guidelines [33]. Forced vital capacity (FVC),
forced expiratory volume in one second (FEV1), and
forced expiratory flow during the middle half of the
FVC (FEF25–75) were measured with a water-filled
spirometer (Spiro-Junior; Jaeger, Würzburg, Germany).
Total lung capacity (TLC), residual volume (RV), and
airway resistance (Raw) were measured in a constant vol-
ume, whole-body plethysmograph (Body-Test; Jaeger)
according to the methods of DUBOIS and co-workers [34,
35]. A maximal expiratory flow-volume (MEFV) curve
was recorded on a pneumotachograph spirometer (Body-
Test; Jaeger). Maximal expiratory flow at 50% (MEF50)
and at 25% remaining FVC (MEF25) were measured
from the MEFV curve. Results were expressed as per-
centage of predicted normal, based on relevant refer-
ence standards [36].

Bronchial responsiveness

BR was assessed nonpharmacologically by a single-
step cold dry air challenge (CACh), according to an

established protocol [37, 38]. After measurement of the
prechallenge FEV1, CACh consisted of a 4 min iso-
capnic hyperventilation of absolutely dry, -10°C air at
75% of maximal voluntary ventilation. Cold dry air was
produced by a commercially available heat exchanger
(RHES; Jaeger). Three minutes after termination of the
challenge, FEV1 was measured again. The change in FEV1
(∆FEV1) from the baseline to the postchallenge mea-
surement was expressed in percentage baseline FEV1.
For this method, a ∆FEV1 of minus 9% or more defines
BHR [37].

Statistical analysis

Data in contingency tables were analysed by the Chi-
squared test. Analysis of continuous data was performed
using the one-way analysis of variance (ANOVA). A p-
value of 0.05 or less was taken as indicating statistical
significance.

Results

Demographic data, atopic status

Of the 118 children and adolescents, 81 (69%) had
one or more positive skin test reaction(s), and 37 (31%)
remained negative to all tested allergens. This propor-
tion of nonatopic subjects is significantly higher than
the proportion of nonatopic asthma patients in the local
out-patient clinic, which typically ranges 12–14% and
is presently 13% of a total of 1,230 patients. 

A comparison of the atopic and nonatopic groups
revealed the following differences. The atopic group
included more males than females (55/26), whereas the
distribution of sexes in the nonatopic group (18/19)
appeared roughly equal, and this difference reached sta-
tistical significance (p<0.05). Currently, the male/female
ratio in the patients of the local outpatient clinic is
1.9/1.0; thus, the sex ratio in the atopic group reflects
that in our out-patient population. Age at the study was
lower in the nonatopic group (mean±SD 12.1±2.6 yrs;
range 7.7–19.2 yrs) than in the atopic group (13.4±2.5
yrs; range 8.8–18.4 yrs), and this difference was statis-
tically significant (p<0.01). When comparing the preva-
lence of atopy in the younger children (<13 yrs) with
that in the adolescents (>13 yrs), there was a tendency
towards less atopic patients (63 versus 74%), which,
however, remained nonsignificant.

Baseline lung function

Baseline lung function parameters are presented in
table 1. In the atopic group, MEF25 was significantly
lower and RV was significantly higher than in the
nonatopic group, whereas the other parameters did not
differ significantly.

Bronchial responsiveness

A total of 48 children (41%) showed BHR to CACh.
The percentage of subjects with BHR was significantly
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higher in the atopic group than in the nonatopic group
(52 versus 19%; p=0.001), and the mean CACh-induced
change of FEV1 was significantly higher in the atopic
than in the nonatopic subjects (-13.0±13.5% vs -4.9±4.9%;
p<0.001). When comparing the prevalence of BHR in
the younger children (<13 yrs) with that in the adole-
scents (>13 yrs), there was a statistically significant dif-
ference (23 vs 57%; p<0.001).

Discussion

The findings of this study demonstrate that: 1) approx-
imately 40% of the symptom- and medication-free pae-
diatric and adolescent asthma patients of this centre
demonstrate BHR to CACh; 2) atopic subjects reach
clinical remission less often and later than nonatopic
patients; and 3) in contrast to nonatopic patients, atopic
subjects tend towards discrete small airway dysfunction
and maintained BHR. In combination with other recent
epidemiological findings, this study raises serious ques-
tions regarding the clinical identification and treatment
of bronchial asthma in paediatric patients.

