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Asthma and Lung Function 20 Years
After Wheezing in Infancy

Results From a Prospective Follow-up Study

Eija Piippo-Savolainen, MD; Sami Remes, MD, MPH; Senja Kannisto, MD; Kaj Korhonen, MD; Matti Korppi, MD

Objective: To determine the outcome until adulthood
after wheezing in infancy, compared with pneumonia in
infancy and with controls.

Design: An 18- to-20-year prospective cohort study.

Setting: Pediatric department at a university hospital,
providing primary hospital care for a defined popula-
tion.

Patients: Fifty-four children hospitalized for bronchi-
olitis and 34 for pneumonia at younger than 2 years, and
45 controls with no early-life wheezing or hospitaliza-
tion, were studied at median age 19 years.

Main Outcome Measures: A questionnaire on asthma
symptoms and medication, physical examination, flow
volume spirometry (FVS), methacholine inhalation chal-
lenge (MIC), home peak expiratory flow (PEF) moni-
toring, and skin prick testing (SPT) to common inhal-
ant allergens. The 2 asthma definitions were physician-
diagnosed asthma and previously diagnosed asthma with
recent asthmatic symptoms (physician-diagnosed asthma
included).

Results: By the 2 definitions, asthma was present in 30%
(odds ratio [OR], 3.37; 95% confidence interval [CI], 1.12-
10.10) and in 41% (OR 1.38; 95% CI, 0.37-5.21) in the
bronchiolitis group, in 15% (OR, 5.50; 95% CI, 1.87-
16.14) and in 24% (OR, 2.07; 95% CI, 0.59-7.22) in the
pneumonia group, and in 11% in the control group. Af-
ter bronchiolitis, the FVS values were forced vital capac-
ity (FVC), 108% (SD, 13%) of predicted; forced expira-
tory volume in 1 second, 98% (SD, 12%); forced expiratory
volume in 1 second divided by FVC, 91% (SD, 7.6%);
midexpiratory flow at 50% of the FVC, 74% (SD, 19%);
and midexpiratory flow at 25% of the FVC, 74% (SD,
22%). Bronchial reactivity by MIC was present in 25 (48%)
of 52 subjects in the bronchiolitis group, in 13 (42%) of
31 in the pneumonia group, and in 14 (32%) of 44 in
the control group. The prevalence of atopy (positive SPTs)
was 48% to 63% in the 3 groups. In a logistic regression
adjusted for atopy and smoking, infantile bronchiolitis
was an independent risk factor for asthma by both defi-
nitions.

Conclusion: The increased risk for asthma persists un-
til adulthood after bronchiolitis in infancy.

Arch Pediatr Adolesc Med. 2004;158:1070-1076

Author Affiliations:
Department of Pediatrics,
Kuopio University Hospital,
and Kuopio University, Kuopio,
Finland.

HEEZING IN INFANCY

is a heterogeneous

condition, the long-

term prognosis

varying from total

recovery to chronic asthma and disor-

ders in lung function.! Wheezing epi-

sodes decrease in frequency over time, and

15% to 20% of the wheezy infants con-
tinue to wheeze until 10 years of age.*

Although there are many studies on the

short-term outcome of bronchiolitis or early

childhood wheezing, only 1 prospective

study” has continued the follow-up through

childhood until adulthood. In this birth co-

hort from the United Kingdom, early child-

hood wheezing was not predictive of either

asthma or asthmalike symptoms at the age

of 22 years, but the study was underpow-

ered for this particular purpose.”® In a re-
cent Canadian study,” the subjects with
bronchiolitis in infancy were identified ret-
rospectively from patient records of the hos-
pitals, and bronchiolitis was associated with
both clinically diagnosed asthma and lung
function abnormalities between the ages of
17 to 35 years. In the Tucson Children’s Res-
piratory Study, a birth cohort has been fol-
lowed up until the age of 16 to 18 years.!
Thus far, the results have been published
to the age of 13 years. Children who started
to wheeze before 3 years of age and contin-
ued to wheeze until the age of 6 years were
often atopic and tended to have asthma be-
tween the ages of 11 to 13 years."®? Lung
function of wheezing infants improved with
age, but their lung function never matched
those infants who had never wheezed.'
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We have prospectively followed up a group of chil-
dren hospitalized for bronchiolitis and pneumonia be-
fore the age of 2 years from 1981 to 1982 onward. The
prevalence of asthma was 15% between the ages of 8 to
10 years in the original bronchiolitis group and 7% in the
original pneumonia group.” In this study we evaluate
asthma, atopy, bronchial reactivity, and lung function in
the same cohort aged 18 to 20 years, compared with con-
trols of the same age followed up from birth. The pur-
pose of the study was to evaluate asthma and lung func-
tion in adolescents with early childhood hospitalization
for wheezing.

