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ABSTRACT: We investigated whether patients with childhood asthma had im
proved when reaching adulthood. We also evaluated factors which might influence 
the course of the disease. 
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The study included a group of 108 asthmatics, diagnosed and monitored 
throughout childhood at the out-patients clinics of Oulu University Central Hospital. 
At the age of 20-24 yrs of age they were evaluated for the clinical state of their 
disease, veotilatory lung function and hype.rreactivity of the airways. 
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In the interval 30 (28%) bad become totally free of symptoms, whilst 24 (22%) 
cooHnued to have symptoms weekly, or more often. A quarter of the patients con
tinued to use prophybtctic medication, hulf still suffered from aiJergic rhinitis, and 
one th.ird bad atopic dermatitis. Skin prick tests showed at least one positive result 
in 86% of the patients, most often to animal dandcrs. Ventilatory lung runction 
tests showed forced vital capacity (FVC) to be within normal limits, but forced ex
piratory volume in one second (FEV1)/FVC values less than -2 so predicted were 
found in 18%. Forty eight percent of the asthmatics reacted to methacholine at a 
dose of 0.8 mg or lower, and the degree of airway reactivity showed a signillcant 
correlation with the current attack rate. The compliance to treatment of asthma 
was not adequate, as one third smoked and 81 % lacked proper cl1eck-ups. 
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Concomitant atopic dermatitis, severe early disease and impaired ventilatory lung 
function at school age, were observed to be signifiCant risk factors for a severe 
asthma outcome as a young adult. 
Eur Respir J., 1993, 6, 657-661. 

Childhood asthma is heterogeneous in severity. There 
are patients who have daily wheezing and continuous 
abnormality in lung function, but many patients experi
ence symptoms infrequently and only in special circum
stances. Disability on account of asthma is also influenced 
by such factors as the occurrence of other atopic mani
festations, allergen exposure, social environment, smoking 
habits, type of treatment, compliance and age. It is well
known that many patients have a remission in adoles
cence, but some continue to experience equally severe 
symptoms in adulthood (1]. 

Our clinic maintains close contact with its asthmatic 
children up to the age of 16 yrs. For the present study, 
a sample of patients was caJled for re-examination at a 
mean age of 22 yrs (range 20-24 yrs). We present the 
clinical outcome of asthma in these patients, and evaluate 
the factors which influenced the prognosis. 

Patients and methods 

The series was derived from a set of 131 asthmatic 
children, born between 1965-1966, and referred to the 
Department of Paediatrics before their fifteenth birthday 
for the diagnosis of asthma. They all came from the area 
for which our unit acts as the primary paediatric hospital. 

With the permission of the Ethical Committee of the 
Medical Faculty of the University of Oulu, we also 
checked the register of the Finnish National Insurance 
Institution to find subjects in that age group who had 
continuously received anti-asthmatic drugs during child
hood, but no other patients were found in the area. These 
131 patients comprised 1.4% of the total population of 
that age in the region, and had been kept under close 
sUiveillance, with hospital visits 1-2 times annually, up 
to their sixteenth birthday. 

In 1988, 108 of the subjects, 67 males and 41 females, 
came for a re-examination, which was performed at the 
age of 20-24 yrs. mean 22 yrs. All had been personally 
examined by one of the authors (OL) in childhood. All 
patients had a typical history of episodic breathlessness 
and wheezing and a relief of symptoms with use of 
bronchodilators. The diagnosis had been established 
by a positive methacholine challenge in 13, by a tread
mill exercise running test in five and clinically during an 
acute attack in 89, of whom 44 children bad needed 
hospital care in our clinic. Thirty three patients had had 
symptoms weekly, 34 monthly, and 41 less often. Forty 
four patients had been using anti-inflammatory drug 
therapy, of whom 23 belonged to the most affected group. 
The clinical data on these patients are presented in 
table 1. 
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Table 1. - Clinical features of 108 asthmatic children 
before 16 yrs of age 

Follow-up Non follow-up 
patien~ patien~ 

n n 

Male/female 67/41 20/3 
Age at onset yrs* 5.5 (0-14) 4.8 (0-13) 
Atopic/nonatopic 90/18 19/4 
Allergic rhinitis 74 17 
Atopic dennatitis 53 15 
Hospital care for acute attack 44 5 
Highest attack rate·yr1 

0-50 75 19 
>50 33 4 

Anti-inflammatory drug therapy 4 
inhaled corticosteroids 22 
sodium cromoglycate 22 

Rescue medication only 64 19 
Ventilatory lung function at 15 yrs** 

FVC % of predicted 100±16 104±16 
FEV/FVC % 82±9 79±8 

*: mean and range in parenthesis; **: mean±so, reliable values 
available on 79 children. FVC: forced vital capacity; FEV

1
: 

forced expiratory volume in one second. 

