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Introduction

Summary

Background Childhood wheezing illnesses are characterized into different phenotypes. However,
severity of the disease associated with these phenotypes has not been extensively studied.
Objectives To determine characteristics of childhood wheezing phenotypes in the first decade of life
using health outcomes plus measurements of atopy, lung function and bronchial hyper-
responsiveness.

Methods A whole population birth cohort (n=1456) was prospectively studied to examine the
natural history of childhood wheezing. Children were seen at 1, 2,4 and 10 years for questionnaire
completion and prospectively collected data used to define wheezing phenotypes. Assessment was
made of adverse health outcomes plus spirometry, bronchial hyper-responsiveness, serum IgE
measurement at 10 years and skin test sensitization at both 4 and 10 years for wheezing phenotypes.
Results  Phenotypic analysis identified that 37% early life wheezers (symptom onset by age 4 years)
still wheezed at 10 years. These persistent wheezers showed significantly more physician-diagnosed
asthma in early life (P < 0.005 at 2 years) than early transient wheezers (wheezing transiently with
onset by age 4 years). Overall they experienced greater multiple hospital admissions (P =0.024),
specialist referral (P =0.009) and use of inhaled (P < 0.001) and oral steroids (P < 0.001) than early
transient wheezers. They also demonstrated enhanced bronchial hyper-responsiveness compared
with early transient wheezers (P < 0.001). However, both groups of early life wheezers showed
impairment of baseline lung function at 10 years in comparison with non-wheezers: FEV,
(P<0.029) and FEV|/FVC ratio (P <0.001) with persistent wheeze and PEF (P=0.036) with
early transient wheeze. Late-onset wheezers (onset from 5 years onwards) had similar BHR to
persistent wheezers but maintained normal lung function at age 10 and had lower cumulative
prevalence of adverse health outcomes than persistent wheezers.

Conclusions Persistent wheezing with early childhood onset is associated with substantial morbid-
ity in the first decade of life in association with high levels of atopy, bronchial hyper-responsiveness
and impaired lung function at 10 years of age. Late-onset wheezing in the first decade of life could
harbour potential for similarly significant disease subsequently.
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Respiratory Cohort Study Martinez and coworkers demon-
strated that distinct wheezing phenotypes exist during the first

Childhood wheezing illnesses emerged as commonplace during
the final decades of the 20th century [1-6], placing a consider-
able burden upon global healthcare resources. Both increasing
primary care consultations [7] and hospital admissions [8—11]
due to asthma and wheezing have been identified in this context,
although trends appear to have stabilized in recent years [12].
Mortality rates in many countries have shown similar patterns
[13]. Indirect effects upon other aspects of life, including ab-
sence from schooling and impact upon education, have also
been described [14].

Concurrently an enhanced understanding of the nature of
childhood wheezing has evolved [15]. In the Tucson Children’s
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6 years of life [16, 17]. Whilst confirming that most early life
wheezing is a transient entity, this landmark work identified a
substantial burden of persistent wheezing throughout the first 6
years of life, typically associated with atopy, measurable bron-
chial hyper-responsiveness and reduced lung function. Despite
such knowledge parents still commonly hold on to the more
comforting notion of the ‘happy infant wheezer’ [18] who will
suffer little of any long-term consequence. This may explain
parents’ reluctance to accept anti-inflammatory treatment for
their child even in moderate to severe asthma [19]. Confirmation
of the characteristics of childhood wheezing phenotypes in
other populations could help reinforce awareness of their
significance. Furthermore, whilst many characteristics of child-
hood wheezing phenotypes have been clarified using labora-
tory-based methods, ‘clinical’ features associated with these
states, such as disease morbidity traits, remain unclear. Here

573



574 R. J. Kurukulaaratchy et al.

we have employed a similar phenotypic approach to Martinez
et al. to examine the characteristics of childhood wheezing from
birth to age 10 years in our unselected British cohort using both
clinical and laboratory-based measures.