PATIENTS AND METHODS

DESIGN

We have prospectively followed up a group of 127 children hos-
pitalized at the age of 1 to 24 months (median age, 10 months)
for bronchiolitis (n=83) or pneumonia (n=44) in Kuopio Uni-
versity Hospital (Kuopio, Finland) between 1981 and 1982.1%!!
All of the children were recruited during the hospitalization pe-
riod, with a diagnosis of bronchiolitis or pneumonia confirmed
by 1 of the authors (M.K.), either during hospital admission or
the next morning. The diagnostic criteria for bronchiolitis were
the presence of wheezing and/or prolonged expiration in asso-
ciation with respiratory infection, and pneumonia was diag-
nosed radiologically.'® Most (72%) of the children with bronchi-
olitis were wheezing for the first time. The follow-up visits have
taken place when the subjects were between the ages of 2 to 3
years," 4.5 to 6 years,"? 8 to 10 years,” and in early adulthood.

The control group, consisting of 72 newborns without fam-
ily history of atopy, was recruited at birth between 1979 and
1980 (for a birth cohort study on atopy), and has also been pro-
spectively followed up.">'* Follow-up revealed that none of the
controls had wheezed or were hospitalized for lower respira-
tory tract infection before the age of 2 years.

The present study was carried out in 2000 when the partici-
pants were between 18 and 21 years (median age, 19 years). In
all, 173 (87%) of the invited 199 subjects answered a written ques-
tionnaire and 133 (67%) (54 from the bronchiolitis group, 34 from
the pneumonia group, and 45 controls) attended the clinical study.
After physical examination, the study subjects performed base-
line flow volume spirometry (FVS), methacholine inhalation chal-
lenge (MIC), skin prick tests (SPT), and after the visit, a 2-week
home peak expiratory flow (PEF) monitoring. One of the au-
thors (E.P.S.) interpreted the results, with no knowledge of the
original study groups or the previous prospectively collected fol-
low-up data. Before clinical examination, the participants filled
outa written questionnaire on asthma diagnoses and lifetime medi-
cation for asthma, and on history of wheezing episodes and epi-
sodes of prolonged cough apart from infection during the pre-
ceding 12 months. In addition, smoking habits of the participants
were evaluated by interview, and the average number of ciga-
rettes smoked daily was recorded.

LUNG FUNCTION

The baseline lung function was measured in 132 of 133 par-
ticipants with a flow volume pneumotachograph spirometer
(Medikro, Kuopio, Finland). The indices registered were the
forced vital capacity (FVC), forced expiratory volume in 1 sec-
ond (FEV,), FEV, divided by the FVC (FEV%), midexpiratory
flow at 50% of the FVC (MEF50), and midexpiratory flow at
25% of the FVC (MEF25)."> No medication was given before
testing, and the use of B-agonists was not allowed during the

study day. The results were compared with the sex-specific,
height-related reference values, and are given as percentages
of the means (percent predicted). The cut-off limit for an ab-
normal result was 80% for FEV,, 88% for FEV%, 62% for MEF50,
and 48% for MEF25, representing the lower limits of 95% con-
fidence intervals (CI) in Finnish adolescents.'® The FVS was
assessed at a minimum of 3 times, and the measurements were
accepted if the flow volume curve was appropriate in shape and
the variation of FEV, in 2 curves was less than 5%.'>!"

BRONCHIAL REACTIVITY

Bronchial reactivity was assessed by the MIC test in 127 (95%)
of 133 participants. The test was not given to 4 pregnant women.
The provocative dose designates the cumulative amount of in-
haled methacholine needed to produce a 20% fall (PD20) in
FEV, compared with the baseline value. Methacholine was in-
haled using a Spira Electro-2 dosimeter (Respiratory Care Cen-
ter, Himeenlinna, Finland), allowing for the calculation of the
total amount inhaled by each subject. Lung function by the FVS
was measured at the beginning and 1.5 minutes after each metha-
choline dose. The test was continued until a 20% fall in FEV,,
or until a cumulative dose of 4900 pg of methacholine was
reached.” Bronchial reactivity was classified into 4 categories:
severe (PD20 =400), moderate (PD20401-1600), mild (PD20
1601-4900), and no (PD20 >4900).

HOME PEF MONITORING

A 2-week home PEF monitoring (Spira PEF meter; Respiratory
Care Center, Himeenlinna, Finland) was carried out by 110 (83%)
of 133 study subjects. Among them, 64 (58%) had suffered from
wheezing (n=40) or cough (n=45) during the preceding 12
months, or had an ongoing maintenance medication for asthma
(n=10). Among the 23 study subjects with home PEF monitor-
ing data not available, the respective figure was 13 (57%), and
none of them were receiving maintenance medication for asthma.
Three consecutive measurements were recorded twice a day, and
the best value of each session was recorded for the analyses. The
measurements were accepted if 2 best results were within 20 L/min.
Daily variability was considered significant if PEF values (the dif-
ference between the best morning and the best evening value di-
vided by the mean of these values) varied by more than 20% in 2
or more days during the 2-week surveillance time.'®'* Further,
bronchial obstruction was estimated during the second week of
the follow-up by measuring PEF values before and 15 minutes
after inhaled B-agonist inhalation (0.5 mg of terbutalin with Tur-
buhaler; Astra, Sodertalje, Sweden) twice a day.” The limit for
significant improvement in PEF was 15% demonstrated at least
twice during the 1-week follow-up.'®' The PEF monitoring was
accepted if the test was performed appropriately for 10 days dur-
ing the 14-day follow-up period, or if the criteria of pathological
monitoring were fulfilled in a shorter time.