To test the validity of the lung function and airway 
hyperreactivity tests, 29 medical students from the same 
birth cohort but without a history of asthma or other at
opic diseases were recruited as controls. 

The re-examination included a clinical history, physical 
examination, simple spirometry, methacholine inhalation 
challenge, skin prick tests, and recording of living habits. 
The clinical history of asthma was collected retrospec
tively from the patients' records and by interview. Any 
family history of atopic diseases was recorded, the age 
at onset, the rate and factors provoking symptoms. the 
type of drug therapy, and the occurrence of other atopic 
manifestations at different periods. 

The physical examination included inspection of the 
skin, anterior rhinoscopy, and auscultation of the heart and 
lungs. Each patient made three forced expirations through 
a dry wedge spirometer (Vitalograph Ltd, UK) to measure 
forced vital capacity (FVC), and forced expiratory volume 
in one second (FEV 1). This was followed immediately by 
a methacholine inhalation challenge, consisting of suc
cessive increasing doses up to a cumulative dose of 6.5 
mg, with the method described by Y AN et al. [2] for 
histamine challenge, using a synchronized dosirneter jet 
nebulizer, Spira Elektro 2 (Respiratory Care Center, 
Hameenlinna. Finland). The FVC values were presented 
as percentages of predicted normals [3], and the FEV 1 
values as percentages of FVC. The dose of methacholine 
causing a fall in the FEV1 of 20% from the post-saline 
baseline (PD:zoF'EV1) was calculated by interpolation from 
a curve of FEV1 versus log dose of methacholine. 
PD:wfEV1 values below 0.8 mg were regarded as positive 
[4], 0.8-6.5 as borderline, and above 6.5 mg as negative. 

The skin prick tests were performed at the Dermato
logical Department of the same hospital using commercial 
allergens (Soluprick, ALK. Copenhagen); the concentra
tion being 10 histamine-equivalent pricks (HEP)·ml-1 for 

inhalants and 20 w/v for foods, except for egg which was 
100 w/v. A wheal reaction equivalent to at least a half 
of that observed with 10 mg·ml·' histamine dihydrochlo
ride plus that elicited by the saline control was regarded 
as positive. 

Student's t-test, X2 test and Pearson's correlation coef
ficient were used for statistical analysis. 

Results 

At the time of re-examination, 30 out of the 108 pa
tients (28%) were totally symptom-free without medica
tion, 54 (50%) had symptoms infrequently, and the 
remaining 24 (22%) had short episodes of symptoms 
weekly during the last two years. Three subjects were 
in complete remission under continuous therapy with in
haled corticosteroids, but had relapsed if therapy stopped. 
These patients were not classified as symptom-free. 
Three of the 30 patients who were symptom-free at r~ 
examination had had wheezing weekly in childhood, 
seven monthly, and 20 less often. Six of these patients 
had used anti-inflammatory drug therapy at some time. 
In the remaining 78 subjects, symptoms had become less 
frequent in 17, more frequent in 11, and had remained 
unchanged in 50 by the time of the re-examination. 
Twelve of the 17 subjects with less frequent symptoms 
and five of the 11 with increasing attack rate by adult
hood had used anti-inflammatory drug therapy during 
childhood. 

Since leaving the paediatric clinic, 16 patients had re
quired hospital care for asthma and 26 (25%) were still 
receiving prophylactic drug therapy. Twenty one patients 
were using inhaled corticosteroids, 3 sodium cromoglycate, 
and 6 slow-release theophylline. Of those 26 subjects still 
using prophylactic drug therapy, 19 had done so even in 
childhood, and 16 still belonged to the most affected group. 
Of those 44 using anti-inflammatory drugs in childhood, 
27 had since stopped but five of them had symptoms 
weekly. At the time of re-examination, 51 subjects were 
using only ~2-agonists as rescue medication and 31 were 
managing without any drug therapy. Fifty five patients 
still suffered from allergic rhinitis, and 35 had atopic 
dermatitis (table 2). Twenty nine patients smoked, but 
none of these belonged to the most severely affected 
group. Only 19% of the patients in the whole group 
were reporting for regular medical check-ups, and 17 out 
of the 24 with frequent symptoms were regulating their 
own medication without any regular check-ups or special 
examinations by a physician. 