Methods

A whole population birth cohort was established on the Isle of
Wight in 1989 to study the natural history of asthma and
allergic disorders. Approval for the study was obtained from
the local research ethics committee. Of 1536 children born
between 1 January 1989 and 28 February 1990, informed con-
sent was obtained for 1456 subjects. Enrolment took place at
birth and children were followed at the ages of 1 (n=1167), 2
(n=1174), 4 (n=1218) and 10 years (n=1373). Results of
cohort follow-up (1,2,4 and 10 years) have been reported pre-
viously [20-23]. At every follow-up, detailed questionnaires
were completed with the parents for each child regarding
asthma and allergy prevalence. At 10 years, International
Study of Asthma and Allergy in Childhood (ISAAC [24]) writ-
ten questionnaires were also used assessing respiratory, nasal
and dermatological symptoms. Further additional information
was collected at 10 years about disease morbidity. Consult-
ations with a hospital asthma specialist (‘specialist referral’)
were recorded along with hospital admissions or casualty at-
tendances for wheezing episodes. Details of asthma treatment
‘ever used’ such as bronchodilators, inhaled corticosteroids,
other prophylactic medications (long acting B, agonists, sodium
cromoglycate, theophyllines, leukotrienes antagonists or anti-
histamines) and oral corticosteroid therapy were also obtained.
Several measures of ‘current wheezing morbidity’ (within the
preceding 12 months) were recorded at 10 years. These included
‘wheeze frequency’ (number of wheezing episodes), ‘sleep dis-
turbance from wheezing’ (occurring more or less than once per
week), ‘exercise-induced wheezing’, ‘limitation of speech by
wheezing’ (wheezing severe enough to limit speech to one or
two words between breaths) and ‘nocturnal cough’ (dry cough
at night not associated with cold or flu). Asthma-related defin-
itions used at 10 years were of ‘wheezing ever’, ‘current wheez-
ing’ (wheezing in the last 12 months) and ‘diagnosed asthma
ever’ (physician diagnosis of asthma ever).

Baseline lung function was recorded in the majority of 10-
year-olds seen (n=981). At 10 years non-specific bronchial
hyper-responsiveness (methacholine bronchial challenge) was
also assessed in children with past or current wheezing (n = 484)
and 300 children who had never wheezed (controls). Details of
spirometry and bronchial challenge methodology used have
been described previously [23].

At 4 and 10 years, skin prick testing (SPT) was performed in
all children who attended the Centre to a standard battery of
common allergens (ALK, Denmark). Positive (histamine dihy-
drochloride, 10 mg/mL) and negative controls (physiological
saline) were included. Details of the individual allergens tested
have been reported elsewhere [22,23]. Mean wheal diameter
3 mm greater than the negative control was regarded asa positive
test for any given allergen. Presence of at least one such reaction
defined the subject as atopic. At 10 years, whole blood was
also taken for measurement of total serum IgE and an inhalant
screen (qualitative) for IgE antibody to common inhalant aller-
gens (Phadiatop, Pharmacia, Uppsala, Sweden). Details of the
inhalant screen allergens have been reported previously [23].

Analysis

Data were double entered onto SPSS (v10.0; SPSS Inc, Chicago,
USA). Children were categorized at 10 years into four groups
by presence of ‘current wheeze’ at each follow-up: non-wheezers
(children who never wheezed in the first decade of life), early
transient wheezers (wheezing onset in the first 4 years of life
which ceased and was not present within 12 months of assess-
ment at 10 years), persistent wheezers (children with wheezing
onset in the first 4 years of life who still wheezed at 10) and late-
onset wheezers (children with wheezing onset from 5 years
onwards who still wheezed at 10).

Means for continuous variables were analysed (with trans-
formation where necessary) using one-way ANova followed by
the ‘Bonferroni multiple comparisons test’. Differences in pro-
portions between groups were tested using chi-square analysis
with correction for multiple comparisons using a Bonferroni
technique. For contingency tables with cells possessing
expected counts of less than five subjects Fishers exact test was
used. Bronchial hyper-responsiveness (BHR) was categorized
by PC,y FEV, as ‘Normal’ (>16mg/mL), ‘Borderline’
(4-16 mg/mL), ‘Mild/Positive’ (1-4mg/mL) and ‘Moderate-
Severe’ (< 1mg/mL), following American Thoracic Society
guidelines [25]. In our population, including non-wheezing
children, many subjects might not be expected to possess a
measurable PC,,. Therefore, a continuous measure of BHR
(least-square dose-response slope) was also estimated by least-
square regression of percentage change in FEV, upon metha-
choline dose for each child [26]. Inverse transformation,
1/(10-slope), was used to satisfy normality and homoscedasti-
city. Thus low values for 1/(10-slope) extrapolate to high BHR.