SKIN PRICK TESTING

Atopy in adulthood was defined by a positive SPT reaction to
1 or more of the 8 common inhalant allergens (ALK, Copen-
hagen, Denmark); tests for birch, timothy grass and mugwort
pollens, cat and dog dander, house dust mites (Dermatopha-
goides farinae and Dermatophagoides pteronyssinus), and spores
of Cladosporium herbarum were performed for 128 (96%) of 133
participants. The concentration of each allergen extract was 3
histamine-equivalent pricks. The reaction was considered posi-
tive if the average diameter of the wheal was 3 mm or larger,
and at least half of that produced by the positive control (his-
tamine hydrochloride, 10 mg/mL).*" In addition, if the shape
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Table 1. Asthma in 88 Young Adults Who Were Hospitalized for Bronchiolitis or Pneumonia in Infancy and in 45 Controls*
Bronchiolitis Group Pneumonia Group Control Group
(n = 54) (n = 34) (n = 45) P Valuet

Definition of asthma
Current physician-diagnosed asthma 16 (30) 5(15) 5(11) .04

OR (95% Cl)t 3.37 (1.12-10.10) 1.38 (0.37-5.21) 1.00

Maintenance therapy§ 7 1 2
Previous asthma and wheezing or prolonged 22 (41) 7 (21) 5(11) .003

cough within 12 mo||

OR (95% CI)t 5.50 (1.87-16.14) 2.07 (0.59-7.22) 1.00

Abbreviations: Cl, confidence interval; OR, odds ratio.

*See the “Definition of Asthma” subsection of the “Patients and Methods” section for the 2 definitions of asthma used in this study. Data are given as number

(percentage) unless otherwise indicated.
tAnalysis of variance and x? test.
FMeasured using logistic regression.

§Represents number of subjects with physician-diagnosed asthma who had ongoing maintenance therapy when entering the 20-year follow-up study.

|ICurrent physician-diagnosed asthma included.

of the wheal was irregular with pseudobodies, the reaction was
regarded as positive. No reaction against a standardized qual-
ity negative control solution (Soluprick, ALK) was accepted.

DEFINITION OF ASTHMA

Bronchial asthma was defined in 2 different ways, reflecting the
degree of certainty of the diagnosis. One way was current phy-
sician-diagnosed asthma, with the patient either taking ongo-
ing maintenance medication for asthma or a symptomatic par-
ticipant receiving home PEF monitoring. The second way was
previously diagnosed asthma and self-reported wheezing or pro-
longed cough during the preceding 12 months, current phy-
sician-diagnosed asthma included.

STATISTICS

The data were analyzed using SPSS 9.0 and 11.0 (SPSS Inc, Chi-
cago, I1). The x* test was used for categorical variables, and the
1-way analysis of variance, after ensuring the normality of the
data, was used for continuous variables. In the multivariate analy-
ses, the risks for asthma (separately by both definitions), bron-
chial reactivity, and abnormal lung function were estimated as
odd ratios (ORs) by logistic regression after adjustment for cur-
rent smoking and atopy (defined by positive SPT results).

ETHICS

This follow-up study was approved by the joint ethics com-
mittee for human research at Kuopio University and Kuopio
University Hospital. A written informed consent was obtained
from all study subjects and from at least 1 parent.

BEENEN  RESULTS R

Current physician-diagnosed asthma was, at the me-
dian age of 19 years, present in 30% of the participants
who had bronchiolitis in infancy (OR, 3.37;95% CI, 1.12-
10.10), compared with 15% in those with pneumonia in
infancy and with 11% in controls (Table 1). By the less
strict asthma criteria, there were 6 additional asthma cases
in the bronchiolitis group (OR, 5.50; 95% CI, 1.87-
16.14),and 2 in the pneumonia group, whereas the asthma
rate in the controls remained the same.

In the FVS, the mean values (percent predicted) were
normal, and even the lower limits of the 95% ClIs were nor-
mal in all groups (Table 2). However, all 4 variables (FEV,,
FEV%, MEF50, and MEF25) were significantly lower af-
ter infantile bronchiolitis than in the controls. Likewise,
at least 1 abnormal value in the FVS was observed more
often in the bronchiolitis (36%) than in the control group
(11%) (OR, 4.47;95% CI, 1.51-13.24). The difference be-
tween the groups was most obvious in the proportions of
decreased MEF50 values: 30% in the bronchiolitis, and less
than 15% in the 2 other groups (Table 2).