The patients' FVC showed no difference from the 
controls (102±14 versus 103±16% of predicted), wheteas 
the FEV/FVC showed significant impairment (83±9 
versus 89±5%, p<O.OOl). FEV/FVC values less than 
80% were found in 35 subjects, and less than 75% (-2 
so) in 19. In 79 subjects, FEV/FVC ratio had been 
reliably measured at 15 yrs of age and showed a linear 
correlation to the values obtained in adulthood (fig. 1 ). 
Eighteen (51%) Qf the 35 subjects who had FEV/FVC 
ratios below 80% had had equally low values during 
childhood. 
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Table 2. - The change of clinical symptoms from Table 3. - Ventllatory lung function and response to 
childhood to adulthood 

Childhood Adulthood 

Feature Present Absent 
n n n 

Attack >SO.yr1 

Yes 33 13 20 
No 75 11 64 

Anti-inflammatory 
drug therapy 

Yes 44 17 27 
No 64 7 57 

Positive skin test result 
Yes 90* 82 4 
No 18 7 11 

Allergic rhinitis 
Yes 74 50 24 
No 34 5 29 

Atopic dermatitis 
Yes 53 31 22 
No 55 4 51 

*: four refused in adulthood. 
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Fig. 1. - FEV/FVC ratios measured at the age of 15 yrs and as 
adults in 79 asthmatics. FEV1; forced expiratory volume in one sec
ond; FVC: forced vital capacity. Lines extending from 80% indicate 
-lso of the predicted mean. Diagonal line is tbe line of identity. 

methacholine challenge according to the severity of 
asthma 

n FEV/FYC 
<80% 

PD20FEV
1 

<0.8 mg 

Controls 29 0 0 
Symptom rating category: 

Symptom Free 30 7 6 
Infrequent l-50·yr1 54 14 24 
Frequent >50-yr' 24 14 21$ 

X2 value 9.5* 30.7** 

*: p<O.Ol; **: p<O.OOl; df2, estimated only between the three 
symptom rate categories s: not estimated in two patients. 
PD

20
FEV,: provocative dose of methacholine producing a 20% 

fall in FEY,. For further abbreviations see legend to table l. 

Table 4. - Positive prick test results (n=104) 

Allergen tested 

Animal dander (cat, cow, dog, horse) 
Pollens (birch, mugwort, timothy) 
Fish 
D. pteronyssinus 
Egg white 
All negative 
Not tested 

Positive 
n 

79 
64 
27 
21 
4 

15 
4 

% 

76 
62 
26 
20 
4 

14 

The methacholine inhalation challenge was positive in 
51 patients, borderline in 30 and negative in 25. The test 
was not carried out on two subjects, one because of low 
baseline lung function, and one because of refusal. Both 
FEV/FVC values and the threshold to methacholine were 
significantly dependent on the severity of the disease 
(table 3). A significant correlation was also found 
between the methacholine threshold and the baseline 
FEV/FVC ratio (X} 10.6; p<O.Ol). 

Positive skin prick test results were found in 89 of the 
104 patients tested (table 4). Four patients refused, all 
of whom had had multiple positive skin test results when 
tested in childhood. Concomitant atopic dermatitis, fre
quent symptoms at age 7-14 yrs and a low value in 

Table 5. - Childhood risk factors for the outcome of asthma, ranked according to x2-value. 

Childhood factors 

Frequent symptoms between 7-14 yrs 
Anti-inflammatory drug therapy 
Atopic dermatitis 
FEV/FVC <80% at 15 yrs n=79 
Family history of atopy 
Age at onset <2 yrs 
Frequent symptoms below 7 yrs 
Positive skin test results 
Need for hospital care 

Symptom rate category 

Symptom-free Infrequent Frequent 
l-50·yr1 >50-yr' 

n=30 n=54 n=24 

2 
6 
9 
4 

21 
3 
4 

24 
10 

12 
23 
27 
15 
36 
17 
10 
47 
23 

11 
15 
17 
11 
22 

5 
6 

19 
11 

11.6* 
10.1* 
8.9** 
6.5** 
5.5 
5.1 
1.2 
1.1 
1.0 

*: p<O.Ol; **: p<O.OS, df2, estimated between the three symptom rate categories. For abbreviations 
see legend to table 1. 
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FEV/FVC .in childhood were factors predicting a high 
attack rate m adulthood, whereas positive family history 
of atopic disease, positive skin test results, early onset of 
symptoms and the need for hospital care were not such 
factors (table 5). 