Results

To improve accuracy and minimize recall bias our phenotypic
analysis is restricted to 1034 (71%) of the original 1456 cohort
recruits who were seen prospectively with information available
from all study visits; 1 or 2 years, 4 and 10 years. Amongst this
subgroup, baseline lung function and bronchial challenge
results were available for 859 (82%) and 647 (63%) at 10 years.
Skin prick data were available for 875 (85%) at 4 years and 861
(83%) at 10 years, whilst serum IgE measurements were present
for 798 (77%) of this subgroup at 10 years. These 1034 children
did not differ demographically or in major disease parameters
from 339 children seen at 10 years but excluded from pheno-
typic analysis because of missing prior follow-up (Table 1).

Table 1. Demographic/disease characteristics of children included and
excluded from the analysis

Included Excluded
(seen at (seen at 10years
all visits) but not at other visits)

Number 1034 339

Male (%) 50.8% 50.4%

Birth weight (kg) 3.44 3.38

Social class |-l at birth (%) 47.2% 43.5%

Parental atopy at birth (%) 51.0% 50.1%

Wheeze ever

(retrospective; 10 years) (%) 46.7% 41.9%
Current wheeze at 10 years (%) 19.9% 15.6%
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By 10 years, the cumulative prevalence of prospectively de-
termined ‘wheeze ever’ was 40.3% (417 children). Of these,
50.6% (211) were early transient wheezers, 30.0% (125) were
persistent wheezers, and 19.4% (81) were late-onset wheezers.
The remaining 617 children were categorized non-wheezers.
Mean duration of wheezing (from symptom onset to last
reported episode) was 8.80years (95% confidence interval
8.61,8.99) for persistent wheezers, 3.81 (3.27,4.35) for early
transient wheezers, and 4.53 (3.93, 5.13) for late-onset wheezers.

Physician diagnosis of asthma may serve as a crude indicator
of morbidity in a wheezing child. At age 1 year, ‘diagnosed
current asthma’ was present equally amongst persistent and
early transient wheezers (29.6% vs. 25.1%; P=0.370). By age
2 years, however, ‘diagnosed current asthma’ was significantly
higher in persistent wheezers (46.5% vs. 30.7%; P =0.005). At4
years of age this trend was even stronger, with 74.8% persistent
wheezers having ‘diagnosed current asthma’ compared with
32.9% early transient wheezers (P < 0.001). At 10 years amongst
‘currently wheezing’ children ‘diagnosed asthma ever’ was
reported significantly more often for persistent (76.0%) than
late-onset wheezers (51.9%, P < 0.001).

Within our cohort 39.5% children had ever been seen by their
general practitioner because of wheezing, whilst 7.4% children
had been admitted to hospital with wheezing illnesses during the
first decade of life. Children with persistent wheeze had the
highest ‘lifetime requirements’ for all levels of medical care
with regard to their wheezing illness as indicated at 10 years
by reported general practitioner (GP) care, asthma specialist
referral, hospital admission and casualty department attend-
ance, whilst early transient and late-onset wheeze did not
differ significantly (Table 2). Amongst the whole group, 32.2%
had ever received pharmacological treatment for wheezing
by 10 years, regular prophylactic medications were reportedly
used at some point by 17.7% and oral corticosteroids by

Table 2. Use of healthcare resources by wheezing phenotypes

Wheezing phenotype

Early transient Persistent Late-onset
wheezer wheezer wheezer
GP treatment (%) 82.7% 93.5%7 91.4%
(number) (115/139) (116/124) (74/81)
Specialist care (%) 8.6% 21.8%*q 7.4%9
(number) (12/139) (27/124) (6/81)
Ever admitted
to hospital (%) 16.1% 27.4%§ 11.1%
(number) (22/137) (34/124) (9/81)
Ever attended
at casualty (%) 2.9% 11.4%7 4.9%
(number) (4/134) (14/123) (4/81)
Multiple hospital
admissions (%) 2.9% 11.3%1 3.7%
(number) (4/133) (14/124) (3/78)
Multiple casualty
attendances (%) 0.7% 3.3% 0.0%
(number) (1/138) (4/123) (0/81)