In the MIC, measurable bronchial reactivity (PD20
=4900) was demonstrated in 52 participants (41%)
(Table 3). Severe hyperreactivity (PD20 =400) was ob-
served in only 3 cases, all belonging to the bronchiolitis
group. There were no significant differences between the
3 groups at any level of bronchial reactivity (Table 3).

Atopy, defined as SPT reactivity, was present in about
half of the participants (Table 4). The participants of the
bronchiolitis group were significantly more often reac-
tive to dog and cat dander than the controls. Reactions to
seasonal pollens were similar in all 3 groups and reac-
tions to house dust mites and molds were rare (<15%).
Asseenin Table 5, asthma (by both definitions) and bron-
chial reactivity were significantly associated with atopy,
but lung function abnormalities were not.

The association of bronchiolitis or pneumonia in infancy
with asthma (by both definitions), bronchial reactivity, ab-
normal lung function, and atopy in adulthood was also ana-
lyzed by alogistic regression model adjusted for current smok-
ingand currentatopy (Table 6). Current smoking, defined
by smokingatleast 1 cigarette daily, was presentin 34 (26%)
of 133 participants. Current atopy, defined by SPT results,
was present in 71 (56%) of 128 participants. In this model,
bronchiolitis in infancy was an independent risk factor for
asthma and lung function abnormalities in early adulthood,
but was not associated with bronchial reactivity. However,
bronchiolitis was not significantly associated with any in-
dividual parameter in the FVS. Pneumonia in infancy was
not related to any later outcome parameters.

Seventy-five (56%) of 133 participants, including 7 of
10 participants on maintenance medication for asthma,
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Table 2. Lung Function Results in Flow Volume Spirometry in 87 Young Adults
Who Were Hospitalized for Bronchiolitis or Pneumonia in Infancy and in 45 Controls*
Bronchiolitis Group Pneumonia Group Control Group
Parameter in Spirometry (n =53) (n =34) (n = 45) P Valuet
FEV,
Mean (95% CI) 98 (94-101) 100 (96-104) 104 (100-108) .05
Abnormal findingst 4(8) 1(3) 1(2) A
FEV%
Mean (95% Cl) 91 (89-94) 96 (93-99) 96 (94-98) .003
Abnormal findingst 14 (26) 7(21) 5(11) .16
MEF50
Mean (95% CI) 74 (69-79) 84 (77-90) 87 (81-92) .004
Abnormal findingst 16 (30) 5(15) 4(9) .02
MEF25
Mean (95% Cl) 74 (68-80) 85 (76-93) 89 (80-98) .01
Abnormal findingst 5(9) 0 3(7) 19
At least 1 lung function abnormality 19 (36%) 9 (27%) 5 (11%) .02
OR (95% CI)§ 4.47 (1.51-13.24) 2.88 (0.87-9.58) 1.00

Abbreviations: CI, confidence interval; FEV; forced expiratory volume in 1 second; FEV%, FEV, divided by forced vital capacity; MEF50, midexpiratory flow at
50% of forced vital capacity; MEF25, midexpiratory flow at 25% of forced vital capacity; OR, odds ratio.

*Data are given as number (percentage) unless otherwise indicated.
tAnalysis of variance and x? test.

$The cut-off limit was 80% of predicted for FEV4, 88% for FEV%, 62% for MEF50, and 48% for MEF25.

§Measured using logistic regression.

Table 3. Results of the Methacholine Inhalation Challenge in 83 Young Adults
Hospitalized for Bronchiolitis or Pneumonia in Infancy and 44 Controls*

Bronchiolitis Group

Pneumonia Group Control Group

Degree of Bronchial Reactivity (n = 52) (n=31) (n = 44) P Valuet
Severe (PD20<400) 3 (6) 0 0 h
Moderate (PD20 400-1600) 7(13) 3(10) 5(11) .87
Mild (PD20 1600-4900) 15 (28) 10 (33) 9(21) .57
Bronchial reactivity present 25 (48) 13 (42) 14 (32) .27
OR (95% ClI) 1.98 (0.86-4.58) 1.55 (0.60-4.30) 1.00 NA

Abbreviations: Cl, confidence interval; NA, not applicable; OR, odds ratio; PD20, cumulative dose of methacholine (in micrograms) producing a 20% fall in

forced expiratory volume in 1 second.
*Data are given as number (percentage) unless otherwise indicated.
tMeasured using x? test.

had suffered from wheezing or prolonged cough during
the preceding 12 months. Wheezing was equally com-
mon after infantile bronchiolitis (24/54; 44%) and pneu-
monia (13/34; 38%), being present in 22% (10/45) of the
controls (P=.07). The prevalence of prolonged cough in
the 3 groups was 48% (26/54), 47% (16/34), and 29%
(13/45) (P=.11), respectively.