Several previous studies have evaluated the preva-
lence of BHR in asthma patients who had reached a
clinically defined remission [4–6, 9, 10, 15, 16]. MARTIN

et al. [9] demonstrated that 60% of subjects with a his-
tory of wheezing during childhood had an increased
BR at the age of 21 yrs. A follow-up study at the age
of 28 yrs revealed BHR in 30% of the asymptomatic
subjects; this no longer differed significantly from the
control group [10]. GERRITSEN et al. [4] found a decrease
in the prevalence of BHR from 82% in childhood to
29% in adulthood. GODDEN et al. [16]  investigated the
outcome of childhood asthma after 25 yrs and found an
increased BR in 42% of the asymptomatic patients.
BOULET et al. [15] demonstrated that 63% of symptom-
and medication-free adults with a history of asthma
had an increased BR. Two further studies re-examined
paediatric asthma patients in adulthood and found BHR
in 20% of the asymptomatic subjects [5, 6]. These wide-
ly differing results might be due to marked differences
in the clinical definition of a remission, in the recruit-
ment of subjects, and in the sensitivity of the provoca-
tion methods used.

In the present study, 41% of all patients investigated
showed persisting BHR to CACh. This prevalence of
BHR to a nonpharmacological stimulus cannot be com-
pared directly to the results of the above-quoted stud-
ies, as most of those were performed exclusively by
using pharmacological provocations. Studies compar-
ing nonpharmacological and pharmacological stimuli
for identifying BHR in paediatric patients suggest that
CACh is less sensitive but more specific for indicating
asthma than conventional pharmacological challenges
[17, 39]. The 41% prevalence of BHR to CACh found
in the present study should, thus, be interpreted from
the perspective that this technique defines fewer sub-
jects as hyperreactive than pharmacological methods.
However, the asthma patient population of a special-
ized paediatric respiratory centre might not include the
milder end of the paediatric asthma spectrum; thus, the
high prevalence of BHR found in this study might, at
least in part, also be explained by the selection of the
patients investigated. From a more general perspective,
however, both pharmacological and nonpharmacologi-
cal investigations seem to agree in finding a high preva-
lence of persisting BHR in symptom- and medication-free
asthma patients. Whether BHR has a prognostic signif-
icance in these patients, indicating those subjects who
will experience a later relapse of their symptoms, remains
to be determined in future long-term studies.

Several studies have examined the relationship between
atopy and BR in random population samples and in asth-
ma patients [15, 20, 24–31, 40]. Some authors have suc-
ceeded in demonstrating association between atopy and
BHR in subjects with current asthma and other respi-
ratory symptoms [24–31], while others have not found
such an association [40]. Few data are available on the
relationship between atopy and BR in symptom- and
medication-free asthma patients. In the study by BOULET

et al. [15], adult asthma subjects, reporting no symp-
toms or medication requirement for at least 2 yrs, showed
no correlation between BR to methacholine and the
number of positive skin test results. The present study,
however, demonstrates that the presence of atopy is sig-
nificantly associated with an increased prevalence of
BHR to CACh.

Some differences between these two results might be
explained by the different populations investigated, the
different study designs, and the different provocation
methods used. It has been suggested that nonpharma-
cological challenges might have more relevance for the
clinical course of bronchial asthma than pharmacolog-
ical provocations [18, 19, 37, 38]; thus, the result of the
present study might have some prognostic significance.
The finding that the contribution of atopic patients to
the present study population was much smaller than
might have been expected from their representation in
the local asthma out-patient clinic, indicates that there
is a much weaker tendency to go into remission for these
atopic subjects than for the nonatopic wheezers. In a
more general sense, the findings of the present study
are in agreement with the results of those epidemio-
logical studies that demonstrated a correlation between
the atopic status of children and the presence or the
degree of BR [25–27, 29, 30].

In the present study, the atopic group differed from
the nonatopic subjects in having a higher RV and a
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Table 1.  – Baseline lung function parameters

Atopic Nonatopic p-value

FVC % pred 105±11 102±11 NS

FEV1 % pred 100±12 99±10 NS

FEF25–75 % pred 93±22 94±22 NS

MEF50 % pred 105±26 106±26 NS

MEF25 % pred 99±34 114±41 <0.05
RV % pred 118±32 105±27 <0.05
TLC % pred 106±13 101±12 NS