Chi-square analysis with Bonferroni correction approach was used.
Statistical significance compared with early transient wheezer;
*P =0.009; TP =0.021; 1P =0.024. Statistical significance compared with
late-onset wheezer; §P =0.015; §P =0.018.
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7.8% children. ‘Treatment ever’ (Fig. 1) with respect to
inhaled bronchodilators (P =0.001), inhaled corticosteroids
(P=0.001) and oral corticosteroids (P =0.001) was signifi-
cantly commoner in persistent than early transient wheeze.
Persistent wheezers also had significantly higher prevalence of
inhaled corticosteroid usage (P = 0.024), multiple prophylactic
therapy (P=0.036) and oral corticosteroids (P =0.001) than
late-onset wheezers. Use of inhaled bronchodilators (P = 0.001)
and corticosteroids (P = 0.001) was significantly commoner in
late-onset than early transient wheeze. Multiple courses of oral
corticosteroids were more frequent amongst persistent than
early transient wheezers (64.0% vs. 21.1%; P =0.003). Measures
of ‘current wheezing morbidity” at 10 years tended to be greater
in persistent than late-onset wheeze (Fig. 2). However, this was
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Fig. 1. Medication ‘ever used’ by wheezing phenotypes (see text for
statistical comparisons).
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Fig. 2. Current wheezing morbidity at 10 years by wheeze phenotype.
P-values denote comparison between persistent and late-onset
wheezers by chi-square analysis (without Bonferroni correction).
Wheeze frequency: four or more episodes in the last year. Disturbed
sleep: any nocturnal disturbance by wheezing in the last year. Limited
speech: limitation of speech to one or two words at a time by wheeze in
the last year. Exertional wheeze: wheezing with exercise in the last year.
Nocturnal wheeze: dry cough at night in the last year (not associated with
cold or flu).
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Table 3. Lung function and BHR (‘inverse slope’) by wheeze type

Wheezing phenotype

Non-wheezer

Early transient wheezer

Persistent wheezer Late-onset wheezer

FVC (litres) 2.31 2.26

(95% ClI) (2.28-2.34) (2.21-2.31)
(number) (495) (178)

FEV; (litres) 2.06 2.00

(95% ClI) (2.03-2.08) (1.95-2.04)
(number) (494) (178)
FEV,: FVC 0.89 0.89

(95% CI) (0.89-0.90) (0.88-0.90)
(number) (494) (178)

PEF (litres/s) 4.21 4.02%
(95% ClI) (4.14-4.28) (3.91-4.13)
(number) (495) (178)

1/(10 — slope) 0.058 0.057
(95% ClI) (0.054-0.062) (0.051-0.062)

(number) (318) (152)

2.28 2.28
(2.22-2.35) (2.22-2.34)
(111) (76)

1.977 1.99
(1.91-2.03) (1.94-2.05)
(111) (76)

0.86*q 0.87
(0.85-0.88) (0.86-0.89)
(111) (76)

4.02 4.22
(3.86-4.17) (4.05-4.39)
(111) (76)

0.030%§ 0.033%§
(0.025-0.036) (0.025-0.041)

(101) (75)

Values quoted are means with 95% confidence intervals (95% Cl) for the means. Analysis was by one-way anova followed by Bonferroni multiple
comparisons testing. Statistical significance compared with non-wheezer, *P < 0.001; P =0.029; P =0.036. Statistical significance compared with

early transient wheezer, §P <0.001; 9P =0.008.

statistically significant only for ‘sleep disturbance by wheeze in
the last year’.

Persistent wheezers had significantly lower forced expiratory
volume in 1s (FEV;) than non-wheezers and FEV,/FVC
(forced vital capacity) ratio than both non-wheezers and early
transient wheezers (Table 3). Conversely late-onset wheezers
showed preservation of lung function. Early transient wheezers
showed significantly lower peak expiratory flow (PEF) at 10
years than non-wheezers, a finding that continued amongst
those transient wheezers with symptoms confined purely to
the first 4 years (PEF: 4.21 vs. 4.00; P=0.048; 95% CI for
difference: 0.001, 0.418).

Assessment of BHR by American Thoracic Society classifica-
tion (Fig. 3) and inverse slope (Table 3) revealed greater BHR at
10 years amongst late-onset and persistent wheezers than early
transient or non-wheezers. ‘Definite BHR’ (American Thoracic
Society categories, mild and moderate to severe) was signifi-
cantly more prevalent in persistent wheezers (42.6%) and
late-onset wheezers (53.3%) than non-wheezers (10.7%,
P <0.001) or early transient wheezers (15.1%, P < 0.001).