Questionnaire data were available for 40 (61%) of 66
of the subjects not attending the clinical study. Among
them, wheezing was present in 4 subjects (10%), com-
pared with 35% of the attendants (P=.004), and pro-
longed cough was present in 12 (30%), compared with
41% of the attendants (P=.26). The prevalence of pre-
viously diagnosed asthma was rather similar in these 2
groups (18% vs 20%).

B coviont [

There are 3 main results in the present prospective study
on the long-term outcome of wheezing in infancy until

adulthood. First, the increased risk for bronchial asthma
continued until the age of 18 to 20 years. In logistic re-
gression, bronchiolitis in infancy was a significant risk fac-
tor for asthma independently from atopy or smoking. Sec-
ond, lung function parameters by FVS were, on average,
within normal limits. However, abnormal values in spi-
rometry were more common in the bronchiolitis group than
in the controls. Third, asthma and bronchial reactivity were
significantly associated with the development of atopy, but
lung function abnormalities were not.

In the present study, at the age of 18 to 20 years, 30%
to 40% of subjects with bronchiolitis in infancy had asthma
in young adulthood. Our result is rather similar to the
findings of a recent study from Canada.” In that study,
asthma was diagnosed clinically at the age of 17 to 35
years, but the study subjects were identified and the data
on early-life wheezing were collected retrospectively from
the patient records of 2 hospitals. The prevalence of
asthma was 38% after hospitalization for bronchiolitis be-
fore the age of 18 months, significantly higher than in
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Table 4. Skin Prick Test Reactions to 8 Common Inhalant Allergens in the 84 Index Subjects and in 44 Controls*
Bronchiolitis Group Pneumonia Group Control Group
(n =51) (n =33) (n = 44) P Valuet

Allergen

Birch pollen 19 (37) 8 (24) 11 (25) A4

Timothy pollen 25 (49) 8 (24) 15 (34) .06

Mugwort pollen 3 (6) 4(12) 6 (14) 44

Cat dander 23 (45) 7(21) 8 (18) .008

Dog dander 23 (45) 14 (42) 7 (16) .006
Dermatophagoides farinae 4(11) 2(7) 1(3) .36
Dermatophagoides pteronyssinus 7 (14) 5 (16) 4(9) .67
Cladosporium herbarum spores 0 2(8) 0 .55
At least 1 positive test result 32 (63) 17 (51) 22 (50) .31

OR (95% Cl)t 1.68 (0.74-3.82) 1.06 (0.43-2.02) 1.00 NA

Abbreviations: CI, confidence interval; NA, not applicable; OR, odds ratio.
*Data are given as number (percentage) unless otherwise indicated.
tMeasured using x? test.

fMeasured by logistic regression.

Table 5. Presence of Asthma, Bronchial Reactivity, and
Abnormal Lung Function in Relation to Atopy in Adulthood*
Atopy Atopy
Presentt Not Present
(n=71) (n=57) OR (95% Cl)
Current physician-diagnosed 18 (2) 6(11)  2.89(1.06-7.85)
asthma
Previous asthma and 25 (35) 7(12)  3.88(1.53-9.8)
wheezing or prolonged
cough within 12 mo§
Bronchial reactivity|| 36 (51) 16 (30)  2.51(1.19-5.32)
Abnormal lung function 22 (31) 9(16)  2.34(0.98-5.61)

Abbreviations: Cl, confidence interval; OR, odds ratio.

*See the “Definition of Asthma” subsection of the “Patients and Methods”
section for the 2 definitions of asthma used in this study; data are given as
number (percentage) unless otherwise indicated.

tAtopy means 1 or more positive skin prick test responses to 8 common
inhaled allergens.

FMeasured by logistic regression.

§Cases with current physician-diagnosed asthma included.

|[The provocative dose that designated the cumulative amount of inhaled
methacholine needed to produce a 20% fall was less than 4900 pg in the
methacholine-inhalation challenge test.

1IAt least 1 abnormal result in flow volume spirometry.

controls with no such history. In a birth cohort from En-
gland, wheezing in infancy was not associated with asthma
in adulthood. In that study, data on wheezing were col-
lected prospectively, but the number of infants with
wheezing was too low to allow any proper risk estima-
tion. If the children started to wheeze between 2 and 5
years of age, they were likely to wheeze also as adults.”®

In the Tucson Children’s Respiratory Study, fol-
low-up data have been collected until participants were
16 to 18 years of age,"’ but published only until they were
11 to 13 years of age. In that birth cohort, 60% of the
children had wheezed during their first 3 years of life,
and 10% of them still suffered from recurrent wheezing
at the age of 13 years.> Wheezing infants with atopy were
at a particular risk to have permanent asthma in adoles-
cence."?* In the present study, asthma at the age of 18 to