Discussion 

Our results show that a third of asthmatic children had 
become totally symptom-free and one sixth had symptoms 
less frequently, whereas half of the children had symp
toms equally and one tenth had symptoms more fre
quently. The improvement rate was similar in subjects 
who used prophylactic anti-inflammatory drug therapy as 
in those without any such treatment. The outcome was 
best in those with mild disease and normal ventilatory 
lung function in childhood. 

There are several historical reports on the natural course 
of childhood asthma [5-10). Many of these studies are 
retrospective, based on questionnaires, and concerning 
different types of materials. Our series represents a se
lected group of asthmatic children referred to a Paediat
ric Out-patient Unit at a University Hospital. Since the 
total prevalence of asthma in Finnish adolescents born in 
the 1960s is about 4% [11), our material comprised not 
more than one third of all the possible asthmatics in that 
age group. Since this is the only primary paediatric 
hospital in the area and no other patients were registered 
with the National Health Insurance Institution, it can be 
assumed that our group included all the most severely 
affected patients in the region. 

Only a third of our patients were completely symptom
free in adulthood, which is equal to the figures in the 
classical studies of Rackeman and Edwards, and Ryssing 
from 1952 and 1959, and less than found in some other 
previous studies [7, 9, 10). Nevertheless, the follow-up 
time in our study was shorter than the 20 yrs followed 
in some studies [5- 10). It is well-known that although 
about a half of patients become symptom-free in adoles
cence they may suffer from asthma in later life (1, 9, 12]. 
However, the most affected adult patients were the same 
as presented in childhood. These figures indicate that 
modem asthma therapy has not significantly influenced 
the natural course of asthma. 

A less favourable course of asthma has been shown to 
be predicted by such factors as a positive family history 
of atopic disease, concomitant allergic rhinitis, or atopic 
dermatitis, or severe asthma in childhood [9]. Our own 
results were only partly in agreement with these. Asso
ciated atopic dermatitis, frequent symptoms, or a poor 
lung function at school age and adolescence, or the need 
for prophylactic drug therapy were recognized to be sig
nificant risk factors for an unfavourable outcome, whereas 
the early onset, frequent symptoms before school age, the 
need for hospital care, and family history of atopy were 
not proven to be risk factors. Severe asthmatic attacks 
before school age, often needing hospital care, are mostly 
provoked by respiratory infections which later play a 
minor role. On the other hand, other factors, such as al
lergens and exercise, that typically cause symptoms at 

school age, are also significant aetiological factors of 
asthma in adulthood. 

The FVC values were generally within norm.al limits, 
but. decre~sed ~V/FVC v~lues were found in many 
pat1ents, mcludmg those w1th complete remission of 
symptoms. In a Melbourne follow-up study, normal lung 
function was found in symptornless patients (13), whereas 
some other studies have shown significant decrease in 
sensitive airflow tests [14, 15]. Our own results are in 
agreement with these fmdings. On the other hand, it is 
evident that a more significant deterioration in lung 
function is manifested only after a long duration of active 
disease [13]. 

A significant correlation was found between the sym
ptom rate and the lung function, on one hand, and the 
degree of airway hyperreactivity on the other. A corre
lation between lung function and the response to metha
choline has also been detected in other studies [13], 
although significant hyperreactivity is often present with
out any decrease in basal lung function [16]. The 
threshold dose for methacholine of 0.8 mg or lower had 
been thought to support the diagnosis of asthma (4]. In 
our series, the provocative dose of methacholine was, 
however, higher in many current a~thmatics. On the other 
hand, all the controls had their PDwfEV 1 values higher 
than 6.5 mg. Therefore, in clinical and epidemiological 
studies many cases of asthma are missed if the cut-off 
value of 0.8 mg or lower are used, whereas not signifi
cant risk for false positive reactions exists if higher cut
off values are used in young adults. 

We conclude from our results, that modern treat
ment can change the clinical picture of asthma by sup
pressing symptoms or reducing hospital admissions. 
However, since the 1950s, the proportion of those reach
ing complete clinical remission has remained unchanged, 
and most patients retain bronchial hyperreactivity and 
abnormalities of ventilatory lung function. Therefore, ac
tive anti-inflammatory drug therapy, education and regu
lar check-ups should be continued beyond the paediatric 
age. 
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