Further analysis revealed that persistent wheezers who had
ever required oral corticosteroid for disease control demon-
strated higher prevalence of ‘definite BHR’ (55.0% vs. 34.8%,
P=0.041). Similarly, persistent wheezers who had ever re-
quired hospital admission also had more ‘definite BHR’
(64.3% vs. 34.2%, P=0.006). Amongst late-onset wheezers,
having ever needed oral corticosteroid treatment was also asso-
ciated with greater prevalence of ‘definite BHR’ (91.7% vs
46.0%; P=0.004). Furthermore, late onset wheezers needing
oral corticosteroid additionally showed significantly lower
FEV, (1.84 vs. 2.02; P=0.023) and FEV/FVC (0.84 vs 0.88;
P =0.040) than those not requiring such medication. This find-
ing was not observed amongst persistent wheezers.

Prevalence of atopy at both 4 and 10 years, defined by positive
skin prick test (SPT) to one or more common allergens, was
significantly higher amongst persistent or late-onset wheezers
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Fig. 3. Relationship between wheezing phenotype and BHR at 10 years.
The proportions within each BHR category are shown according to their
wheezing phenotype (see text for statistical comparisons). American
Thoracic Society Categorization of BHR: normal BHR =PCyo

FEV; > 16 mg/mL; borderline =PCyy FEV; =4 to 16 mg/mL;

mild/positive =PCyy FEV{ =1 to 4 mg/mL; mod/severe =PCy
FEV;=<1mg/mL.

compared with non-wheezers and early transient wheezers.
Similar trends were also noted for total serum IgE and positive
IgE inhalant screen at 10 years (Table 4). Prospectively deter-
mined eczema, food allergy or hay fever ever were, however,
significantly commoner for all wheezing phenotypes in com-
parison to non-wheezers.

Discussion

Our findings demonstrate that a phenotypic classification of
childhood wheezing can provide valuable insights into its
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Table 4. Atopy, allergic disease and wheeze phenotype
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Wheezing phenotype

Early transient Persistent Late-onset

Non-wheezer wheezer wheezer wheezer
Positive SPT 4 years (%) 14.6% 12.6% 46.8%*T 34.3%*f
(number) (75/515) (23/182) (52/111) (23/67)
Positive SPT 10 years (%) 19.3% 21.8% 54.5%*f 54.7%*t
(number) (96/497) (39/179) (60/110) (41/75)
Positive IgE inhalant (%) 25.2% 24.8% 60.4%*t 63.4%*T

screen 10 years

(number) (116/460) (41/165) (61/101) (45/71)
Mean log, total IgE 10 years 1.80 1.80 2.23*F 2.30*
(95% Cl) (1.73-1.86) (1.68-1.91) (2.08-2.38) (2.12-2.48)
(number) (460) (165) (101) (72)
Eczema ever (%) 21.3%1% 30.7% 40.3%* 40.7%*
(number) (131/615) (62/202) (48/119) (33/81)
Food allergy ever (%) 14.9% 28.5%* 40.3%*§ 21.0%*
(number) (92/617) (57/200) (48/119) (17/81)
Hay fever ever (%) 26.2% 54.0%* 64.1%* 56.3%*
(number) (161/614) (112/205) (75/117) (45/80)

95% Cl refers to 95% confidence interval for the mean. The Bonferroni correction approach has been applied to analyses. Eczema ever, food allergy
ever and hay fever ever were determined from prospectively determined data concerning presence of each state at each study visit. Statistical
significance compared with non-wheezer, *P < 0.001. Statistical significance compared with early transient wheezer, TP < 0.001; P =0.036. Statistical

significance compared with late—onset wheezer, §P =0.024.

nature, particularly highlighting the severity of early life persist-
ent wheezing. We can confirm the applicability of the approach
adopted in the Tucson study [16, 17] towards childhood wheez-
ing in our own different population, over a longer time period,
some years later and with a high level of cohort retention.