Table 6. Association of Asthma, Bronchial Reactivity, and
Abnormal Lung Function With Bronchiolitis or Pneumonia in
Infancy, Analyzed in a Logistic Regression Model Adjusted
for Current Atopy and Current Smoking*
Bronchiolitis Pneumonia  Control
Group Group Group
Current physician-
diagnosed asthma
Crude OR (95% CI)t 3.37 (1.12-10.10) 1.38 (0.37-5.21) 1.00
Adjusted OR 2.97 (0.96-9.18)  1.06 (0.26-4.37)  1.00
(95% Cht
Previous asthma and
wheezing or prolonged
cough within 12 mo
Crude OR (95% CI)t 5.50 (1.87-16.14) 2.07 (0.59-7.22) 1.00
Adjusted OR 5.07 (1.66-15.50) 1.74 (0.47-6.50) 1.00
(95% Chf
Bronchial reactivity
Crude OR (95% CI)f ~ 1.98(0.86-4.58) 1.55 (0.60-4.03) 1.00
Adjusted OR 2.03(0.85-4.83) 1.56 (0.59-4.13) 1.00
(95% Chf
Abnormal lung function
Crude OR (95% CI)t  4.47 (151-13.24) 2.88 (0.87-9.58) 1.00
Adjusted OR 413 (1.36-12.51) 2.52(0.73-8.68) 1.00
(95% Chf

Abbreviations: Cl, confidence interval; OR, odds ratio.

*For the definitions of current physician-diagnosed asthma, previous
asthma with wheezing or prolonged cough within 12 months (current
physician-diagnosed asthma included), bronchial reactivity, and abnormal lung
function, see the text. Atopy means the presence of 1 or more positive skin
prick test reactions to 8 common inhaled allergens.

tLogistic regression with no adjustments.

flLogistic regression adjusted for current atopy (positive skin prick test
results) and smoking of the participants.

20 years was associated with current atopy in the sub-
jects. Despite this, bronchiolitis in infancy was a signifi-
cant risk factor for asthma in early adulthood, indepen-
dently from the development of atopy, and carried a 3-
to 5.5-fold risk for asthma in young adults.

In this cohort the prevalence of physician-diagnosed
asthma after wheezing in infancy was 15% and 7% after
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pneumonia in infancy at the age of 8 to 10 years.” The
prevalence of asthma at school age is 4% to 5% in our
population.??** The figure after infantile wheezing cor-
relates with similar studies; wheezing has continued un-
til 10 or more years in 15% to 20% of the subjects.>* In
the birth cohort from Tucson, children with pneumo-
nia (not associated with wheezing) in infancy had an in-
creased risk for asthma by the age of 11 years.! Com-
pared with our earlier follow-up data, the asthma figures
were higher, up to 30% for the bronchiolitis group and
15% for the pneumonia group, in the present study in
early adulthood. This observation is consistent with the
earlier finding from the United Kingdom that subjects
who have grown out of childhood wheezing at puberty
may become symptomatic again in adulthood.?

In the present study, all parameters in spirometry, al-
though normal on average, were lower after infantile bron-
chiolitis than in the controls. This finding correlates with
the results of the Tucson Children’s Respiratory Study.'?
By the age of 11 years, infantile wheezers did not regain
the lung function of infants who never wheezed, even
though they often outgrew their symptoms. In accor-
dance, wheezing before age 18 months resulted in low-
ered FEV, and FEV% values in adulthood in the Cana-
dian study.” In 2 follow-up studies*?® from the United
Kingdom and New Zealand, deteriorated lung function
in adulthood was associated with preschool-age wheez-
ing and/or asthma, but only in those with symptoms con-
tinuing in adulthood. In an Australian follow-up study,
children with asthma or repeated wheezing before school
age had subnormal lung function in adulthood.?” In the
present study in young adults, hospitalization for wheez-
ing at younger than 2 years carried a 3- to 4-fold risk for
lung function abnormalities.

Skin prick test reactivity was used for objective defi-
nition of atopy in adulthood. A positive test reaction to
at least 1 of 8 common inhalant allergens was demon-
strated in more than half of the participants. The figure
was 48% in controls, though they were from nonatopic
families. Reactions to cat and dog danders, as the only
specific allergens, showed an association with the his-
tory of infantile wheezing. In the Tucson Children’s Res-
piratory Study, more than 50% of all subjects had a posi-
tive test result in SPTs at the age of 11 years, and no
association was found with history of early childhood
wheezing.>?® The only allergen that associated signifi-
cantly with asthma was the mold Alternaria alternata. In
the study from New Zealand, like in many other stud-
ies, skin reactivity to house dust mites in childhood pre-
dicted asthma in adulthood.” In the present study, re-
actions to house dust mites and molds were rare, as they
have been in other studies from northern climates.*>?