RV/TLC % 26±5 25±5 NS

Raw % pred 153±51 147±49 NS

Values are presented as mean±SD. FVC: forced vital capa-
city; FEV1: forced expiratory volume in one second; FEF25–75:
forced expiratory flow during the middle half of the FVC;
MEF50 and MEF25: maximal expiratory flow at 50% and 25%
remaining FVC; RV: residual volume; TLC: total lung capac-
ity; Raw: airway resistance; % pred: percentage of predicted
value; NS: nonsignificant.



lower MEF25; differences between groups, however,
were small and mean values for both groups remained
in the normal range. In other studies, signs of persist-
ing small airway obstruction and hyperinflation were
found in symptom-free asthma patients, suggesting
that, even when asthma symptoms have disappeared,
asymptomatic airway obstruction may persist [11, 12].
The Melbourne follow-up studies also evaluated lung
function in young adults who had wheezed in childhood
[9, 10]; these authors found that the lung function of
subjects who had minor wheeze in childhood but who
had been free of wheeze for at least 3 yrs was indis-
tinguishable from that of control subjects. Again, sub-
ject selection, especially differences in asthma severity,
might account for the discrepancy between these results.
Furthermore, the Melbourne studies could have in-
cluded many nonatopic wheezers, and these might have
biased the group outcome towards normal lung func-
tions. When these patients were analysed regarding their
atopic status, a clear correlation between atopy and asth-
ma severity became evident [22].

With a prospective population-based study of infants
enrolled as newborns, MARTINEZ and co-workers [41,
42] significantly contributed to our present understand-
ing of the epidemiological implications of early child-
hood wheezing. These authors found that children who
still had symptoms at 6 yrs of age were more likely to
have atopic asthma than children with transient wheez-
ing occurring before the age of 3 yrs. The latter group
had diminished airway function both in the first year of
life and at the age of 6 yrs. These findings suggest that
genetically-determined small airways can predispose
infants to wheeze in association with viral infections,
but, as airways increase in size with age, they will even-
tually become free of wheeze. The findings of the pre-
sent study are in agreement with these results and the
evolving epidemiological concept.  Some nonatopic chil-
dren with small airways, who wheezed repeatedly with
viral infections, might be included in the nonatopic group
of the present study population. After becoming free of
symptoms, they had reached a clinically defined remis-
sion of their wheezing illness earlier than the atopic
asthma patients, and their (probably unnecessary) med-
ication was stopped. As their airways had grown, their
lung functions had normalized; furthermore, their BR
might have been normal all along. This group of patients,
who eventually became free of wheeze, might account
for the comparatively high remission rate of nonatopic
patients that was found in the present study. This inter-
pretation of results, however, remains a hypothesis that
can only be substantiated by further prospective long-
term epidemiological investigations. As a likely hypo-
thesis, however, it raises several important questions.

The first question is one of definition and classifica-
tion: is "nonatopic asthma" an existing entity in the paed-
iatric asthma spectrum or not? The second question raises
the issue of antiasthma medication prescribed to infants
and children with recurrent wheezing. One can speculate
that the term "nonatopic asthma" describes a heteroge-
neous group, dominated by recurrently wheezing infants
and toddlers with genetically-determined anatomical
predispositions, but possibly also including other unde-
fined nonatopic disorders. In infancy and early child-
hood, this group might be clinically indistinguishable

from patients with atopic asthma. In order to counter-
balance frequently occurring undertreatment of child-
hood asthma, it has been suggested that the majority of
paediatric wheezing disorders should be regarded as
bronchial asthma [43], and many centres have now ad-
hered to this concept for more than a decade. As illus-
trated by the present study, however, this clinical policy
of translating recurrent wheezing in the first years of
life into the diagnosis of asthma is no longer acceptable,
as it might frequently result in unnecessary pharmaco-
logical therapy and exaggerated environmental control
measures.

In conclusion, this study evaluated a group of paedi-
atric and adolescent patients who had previously been
defined as having bronchial asthma on the basis of recur-
rent wheezing episodes, and who had later become free
of symptoms; atopic subjects reached remission later
and showed a tendency towards bronchial hyperrespon-
siveness. In combination with other recent publica-
tions, these results suggest that milder forms of recurrent
wheezing in infancy and childhood might not suffice
for commencing long-term antiasthma treatment. Clinical
symptoms alone do not make it possible to predict the
future clinical course. The patient could go on to have
atopic asthma, that should be treated as early as possi-
ble; alternatively, the patient could eventually grow out
of his/her wheezing illness without developing atopy or
bronchial hyperresponsiveness, and, thus, should not
receive long-term treatment. Additional diagnostic cri-
teria that can aid in solving this dilemma are urgently
needed.
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