It is acknowledged that most childhood wheezing arises in
early childhood and that the majority of such disease is transient
[15]. However, Martinez [16, 17] and Brooke [27] have demon-
strated that a substantial minority of early life wheezing persists
up to 6 years of age. Our findings of persistent wheeze to 10
years in 37% of early life wheezers are remarkably similar. Prior
work [16, 17] has characterized such persistent wheezers as typ-
ically male, having coexistent atopy and allergic disorder plus
lower lung function by 6 years of age and increased bronchial
hyper-responsiveness by 11 years. We confirm that by 10 years
of age persistent wheezers display significantly impaired base-
line lung function compared with children who never wheeze as
well as enhanced bronchial hyper-responsiveness compared
with non-wheezers or early transient wheezers. Associated
atopy throughout childhood plus high lifetime prevalence of
clinical allergic states is a characteristic feature of this state
in our population. High disease morbidity in terms of health-
care utilization and pharmacological treatment demonstrates
the clinical impact of such findings to the lives of persistent
wheezers. The severity of persistent wheezing is emphasized
by higher indices suggesting greatest disease severity, such
as ‘asthma specialist referral’ and ‘multiple hospital admis-
sions’. In such terms our persistent wheezers constitute the
typical childhood asthmatic. Physician-diagnosed asthma is a
subjective indicator of this fact. Importantly, we found the
prevalence of diagnosed asthma in early life to show an increas-
ing trend amongst persistent wheezers from the age of 2 years
onwards when compared with children with an ultimately tran-
sient wheezing outcome. This could be interpreted as suggesting

a picture of increasing morbidity amongst persistent wheezers
as they continue to wheeze.

Findings from the CAMP study, USA [28], suggest that
persistent wheezers possess the greatest scope for development
of uninterrupted airway inflammation with consequent airway
structural damage and BHR. This notion is further supported
by Stevenson et al. [29], who demonstrated that ongoing
‘persistent inflammation” may be detected in the airways of
typically asthmatic children (such as our persistent wheezers)
even when asymptomatic. This may explain our findings that by
10 years persistent wheezers display the lowest FEV, and FEV,/
FVC ratio, whilst late-onset wheezers showed relatively normal
lung function.

The BTS guidelines for management of asthma propose a
stepwise approach to treatment of this condition [30]. Using
this approach, persistent wheezers showed highest prevalence of
treatment indicating more serious disease like regular inhaled
corticosteroids, multiple prophylactic medications and oral cor-
ticosteroids. Intermediary requirements for such therapy were
noted in late-onset wheezers, with lowest levels in early transient
wheezers. The increased reliance of persistent and late-onset
wheezers on anti-inflammatory treatment suggests a similar
inflammatory aetiology for these phenotypes. That both per-
sistent and late-onset wheezers with higher levels of bronchial
hyper-responsiveness had higher prevalence of needing oral
corticosteroid for disease control tends to confirm this notion.
Whilst many indicators of overall disease morbidity were
significantly greater for persistent than late-onset wheezers
this trend was not confirmed for indicators of current morbidity
at 10 years (with the exception of nocturnal disturbance). This
similarity in current morbidity between persistent and late-
onset wheezers is consistent with the theory that wheezing
duration has a bearing on morbidity; by 10 years many late-
onset wheezers may have begun to develop clinically significant

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:573-578
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long-term sequelae of persisting airways inflammation. The
potential for future disease in such late-onset wheezers should
therefore be a matter of concern.

It is the authors’ experience that many parents and physicians
still believe the infant wheezer ultimately outgrows their illness
and experiences no long-term consequences of their disease.
This belief may explain worrying observations from NHANES
11T 1988-94 [19] revealing low uptake of maintenance therapy in
children with moderate to severe asthma. Our findings demon-
strate that this perception of early life wheezing is a misnomer.
By allowing such attitudes to persist are we missing an oppor-
tunity to reduce the morbidity of childhood wheezing? Could
early identification and intervention in children destined to
wheeze persistently from early life interrupt their disease propa-
gation and substantially lower the considerable morbidity and
burden on healthcare resources that we have identified in
association with such disease? This may seem an attractive
proposition but it is worth noting that by 10 years, the 37% of
early life wheezers we identified to have persistent disease still
possessed higher BHR and lower lung function than non-
wheezers despite high usage of inhaled corticosteroids
and other prophylactic measures. Thus whether currently avail-
able treatment truly influences the course of persistent wheezing
or whether new alternative approaches are needed remains to
be seen.
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