The shortcomings of the present study are the low
number of study subjects with asthma and/or lung func-
tion abnormalities, and the selected control group re-
cruited from nonatopic families. However, the controls
had been followed up from birth with no need for ret-
rospective data collection. Also, nearly half of them were
atopic in adulthood, which offers a proper comparison
with the other 2 groups. The proportion of subjects who
dropped out was 33%, and they had, based on question-
naire data available, less wheezing during the preceding

DR v This Sudy Adds [

Early childhood wheezing predisposes to asthma in later
childhood, but the outcome in adulthood is poorly
known, owing to a lack of sufficiently long follow-up stud-
ies. The present, 18- to 20-year cohort study is the long-
est prospective study that has been published on the out-
come of early life wheezing. The main result was that
there was an increased risk for asthma and impaired lung
function, independently from the development of atopy,
in young adults who had been hospitalized for wheez-
ing before the age of 24 months.

12 months. Comparably, no differences were seen in
asthma medication or cough symptoms, and in addi-
tion, the proportions of the dropouts were similar in the
3 study groups. Our conclusion is that the confounding
effect caused by dropouts is not significant in terms of
the main results: there is an increased risk for asthma af-
ter early childhood wheezing, and asthma symptoms may
begin again in adults who have grown out of wheezing
in childhood.

The main strength of the present study is the long fol-
low-up time of participants from infancy to young adult-
hood (>18 years). To date, this study is the longest pro-
spective so far published after bronchiolitis in infancy.
The basic data were registered before 2 years of age, and
the follow-up data included careful clinical, allergologi-
cal, and lung function studies. The study was prospec-
tive, controlled, and also blinded, since the clinical ex-
amination and diagnostic decisions were made without
any knowledge of the earlier data. The definitions of
asthma were rather strict, based on continuous mainte-
nance medication for asthma, recent wheezing and/or
cough symptoms, and pathological results in the PEF
home monitoring.

Atopic constitution, as well as passive and active smok-
ing, are factors significantly predisposing to both early-
life wheezing and later asthma.?”**** Therefore, current
atopy and smoking were included as confounding fac-
tors in the logistic regression model, which did not change
the results remarkably. Wheezing in infancy proved to
be a significant risk factor for asthma and lung function
abnormalities in early adulthood, independently from
atopy and smoking.

In conclusion, we found that wheezing in early child-
hood was a significant predictor of asthma, and also
seemed to predict lung function abnormalities in early
adulthood. Thus, early wheezing may have pulmonary
consequences persisting until adulthood, and although
the outcome of children with early wheezing is good at
school age,>? they may become symptomatic again as
adults.

Accepted for Publication: June 17, 2004.
Correspondence: Matti Korppi, MD, Department of Pe-
diatrics, Kuopio University Hospital, FIN-70210 Kuo-
pio, Finland (matti.korppi@kuh.fi).

Funding/Support: The National Foundation for Pediat-
ric Research, Helsinki, Finland; The National Graduate

(REPRINTED) ARCH PEDIATR ADOLESC MED/VOL 158, NOV 2004

1075

WWW.ARCHPEDIATRICS.COM

©2004 American Medical Association. All rights reserved.


http://www.archpediatrics.com

School of Clinical Investigation, Helsinki; and the Kerttu
and Kalle Viik’s Foundation, Kuopio, are acknowledged
for providing financial support.

Acknowledgment: We are grateful to Senja Karjalainen,
RN, for her skillful work during the clinical phase of the
study.

0 EEEEEEE

1.

Taussig LM, Wright AL, Holberg CJ, Halonen M, Morgan WJ, Martinez FD. Tuc-
son Children’s Respiratory Study: 1980 to present. J Allergy Clin Immunol. 2003;
111:661-675.

. Korppi M, Kuikka L, Reijonen T, Remes K, Juntunen-Backman K, Launiala K. Bron-

chial asthma and hyperreactivity after early childhood bronchiolitis or pneumo-
nia: an 8-year follow-up study. Arch Pediatr Adolesc Med. 1994;148:1079-
1084.

. Stein RT, Sherrill D, Morgan WJ, et al. Respiratory syncytial virus in early life

and risk of wheeze and allergy by age 13 years. Lancet. 1999;354:541-545.

. Strachan DP, Butland BK, Andersson HR. Incidence and prognosis of asthma

and wheezing illness from early childhood to age 33 in a national British cohort.
BMJ. 1996;312:1195-1199.

. Rhodes H, Thomas P, Sporik R, Holgate ST, Cogswell JJ. A birth cohort study of

subjects at risk of atopy: twenty-two-year follow-up of wheeze and atopic status.
Am J Respir Crit Care Med. 2002;165:176-180.

. Rhodes HL, Sporik R, Thomas P, Holgate ST, Cogswell JJ. Early life risk factors

for adult asthma: a birth cohort study of subjects at risk. J Allergy Clin Immunol.
2001;108:720-725.

. Larouche V, Rivard G, Deschesnes F, Goulet R, Turcotte H, Boulet L-P. Asthma

and airway hyper-responsiveness in adults who required hospital admission for
bronchiolitis in early childhood. Respir Med. 2000;94:288-294.

. Stein RT, Holberg CJ, Morgan , WJ , et al. Peak flow variability, methacholine

responsiveness and atopy as markers for detecting different wheezing pheno-
types in childhood. Thorax. 1997;52:946-952.

. Martinez FD, Morgan WJ, Wright AL, et al. Asthma and wheezing in the first six

years of life. N Engl J Med. 1985;332:133-138.

. Korppi M, Halonen P, Kleemola M, Launiala K. Viral Findings in children under

the age of two years with expiratory difficulties. Acta Paediatr Scand. 1986;
75:457-464.

. Korppi M, Reijonen T, Péysd L, Juntunen-Backman K. A 2- to 3-year outcome

after bronchiolitis. AJDC. 1993;147:628-631.

. Kuikka L, Reijonen T, Remes K, Korppi M. Bronchial asthma after early child-

hood wheezing: a follow-up until 4.5-6 years of age. Acta Paediatr. 1994;83:
744-748.

. Pdysa L, Remes K, Korppi M, Launiala K. Compliances with dietary manipula-

tion programme in families with infants prone to atopy. Acta Paediatr Scand. 1988;
77:563-568.

. Poysd L, Remes K, Korppi M, Juntunen-Backman K. Atopy in children with and

without a family history of atopy. Acta Paediatr Scand. 1989;78:902-906.

. Quanjer PhH. Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yernault J-C. Lung

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

volumes and forced expiratory flows. Report working party standardization of
lung function tests. European community for steel and coal. Official Statement
of the European Respiratory Society. Eur Respir J. 1993;(suppl 16):5-40.
Viljanen A, Halttunen P, Kreus K, et al. Spirometric studies in non-smoking healthy
adults. Scand J Clin Lab Invest. 1982;159(suppl):5-20.

Roca J, Burgos F, Sunyer J. For the Group of the European community respira-
tory health survey. References values for forced spirometry. Eur Respir J. 1998;
11:1354-1362.

Sheffer AL. International consensus report on the diagnosis and management
of asthma: International Asthma Management Project. Clin Exp Allergy. 1992;
22:19-21.

Quanjer PH, Lebowitz MD, Gregg I, Miller MR, Pedersen OF. Peak expiratory flow:
conclusions and recommedations of a working party of the European Respira-
tory Society. Eur Respir J. 1997;10:2-8.

Dhal R, Bjerner L. Nordic consensus report on asthma management. Respir Med.
2000;94:299-327.

The European Academy and Clinical Immunology. Position paper: Allergen stan-
dardisation and skin tests. Allergy. 1993;48(suppl):48-82.

Martinez FD. Wheezy infants and wheezy children: immuniology and allergy clin-
ics of North America. Pediatr Asthma. 1998;18:25-32.

Remes ST, Korppi M, Remes K, Pekkanen J. Prevalence of asthma at school age:
a clinical population-based study in eastern Finland. Acta Paediatr. 1996;85:
59-63.

Pekkanen J, Remes S, Husman T, et al. Prevalence of asthma symptoms in video
and written questionnaires among children in four regions of Finland. Eur Respir
J.1997;10:1787-1794.

Strachan DP, Griffiths JM, Johnston 1D, Andersson HR. Ventilatory function in
British adults after asthma or wheezing illness at ages 0-35. Am J Respir Crit
Care Med. 1996;154:1629-1635.

Sears MR, Greene JM, Willan AR, et al. A longitudinal, population-based, cohort
study of childhood asthma followed to adulthood. N Engl J Med. 2003;349:
1414-1422.

Oswald H, Phelan PD, Lanigan A, et al. Childhood asthma and lung function in
mid-adult life. Pediatr Pulmonol. 1997;23:14-20.

Wright AL. Epidemiology of asthma and recurrent wheeze in childhood. Clin Rev
Allergy Immunol. 2002;22:33-44.

Taskinen T, Meklin T, Juntunen R, et al. Moisture and mold problems in the school
and respiratory manifestations in the pupils: clinical and skin test findings. Acta
Paediatr. 1997;86:1181-1187.

Taskinen T, Laitinen S, Hyvarinen A, et al. Mold specific immunoglobulin E an-
tibodies in relation to exposure and test data in schoolchildren. Allergol Internat.
2001;50:239-245.

Kjellman B, Gustafsson PM. Asthma from childhood to adulthood: asthma se-
verity, allergies, sensitization, living conditions, gender influence and social
consequences. Respir Med. 2000;94:454-465.

Immonen J, Meklin T, Taskinen T, Nevalainen A, Korppi M. Skin prick test find-
ings in students from moisture and mould damaged schools: a three-year fol-
low-up study. Pediatr Allergy Immunol. 2001;12:87-94.

Norrman E, Nystrém L, Stjernberg N. Prevalence and incidence of asthma and
rhinoconjunctivitis in Swedish teenagers. Allergy. 1998;53:28-35.

(REPRINTED) ARCH PEDIATR ADOLESC MED/VOL 158, NOV 2004

1076

WWW.ARCHPEDIATRICS.COM

©2004 American Medical Association. All rights reserved.


http://www.archpediatrics.com

